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The vegetation of prehistoric and historic mining sites

around Sestri Levante (GE, NW-Italy)
Carlo Montanari*, Bruna Ilde Menozzi*, Maria Angela Guido*

1. Introduction

It is well known that many organisms are able to
report, by their presence, local ecological condi-
tions, and so are considered bioindicators. Plants,
especially if herbaceous with a small root system, are
closely dependent on soil characteristics, of which
they are often good indicators. In order to use them
in practical applications, several species have been
much studied that tolerate high concentrations
of heavy metals (Ni, Cd, Cu, Pb, Zn, Co, Fe) in
soil and which are often able to concentrate them
in their tissues (ERNST, WEINERT 1972; DINELLI,
LomBINI 1996; KRAMER e al. 1997; LOMBINI ez
al. 1997, 1998; LoMmBINI e al. 2001; MARIOTTI,
CorNARA 2001; MiNnGuzzi, VERGNANO 1948;
VERGNANO GaMBI 1977; VERGNANO GAMBI ez al.
1982). The interest of this specialisation lies not
only in the value of these plants as indicators of the
presence of high concentrations of noxious elements
in the soil, but also in the potential, in certain cases,
to use them as “natural pullers” of toxic substances
from the ground or from water (phytoremediation,
phytomining, phytoextraction). There is a rich lit-
erature, some of which deals with the local area, on
the chemical characteristics of mining tailings, on
the quality of the drainage water of these environ-
ments, and also on the anatomical and physiological
adaptations of the plants that colonise them (e.g.
MaLgas, VERGNANO 1948; ERNST ez al. 1992;
DavIDSON ez al. 1996; ERNsT 1998; DAVIDSON e
al. 2001; Mappr, Cornara 2001; DiNELLL, TATEO
2002). In particular, serpentine outcrops are charac-
terised by high levels of Nickel, Cobalt, and Chro-
mium, and the Magnesium/Calcium ratio is high;
This, together with ecological characteristics that are
often associated with such sites (high temperatures
on the dark ground exposed to direct sunlight,
fast water flow, drought, etc.), often determine the
presence of a rather specialised flora of obliged or
preferential “serpentinophytes” (P1CHI SERMOLLI
1948; Ernst 1974; Brooks 1987; ALESSANDRINI
2001; VErGNANO 1992). These are metal-tolerant
species which, thanks to their physiological adapta-

* Universita degli Studi di Genova, DISTAV — Laboratorio
di archeologia e storia ambientale — L.A.S.A., sez. botanica.

tions, are able to escape competition from species
that are more competitive in less selective environ-
ments; they are herbaceous plants and dwarf shrubs
that belong to different families and life forms,
more or less adapted to drought; some of them are
“serpentinicolous relics”, which have survived only
on soils unappetising for other species, and have a
distribution linked to Ophiolite outcrops.

In the context of a long-running archaeological
research project at the early mining site of Monte
Loreto (Castiglione Chiavarese, Genoa), under the
direction of Dr. Roberto Maggi (Soprintendenza
Archeologica della Liguria) and Dr. Mark Pearce
(University of Nottingham) (Magat, VieNoLo 1986;
Magar, Pearce 1998; 2005; Macar et al. 2011;
CamPANA et al. 1996, 2006; Campana, Magar,
Perace 1998; Prarce 2007, pp 62-71), a survey
was carried out in order to identify species or plant
populations that can characterise typological aspects
or stages of different historical mining activities. This
paper discusses some sites in the area of Monte Loreto
and, for comparison, in the mining area of Libiola, a
few kilometres away (f7g. 1). Both sites are part of a
mining complex in the hinterland of Sestri Levante
(Genova), centred on ophiolitic outcrops from which
primarily copper and gold were obtained at different
times. The environmental situation can be consid-
ered quite similar at the two sites, both in terms of
climate and geology and therefore the vegetation
growing near the quarries is relatively homogene-
ous. It is basically the zonal vegetation of the basal
coastal belt, with more or less disturbed Mediterra-
nean woodland and evergreen sclerophyllous scrub,
with a predominance of pine woodland with sparse
maritime pine (Pinus pinaster) with brushwood of
heather (Erica arborea) that largely replaces evergreen
forest of holm-oak (Quercetum ilicis).

2. Area of Monte Loreto

The ophiolitic outcrops (basaltic pillows) near the
village of Masso, Castiglione Chiavarese, GE) were
exploited from prehistory to the twentieth century,
for the extraction of copper and gold. It would
therefore be interesting to identify plant species or
plant populations which colonise abandoned quar-
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@ Monte Loreto

@ Libiola

fig. 1 — Location of the mining areas studied.

ries and landfill material, in order to use them as
bioindicators of geological bedrock, chronology, or
of different techniques of exploitation. In this area
of eight hectares three sites were studied, located
just a few hundred metres from each other and
related to different types and ages of exploitation.
SITE 1 (ML 8) The site is located just above the
cemetery of Masso (fig. 2) and consists of debris
of large stones resulting from prehistoric mining
activities (fourth millennium BC), as evidenced by
the discovery of hundreds of hammerstones (Maggr,
PEARCE 2005; MaGar ez al. 2011). In the lower part,
near the road leading to the church of M. Loreto,
the tailings are more established and are covered by
adense shrub vegetation. At the top, the vegetation
is sparse due to the increased instability of the debris
and the outcropping of the basaltic bedrock. The
vegetation on the debris is dominated by Genista
desoleana, a dwarf shrub of the family Fabaceae with
a scattered geographical distribution of Liguria, Tus-
cany (islands), Corsica and Sardinia; it is only com-
mon in Liguria towards the east. The populations of
Genista desoleana Valsecchi in eastern Liguria were
previously attributed to Genista salzmannii DC., and
the species is indicated with this latter name in older
studies. However, uncertainty remains concerning
the attribution of the Ligurian specimens to this new
species (Nowaxk 1987; VaLseccHI 1993; MARIOTTI
1994; VAGGE 1997). In this site, two phytosociologi-
cal surveys were performed — which are described

below — the first at the edge of the highest part of
the tailing, on the basaltic outcrop (02061701), the
second in the lower part, where the vegetation cover
is greater (02061702) (fig. 3).

02061701 — Altitude 290 m a.s.l.; exposure: SE;
inclination: 30°-35°; survey area 40 m?; bedrock:
basaltic pillows; rock: 50%; stones: 20%; vegetation
type: pioneer shrubs; coverage 30%; shrub layer: h
25 cm; coverage 28%; herbaceous layer: h 15 cm;
coverage 5%; lichen layer: coverage 30% (on rocks).
Notes: discontinuous vegetation on basalt outcrops
and their debris; nearby there is pine woodland
with undergrowth with holm-oak and heather.

Genista desoleana Valsecchi 32
Cistus salvifolius L. 1.1
Pinus pinaster Aiton +.1
Jasione montana L. 13
Silene vulgaris (Moench) Garcke +

Saponaria ocymoides L. +3
Oryzopsis miliacea (L.) Asch. et Schweinf. 1.1
Asplenium septentrionale (L.) Hoffm. +3
Rumex acetosella L. +

Lichens 33

02061702 —alt. 270 m a.s.l.; exposure: S; incl.: 30°%
survey area 60 m?; basaltic + coarse debris; rocks:
2%; stones 1%; vegetation: shrubland; shrub layer:
h 35 cm; coverage 80%; herbaceous layer: h 30 cm;
coverage 10%; lichens: coverage 1%; erosion: 10%.
Notes: consolidated debris; the species indicated
in brackets is just at the edge of the surveyed area.

Genista desoleana Valsecchi 55
Cistus salvifolius L. 1.1
Saponaria ocymoides L. 12
Jasione montana L. 12
Oryzopsis miliacea (L.) Asch. et Schweinf. 1.2
Asplenium onopteris L. +

Rumex acetosella L. 1.3
Cerastium cfr. ligusticum Viv. (+)
Lichens +

Musci +

The main difference between the two sites seems to
be the greater coverage of dwarf broom in the low-
ermost sector, most likely due to a greater settling
of the tailings, which may have not been disturbed
since the prehistoric mining activity; if so, this
would show an extremely slow evolution of the
vegetation cover which, over the course of several
thousand years, would have only reached a relative
equilibrium with a shrubby stage. The strategy of
vegetative propagation of the dwarf broom is worth
noting and is particularly evident in this area: the
old hummocks are dead in the centre while their
peripheral branches trail on the ground and take
root and progressively enlarge their covering, giving

a ring shape to the hummock (fig. 4).
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Jfig. 3 — M. Loreto-site 1: in foreground, discontinuous population
of Genista desoleana on outcropping basalts (survey 02061701).

SITE 2 (near ML 3) (fig. 5): there was mining at
this site in prehistoric times and also in recent times:
rock surfaces (basaltic pillows) prevail, together with
deposits of relatively recent (nineteenth-century)
tailings and very recent spoil from archaeological ex-
cavations in recent years. It is located within walking

metres

Jfig. 2 — Map of the area of Mount
Loreto, with the location of the sites
studied (from C.T.R. 232.3 Sestri
Levante).

distance, east of the Cemetery of Masso, at an altitude
of about 240 m a.s.. The tailings which are located
at the mouth of the deep nineteenth-century tunnels
are weakly bonded and almost devoid of vegetation,
even though they show no obvious signs of recent
disturbance. In this area, in the most stable microen-
vironments (rocks and debris in flat positions) only
few dwarf shrubs and herbaceous plants have settled,
among which we mention Genista desoleana, Thymus
vulgaris, Scrophularia canina, Cerastium luridum,
Agrostis cf tenuis, Stachys recta, Galium sp., Sedum
rupestre, Dianthus sylvestris, Herniaria glabra.

The following survey refers to a small area occupied
by pioneer vegetation that develops starting from
the flat area facing the adits, owing to the greater
stability of the debris due to the presence of a tuft
of Scrophularia canina (fig. 6).

SITE 2a: (02061703) poorly consolidated and very
steep tailings; alt. 240 m a.s.L; expos.: E; incl: 45°;
surface 3.5 m?; basaltic debris; rock: 0%:; stones:
30%; pioneer vegetation; total coverage 70% her-
baceous layer: h 20 cm; eroded surface: 30%. Note:
small strip along the maximum slope:

Scrophularia canina L. 33
Galium lucidum All. +

Sedum rupestre L. 33
Herniaria glabra L. 33
Petrorhagia saxifraga (L.) Link. +

Stachys recta L. 1.1
Cerastium ligusticum Viv. +3

Jasione montana L. 1.1
Cladonia rangiformis Hoffm.
Cladonia chlorophaea s.\.
Parmelia tinctina Meh. et Gill
Parmelia sp.

1.2
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Crteil s

Jfig. 4 — An old plant of Genista desoleana with its distinctive
centrifugal growth.

Jfig. 6 — M. Loreto-site 2: pioneer population (survey 02061703).

If the detrital cone has not been remodelled since
the end of mining (in the nineteenth century),
this environment is really inhospitable, since the
vegetation has failed to colonise it over the course
of at least a century if not to a negligible degree.
It is known, however, that there were some ex-
cavations in the area during the period of World
War II (BErtoLANT 1952). Near the large fissure
which was mined during prehistory and which
was recently investigated with an archaeological
excavation, there is recent debris resulting from the
archaeological site; the material is minute, mixed
with earth, and a pioneer ephemeral population
has colonised it, consisting almost exclusively of
the annual Cerastium ligusticum (Caryophyllaceae).
Genista desoleana is only found on stable ground,
i.e. on rock outcrops or at their edges.

In order to understand if the mining tailings con-
stitute a different microenvironment compared
with the natural debris that surrounds ophiolitic
outcrops and hosts particular species and plant
communities, the following list of flora was com-

Jig. 5— M. Loreto-site 2: in the foreground, the nineteenth-century
tailings devoid of vegetation.

piled not far from this site: it concerns vegetation
on ophiolithic debris that was not anthropogenic,
in a similar situation to that of mining tailings

where the debris is consolidated (SITE 2b):

Euphorbia spinosa L. subsp. ligustica (Fiori) Pign.
Genista desoleana Valsecchi

Thymus vulgaris L.

Satureja montana L.

Festuca ovina s.l.

Plantago serpentina All.

Galium lucidum All.

Dianthus sylvestris Wulfen

Armeria denticulata (Bertold.) DC.
Herniaria glabra L.

Linum trigynum L.

Reichardia picroides (L) Roth

Oryzopsis miliacea (L.) Asch. et Schweinf.
Allium sp.

Here in fact different species appear which are not
found on the mine tailings and that are more or
less common on the ophiolitic debris of this area
(e.g. Satureja montana, Plantago serpentina, Fes-
tuca ovina s.l., Thymus vulgaris, Dianthus sylvestris,
Armeria denticulata).

SITE 3 (ML 6): a little higher, this is a terrace that
was the site of several ancient mines: the first phase
was in the Copper Age with exploitation of copper
ore and possibly traces of cold enrichment of the
mineral; then a later one, in the Byzantine period
(BENENTE 1999). This area has been affected by the
archaeological excavations in 1996-2000.

Here too one can observe a clear and characteristic
difference between the vegetation of the relatively
consolidated areas of the ancient tailings and those
which have recently been reworked (fig. 7). In
particular, the large ancient fan of mining spoil is
almost completely covered with a population of
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fig. 7 — M. Loreto-site 3: in the foreground, the pioneer Cerastium
population on the ground recently reworked by the archeological
excavation. In the background, low scrubland with Genista dexo[gana
on consolidated coarse debris.

Genista desoleana very similar to that described for
site 1: a survey is given below (02061704):

alt. 300 m a.s.l.; expos. E; incl. 28°% surface 50 m?;
debris; rocks 0%; stones 10%; shrubland, cover-
age 90%; shrub layer: h 35 cm, coverage 90%;
herbaceous layer: h 20 cm, coverage 10%; eroded
surface: 5%. Notes: area not recently disturbed:

Genista desoleana Valsecchi 5.5
Cistus salvifolius L. 2.2
Saponaria ocymoides L. +
Jasione montana L. 12
Oryzopsis miliacea (L.) Asch. et Schweinf. +
Sesamoides pygmaea (Scheele) Kuntze +.2
Silene vulgaris (Moench) Garcke 1.1
Orobanche sp. +
Pteridium aquilinum (L) Kuhn +
Pinus pinaster Aiton (+)

Only on the spoil reworked by the recent archaeo-
logical excavations are monospecific populations
of Cerastium ligusticum observed. Nearby, a pine
woodland is developing with undergrowth of
heather and holm-oak; there are also terebinth and
other typical Mediterranean species. Communities
of Genista desoleana (even sub G. salzmannii) have
been described by several authors for these and oth-
er sites in eastern Liguria (MarioTTI 1986, 1994;
Nowak 1987; MoNTANARI 1988; VAGGE 1997).

The comparison with the situation observed for
the copper mines shows a great floristic poverty in
these latter cases and the lack of characteristic spe-
cies (apart from the dwarf broom): therefore, typical
associations such as Euphorbio ligusticae-Genistetum
desoleanae Nowak 1987 (VAGGE 1997) or Euphor-
bietum spinosae-ligusticae Hofm. et Furrer 1969
(FURRER, HOFMANN 1969) cannot be identified.
It is likely that the physical-chemical conditions
existing on mining tailings determine an even more
selective ecology than the natural ophiolitic substrate,
which is already very difficult for the vegetation: the
coarse size of the stones, the high drainage, the high
concentrations of salts of copper, iron and other
elements, and the lack of earth, mean that almost
only Genista desoleana is able to colonise, thanks to
its powerful root system, and aims at forming mono-
specific populations, even if over a very long time. In
this long-term trend, the centrifugal development of
the broom, with the death of the central parts (fig. 4),
probably also plays a role; this feature, which seems to
be common to other species which are well adapted
to specific substrates (e.g. Minuartia laricifolia ssp.
ophiolitica), could be a strategy to segregate parts in
which heavy metals were concentrated. However,
this hypothesis needs to be tested through targeted
analyses and these are planned.

An attempt was also made to assess the age of these
populations of Genista desoleana; this species shows
in many cases a semi-prostrate life form, and the
plants appear at first sight rather long-standing
and often rather contorted, with multiple branches
from the base of the main stem. By sectioning the
stem of a plant that included extensive necrotic
portions with only a part of wood still functional
(and a radius of approximately 8 mm), it was pos-
sible to count at least 25 very densely arranged an-
nual rings (fzg. 10). Taking into account the overall
diameter at the base of the stem, it is likely that
the specimen in question, of average size, could be
more than 50 years old. As a result, large bushes
of broom may even be centenarian, but further
investigations are needed to verify this.

3. Area of Libiola

Prehistoric mining activity was also recorded at
Libiola (Issel 1879), and this has subsequently been
confirmed and dated to the Copper Age (Magar,
DeL LuccHEse 1989). Unfortunately, modern in-
dustrial mining (from the late nineteenth century
until the 1960s) has destroyed much of the evidence
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fig. 10— Transversal section
of Genista desoleana stem,
showing several annual
rings.

for ancient mining. Currently, the unstable tail-
ings are practically naked, while where they have
consolidated, the species that typically colonise
ophiolitic outcrops are able to settle: among them
we mention Minuartia laricifolia ssp. ophiolitica,
Avenella flexuosa, Sesamoides pygmaea, Juncus acutus,
while Euphorbia ligustica is lacking; Buxus semper-
virens, Asplenium onopteris, Armeria denticulata are
also found on outcropping rocks and on stabilised

fig. 8 — Libiola: the summit platean of the
mine, colonised by small cushions of Minuartia
laricifolia subsp. ophiolitica, Festuca ovina s.l.
and ruderal species, especially Rubus sp.

Jfig. 9 — Libiola: shreds of Calluna vulgaris
heath, developed on consolidated tailings.

debris. The evolutionary series that develops from
these early stages is typical of ophiolithic outcrops,
with the arrival of small shrubs such as Calluna
vulgaris forming a pseudo-garrigue, Mediterranean
chaparral with heather and, finally, a pine woodland
of maritime pine (figg . 8-9). On the large summit
plateau of the quarry there is a situation of increased
eutrophication, indicated by the spread of brambles
(Rubus sp.) and Inula viscosa. On the small-stone
tailings, the serpentinophyte Minuartia laricifolia
ssp. ophiolitica spreads together with Festuca ovina
s.l, Scrophularia canina, etc. (fig. 8). Here, it was
impossible to identify any aspect similar to those
described for the mining debris at Monte Loreto.

4. Concluding remarks

We may draw some considerations based on our
preliminary investigations, carried out with the
aim of establishing the relationship between the
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chronology of mining tailings and the vegetation
that colonises them:

1) The tailings of the examined copper mines
host different plant populations, in all probability
depending on the age of abandonment of mining
activity, the local history, lithological and mineral-
ogical differences and extraction techniques, even
in neighbouring areas and in the same geological
context.

2) The species that constitute these populations
are highly selected, probably due both to physical
causes (highly unstable environment at least in the
early stages of colonisation, high drainage, lack of
fertile soil) and to the particular chemical composi-
tion (circulating solutions rich in salts released by
the ore crushing).

3) At the site of Monte Loreto, stabilised mining
debris dating back to many millennia ago are oc-
cupied by populations of Genista desoleana; those
dating back to the last few centuries are almost
devoid of vegetation, while populations of annual
Cariophyllaceae (Cerastium spp.) are ephemeral
aspects colonising recent archaeological excavation
spoil; these last a few seasons and probably disap-
pear as soon as the fine and partly organic soil from
the excavation is washed away by rain. Scrubland
with Genista desoleana, floristically much richer
than at the Monte Loreto sites, has been described
by several authors for eastern Liguria, even on dif-
ferent substrates. Therefore, one cannot consider
these as typically copper-loving communities, but
aspects of the refuge of a relic species, Genista de-
soleana, in very selective ecological conditions to
which it appears to be very well adapted.

4) The mine environment is very hostile to plant
colonisation, since it is able to stay bare for a
long time; at present, even after more than 4000
years, the most mature stage consists in an almost
monospecific population of prostrate shrubs, even
though no information is available concerning
possible intermediate disturbance.

5) Only the analysis of other sites in the surround-
ings can indicate the existence of plant species or
populations strictly related to environments of
copper mining, such as to constitute biomarkers
that are specific for this activity; nevertheless, on
the basis of these preliminary surveys, it seems
unlikely to find any.
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Abstract

The vegetation colonising the debris of some mining sites of dif-
ferent ages near Sestri Levante (NW-Italy) is illustrated. Different
plant populations characterise the excavation sites from different
periods. The prehistoric (Copper Age) mining tailings host dense
shrub populations dominated by Genista desoleana; the nine-
teenth-century debris, with stones of medium size, is unstable and
almost devoid of vegetation; the fine-grained and partly organic
spoil from recent archacological excavations is rapidly colonised by
ephemeral populations of Cerastium spp. The vegetation of mining
debris is different from that of the bedrock and its natural debris,
although it is of the same (ophiolitic) geological type.

Key words: mines vegetation, copper mines, bioindicators,
Sestri Levante, NW-Italy.

Riassunto

La vegetazione di siti minerari preistorici e storici nei dintorni di
Sestri Levante (GE).  Viene illustrata la vegetazione che colonizza
i detriti di alcune miniere di rame presso Sestri Levante (Genova).
Popolamenti vegetali diversi caratterizzano i siti di scavo di periodi
storici diversi. I detriti di epoca preistorica (Etd del Rame) ospi-
tano densi popolamenti arbustivi dominati da Genista desoleana;
le discariche del XIX sec. sono costituite da ciottoli di medie
dimensioni e sono pressocché prive di vegetazione; il materiale di
granulometria fine e arricchito da detrito organico prodotto da
scavi archeologici recenti ¢ colonizzato rapidamente da popola-
menti effimeri di Cerastium spp. La vegetazione delle discariche di
miniera ¢ diversa da quella che si insedia sulle emergenze rocciose
e sui loro detriti, benché si tratti dello tipo litologico (ofioliti).

Parole chiave: vegetazione delle miniere, miniere di rame,
bioindicatori, Sestri Levante, Italia nord-occidentale.
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