
opportunities for dating soil erosion and relating such events to
land-use phases and climatic events, as inferred from other
palaeoenvironmental data. Such historical information is of sig-
nificance in mountainous areas, as exemplified by the northern
Apennines, because of an increased interest in hazard prediction,
and concerns regarding slope instability and erosion potential at
a time of rural depopulation and abandonment of traditional rural
practices (Bertolini et al., 2005; Brancucci and Paliaga, 2006).
Moreover, small, mountain wetland sites, and the archives of
palaeoenvironmental information they contain, as well as their
flora and fauna, are increasingly threatened by a lack of tradi-
tional land use (eg, ‘Wetland and other environmental archaeol-
ogy sites as records of cultural landscapes’, Genoa, 29–30
January 2009; www.dismec.unige.it/zum/).

The aim of this paper is to increase understanding of the devel-
opment of those land-use practices from the prehistoric period
onwards and to investigate the ways in which soil disturbances

Introduction

The northern Apennines, Italy contain relatively few locations
where buried soils or other open air sediments can be investigated
because of their marked relative relief and long history of soil
erosion. Caves, although contributing to palaeoenvironmental
studies, do not contain organic sequences (Maggi, 1990, 1997;
Macphail, 1992; Boschian and Montagnari-Kokelji, 2000). On
the other hand, small basin peat sites located in mountainous
regions that are susceptible to erosion offer the opportunity to
examine the relationship between vegetation disturbances, as
inferred from pollen diagrams, and evidence of soil and land-
scape disturbances that could have been related to such activities.
The study of colluvia accumulated at a break of slope may reveal
interdigitation of organic and colluvial deposits thereby providing

Abstract: Sediment micromorphology, chemistry and magnetic susceptibility of basin edge deposits at the
small, mid-altitude peat site of Lago di Bargone, eastern Liguria, Italy, is compared with a full Holocene paly-
nological sequence and radiocarbon dates from the central part of the peat bog. Micromorphology and MS550
results show that Neolithic to Copper Age forest disturbances and clearings as inferred from the pollen dia-
grams, occurred during a period of lower water-tables and intermittent drying out of the basin edge deposits.
Extensive deforestation and expansion of heath and grassland during the Iron Age and Roman periods is asso-
ciated with increases in soil erosion and in micromorphological indications of burning. It is argued that the very
fine size range of the charred fragments seen in thin sections and the seeming absence of charcoal of coarser
size range suggest a system of light, controlled burning, possibly akin to the local tradition of using fire to con-
trol weeds and to encourage new grass and herbaceous growth, and not local forest clearance by fire.
Micromorphology of the late-Holocene peat contains herbivore dung possibly indicating the use of the site as
a watering hole by domesticated stock. The overlying colluvium displays evidence of deep-seated erosion of
the local soils and geology which is most likely to have been associated with local mining activities.
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and erosion were connected to changing land use. A full Holocene
pollen sequence from the deepest part of the small, mid-altitude
peat site at Lago di Bargone, eastern Liguria, is compared with a
study of its basin edge deposits. The latter includes colluvium and
rockslide debris accumulated at the break of slope next to the peat
bog. The basin edge deposits are studied using sediment micro-
morphology because this technique has been used successfully in
the region to investigate archaeological soils (Allen and Macphail,
1987; Macphail, 1992). It has also contributed to identifying the
causes of peat initiation of some shallow peats; soil disturbance,
sediment inwash and early infilling was sometimes associated
with burning and probable Copper Age forest clearances (eg,
Courty et al., 1989: 305–309; Cruise, 1990; Cristiano, 2009). The
micromorphology of the edge deposits at Bargone is carried out
within the context of standard geoarchaeological analyses of sed-
iment chemistry and magnetic susceptibility, in order to provide
an independent data set (see Goldberg and Macphail, 2006:
335–52). These sediment records are correlated with a pollen
sequence using pollen stratigraphy and radiocarbon dating.

Lago di Bargone is situated about 9km north east of Sestri
Levante in eastern Liguria (Figure 1). It contains one of a small
number of full Holocene sedimentary sequences reported from the
area, and remains the only identified palynological sequence from
a mid-altitude, near-coastal environment in Liguria. Preliminary
results from an earlier investigation carried out by one of the
authors were reported in Macphail (1988). Subsequent coring car-
ried out in 1989 (hitherto referred to as Bg89) showed that signif-
icant human activity was detectable within the pollen stratigraphy.
Therefore in 1994 the Soprintendenza per i beni archeologici della
Liguria opened up a trench across the edge of the site and overly-
ing colluvial deposits, with the aim of finding more detailed evi-
dence of human activity (hitherto referred to as Barg94; Figure 2).

The site and its surroundings

East Liguria is a mountainous region dominated by the
NNW–SSE trending Upper Jurassic Ophiolites that comprise a
complex of igneous rocks forming the major massifs of the region
(Carta Geologica d’Italia, Sheet Nos 83 and 95). Valleys that cross
the major structures are typically short, narrow and steep-sided
(Figure 1). As a result of its position and topography, rainfall is
relatively high in Liguria with 1145 mm at sea level rising to over
2000 mm in inland mountains. Rainfall maxima occur in autumn
and spring, while summers are settled, warm and dry (Cantu,
1977). The prevailing winds are northerly but, as a result of topo-
graphic effects and differential heating of land and sea in summer,
during the summer months the prevailing winds are modified diur-
nally by southerly sea breezes. For example, at Passo dei Giovi,
southerly winds account for 73% of summer breezes recorded at
4.00 p.m. compared with 16% at 7.00 a.m. (unpublished data pro-
vided by Servizio Meteorologico). Typically for all mountainous
regions, broad vegetation zones are characteristic of the various
altitudes. In eastern Liguria these are: (a) a Mediterranean zone
from 0 to 200 m, characterised by Quercus ilex, Erica arborea and
cultivation of Olea europea, (b) a sub-mediterranean zone
200–1000 m characterised by Quercus pubescens, Carpinus betu-
lus, Ostrya carpinifolia and Castanea sativa, and (3) a Montane
zone above 1000 m characterised by Fagus sylvatica, Corylus
avellana and occasional stands of Abies alba (Oberdorfer and
Hofman, 1967; Orsino, 1969; Tomaselli, 1970).

Lago di Bargone (Figure 2) lies in a zone of serpentinite rocks at
831 m a.s.l., immediately below the local watershed and close to a
pass that connects with Val di Vara to the north. It occupies a south-
facing, roughly semi-circular basin (500 m diameter) set against an
eroded cliff to the north and with spreads of rock debris mantling

the surrounding slopes. An approximately 80 m diameter pond
occurs in the centre of the basin but no stream enters the site, and
in summer months the area of standing water shrinks by as much
as two-thirds, with water levels falling by at least 1 m. The imme-
diate catchment area is approximately 0.25 km2. Nevertheless it is
well established that pollen dispersal in mountain areas, where fre-
quent turbulence, rising air currents and increased long-distant
pollen transportation through a variety of altitudes, does not
conform to the norms of pollen-vegetation models established for
lowland areas (de Beaulieu, 1977; Markgraf, 1980; Court-Picon
et al., 2005, 2006; Sjögren, 2006; Mazier et al., 2006).

In the central, wetter part of the site there are tall sedge hum-
mocks while scrub communities (Buxus sempervirens, Erica
arborea, Juniperus spp. and Pteridium aquilinum) occur on flatter
slopes close to the site. More typically the vegetation of the area
is composed of herb-rich, dry grass and heathland communities
with much bare soil and exposed rock, although an absence of
grazing in recent years has resulted in the development of more
widespread scrub communities.

Scatters of artefacts of Middle Palaeolithic age and Neolithic and
Copper Age–Early Bronze Ages have been recovered from within a
few metres of the site (Figure 2). Artefacts of Copper Age–Early
Bronze Age are particularly numerous (Campana et al., 1998). In
addition to these local scatters, there are several important archaeo-
logical sites in the locality. For example, these include the jasper
quarry at Valle Lagorara approximately 2 km NE, the Copper Age
copper mines at Monte Loreto and Libiola, about 4 km to the south
and southwest, respectively, and the Neolithic to Copper Age burial
at Val Frascarese situated close to Monte Loreto. Excavation at
these sites has demonstrated the economic importance of local ultra-
mafic rocks during the prehistory of eastern Liguria, giving rise to a
concentration of copper mining and jasper quarrying during the
Copper/Early Bronze Age (Maggi et al., 1994; Campana and
Maggi, 2002; Maggi and Pearce, 2005). Mining continued in this
area until the twentieth century (McCullagh and Pearce, 2004).

Methods

Field and radiocarbon sampling
The Bg89 sequence was obtained by a series of overlapping cores
removed from the deepest point of the site (434 cm) with a 60 cm
piston corer of 5 cm diameter. In the laboratory four sample slices
were cut from the same cores as those used for pollen analysis and
submitted to the NERC radiocarbon dating laboratory at East
Kilbride, UK (SRR-3813, 3814, 3815, 3816). The samples were
processed according to methods outlined in Stenhouse and Baxter
(1983) and dated using Liquid Scintillation Spectrometry (Noakes
et al., 1965). The two radiocarbon measurements from Groningen,
the Netherlands (GrN-14433, 14434) were obtained by one of the
authors during a previous investigation of the site (Macphail, 1988).
These samples were pre-treated using the acid/alkali/acid method
(Mook and Waterbolk, 1985) and measured using gas proportional
counting (Mook and Steurman, 1983). Approximate positions for
these two dates (see Figure 4, Table 1) are based on biostratigraphi-
cal and depth comparisons with the Bg89 cores. As the precise ver-
tical relationship of these two samples to the four measurements
from the main core is unknown they have been omitted from the
depositional modelling (see below). Outlier analysis showed a 62%
probability that GrN-14433 was an outlier and 100% for GrN-14434.

In 1994 the Soprintendenza per i beni archeologici della Liguria
opened up a 50 m long trench extending from the edge of the peat
bog into the surrounding colluvial deposits in a westerly direction
towards previously mapped scatters of Neolithic and Copper Age
finds (Figure 2). Overlapping column samples were removed from
the exposed section and subsampled for pollen, chemical and
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Figure 1 Maps showing location of Lago di Bargone, Italy. (A) Relief map reproduced by kind permission of La Comunita Montan val Petronio.
(B) A section from Carta Tecnica Regionale 1:10 000, Sezione No. 232060, M. Tregin. Reproduced by kind permission of Roberto Maggi, Ministero
per i beni e le attività culturali Direzione regionale della Liguria
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Figure 2 View of site (photograph taken November 2003) showing locations of Bg89 sampling position and Barg 94 trench. 1, mid
Palaeolithic; 2, Neolithic and Copper Age

micromorphological analyses. In addition four samples of peat
were taken for radiocarbon dating. These were sent to Groningen
(GrN-21305, 21306, 21307, 21308) and pre-treated using the
acid/alkali/acid method (Mook and Waterbolk, 1985) and meas-
ured using gas proportional counting (Mook and Steurman, 1983).

Pollen preparation methods and pollen counting
Pollen preparation methods, estimates of pollen concentrations
and pollen preservation characteristics were carried out for both
Bg89 and Barg94 according to the methods described in the
published literature including the use of micromesh (10 µm)
sieves (Stockmarr, 1971; Moore and Webb, 1978; Delcourt and

Delcourt 1980; Moore et al., 1991). Pollen identifications were
based on reference slides and published keys and photographs that
were available at the time of counting (Punt and Clarke,
1976–1988; Moore and Webb, 1978; Dickson, 1988; Moore et al.,
1991). Rare charcoal fragments observed on pollen slides were
noted as present but were too few to warrant systematic counting.

Chemistry and magnetic susceptibility
Twenty bulk samples were analysed for loss-on-ignition (LOI at
550°C), low frequency magnetic susceptibility (MS – χ ×10−8

SI/kg), and magnetic susceptibility after ignition at 550°C (MS550
– χ × 10−8 SI/kg). In addition, 16 of these samples were also

Table 1 Lago di Bargone radiocarbon results

Laboratory number Depth (cm) Material Radiocarbon Calibrated dates Posterior Density Estimate
age (BP) (95% confidence) (95% probability)

Bg89
SRR-3813 85–95 Peat 2375 ±45 740–380 cal. BC 840–360 cal. BC

SRR-3814 175–185 Peat 4625 ±50 3630–3130 cal. BC 3390–3340 (2%) or
3220–2770 (93%) cal. BC

SRR-3815 235–245 Peat 6075 ±45 5210–4840 cal. BC 5220–4840 cal. BC

SRR-3816 423–433 Silty peat 10 690 ±450 11 510–9280 cal. BC 11 260–9740 cal. BC

Barg 94
GrN-21308 130–132 Peat 700 ±60 cal. AD 1210–1400
GrN-21305 203–205 Peat 5390 ±60 4350–4040 cal. BC

GrN-21306 250–252 Peat 8390 ±110 7600–7140 cal. BC

GrN-21307 300–303 Silty peat 10 870 ±90 11 010–10 830 cal. BC



analysed for 2% citric acid extractable P2O5 (Cit-P) and 2% citric
acid extractable P2O5 after ignition at 550°C (Cit-PoI) (Arrhenius,
1934, 1955; see Goldberg and Macphail, 2006: chapter 16,
344–52). These methods have often been employed in association
with soil micromorphology in order to provide independent evi-
dence of organic matter and phosphate concentrations (eg, from
animal concentrations), and inputs from topsoil and burned soils
which have enhanced magnetic susceptibilities (Tite and Mullins,
1971; Macphail et al., 2000; Linderholm, 2007). For example,
such methods were employed to investigate proxy land-use signa-
tures in a series of humic and poorly humic prehistoric colluvial
fills in Scania, Sweden (Engelmark and Linderholm, 2008: figures
11, 29); here also MS550 proved a useful proxy measurement of
iron concentrations while it is recognised that normal magnetic
susceptibility signals are often strongly depleted under water-
logged conditions (see also Crowther, 2003).

Sediment micromorphology and microprobe
Seven thin section samples were selected from the pollen monolith
columns. These were manufactured into thin sections between 6
and 13 cm in length (Murphy, 1986) and studied using a petrolog-
ical microscope at magnifications between ×20–400, under plane
polarised light (PPL), crossed polarised light (XPL), oblique inci-
dent light (OIL) and using fluorescence microscopy (BL = blue
light). Descriptions were carried out according to the published
literature (Bullock et al., 1985; Macphail and Cruise, 2001; Stoops,
2003; Goldberg and Macphail, 2006). In order to understand better
the formation of secondary minerals and microfabric impregnation,
a microprobe study was carried out on two separate 3 cm long sub-
samples cut from two uncovered thin sections M5 (138–151 cm)
and M3 (188–201 cm)(see Figure 7B). Soil micromorphology had
previously been employed on several sites on the serpentinite of the
Ligurian Apennines. Thus, the nature of the brown soils (eutrophic

cambisols and luvisols) and pedogenic processes are thus reason-
ably well understood for the area (FAO-Unesco, 1988; Courty
et al., 1989: 284–309; Cruise, 1990; Macphail, 1992: 208–209).

Results and interpretation

Pollen and dates
The radiocarbon results are given in Table 1, and are quoted in
accordance with the international standard known as the
Trondheim convention (Stuiver and Kra, 1986). They are conven-
tional radiocarbon ages (Stuiver and Polach, 1977). The calibra-
tions of the results, relating the radiocarbon measurements directly
to calendar dates, are also given in Table 1. All have been calcu-
lated using the calibration curve of Reimer et al. (2004) and the
computer program OxCal v4.1 (Bronk Ramsey, 1995, 1998, 2001,
2009a). The calibrated date ranges cited in the text are those for
95% confidence. They are quoted in the form recommended by
Mook (1986), with the end points rounded outwards to 10 years.
The ranges quoted in italics are posterior density estimates derived
from mathematical modelling (see below). The ranges in plain
type have been calculated according to the maximum intercept
method (Stuiver and Reimer, 1986). All other ranges are derived
from the probability method (Stuiver and Reimer, 1993).

We have used a Bayesian approach (Buck et al., 1992) for age-
deposition modelling of the Bg89 sequence shown in Figure 3A, B
(Bronk Ramsey 2008, 2009b). Details of Bayesian age–depth mod-
elling can be found in Blaauw and Christen (2005), Blauuw
et al., (2007a, b), Bronk Ramsey (2008) and examples of its imple-
mentation in Blockley et al. (2007, 2008) and Gearey et al. (2009).
A U-Sequence or uniform deposition model (Bronk Ramsey, 2008)
was run (Figure 3A) using outlier analysis as described by Bronk
Ramsey (2009b). In this model the accumulation rate is unknown
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Figure 3 (A) Probability distribututions of dates from the Bg89 sequence: each distribution represents the relative probability that an ‘event’ occurred
at a particular time. For each of the radiocarbon dates two distributions have been plotted, one in outline, which is the result of simple radiocarbon cal-
ibration, and a solid one, which is based on the chronological model used (U-Sequence). The A values in brackets after the radiocarbon measurements
are the individual index of agreement (Bronk Ramsey, 1995). This index provides a measure of how well the posterior distribution agrees with the prior
distribution (for further details see Bayliss et al., 2007; Blockley et al., 2008). (B) Probability distributions of PAZ in the Bg89 pollen record (derived
from (A)): each distribution represents the relative probability that a specific ‘event’ (see Table 2) occurred at a particular time
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Figure 4

B
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Table 2 Posterior density estimates for pollen assemblage zones
defined in Bg89. Derived from the models shown in Figure 3A and B

PAZ Depth (cm) Posterior Density Estimate
(95% probability)

Bg1_start 435 11 480–9910 cal. BC

Bg1_end/Bg2_start 297.5 10 270–8960 cal. BC

Bg2_end/Bg3a_start 367.5 9320–8220 cal. BC

Bg3a_end/Bg3b_start 280 6500–5930 cal. BC

Bg3b_end/Bg4a_start 267.5 6100–5600 cal. BC

Bg4a_end/Bg4b_start 225 4830–4400 cal. BC

Bg4b_end/Bg4c_start 190 3780–3360 (92%) cal. BC

Bg4c_end/Bg5a_start 162.5 3020–2540 (93%) cal. BC

Bg5a_end/Bg5b_start 140 2440–1870 (93%) cal. BC

Bg5b_end/Bg5c_start 112.5 1730–1050 (93%) cal. BC

Bg5c_end/Bg6a_start 87.5 770–280 (91%) cal. BC

Bg6a_end/Bg6b_start 72.5 670 cal. BC– cal. AD 200(93%)
cal. BC

Bg6b_end 35 cal. AD 610–1230 (93%) cal. BC

C

Figure 4 (continued) Bg89: pollen percentage diagrams (selected taxa only)

but is assumed to be constant (Christen et al., 1995), an approach
often favoured in palaeoecological research (eg, Chiverrell, 2001;
Barber et al., 2003). The U-Sequence model shows good agreement
between the radiocarbon measurements and the assumption that the
accumulation rate was approximately constant for the Bg89
sequence. In addition Figure 3B and Table 2 show the probability
distribution of pollen assemblage zones identified in the Bg89
pollen record. Owing to problems that may arise in basin edge
deposits, such as sedimentary discontinuities (see below),
a constant accumulation rate could not be assumed for the Barg
94 sequence, so an age-deposition model Barg 94 is not presented
here.

The lithostratigraphy of Bg89 and Barg 94 is described in Table 3.
The pollen percentage and pollen concentration diagrams for Bg89
(Figure 4) and Barg94 (Figure 5) show the major taxa along with
selected minor taxa that may have some ecological or archaeological
significance. Pollen percentages for both Bg89 and Barg 94 are
calculated on the basis of 200 Total Land Pollen (TLP). TLP includes
the total of all trees, shrubs and herbs as well as Pteridium spores, but



excludes Poaceae and Cyperaceae, aquatics and other Pteridophytes.
Cereal t. pollen includes Avena-Triticum t. but excludes Hordeum t.
because the latter occurs throughout the Bg89 sequence and may
therefore represent wild grasses. Rare charcoal fragments (>10 µm)
were found on pollen slides from Bg89 at depths 55, 215, 235, 245,
345, 365, 370 and 428 cm. None were observed in samples from
Barg94.

Regional vegetation history
The Holocene pollen sequence (Bg89, Figure 4, Table 2)
compares well with other pollen stratigraphical data from Italy,
providing a ‘half-way house’ between the relatively low-lying
lakes of central Italy (Kelly and Huntley, 1991; Magri, 1999;
Colombaroli et al., 2007, 2008) and montane sites (1100–1500 m
O.D.) situated on north-facing slopes of the northern Apennines
(Lowe, 1992; Lowe and Watson, 1993; Watson, 1996). In central
Italy, the Lateglacial–early Holocene transition is marked by a
reduction of herbaceous taxa, and expansion of arboreal species
after 10 850 BP (c. 10 900 cal. BC) (Magri, 1999). In the northern
Apennines, Pinus frequencies declined and thermophilous arbo-
real taxa expanded at around 10 500 to 10 300 BP (10 550–10 100
cal. BC (Lowe, 1992; Lowe and Watson, 1993). The basal sequence
from Bg89 shows a similar decline in Pinus and rise in Abies,
Quercus, Tilia and Ulmus that indicates the broad acceptability of
the date 11 510–9280 cal. BC (10 690�450 BP). Abies-dominated
pollen assemblages such as in Bg3a are typical of early- to mid-
Holocene pollen sequences from the northern Apennines. In Bg4a,
the date 5210–4840 cal. BC (6075�45 BP) identifies the first of a
series of major declines in Abies percentages at this time, this
being comparable with lowland forests in the southern Alps where
Abies began to disappear from below 1000 m a.s.l. from around
5100 cal. BC (c. 6180 BP) (Tinner et al., 1999; Keller et al., 2002;
Wick and Möhl, 2006).
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Figure 5 Barg 94: pollen percentage diagram (selected taxa only)

Table 3 Lithostratigraphy

Depth (cm) Stratigraphy

Bg89
0–35 Undecomposed surface root layer; not sampled
35–86 Brown to yellowish silty peat; moderately sharp lower

boundary
86–396 Black, monocotyledonous peat with stones (2 mm) at

160–172 cm; silt recovered from sieves in samples
from 195, 295, 325, 335 and 355 cm; gradual lower
boundary

396–413 Light brown gyttja, some fine rootlets; gradual upper
and lower boundaries

413–435 Brown silty peat
435+ Bedrock

Barg 94
102–123 Stony soil, dark brown (7.5YR 5/8) with orange

mottling upwards and becoming humic downwards
123–128 very dark grey to dark brown (7.5YR 3/0–3/2) organic

clay and silt becoming more organic downwards and
stony upwards

128–134 black (7.5YR 2/0) peat
134–136 very dark grey (7.5YR 3/0) organic silt and clay
136–173 dark grey (7.5YR 4/0) gyttja becoming dark brown on

exposure; gradual upper and lower boundaries
173–202 dark grey (7.5YR 4/0), becoming black at depth, peat

with silt, gradual upper and lower boundaries
202–259 black (7.5YR 2/0) fibrous peat, gradual upper and

lower boundaries
259–261 as above becoming silty
261–279 brown to dark brown (7.5YR 4/2) gyttja becoming

more organic downwards and with many fine rootlets
279–295 dark brown (7.5YR 3/2) variable silty peat and silts
295–314 brown to dark brown (7.5YR 4/2) gyttja
314+ bedrock
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Table 4 Pollen stratigraphical correlations (Bg89 and Barg94)

Bg89 Barg 94

PAZs Calibrated dates Pollen stratigraphy PAZs Calibrated dates Pollen stratigraphy
(95% confidence) (95% confidence)

Bg6b NAP-scrub-Olea t.-Castanea Barg4b 1210–1400 cal. AD? NAP-scrub-Olea t.
Bg6a NAP-scrub Barg4a NAP-scrub
Bg5c 740–380 cal. BC Qu.rob.t.-Qu.cerr.+ilex

t.-Fagus-scrub
Bg5b Qu.rob.t.-Qu.cerr.+ilex Barg3c Qu.rob.t.-Qu.cerr.+ilex

t.-Fagus-Corylus t. t.-Fagus-Alnus
Bg5a Qu.rob.t.-Fagus-Corylus t.-NAP
Bg4c 3630–3130 cal. BC Qu.rob. t.-Corylus t.-NAP
Bg4b Qu.rob.t.-Abies-Corylus t.-NAP Barg3b 4350–4040 cal. BC Qu.rob.t.-Fagus-Corylus

t.-Alnus
Bg4a 5210–4840 cal. BC Qu.rob. t.-Abies-Tilia-Pteridium Barg 3a Qu.rob.t.-Abies
Bg3b Abies-Qu.rob.t.-Ulmus-Tilia

(1st records for cereal t. and Vitis)
Bg3a Abies-Qu.rob.t.-Ulmus-Tilia Barg2 7600–7140 cal. BC Abies
Bg2 Abies-Pinus-Qu.rob.t.-

Ulmus-Juniperus t.
Bg1 11 510–9280 cal. BC Abies-Pinus-NAP Barg1c Abies-Pinus-Qu.rob.

t.-Artemisia-Typha ang.
Barg1b 11 010–10 830 cal. BC ? Pinus-Abies-Qu.rob.t
Barg1a Pinus-Artemisia

After this, deciduous oaks dominate the Bargone pollen spectra,
comparable with that found throughout northern and central Italy
at lower to mid altitudes (Kelly and Huntley, 1991; Pini, 2004;
Finsinger and Tinner, 2006; Valsecchi et al., 2006). Fagus was
present in significant numbers in central Italy after about 8000 BP
(c. 6900 cal. BC) (Magri, 1999). At Lago di Bargone, Fagus is
recorded in Bg4a (6100–5600 cal. BC; (95% probability;
Bg3b_Bg4a; Figure 3B) and increases to around 10% in Bg5a
(3020–2540 cal. BC; 93% probability; Bg4c_Bg5a; Figure 3B)
from which time it increased markedly throughout montane
regions of the northern Apennines (Watson, 1996). It also shows a
later increase in mediterranean oak species to 15% in Bg5b
(2440–1870 cal. BC; 93% probability; Bg5a_Bg5b; Figure 3B).
This is surprising given the mid-altitude location of the site,
although it may be, in part, a reflection of the proximity of south-
facing slopes.

Major deforestation and the development of heath and grass-
land communities occurred at Lago di Bargone after 740–380 cal.
BC (2375�45 BP; SRR-3813) during the Iron Age and Roman
periods. This is typical of the period for many areas of Europe (eg,
Greig, 1988; Andrieu-Ponel et al., 2000; Gobet et al., 2000;
Guillizzoni et al., 2002; Bertran, 2004; Cyprien et al., 2004).
Estimates for the dates of increases in Olea t., Juglans and
Castanea curves in Bg6b places these events in the Iron Age and
Roman periods (Bg6b estimated to begin 670 cal. BC–AD 200 cal.),
this being typical for the expansion of arboriculture in northern
Italy (eg, Gobet et al., 2000; Branch, 2004)

Core correlations (Table 4, Figures 4 and 5)
Despite problems of lack of resolution and probable sediment
discontinuities there is broad agreement between the Holocene
pollen stratigraphy of Barg 94 and that of Bg89, and this, in turn,
provides a context for the study of the sediments. The most difficult
part of the sequence to reconcile between the two cores is that found
in the basal deposits (Barg 1a, 1b, 1c) where fluctuations in the
Artemisia curve together with a date of 11 010–10 830 cal. BC

(10 870�90 BP;GrN-21307) appear to be anomalous when com-
pared with the tripartite Lateglacial sequence found elsewhere in
northern Italy (Lowe, 1992; Lowe and Watson, 1993). The sediment

micromorphology (M1, M2, see Figure 7A) suggests that sediment
mixing of the basin edge deposits is a possibility. New investiga-
tions of this site being carried out by University of Genoa may
clarify this issue.

The early–mid Holocene phase of dominant Abies of Bg2,
Bg3a, 3b is clearly apparent in Barg 2, along with the subse-
quent decline in Abies frequencies and increase of Quercus
robur t., Fagus, Corylus t. and Ericaceae (Barg 3a, 3b). The
date of 4350–4040 cal. BC (5390�60 BP; GrN-21305) appears
to be consistent with those of Bg89. Lack of resolution, how-
ever, makes precise correlation and dating very difficult. In
addition, the occurrence of sediment discontinuities at the
basin edge is a distinct possibility (see below). The later rise in
Quercus cerris + ilex curve (Barg 3c) is correlated with the
same feature in Bg89 (Bg5b,c). The major rise in NAP, espe-
cially Ericaceae and Plantago species, is also clearly apparent
in both sequences (Barg 4a, Bg6a). A rise in Olea t. frequencies
in Barg 4b appears to be consistent with a similar feature in
Bg6b, although in contrast to the posterior density estimate of
an Iron Age/Roman date for Bg89, the Barg 94 date of
1210–1400 cal. AD (700�60 BP; GrN-21308) places this phe-
nomenon in the late Middle Ages. This discrepancy is difficult
to reconcile at the present time.

Barg 94 sediments
Chemistry and magnetic susceptibility
The stratigraphical sequence from Barg 94 (Figure 6) shows very
high LOI, which rises to nearly 80% at about 200 cm (Barg 3B).
Above 190 cm, the sediments become far more minerogenic
although a thin peat band is reflected in a rise in LOI at 130 cm.
The lowest LOIs (11%) are recorded in the overlying minerogenic,
colluvial deposits. Phosphate concentration (Cit-PoI) declines
upwards from 293 cm (Barg 1b) to 195 cm (Barg 3b), but increases
again in Barg 4a and reaches a peak of 321 ppm at 126 cm (Barg
4b). Magnetic susceptibility is very low until Barg 4a when mod-
erate MS values (average 25 χ × 10−8 SI/kg) are recorded. The
highest MS values (700–800 χ × 10−8 SI/kg) are recorded in the
uppermost samples at 126 cm and 106 cm. In contrast, MS550
shows a far greater pattern of variation throughout the log, with



measurements of >1000 χ × 10−8 SI/kg and a maximum of > 5000
χ × 10−8 SI/kg between 214 cm and 183 cm. Above this, MS550
declines until there is a another sharp rise at 106 cm.

Sediment micromorphology (Figure 7)
For reasons of space only very brief details of the sediment micro-
morphology are provided here. More detailed information may be
obtained from the authors (R.I. Macphail) upon request. The thin
sections M1 and M2 (Figure 7A) record diatom-rich, finely lami-
nated silty organic layers (gyttja) with some evidence of reworking
and textural pedofeatures indicative of episodic muddy conditions
(the terminology used here is in accord with the conventions of thin
section description, eg, Bullock et al., 1985; see also Dinç et al.,
1976; Schoute, 1984, 1987). In M3 (Figure 7B), the sediment is a
highly organic, mainly laminated peat composed of both amor-
phous organic matter and plant remains. It also contains many very
fine charcoal particles (5–10 µm) within the amorphous organic
laminae. The peat is well rooted and a small area at the top of the
thin section shows homogenisation by burrowing mesofauna (cf.
Dinç et al., 1976). Microprobe mapping of a subsample of the peat
at 188–191 cm (Figure 7B) confirms the presence of Fe and Fe-Ca
impregnation of the peat at this depth (see also M5 below).

Thin section M4 reveals a well-sorted, moderately diatom-rich
sediment with depositional layering of organic matter, plant frag-
ments and silt (gyttja). In M4 sedimentation included inputs of
occasional to many fine (<10 µm) charcoal fragments together

with trace amounts of burned (rubefied) mineral grains. In thin
section M5 (Figure 7C) the sediment is generally a well sorted,
moderately silty peat, but also contains anomalous inclusions of
gravel-size serpentinite, rare rubefied grains and abundant fine
charred organic matter. A fragment of fine sand-size, charred peat
was also noted as well as rare coarse charcoal (<0.5 mm).
Microprobe analysis showed mean values of 2.20% Al, 11.0% Si,
3.32% Fe and 0.266% Ca. Elemental mapping revealed areas of
strongly Fe-impregnated peat and silty peat, with areas of minor
Fe-Ca impregnation.

The micromorphology of the lower half of M6 (Figure 7D)
shows laminated and well-sorted minerogenic organic matter with
abundant diatoms. In contrast to the peat examined from lower in
the sequence, here the organic matter is characterised by amor-
phous organic matter fragments and sediment staining; humified
organic matter, and weakly ferruginised, amorphous stained
organic matter, also occur. Some of this material (Figure 7E) can
be identified as probable dung from reference material and ana-
logue studies (Courty et al., 1989: 114; Macphail et al., 1999,
2004). In upper M6 and thin section M7 (Figure 7F) the colluvium
is composed of very poorly sorted coarse gravel to sand-size rock
fragments and soil clasts. The last include peat, topsoil and subsoil
fragments, as well as clasts of burned soil. Soil clasts also contain
fine charcoal and rubefied grains. The colluvium coarsens up-
profile from sand and gravel-size material, to gravel-size (3.5 mm)
deposits.

996 The Holocene 19,7 (2009)

Figure 6 Barg 94: composite diagram showing stratigraphical position of thin sections (M1–M8), results of percent loss-on-ignition (%LOI),
Total Phosphate (Cit-PoI ppm), MS*, MS 550* (%) (* = χ × 10−8 SI/kg)
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Figure 7 Barg 94: Sediment micromorphology of the Holocene sequence. (A) Photomicrograph of thin section M2: 258–266 cm; detail of peat composed
of layered plant remains and diatom-rich (D) minerogenic sediment. Note inclusion of plant fragment (PF; probable humified leaf) and infill of siliceous mud
(SiM) as evidence of sediment inwash. Rounded fragments of siliceous mud are found elsewhere as evidence of local reworking. Plane polarised light (PPL),
frame width is ~0.92 mm. (B) Microprobe image of element mapping of subsample of thin section M3; scan of subsample (M3: 188–191 cm) from thin sec-
tion M3 (188–201 cm), employed for microprobe analysis; the peat has a massive with crack and channel microstructure; image analysis mapped areas
include Ca, 8.39%; Fe, 14.79%; Si, 17.26%; Fe-Si, 10.14%; and Fe-Ca, 3.87%; quantitative grid (n =30) analysis of 13 elements from four areas found
0.062% Ca, 0.580% Fe and 2.82% Si (mean values). Frame width is ~30 mm. Arrow shows top. (C) Photomicrograph of thin section M5: 138–151 cm;
oblique incident light image of patch of fine charcoal in the peat. Frame width is 2.3 mm. (D) Scan of thin section M6:124–132 cm, showing the uppermost
peat levels dating to 641 cal. BP, buried by chaotic bedded colluvium composed of stones and soil clasts; a massive structured silty (diatom rich) peat over-
lies a burrowed bioactive peat (see Figure 7E). (E) Photomicrograph of M6:124–132 cm: the humic bioactive peat (see Figure 7D). This is characterised by
meso-fauna burrowing and their organic excrements and fragments. Here probable herbivore dung is recognised from its shape, and the layered plant
fragments typically enriched with amorphous organic matter (AmOM). PPL, frame width is ~6 mm. (F) Photomicrograph of thin section M7: 102–110 cm,
showing chaotic bedded coarse colluvium composed of gravel and coarse sand-size rock fragments (R) including serpentinite from the local geology, and
soil clasts (S), including both blackened (burned) humic topsoil and poorly humic subsoil. Colluviation also led to soil inwash (SI) into voids. Fluctuating
water-tables led to iron-panning in the form of ferrihydrite grain coatings (arrows). This layer has enhanced magnetic susceptibility values, which are
presumably associated with the inclusion of eroded burned soil. PPL, frame width is ~4.6 mm



Interpretation of sedimentological data
(Figures 6, 7A–F).
The magnetic susceptibility record (Figure 6) is of particular interest.
Peats, like other waterlogged deposits, often have a poor magnetic
susceptibility signal. On the other hand, the presence of secondary
iron is reflected in measurements such as χmax (Crowther, 2003)
and MS550 (Macphail et al., 2000; Engelmark and Linderholm,
2008) and may, therefore, be used as a proxy guide to iron content.
Microprobe analysis has confirmed the presence of iron as identi-
fied in the thin sections (Figure 7B). The occurrence of iron is sig-
nificant because in the forms identified in thin section (ie, not
pyrite) it can only be precipitated in aerobic conditions (eg, Fe2+ to
Fe3+; Duchaufour, 1982), and thus records episodic exposure and
associated water-level fluctuations. Its occurrence therefore in the
Barg 94 sequence, reflects fairly significant, intermittent drying out
of the basin edges during the period represented by depths 214 cm
to 183 cm. The reduction in phosphate concentrations here is also
consistent with geogenic effects and a fluctuating water-table lead-
ing to the loss of phosphate. Micromorphological analysis of M3
also identified instances of biological working of the sediment ie,
peat ripening (Buol et al., 1997: 113). It is probable that sediment
discontinuities would have occurred during this period, although
lack of resolution prevents this from being identified with any
degree of certainty. Comparison of the pollen stratigraphy from
Barg94 and Bg89 (Table 4, Figures 4 and 5) suggests this phase
would have occurred during the period represented by Barg3a, 3b
and part of Barg3c, which is correlated with Bg4a, 4b, 4c, 5a and
5b. Fluctuations in the Poaceae, Cyperaceae, Sanguisorba offici-
nalis and Myriophyllum spicatum curves at these levels are also
consistent with fluctuations in water-table. Posterior density
estimates for Bg89 pollen assemblage zones (Figure 3B, Table 2)
suggest a time period spanning 6100–5600 cal. BC to 1730–1050
cal. BC. It is noted that fluctuating but generally low lake levels dur-
ing much of this period are well documented in the recent literature
on lakes in Switzerland, eastern France and Italy (Magny, 2004;
Sadori et al., 2004; Finsinger and Tinner 2006; Magny et al., 2006;
Valsecchi et al., 2006).

A dramatic fall in LOI to less than 22% and associated rise in
phosphate concentrations (average 262 ppm), is accompanied by
palynological evidence for extensive deforestation (Barg4a, Bg6a)
after 740–380 cal. BC (2375�45; SRR-3813). These phenomena
therefore are probably related to land-use practices beginning in
the Iron Age and subsequent Roman periods. Evidence for accel-
erated soil erosion rates during the Iron Age/Roman periods peak-
ing during the Middle Ages, is widespread in Europe (eg, van
Vliet-Lanoë et al., 1992; Marchetti, 2002; Bertran, 2004). In thin
sections M4 and M5 frequencies of very fine (<10 µm) charcoal
increase, becoming abundant in M5 (Figure 7C) attesting to an
increase in the use of fire over time. Further evidence of burning
is provided by inclusions of fine, burned mineral grains, as well as
weakly enhanced MS values recorded throughout this period. In
thin section M5 a coarse burned peat fragment suggests that, on
occasions, fires may have extended onto the peat surface itself (cf.
Courty et al., 1989: 309, plate Vd).

Comparison of the organic matter observed in thin section M6
with reference material and reference to analogue studies (Courty
et al., 1989: 114; Macphail et al., 1999, 2004) allows us to con-
firm that at least some of the organic matter at the top of the Barg
94 sequence, derives from herbivore dung inputs (Figure 7E). The
presence of dung within the pond edge sediments clearly points to
the site being used as a watering hole by domesticated stock dur-
ing this period. A fluctuating water-table would have had the effect
of locally mobilising phosphate and redepositing it with iron along
the base of the minerogenic colluvium rather than in the underly-
ing peat (Thirly et al., 2006). Thus the full phosphate content of
this faecal-enriched material, is recorded at the iron-stained base

of the overlying colluvium (Figure 6, 321 ppm at 126 cm).
Significantly, in thin section M6, the junction between the organic
layer and overlying colluvium is sharp, with little discernible
ageing or weathering effects on the organic material below. Thus,
burial by the colluvium would have occurred rapidly, shortly after
deposition of the organic matter. The colluvium itself as observed
in thin section M7 (Figure 7F) contains very poorly sorted coarse
gravel to sand-size rock fragments, and soil clasts. It is evident
that both the local soils as well as the underlying geology were
eroded, which demonstrates the devastating impact of local activ-
ities here. In addition, the use of fire is indicated by the inclusion
of abundant clasts of charred and burned soil, as well as the high-
est recorded MS values (806 χ × 10−8 SI/kg, 710 χ × 10−8 SI/kg).

Discussion

Neolithic to Copper/Early Bronze Age
Although in present-day north and central Italy Abies alba is asso-
ciated with montane environments, there is evidence that in the
past it would have occupied a much wider range of habitats and
altitudes including sea level, than today (Colombaroli et al., 2007).
Abies is often under-represented in pollen diagrams (de Beaulieu,
1977), so high frequencies of 30–50% suggest stands of fir trees
very close to the site at Lago di Bargone. It is probable that fir
trees would have extended to the bog edge where moister soils
would have provided ideal conditions for the regeneration of fir
seedlings (Barbero and Bono, 1970; Tan, 1987; Ellenberg, 1988)
while Quercus species may have extended up the more freely
draining slopes. Throughout much of the early Holocene there
would have been a mixed coniferous-deciduous forest with Abies,
deciduous Quercus, Tilia and Ulmus around a boggy, grassy hol-
low. The first traces of human presence occur in Bg3b (Figure 4)
where the first cereal t. and Vitis pollen grains are both recorded.
These early records are followed by strong indications of distur-
bances in Bg4a, 4b and 4c. The date of 5210–4840 cal. BC

(6075�45 BP, SRR-3815) is consistent with early Neolithic, mid-
dle altitude archaeological sites in eastern Liguria (Biagi et al.,
1986; Maggi and Starnini, 1990; Campana and Negrino, 2002), as
well as palynological and archaeobotanical records for early
Neolithic cereals found elsewhere in northern Italy (Branch, 1997;
Pini, 2004). Fluctuating and falling Abies frequencies, growing
scarcity of Tilia and Ulmus pollen, increased deciduous Quercus
and Pteridium frequencies, fluctuations in Corylus t. and
Ericaceae, and increases in herbaceous pollen all point to succes-
sively more open conditions. It is probable that by the Copper Age
(Bg4c) the environment at Lago di Bargone would have consisted
of a mosaic of deciduous oak woodland interspersed with open
areas of heath and grassland.

Similar developments have been observed in pollen diagrams
from the southern Alps and Tuscany, where high resolution pollen
and charcoal studies (Tinner et al., 1999; Colombaroli et al., 2007,
2008) have suggested a strong causal link between Neolithic forest
fires and the local extinction of fire-sensitive plants (Abies, Tilia,
Ulmus, Fagus, Quercus ilex) and increase in fire-tolerant taxa
(Corylus t., Alnus, Pteridium, Ericaceae). On the other hand, the
modelling study of Wick and Möhl (2006) concluded that a com-
plex of factors must be considered, including forest fires, warm,
dry climate conditions, Neolithic grazing, browsing and the use of
trees as fodder, and a lack of genetic variation and adaptability of
northern Italian and central European populations of silver fir (cf.
Konnert and Bergmann, 1995). In spite of some similarities with
the pollen assemblages reported from those areas, at Lago di
Bargone there is little evidence for burning during the Neolithic
and Copper/Early Bronze Age. Charcoal was only rarely found in
pollen preparations from Bg89, although this could be in part due

998 The Holocene 19,7 (2009)



to a lack of resolution (5 cm sampling interval in Bg89). Magnetic
susceptibility measurements and LOI from the basin edge deposits
(Barg 3A, 3B) provide no evidence of either soil erosion or burned
soils that would be expected if forest fires had occurred on the
slopes surrounding the site. The only indications of fire during this
period were the presence of very fine charcoal particles (5–10 µm)
noted in the thin section M3. This size range for charred particles
would not appear in pollen preparations because of the use of
micromesh sieves as part of the preparation procedures. As char-
coal particles in the size range 10 µm–500 µm are normally used
to reconstruct regional rather than local fire history (Tinner et al.,
1999; Colombaroli et al., 2008), these tiny (<10 µm) particles are
far more likely to be related to regional fires than to local fire
events at Lago di Bargone. In general, evidence for fires during
the Neolithic and Copper/Bronze Age in Liguria is patchy, most
frequently occurring in montane areas (Courty et al., 1989:
305–309; Branch, 2004; Ottomano, 2004; Menozzi et al., 2009),
although investigations at the mid-altitude archaeological site at
Grotta del Bandito (Campana and Negrino, 2002: 317) have
shown a link with soil erosion and probable forest clearance.

At Lago di Bargone micromorphology of M3, microprobe and
MS550 data are all consistent in indicating a periodically lowered
water level at the pond edge during the mid Holocene. It is prob-
able that periodic moisture stress during the Neolithic to Copper
Age (Bg4a–4c) would have adversely affected the regeneration of
moisture-loving fir seedlings on the driest soils upslope from the
site. In addition, the position of the site close to natural routeways
along watersheds and ridges (Maggi, 1990), a reliable water sup-
ply, archaeological evidence of Neolithic and Copper Age pres-
ences, the early Neolithic introduction of domesticated herbivores
to Liguria (Rowley-Conwy, 1997) and the Copper/Early Bronze
Age spread of pastoralism and transhumance (Maggi and Nisbet,
1990; Maggi, 1997), all lend support to the hypothesis that Lago
di Bargone would have been used as a watering hole by prehistoric
pastoralists and their domesticated herbivores. Recent forest ecology
studies have demonstrated the susceptibility of Abies to the effects
of grazing and browsing (Paluch, 2005; Heuze et al., 2005).
Apparently deer as well as cattle and other domestic animals have
a special liking for fir saplings (Ellenberg, 1988; Motta, 1996). It
is also well established that leaf and twig foddering was the main
source of winter feed for stock during the Neolithic, with Ulmus,
Tilia and deciduous Quercus being some of the preferred fodder
species (Rasmussen, 1993; Nisbet, 1997; Akeret et al., 1999).

It is argued therefore, that the mid-Holocene vegetation devel-
opments at Bargone are more strongly linked to warm, dry cli-
matic conditions together with local grazing, browsing and fodder
collection than to forest burning and clearance. The absence of any
indications of soil disturbance suggests low stocking rates (Maggi,
2004, estimates a Neolithic family would have needed to manage
a hectare of woodland in order to raise two cows). The Bg98 pollen
data also indicates this may have been part of a larger, regional
subsistence system. Studies of pollen–vegetation relationships in
southern European mountains have shown that low frequencies of
‘anthropogenic indicator’ pollen types are more indicative of land
use at a regional scale. For example, low frequencies of some
wind-pollinated herbaceaous taxa such as Artemisia and
Chenopodiaceae have greater significance as indicators of anthro-
pogenically disturbed soils at extra-local and regional scales
(Court-Picon et al., 2006; Mazier et al., 2006). Cereal type pollen
is transported over long distances in mountains by animal and
human movements (Vuorela, 1973; Moe; 1983; Robinson and
Rasmussen, 1989; Court-Picon et al., 2005).

Bronze Age
A rise in arboreal frequencies and reduction in herbs and
Ericaceae in Bg5a and Bg5b suggest a general reduction of

exploitation and scrub and tree regeneration during the Bronze
Age at Lago di Bargone. The Fagus and Ostrya t. curves are
suggestive of secondary colonisation of former Neolithic and
Copper Age clearings as these taxa are known to be favoured by
forest clearings (Gobet et al., 2000; Watkins, 2004) although
dispersal over long distances, especially of Ostrya t., suggest a
regional, rather than local significance (Conedera et al., 2006).
The rise in the Quercus ilex + cerris curve after 2440–1870 cal.
BC (93% probability) in Bg5b is puzzling. As mediterranean oak
species in present-day Liguria normally grows below around 200
m, this could indicate colonisation of dry south-facing slopes by
mediterranean oak species during the Bronze Age. Nevertheless,
it is also possible that mediterranean oaks could have extended
their range into higher altitudes than is usual today (Quercus ilex
normally grows below 200 m). This may possibly be consistent
with either the ‘aridification’ phases identified by Jalut et al.
(2000) for the western mediterranean, or even a type of woodland
management designed to produce acorns as feed for pigs
(Lewthwaite, 1982).

Iron Age/Roman to Mediaeval
and post-Mediaeval
All of the available data from Lago di Bargone point to local soil
disturbances and deforestation during the Iron Age to Roman
periods. Major declines in all of the major arboreal taxa attest to
significant deforestation at both regional and local scales during
Bg6a. Abies in particular, was a preferred timber for construction,
tool-making and, sometimes, ship-making in much of the Roman
Empire (Nakagawa et al., 2000). Fir frequencies also slumped in
inland, montane Liguria from about 2000 years BP (Macphail,
1988). There is also a dramatic fall in LOI to less than 22%, a rise
in phosphate concentrations (average 262 ppm) and weakly
enhanced MS values. In thin sections M4 and M5 there is evi-
dence of silty inwash and an increase in very fine (<10 µm) char-
coal fragments becoming abundant in M5 (Figure 7C). In contrast
to earlier records of microcharcoal in M3, here the charred plant
fragments are accompanied by inclusions of fine, burned mineral
grains, and in M5 a coarse burned peat fragment suggesting that,
on occasions, fires may have extended onto the peat surface itself
(cf. Courty et al., 1989: 309, plate Vd). While it seems certain
that fires would have occurred locally at Lago di Bargone, the very
fine size range of the charred fragments and the seeming absence
of coarser size range again do not suggest local forest clearance by
fire. Rather it is necessary to envisage a system of light, controlled
burning possibly akin to the local tradition of using fire to control
weeds such as Erica arborea and to encourage new grass and
herbaceous growth (Grove and Rackham, 2001). Until recently,
the tradition of using fire to control weeds was widespread in this
area. Locally, it may have been an area of open grazing that saw
the development of widespread heath and grassland communities.
The presence of dung as identified within the pond edge sediments
(thin section M6), points to the site being used as a watering hole
by stock. It is very likely that the pastures at Lago di Bargone
could have been part of a large-scale regional system of seasonal
grazing and transhumance that is known to have been widespread
in Roman Italy (Grove and Rackham, 2001), and possibly associ-
ated with the common grazing rights of ‘compascuo’ (Maggi,
1999; Mannoni, 2000).

The regional expansion of arboriculture in eastern Liguria is
suggested by Olea t., Juglans and Castanea pollen types (Bg6b,
Barg4b). New varieties of olives were introduced to the western
Mediterranean during the classical and Mediaeval periods (Terral
et al., 2004), but it is improbable that olives were cultivated at this
altitude. As Olea t. pollen is over-represented in pollen diagrams
from mountains (de Beaulieu, 1977), the increase in Olea t. pollen
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here is more likely to be indicative of olive cultivation in settle-
ments of the coastal valleys close to Lago di Bargone.

It has already been argued on the basis of sediment micromor-
phology (see Bargone 94 sediments) that colluvium would have
rapidly buried the underlying organic deposits. In particular, the
inclusion of rock fragments within the overlying colluvium (M7)
points to a devastating impact of human activities. There is no
evidence of cultivation of the steep slopes here and it seems
unlikely that grazing alone could have caused such deeply seated
erosion. On the other hand, it is known that mining continued in
this area until the nineteenth and twentieth centuries (McCullagh
and Pearce, 2004). It is argued therefore, that the accumulation of
colluvial deposits and rockslide debris at Lago di Bargone today is
very likely to have been influenced by local mining.

Conclusions

A sedimentological investigation of basin edge deposits including
colluvium and rockslide debris together with a palynological study
from the central area of the peat bog at Lago di Bargone, has
allowed the identification of soil disturbances and erosion to be
related to some of the changes in land use as inferred from the
pollen diagram. Although archaeological and palynological data
suggested significant Neolithic and Copper/Early Bronze Age pres-
ence and local forest disturbances, such activity was too light in
intensity or on too small a scale to register soil disruption and
erosion within the limitations of the methodologies used. On the
other hand, sediment micromorphology, microprobe and MS550
all pointed to periodic drying out of the basin edges and lowering
of the local water-table during this period. It is suggested that peri-
odic moisture stress during the warm, dry climatic conditions of the
mid Holocene would have contributed to the decline of moisture-
sensitive forest taxa such as Abies from around the site. It is also
argued that light grazing around a watering hole, by domesticated
herds belonging to Neolithic and Copper Age pastoralists, would
also have been a significant factor. In addition, there is no evidence
to support a history of forest fires scenario as described elsewhere
in northern Italy. There was far greater impact upon local soils from
the Iron Age/Roman periods with evidence for colluviation, defor-
estation and the development of heath and dry grassland commu-
nities. Micromorphological evidence indicates light, controlled
burning to maintain pastures, whereas forest clearance by fire is
less likely. It is suggested that the area around Lago di Bargone was
probably an area of open grazing that could have been part of a
large-scale regional system of seasonal grazing and transhumance
during the Roman period. Subsequently, deep-seated erosion of
soil profiles resulted in the accumulation of colluvial deposits and
rockslide debris at Lago di Bargone today. This latest devastating
impact on local soils is likely to have been influenced by mining,
an activity that is known to have continued in the area until
recently. Although mining is no longer a threat to the site, Lago di
Bargone and other similar small wetland sites in the Ligurian
Apennines are today threatened more by a diminution of traditional
land management practices particularly a reduction of grazing and
controlled burning. It is anticipated that new studies being carried
out by the University of Genoa will contribute to the continued
development of a more detailed appreciation of the climatic,
palaeoecological, erosional and land-use history of this area.
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