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Qualitative and quantitativc gcomorphological invcstigation has becn
canicd out in a restricted area of Ihe upper Orcia River basin (about lO
km1

) called «Landola sample arca», near Siena, NE or the Monte Arniala
volcano (Tuscan)'). The Pliocene marine c1a)'stones outcropping in this
area have been uplirted during the Qu.ltcrnary up to several hundreds or
meters above sea-Icvel and are now rapidi)' eroding, rcslliting in OIlC of
thc highest values of suspended sediment loads in Ilal)'.

Sincc 1988 dClailed geomorphologieal field Sllrve)'s hare been per
formed in the Orcia River basi n; and beginning in 1993 monitoring of
specifie denud:uioTl.t1 proeesses on slopes eharacterised b)' rapid erosion
has been completed. These slopcs represent a natural laboratory, wherc
shurt-terrll evolUlion and seasollal change of landfonns generated by flu
vial alld hillslopc processes could be accuratel)' studied, and where the
erosion rate could be directly measured, showing in the mosl eXlreme
cases a lowering of lOpographic surface of a few cm/)'ea...

The values of somc morphomctric p,lnuneters have also been deler
mined, in arder lO eslimale erosion rate indirectl)'. Spatial varialions of
this rnodeUcd nUcs of erosion have bcen comparcd with field meilsure·
meni lO confinn the exlreme values.

'l'o extcnd the resuhs of this research over a longer period of time,
acri al pictures taken over several decades have becn analysed. The com
parison bctwccn the 1954 map, drawn b)' air-photo interpretalion, ilnd
the 2002 lll~lp show mlllly macroscopic rnorphological differcnces. Bian·
cane badlands have been reduced by bulldozers working (cspecially in
thc 60s and in the 70s). These areas now OCCllp)' anI)' 30% of their previ
ous 1954 surfilce.
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Calanchi badland~ have been greatly modified b)' natural causes. In
the last 50 years, hillslope processes have become dominant compared to
sheel wash and channalized flow in the calanchi badlands evolution.

Direct measuring of the denudalion rate, mainly rclated IO supcrficial
running waters, have determincd 2-3 cm/year mean valucs far calanchi
badlands alld 1,5-2 cm/ye~lr for biancana areas. Indireet dat~1 confil'l11
these results, showing lhlU mcan erosion l"<ltes for small drainage basins
are elose to 1 cm/year, alld often exceed this value.
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RIASSUNTO: OCCI\CCI S., DEL l''IONTE 1"1. & Mt\HINI !t, Processi di
denudaziol1e e Vllrùlzioni morfologicbe recenli in/fl/'I/rea campione del/'alto
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Sono state condotte indagini gcomorfologiche qualitative e quantita
tive in una limitata porzione dell'alto bacino idrografico dci Fiume Orda,
denominata «area campione Landola». Essa è estesa circa IO km1 cd è
ubicata nella provincia di Sien;l, a NE dell'apparato vulcanico dci Monle
Amiata. L'area studiala è interessata da estesi affioramenti di litotipi argil
losi pliocenici, che nel Quatcrnario sono stati sollevati a diverse celllinaia
di metri s.l.m. e sono attualmente sede di processi morfogenelid partico
larmente inlensi, che si traducono, tra l'altro, in \';Ilari del traspol'lo nu
viale in sospensione tra i più elevali d'ilalia.

A partire dal 1988 il bacino dell'Orcia è slato oggetto di un rileva
mento geomorfologico di deLtaglio; inoltre, dal 1993 è stato appronlilto il
monitoraggio dei processi di denudazione che interessano alcuni versanti
soggetti a rapida morfogencsi. Questi ultimi hanno costituito una sona di
«Iaboralorio nalUrale» nel quale sono state eseguite accurale indagini sul
l'evoluzione a breve lermine e sulle modifiche stagionali delle forme pro
dotte dalle acque correnli superficiali e dalla gravità, comprendenti anche
misure dirette dell'entilà della denudazione che, nelle siluazioni più crili
che, hanno rivelato abbassamenti della superficie topografica di alcuni
cm/anno.

Sono stali determinati, inoltre, i valori di diversi parametri morfome
trici, che hanno consentila di valutare indirettamente l'entità dell'erosio
ne. Le variazioni areali dell'indice di denudazione, così ottenuto, sono
state poi confronlate con i dati pUllluali scalurili dalle misure dirette e
hanno confermato l'esistenza di processi erosivi estremamente intensi.

U rilevamento geomorfologico di detlaglio ha mostrato una generale
tendenza all'arretramento parallelo dei versanti calanchiformi e ha messo
in luce l'importanza dell'azione della gravità nell'evoluzione di queste
morfoscuhure. Le biancane sembrano derivare in alcuni casi dall'evoluzio
ne di precedenli forme calanchive, ma in altri casi esse si Irovano in aree
sommitati, interessate da erosione a solchi ancora allo stadio embrionale.
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A inlegrazione della ricerca, è stata condona un'analisi di fOlOgrafie
aer(:c di anni diversi, che ha e\'idenziato, nell'area cmupionc, notevoli dif
ferenze morfologiche il distanza di pochi decenni, confermando le ten
denze lllorfocvolulivc osserv<ltc duramc i quattordici anni di rilevamento
SUllClTCIlO. Nell'ultimo cinquamellnio vaste zolle n cabnchi c a bilUlc,lIle
sono stllte rimodc1l:lle dall',lzione dell'uomo, ma illlreuamo imporrami
sono risult:lIc le modifiche morfologiche imputabili a cause mllurali. In
parlicol:lfc, le :lfCC a biancanc sono state ridolle del 70'70 con l'utilizzo di
bulldozer, mentre le art..'C a C'dlanchi hanno registrato vistosc modifiche
naturali. Si è anche notaio che nell'cvoluzionc delle forme calanchivc so
no di\'enuti più frequenti cd cmcaci i proccssi gntvilativi rispcuo a quelli
legali 1I1 dilavamento c all'azione delle acque conCClllnlle.

Le misure direllc dell'enlit:l dei processi di denud,lzione hanno con
sentilO di valulare lassi di erosione di 2-3 cm/armo per le aree a calanchi e
di 1,5-2 cm/mmo per quelle a biallcane. Questi valori sono compatibili
con quelli derivati dalle villul:lzioni indirette mediante l''malisi geomorfi
ca qU:llltitaliva: per i piccoli bacini che drenano l'arci! campione sono sta
li calcohui, infalli, valori di denudazione di circa I cm/anno, con massimi
anche superiori.

TERMINI CHIAVE: Processi di denudazione, Cal:lIlchi, Morfodinami
ca, Toscllna, Italia.

INTRODUCTJON

Thc present work is pari of a wider rcsearch project
conducted over the past two decades by the Dipartimento
di Scienze deUa Terra of the University of Rome «La Sa
pienza», whose aim is to study recent geomorphological
evolution and morphodynamic aspecrs of some areas in
centrai 3nd southern Apcnnines. The goal of the rcsearch
is to analyse in detaiJ (l) what are the mai n erosion p1'o
cesses acting on hillslopes, and (2) to estimate their relative
rates. This paper presents the resuJts of geolllorphologicai
investigation related to an area in the lIpper Oreia River
basin, chosen as a sample for the intense Illorphogenetic
processes and morphological change recorded in thc last
50 years. The area more or less corresponds to the Tor
rente Landola partial basin and extends for lO km l NW of
the town of Radicofani (sollthern TlIscany). The Pliocene
marine cJaystones outcropping in this area have been IIp
lifted dllring the Quaternary to several hllndreds of merers
up sea-Ievel, and they are now sllffering particularly in
tense erosion, lending to considerable badland formation.
Since L988, continuous detailed field surveys of the Orcia
lliver basin have been used to describe the results of this
erosion, and air-photo interpretation of pict.ures takcn in
the 19505 allow lIS to dcfine of the Illorphological cvolu
tion of the basin in the last 50 years.

Regional quanlitative information abOlir the drainage
basin and Illorphometric parameters have been extracted
from a topographic data set in order to mode! the spatial
variations in process and rate, which have been document
ed in the field sllrveys. Since 1993, several measuremenl
stations have been established in order to comrol slope ev
olution undcr particular conditions of rapid Illorphologi
cal change. These slopes are a (<natural laboratory» where
shon·term landscape evolution processes (inc1l1ding Alivial
and coUlIvial processes) can be stlldied at the seasonallev
cl of change, and where denudation rates can be directly
measured.
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STUDY AREA

The cxamincd arca is situated on the left sidc of the
lIpper Oreia Valley, thm is the eastern part of the 0111
bronc River basin (fig. I). The area is situated in the Tus
C~l1l Preapcnnine, near Siena, nonhwards of Radicofani.
The altitude varies from 650 to 350 m above sea-Ievel.

Drainage panerns and basin shape are structllral1y con
trolled. The «Radicofani Graben», \\Ihose major axis is
rOllghly N-S oriented, conrrols trunk streams' orientat"ions
(Orcia River and Torrente Formone). The position of thc
Oreia basin's southern watershed, which corresponds to
thc bOlindaL'Y among the basins drained by Tevere River
and those drained by Ombrone Rive!", is re1ated lO Monte
Cetona ~md to Monte Amiata and Radicofani Quaternary
volcanoes.

Vegetative cover is rather poor, anel strongly affectcd
by agricuhural tilling and grazing ground. Fore5t trees stiLi
gro\V on hill tops or on rhe higher pan of sreep slopes, ar
tributecl mostly ro conifer reforcstation in the past 4 dec
acles in an attcmpt to reduce erosion. Mean temperature is
about 13 °C and mean annual precipitation is about 800
mm, especially due ro autumn~winter rainfaU.

The geologie serting is well known (Lazzarotto, 1993;
Liotta, 1996) and summarised in the map of fig. I. This
map portray rock units in groups, cach having a specific
way of weathcring. The main groups indllde TlIscan Series
platform carbonates, flyscb of Ligllrian Nappe, marine
c1aystones, volcanic deposits, and allllvial deposits.
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FIG. 1 - Lithologiml schctch of Orcia Rivcr upper basino I) AlIllvial de
posits (Qualcrnary); 2) Tn.lc)'basaltic-andcsilic lava (Pleisloccne; 3) Con
glomerale (Plioccnc); 4) Sand, da)'ey sand ami sandstonc (Pliocene); 5)
Claystone :md sandy day (Plioccnel; 6) Cla)'ey and marly n)'sch (Lower
Cretaccous-Palcoccnc); 7) Carbonate rock (Triassic·Eocenc). Landohl

samplc arca is frlll1led.



TuscaJl Series Plal/m'm Carbonates

Calcareolls and dolomitic rocks, outcrop on Monte Ce
tona in very thick deposits. The older formations are char
acterised by stratifjecl Rhaetic limestone with marly becls,
dolomite and dolomitic limestone (Calcari a Rbaetavicula
contarla); overlain by Liassic massive grey limestone, cher
ty limestone and l'ed ammonitic limestone (Lias), Posie/o
uia mari (Dogger), and chert (Malm). The youngest fOl'ma
tion of the Tuscan Series outcropping in the area is the
so-calJeel «Scaglia Toscana», characterised by Cretaceous
Oligocellic varicoloured marls and manganese-shales.

FlY5cb 0/ Liguriau Nappe

Two aUochthonous formations overlay the T uscan
Serie's lithologies. The first one is a thick seguence of c1ay
stones, marly c1aystones, marls, anel white-greyish cheny
lil11estones thinly-bedcleel, known as Palombini Formation.
Ophiolites cammonly occllr in this Lowcr Creraceous
sequence.

The Pietra forte Formation, late Cretaceous-Paleocene
in age, overlies the Palombini Formation ancl has a less
clay-rich. The sequence is formecl alternatively of calcaren
ite, calcilutite, anel carbonatic sanelstone with silty ancl
c1ayey intel'beds.

Claystoue5

This group is maele of marine e1aystone elepositecl c1ur
ing the Pliocene marine ingression. These eleposirs caver
mast of the sample area anel represent the initial marine
filling of the Radicofani Graben. The claystones and sandy
c1aystones (early Pliocene) are several hundreds meters
thick, anel it is easy to finel interbeels of graeleel sanels anel
poorly cementeel conglomeratic lenses.

The c1aystones OlltCrop in the centraI part of the grabcn,
whereas the coarser deposirs more commonIy DlItCrop
along thc eastern and western boundaries of the watershed.

Vo/canic depo.'iitJ

These depasits are related to the Quaternary volcanic
activity of the Radicofani volcano, siruateel in the
sOllthern-most sector of the Orcia River basino The age of
the voleanic activity is dated to 1,3 ± 0,003 Ma (D'Orazio
& alii, 1991; Liotta, 1996) by "Ari" Ar method. Today,
the anIy preservecl part of the Radicofani volcano is a neck
maele of trachybasalrs anel olivine-latites, with ol.ivine
tl'achytie scorias (Pappalal'do & alii, 2001).

A lIuuial depmits

In the Oreia River ancl its main tributaries, the aUuvial
eleposits are very wiclespreacl if one consiclers the basin's
extent. Streams sbow an important becl ancl suspenclecl
loacl; the solicl loacl on tbe river-becl of streams clraining
the upper basin, is macle of cobbles generateci by the cljs
mantling of flysch anel PI.iocene sands ancl Conglomerate,
frequently rounclecl by o!der erosiona! cycles.

The tectonic history for this area (Lazzarotto, 1993) is
representative of the generai history of orogenesis in the
northern Apenni.nes. Cretaceous te early Oligocene clepo
sition occurrecl in a compressive forelancl as the Tuscan
anel Ligurian Thrust sheets vergeel eastwarcl in fl !arge,
slIbaqueous accretionary weelge. Emergence of the weelge
in tbe Mjocenc was accompaniecl by extensional faults ancl
formation of loea! graben. These graben mIecl with marine
anel terrestrial cleposits. More recently, in tbe Quaternary,
there bas be regional arching of the Apennines, perhaps
locally inlluenced by volcanism, to raise Pliocene marine
cleposits far above sea leve!.

In the «Landola sample area» only the Plioeene clayey
Iithotypes anel a smalJ part of the sancly anel conglomerati c
sediments olltcrop. These Jithologies bave been upJ.ifred in
very recent geologica! times, anel they now olltcrop at 700
meters above sea-Ievel (Castigliani, 1935). These outcrops
show, in some cases, a e1ear stratifiGltion with strike about
N-S anel clip elirection about E-ENE, a few clegrees steep;
in the western part of the area, the stratiJication is nearly
horizontal or it has a western clip direction. Jointing fol
Jows a few preferenti al elirections that seem to candition
tbe mai n valley downcutting and the intense elenllclational
processes.

METHODS

The analysis of Janelforms, surfieial eleposits anel mor
phogenetic processes of the stuely area was earried out
tbrollgh a detaiJeel fidel survcy, anel compiJeel on a Geo
morphological Map al a scale of 1:10.000. The survey \Vas
systematically carriccl out for fourteen years (1988-2002).
It alloweel us to gather eletailed information abollt active
morphological elynamics anel evidence that the area is
characterisecl by intense short-term morphoJogical change.

The legencl of the Geomorphologi.cal Map follow many
ltalian examples known in the literature (Panizza, 1972,
1973, 1987; Pellegrini, 1976,2000; Dramis & alii, 1979;
Gruppo Nazionale C.N.R. «Geografia Fisica e Geomorfo
logia», 1987, 1995; Ciccacci & alii, 1988; Dramis & Bisci,
1998) anel consiclering the spccific characteristics of the
surveyeel area. Landforms ancl eleposits have been assel11
blecl foLlowrng genetical principles anel inelicateel with
symbols anel colours. Each colour is relatecl to a main 1110r
phogenetic process, whereas clifferent tones of the same
colour show the activity condition of each Janelform. Some
morphochrollological infarmation appears in the map with
a recl colour, indicating the age of a single morphotype or
a Illorphogenetic event (Gruppo Nazionale C.N.R. «Geo
grafia Fisica e Geomorfologia», 1994; Pellegrini, 2000).

'l'o cast these data in a long-term context, an aerial
photograph interpretation anaIysis was Illade using the
acrial photos of the GAL night of 1954. Thus, a Geomor
phological Map at a scale of 1:10.000 \Vas completed for
that year. The comparison of this map with the one illllS
trating the presenr lanclscape quantifies the morphological
evollition of the area in the Iast 50 years (see the enclosecl
maps).
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FIG. 2 - Drainagc ncrwork mal'. I) Drain~gc ncrwork; 2) Sub-basin
divide; 3) Sub-basin numbcr.

Key morphometric parameters \Vere extracteel from a
topographic data base anel used to rdate form lO process
over geologic time scale. Using these morphomerric pa+
rameters, al1 inclirect estimation of the erosioll rate in thc
area was possible, by a method that has already been dem
onstrated for othe!" ltalian drainage basi ns. This methocl
allow LO i.l1directly evaluate the erosion rate applying statis
tically significant mathematical equalion. These are ob
tai.l1eel correlating measured suspended sedimem yidd ('lì,
in tlkml/year) or a great number of basins with some sig~

nificant morphometric parameters calculatcd for the same
basins (Cieeaeci & a/ii, 1981, 1986, 1988, 1992; Lupia Pal
mieri & a/ii, 1995, L998, 2001). These parameters are:
dmillage demity (D), demity 01 hierarchica/ allolllll/y, (ga),
ine/ex 0/bierarcbical flnoJ1Ully, (da). The values or these pa
rameters are lhen computed starling from the drainage
network map of the study area (fig. 2).

Literature data on the different morphometric parame~

ters used, are brieAy mentioned here (Avena & a/ii, L967;
Avena & Lupia Palmieri, 1969; Ciccacci & lilii, 1981,
1986,1988; Del Monte & a/ii, 1999,2002; Dramis & Gen-
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tili, 1977; Horton, 1945; Lupia Palmieri & alti, 1995; Mari
ni, 1995; Strahler, 1952, 1957; Tokunaga, 1984).

The suspended sediment yield values, considered HS

erosion inclex, have been determined for the sample area
using the equation (by Cieeaeei & a/ii, 1986):

log 'Ili = 1,53034 + 1,82818 log D + 0,01769 ila

The srudy of the morphographic, morphometric and
rnorphodynamic characteristics has been compIeteci plac
ing several stations in the study arca, in QI·der to have a di
rect measure and a control of changes occurring on the
ropographic surface. Thus, the field monitoring stations
have allowed a cletermination in !iill{ of tbc intensity of
present morphogenetic pbenomena, and the analysis of
changes in space and, where possible, in time, or the
processes' vclocities.

To carry out direct measurements of the erosion have
been used simple metallic instrurnents, placed in five cho
sen stations (stakcs and disks). These inslrumellts have
beell placed in significant and ponrly accessible zoncs, in
order to avoid tampering. They have been lIscd as datum
points for accurate and continuolls measuring, to colicct a
large series of data.

Sqllare-sectioned Ocml) anel at least 80 cm long metal
lic stakes were placed at diffcrcnt depths, in order to cross
t11e horizon in \Vhich mlldcracks occur, ,md were situated
where piping is absem, as to avoid short~term damaging or
the datllm points (Marini, 1995).

Many microforms were nOliced during field survcy,
such as earth pyramids in miniature, with cobbles, \Voad
fragments or gastropods' shclls on top (fig. 3:1); sometimes
leaves were found on top, wilnessing the rapidity that
charactcrises the shaping and dismantling or these mor~

phologies. Considering Lhese ohservations. metallic disks
(some with 2 cm diameler and l cm thick, some others
with 2,5 cm eliametcr anel 0, I cm thick) were placed 011

small horizontal portions of the slope involved in qlliek
morphogenesis (fig. 3b), in oreler to favour the formalion
of earth micropyramids (fig. 3c). Since thc slope evolulion
is rather quick, thc disks have been often removed down~

dale; in other cases small earth pyramids (some cm in
height) have really becn observecl after a certain time, anel
they have been used to estimate the dcnlldation rate (Ma
rini, 1995; fig. 3d). The 0,1 cm thick disks appear to gener
ate more stahle micropyramids than thc thicker oncs; this
is probably due tu the major weight of the latter.

Thc measllring stations situated in thc sample area are
part of a widel" station nel in Central1taly; they have heen
plaeed in [993 and have sinee then allowcd to collect a
great number of data, which correspond to the stake's
height measured from the topographic surface both up-hi.ll
(h) and down-dale (d) from the srake itself. The stakes are
measured considerillg an initial value of zero, correspond~

ing to thc height c1etel'mined when the stake was first
plaeed. The stations indieated with the letters C, D, E, lO
and Gare placed near the ridge that Iimils the area west
warcls, where many landslide crO\VIlS in progressive ex
tension up-hill occur.
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FIG. J . :1) i\1)'crop)'r:lmid \Vidl gaslropo<!s' shcll on 10p; b) lllCI.lllic disk pl••ccd on .he slape; cl Cllrlh microp)'rmnid fOrlll:ltion: dl <"'Slilllllling [he dCIlUd:lIioll rale.

DATA

GENEI<AL FIELD OBSEnV,1TI0N

Imporram clenudation proccsses are active in most or
the studied arca. Particularly intense seem lO he the ero
sive proccsscs due to channelized no\\' (which are rcspon
sible for thc several elccp vaUcy dowllculting), to sheet
wash (responsible for the frequem badJand and biancana
Illorphologies), allei lo gravity (responsible for the continu
OllS allei frequent mass Illovcmcnts. both superficial allei
c!eep, active also on gcnrle slopes).

FllIvial valle)'s

Strcam f]o\\, have gcncralcd deep vaUeys. Thc main val
leys havc rarher steep slopes, with 25-350/0 average gradi
cm, allei are stili subjcct to dowllcutting. Their cross scc
tjoll sho\Vs a typical large V aspect, sillce the linear pro-

cesscs are balaneed by the intense denudation phenomena
aCling on thc slopes. The 10ngilUdin.l profile of valleys
shows 3vcrage gradient ranging from 3 % for the mai n v31
Icy IO 10-15% for the major sccondary valleys and IIp to
500/0 along the thalweg of the headwarcr streams.

Wide and thin alluvial deposils can be observed in the
Landola river-bcd, due to the ampie sediment supply from
the slopes. On the edges of aU river-beds. searps and ero
sional triangular faeets are eommonly observcd.

«Ca/allebi» badlalld,

Some of these 1mife-edged fealUres are shaped as a sys
tem of narrow but decp cuts scparated by thin and articu
lalcd ridges, as to reproducc a drainagc nerwork in minia
ture; many other badlands are made of larger ineisions,
with 3 trough-floored aspeet, separated by smaller eOl1vex
ridges, sometimes overgrown allei characterisecl by less in
tense surfaee runoff phenomcna.
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Thc important role of wash denuclation, acting in the
area, is mflinJy due to local structural conditions. Calanchi
badlandmol'phology is due to the c1ayey outcrops, but al
so te anti-dip-slope strata anel te sancly anel conglomeratic
levels that aUow the eleveJopment of steeper slopes. This
slope cvolution is l'elated to thc presence of a caprock,
made of more or less cementeel sands and conglomerates.
If a caprock is absenr, the slopc steepness elecreases quick
Iy anel the parallel-retreating evolution stops, as c1escribeel
in Scheielegger's evolutive llloelei (1961, 1991).

The exposllre seems not te influence gready the distri~

blltion of baelJands. These morphologies elo not show a
pl'eferential distl'ibution on differenr\y exposed slopes.
Therefore, i.lllportant morphological anel vegetationaJ dif
ferences can be obscrved considel'ing the landform itself.
The washing processcs shape the south-exposed slopes in
very thin anel sharp ridges, «bIade» crests (fig. 4); at thc
bottom of these slopes, in paraUeI-retreating evolution,
smflll pediments can be observed, as all'cady described by
SChUllllll (1956, 1962) anel Guasparri (1978, 1993). The
north-facing slopes are mllch more overgrown and charac
terisee! by frequenr ll1ass ll1ovements, that give a rrollgh
flooree! aspect to the incìsions, especìally dllring winter.

At the slopes' fOOl, sheetwash deposits ti large all10unt
of ailuvium that generates characteristic mud cracks IIp to
30 cm deep, just a few days following a rainfal!.

The systematic field sllrvey has shown that in bae!land
al'eas, the erosioml1 processes due to sheetwash and c!UlIl

nelized Bow perform togethcr to those due lo lane!slieles
ane! solifluctiol1 especially 011 the eleeper slope.

Eialleane bad!auds

«Biancane» are typical dome-shaped fcatures a few
meters in height anel usualJy found in groups (GlIasparri,
1993; Pinna & Vittorini, 1989; Torri & alii, 1994). Thcse
roundee! landfonns can rcach lO ll1eters in height without

FIG. 4 - Cdançhi badhmds in II sou!h-exposed slope.

/02

riG. 5 ~ l3il\llclllc blldlands along lllc highesl ridge limiting the main valle)'s.

a vegctation cover on the sreeper sourh-facing slope, which
is characteriscd by intense slope washing. Thc Biancane
baellanels are freqllently fOllnel along the higher rielge limi t
ing the mnin vnlJeys (fig. 5), and on the top of the stecp
slopes supporting calanchi badJands, but they are also
founel in areas near the valley boltoms (fig. 6).

The biancane badlands are dose1y re1ated to areas with
lo\\' l'dicE. They are founel either on the nat top of a nnti
formai ridge that bouncls the arca to the west, or in the val
ley floors near the lower part of convex slopes. Along the
valley bottoms, biancane Illay be residual «inselberg» rc-

FIG. 6 - BimlCane badlands nex! lO the mai n valle)' botlolll.



lated to slope retract, as suggested by Del Prete & alti
(1997) far the biancane badlands near Matera. Those pres
cnt 011 the Sllllllllit lo\\' l'elicf surfaces cannot be intcl'pret
ed in the Si:llllC \Vay; they are due to washillg waters in
interfluve areas, \Vere steepncss is 10\\1 anel gully crosion is
stili in the cmbryo stage.

Mass movemellts

Gravity cirivcll processes include Jeep seatecl anel shal
10\\1 hlllclslide, soliAuction am.l creep.

Cllles of deep seated landslides can be uSlIal\y fOllnd
011 thc mai n valleys' steep slopes, where undulations,
counterslopes, humps, allei clepressions are very markcd.
These processes on dayey slopes have been favoured by
the progressive dOWIlcutting of fluvial vallcys. QUI' surveys
indicare aetive Illovcmcnt of dccp-seated landslides. Agri
cultunl\ aetivity has recently allei frcquentJy leveUecl the
surface of these iandforms, erasing p<lrtiaUy but only tem
pomrily the traces of the deep movements. These clues are
often hidden because of the denudational pl'Ocesses due to
runoff or to superficial mass movements.

Shallow landslides consist of a Eew rock faUs, frcquent
rotational slumps on the slopes of the western sector,
sometimes of impoL't<lnt extent, (fig. 7), and Ill<lny 111ud
f10ws (fig. 8) that can be reactivated severaI times in a year.
Although anthropogenic action has triecl to mitigate the
effects of lanclslicles, these processes are so intense thM
only 24 or 48 hours after a rainstorm, modiEications of to
pographic surface have been noticeel, as Ealls due to slope
undermining, or as slumps anel flows that have often in·
volved mads. The landslide body get qllickly modified by
f1uvial proccsses, which removes the fine fraction anel
changes the shape of the landslide deposit.

Solifluction and creep often affects the superficial dayey
deposits, especially on sowable lanci where typical tongues
can be observeel; zones where these processes are active

FIG. 8 - J"ludno\\'.

are involvecl in small superficial landslides (earthflow;
«lame» Aucr.) when exceptional rainstorms OCCUI".

J1ntbropagenic (letian

Large areas of the Orcia basin are mocliJied because of
anthropogenic activity (Regione Toscana, 1985; Marini,
1995; Del Monte & ,,/ii, 1999). DlIring the fOllrteen year
sllrvey in the sample area, human impact has been docu
mented (fig. 9) inclucling modifications aimecl widening
tilling ancl grazing grollnd, ancl attempting te control the
effects of intense denuclational processes. Today, sowable
lanci and grazing ground cover most of the tenitory, while
forest trees are restrictecl to small portions of the south
eastern section. Untilled lanci clomillates the badlalld

FIG. 7 . Slulllp. Flc.. 9 - Human levelling.
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slopcs, and the inhabited arca is !imitcd ro a fcw hamlets
and farm-houses. Modifieations, due to setdement arcas
and especial1y ro the wielening of sowable lanci, have in
volved much part of territory, where rhe slope steepness
was not prohibitive. Many biancana badiane! anel some ca·
lanchi badland 'l'ere Sllloothcd (fig. 9). Sevcral surfaccs
show traces of grazing, sllch as sheep tracks.

Since J988, many attempts have been maele to control
erosion in the areas where runoff and mass movemenrs
were particularly intense, building eheck dams along the
gullies draining badJand slopes, using mattresses or gabi
ons. and practising reforestation. The reforestation in the
area has bcen led by Corpo Forestalc dello Stato (Forest
Governmem Body) unti! abour 1972, then by Comunità
Montana Amiata (Amiata Mountain Communiry). Most of
these works appear to be severely damaged. OnJy reforest
mion has given satisfying results, even if it has becn cbvi
cusly practiseel only on gende slopes.

The Contignano road, which traverses the watershed of
Landola Torrenl basin, is invo!ved in annualmainremmce
works. In 1995, a reinforeed concrete wall, with fOllnda
rion piles rhat crosses as eleep rhe clays for 9 meters to a
resistant laycr, was built along the road where landsliding
is pervasive. A few iron girders were also includeel where
the slow gravitational movements dominate. A progressive
extension of landslide crowns causes roael imerruption
Illany times. The landslide of April 2001 has dalllaged thc
road, as shown in fig. 7, rhm was involved in the same
movement in 1997 in a conriguous area, demaging some
gabions and one of the lTIeasurement station that the
authors placed in 1993.

GEOMORPIIOLOGICAL MAPS AND C~tJ\NGES IN 1954-2002

The 1988-2002 field survey has proven that processes
and landforms in the sample area are involveel in continu
ous and rapid short-term modifications. The comparison
between lhe 1954 map, thollgh obviollsly incomplete, and
the recent 2002 map. has shown many macroscopic Illor
phological differences.

It is possible to see that the «biancana» areas have
been reduced, by bulldozers working, ovcr the last 50
years (especially in the 60s and in the 70s). These areas
now occupy only 30% of their previous 1954 surface.
Today, they are invoJved in continuous human shaping
frequently Illasking the runoff landforms due to heavy
rainfalls. NevenheJess, the effccts of gravity are c1ear in
the area, due to either superficial movements (solifluc
rioo tongues, for example), or deep dcformations, as \Vit·
nessed by llnclraincd deprcssions, humps and tension
cracks.

Calanchi badlands have becn less affected because of
their greater steepness that is not favourable to bulldozers'
passage. These areas have been modifieel by human im
pact, during the 80s and 90s, orily where slopes 'l'ere less
stcep (fig. 9).

Badlands have been greatly modified by natural causes:
cven the arcas lhat appeared to be intensely shaped by
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runaff waters in 1954, with a characteristic network of
cleep incisions. steep slopes anel sharp ridge-lines. seem to
have a less severe badland morphology loday. As shown in
fhe cncloseel maps, the interf1uves in the badland al'eas
south anel cast of Podere Paiccia farm-hollsc. oftcn dOll't
have a knife-cdgcd aspcet like in 1954. The ridges that
separate erosional gul1ies or incision chm1l1e1s are blllntccl
and rounded. The botlom of gullies frcquently gets fillcd
with col1l1viulTI or flo\V deposits, producing in some cases a
typicallrough-noorcd valley.

AJso in the centrai seetor of the study area, near Podere
Scarsella and Olmino farm-houses, badland reduclion is
importmu. These Jandfonns have been replaced by gravity
landfonns, anel in some cases by human filling or leveUing.
In 1994, "long the righl slopc ofLandola Valley, important
mass Illovcments havc pal'l'ial.ly fiJJcd a badland arca origi
nating a slightly stecp surface, useful far tilling. Many land
slide crOWI1S are compromising the roacl thar joins the two
mentioned farms with the major inhabited areas.

Already in 1954, important gravitative phenomena in·
volved the southern sector of the area. l'oday some land
slide body arc partially or totally shapcd by human impact,
but meanwhile the gravitative morphogenesis has per
fOl'med new denuelalional and accumulation landforms, or
widened those observable fifty years ago.

Hllman activity has shaped entire slopes in ordcr to
COIlStruCt buildillgs allei catde fences, te gain more tilling
lanci anel grazi.ng grollnd; but rhese appear to be affected
by soliflllction or Ianelslide whicb progressively move
IIp-hil1. Filiviai processes arc very important in these areas,
although their short-tcrm morphological effects, like l'iII or
gullies formalion, are more easily erased than the rcslIlt of
gravitative processes; neverthdess fluvial processes per
form a generalised erosion that can move a grcat quantity
of materia\.

Human activity is nor limited to the widening of sown
land anel grazing grollnd. There are also many works done
in an altempt to mitigate the damages prodllced by el'osion
al proccsses. These strllctures arc meant to reduce denuda
tion vivacity (dams, mattress, gabions) have been ruincd
aftee a few years, and in the worst cases. after a few months.

In the last few years rnany rudimental dams, made of
rock masses or metallic maleriaI anel placed along the inci·
sion boltoms, have been quickly damaged. The maltresses
and gabions placed on the slopes have also bee.n removed
by washing waters and mass movements; these are respon
sible for the progressive reduction of reforestation zones
situated in the western part of the sample area. The anly
attempts that seem to give satisfying reslllts are tbose wcst
of Podere Olmino farm-house: thcy consist of a terraced
slope along a gllliy, with severa! dams and some metallic
drainage channcls in the steepest parrs.

QUANTITATIVE GEOMORPHIC ANALYSIS

The resulls of quantitative geomorphic analysis (tab. Il
show that drainage networks of all small basins (fig. 2) are
highly disorganised, with high values of the t1a and ga pa-



TABLE l - l"lorphomerric pllnllllcters and erosional index of the dmillllge
sub-b:lsins of the study area (see rig. 2)

Ihsill Ihsin Ihsin RISill B'lSili
nO l 11° 2 nO J nO 4 11° .5

ArC;l (km2) 7.16 1.48 6.24 2.41 5.44

Hc1icf/nrc:1 (mJkm2) 60 -12.9 50.1 125.0 55.8

Dnlin;lgc dcns1ty (kll1Jkm2) 7.7J 10.49 10.11 13.20 10.54

Numbcr ofhicrarchic'll ,molllal)' (Ca) 356 6(, 875 401 465

DCllsily of hicr:.lrchical allomal~' (ga) 49.72 44.59 140.22 l67.6} 85.48

InJcx of hierarchica] anomal}' (6a) 0.96 0.46 1.55 1.22 0.92

1-IYPSOlllCtric il1lcgml (Iv) 0'>81 0.277 0.362 0,388 0.40-1

Tu (IJklll2Jrcar) 476J 9525 1220J 2J1J4 11193

rameters (ranging rcspeetively from 0,46 to 1,55 anel from
44,59 to 167,63). The high gn vailles are tl'l'icaI of badland
areas (ga>30) and those higher than 100 (basi n n03 and 4)
are involvcd with eleve10ped calanchi badlands (see the en
dosed Geomorphological Map). The drainage densitl' val
ues (D) are also quite high, more than 7 km/km2 in ali caso.
es; the re1ief/area parameter is also very high (ranging from
42 to 125 m/km').

The suspended sediment yicld values (Tu) are quite
high for ali the small partial basins (Tu> 4500 t/km'/year),
with a maximum of 23134 t/knl/year in basi.n nO 4. Con~
sidcring a mcan elensity of 1,95 for the c1ayey-prevailing
scdiments, the Tu values can be translated into an erosion
rate terms in m111/year. obtaining a nearly quantitative indi
rcct indication on erosion rates in the basins. These veloci
ties range frolll 2,44 mm/year (basin nO l) to 11,86 mm/year
(basin nO 4); the mean erosion rate for thc entire area is
5,44 mm/year, that is a Tu value of 10602 t/k111'/year.
These values are extrelllely high anel obviollsly reflect the
rapid morphogenesis already noticed during field survey.

Dllilicr MEASURING 01' DENUDA·nON RATE

The direct measure of erosion rate lcd in thc five se
lecteel measurement station (C, D, E, F anel G station)
have aliowed us to coliect a great nU111ber of data that will
no", be described. (tab. 2 and fig. lO)

C-)jtatioll

The C~station is situated in a «biancana» area, in imer
fluve positjon between the baclland slopes draining west~

wards in the Formone Torrent and those draining east
wards in the Orcia Rivcr. The investigatecl surface is dip
ping 40° to the east. On this slope-side an initial 7-8 mm
deposit trend has been noticed during the first 3 months,
but the fol1owing progressive denudation has performed a
2,5-3 cm erosion after 23 months, which corresponds te

a mean erosion rate of 1,5 cm/year. At this station, one
of the metallic disks has favollred the shaping of a 0,8 cm
micropyramid in a 3 months periocl, from 16.01.95 to
11.04.95. In 1997, a small landslide occurred near the da-

tum poi.llt, and a few weeks later another landsliele have
clalllaged iL lt was rcplaced in the year 2001, measllring an
erosion rate of about 1,1 cm dllring the following 9
months. From Mal' 2001 lo October 2002 a 4 cm high
earth pyrarnicl was shaped near the elatlllll point.

D-strltiol1

The D-station is situated at the bottom or a slope, jllst a
few meters above a l'oacl sllrface, having a 30° steepness, an
eastward exposure, anel characterised by sandy days and a
conglomeratic leve!. This slope has been in parallel
retl'eating evolution during the last 14 years. The llleasure
ments have shown a progressive sediment deposit IIp to
11,9 cm during the November 1993 - October 1995 period
(tab. 2), as to prove the intense erosive activity in the upper
part of the slope. The road nearby has favoured materiaI
deposition; in fact, a metaUic disks, placed at the station,
were founel buried by abllnelant allllvilll11 and coll11viulll.

E~statioll

The E-station is placed in a very interesting rnorphody
namic area. This east-exposed allei 22° steep area GI11 be
consiclered as a «naturallaboratory» for morphosculptllre
evolution. One can study drainage networks in miniature,
evidence of structural conelitioning on landforms, «bian
cane», badlands, anel a great nurnbel' of rnicroforrns in
l'apici evolution. The stake was placed on a l'iII bottom
draining a l m2 surface. The l'ili has changed its pattern
several times and has fina1Jy avoided the obstacJe (Lc. the
stake). Thc mcasuremel1ts have shown a standstill anel a
little deposit trend (Iess than l cm) for the firsl 3 months,
and then a great progressive erosion that has removed up
te 6 cm of day from the datum point leve1 and up to 6,9
cm if one consiclers the lllaxilllum deposit (tab. 2). Thc l'e
spectively corresponding mean values of erosion rate are
3,69 cm/year anel 4,48 clll/year. A 0,6 cm earth Illicropy
ram id was shaped under a llletalJic disk here plaeed from
16.01.95 to 11.04.95 (fig. 3c). In 1996, the datum point
was probably tampered with and disappeared.

F-Jtation

The F-station is situated about 1,5 km to the north of
the previous one, near thc top of a quite steep (>40°) ancl
east-exposed calanchi badland slope (fig. 11). Sandy and
conglomeratic levels can be observed, a rew centimeters
IIp to abollt lO cm thick, which allow to measllre a WNW
dip elirection. This station has shown a progressive allei in
tense erosion that has lowerecl the ground sllrface by 16
cm in 102 months down-clale from the stake, which corre
sponds to a 2 cm/year mean erosion rate (tab. 2; fjg. lO).
Under a metallic disk a micropyramid of 0,5 cm in height
"'as shaped from 16.01.95 to 11.04.95. On the 09.10.95 a
1,4 cm height was measured. Considering tbis period,
these values correspond te a mean erosioll rate of abollt 2
cm/yeal'; this result agrees with the one referred to the
whole period (8,5 years) of observation.
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TABLE 2 - Changcs of IOpogmphic sllrface measurccl in 1993-2002 pcriod at C-D-E-F-G stations_ Up-hill measure :uul down-dale IllC:lsurc from
measurclllcnt station ancl Ihcir diffcrcnc<:s (Ah) arc cxpressct..l in cm.

C STATION (J2TQN23295861) FSTATION (J2TQN22616004)

data cm (up-bi//) Ah (cm) cm (dow/l-da/c) Ah (cm) dala cm (If/I-bi/!) Ah (cm) cm (dow/1-dalc) Ah (cm)

21-nov-93 43.6 O 43.6 O 2()-fcb-94 58.1 O 58.5 O
26·rcb·94 42.9 0.7 42.8 0.8 30·mar-9-1 57.9 0.2 59.0 - 05
30-mar-9-1 43.0 0.6 43.0 0.6 16-jan-95 59.7 - 1.6 63.8 - 53
16-jan-95 43.8 -0.2 453 -1.7 11-apr-95 57.6 05 64.3 - 5.8
II-apr-95 45.1 -15 45.5 -1.9 09-oct-95 61.0 - 2.9 65.1 - 6.6
09-oct-95 45.8 -2.2 46.5 -2.9 19-j:m-97 67.6 (52.61' - 9.4 69.0 (54.0) • - 9.5
19-jan-97 47.0 -3.4 48.4 -1.8 14-m:I}'-99 56.7 -135 54.3 - 9.8
13-may-99 demagcd by m;lSS IllovcmenlS 25-jul-00 54.9 -11.7 57.2 -12.7
II-m:ly-Ol 48.1 O 515 O 30-nov-00 55.0 ~11.8 57.1 -12.6
22-sep-01 47.9 0.2 53.0 -15 II-mlly-Ol 54.7 -I 1.5 58.2 -13.7
Ol-dec-Ol 47.7 0.4 53.2 -1.7 22-scl-01 55.0 -11.8 585 -14.0
08-fcb-02 48.6 -05 53.2 - 1.7 08·fcb·02 54.7 -11.5 58.2 -13.7

apr-02 demagcd by Il}ell lD-jul-02 56.6 -13.4 58.4 -13.9
l3-oct-02 58.4 -15.2 60.2 -15.7

DSTATION (J2TQN22716071) 'I< sl;lrting (rom 20 janu;lry 1997. l'he slakc has bccn put 15 cm clcepcr.

dala cm (up-bi//) .6.h (cm) cm (dowI/-dole) Ah (cm)
GSTATION (J2TQN22866064)

21-nov-93 34.6 O 35.0 O
26-f<:1>-9-1 29.7 4.9 30.4 4.6 d:lla cm (up-bi//) .6.h (cm) cm (dowlJ-dldl') Ah (cm)
30-mar-94 29.2 5.4 30.6 4.4
16-jan-95 28.7 5.9 29.9 5.1 26·rcb·94 44.4 O 44.9 O

Il-apr-95 26.3 8.3 29.9 5.1 30-lllflr-94 44.4 O 45.4 -05

09-ocl-95 22.7 11.9 28.0 7 16-j:1I1-95 45.9 -1.5 46.4 -15

19-j.1I1-97 25.0 9.6 30.8 4.2 II-apr-95 46.3 -1.9 46.9 -2.0

14-may-99 235 11.1 30.0 5 09-oet-95 46.9 -25 47.3 -2.4

25-jlll-00 25.4 9.2 31.2 3.8 19-jan-97 50.0 -5.6 493 -'1.4

nov-OO dcmaged by mCII 14-llllly-99 52.0 -7.6 51.2 -6.3
nov-99 demage<1 by mass mo\·cments
apr-Ol destroyed by mass mO\·C111CI1IS

ESTATION (J2TQN23335857)

data Clll (up-bi//) Ah (cm) cm (dow/I-do/c) Ah (cm)

26·rcb·94 56.4 O 56.4 O
30-l11fll"-94 565 -0.1 555 0.9
16-jan-95 60.8 -'1.4 58.8 -2.4
II-apr-95 60.7 -'1.3 59.1 -2.7
09-oct-95 62.0 -5.6 62.4 -6
.lpr-1996 demagcd bYfllcn

C-I/a/ion

The G·station is placed on top of an East-exposed
slope near the Comignano settlemcnt. Thc stake lays on a
300 steep surface, madc of a coarsel" layel" (silty-sandy) M

the top or a c1ayey slope. l'he results or lab. 2 sho", a
progressive erosional rrend with I"cglliar telllporai Len
dency (fig. IO). Mean erosion rate is about 1,5 cm/year.
In 1999, a slulllp has involvecl the datulll poim, and ils
crown skilllllled a road. In Aprii 2001 a new I"oto-tran
slative landslide has indllced another crown more up-hill
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and has involved anel lowcred the road and some bui Id
ings a few mcters down (fig. 7).

DISCUSSION

GEQ,\IORI'IIOLOGIC M/II'

Thc fidd survey carriccl Dut for many years cvidence
that the stllcly area is characterised by intense short lenn
morphological changes. Thc Illain valleys are decp and
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rlG. Il . F mCilsurcmcnt slillion: a slakc is phlccd.

stili subject lO downclItting and many morphological anel
geological evielcnce, like summit structural sllrfaces on
marine Upper-Pliocenic daystone al 600-700 m above
sea level, indicate that this dowcutting is relatecl to a base
leve! fall mainly due to a recenr tcctonie lIplifL On the
steep slopes of these valleys intense nuvial anel hillslope
processes are acting, originating a sharp calanchi bad
lands landscape, characteriseel also by nllmerous shaUow
anel dccI' landslides. The field anal)'sis suggests that the
calanchi morphology evollition is conrrollecl by sheet
wash anel channelleel flow but also by creep, solifluction,
flows and shallow landslides. The comparison between
the recenl 2002 geomorphological mal' and thc mal' of
1954, drawn from air-photo interpretation of the GAI
High I, evidcllces that in thc last fift)' )'ears, hillslopc pro
cesses have bccome dominant compared to sheetwash
and channclized flo\\! in thc calanchi badland evolution.
Moreover the reduced occurrence of badland fearures is
caused by a fifty year shaping elue to slllmps anel f1ows,
some of which have been active since the beginning of
the survey period. Some of these lanelslides are quite
large, but in the SHme period a lot of small \anelslides
have occurred.

EROSION RATES

The data obtained from clirect field measurcments of
denudarional processes cvidence thnr rhe mean values of
erosion rate range in the examincd area from 2-3 cm/year
on calanchi badlancl slopes to 1,5-2 cm/year on «bianca
Ila» badland areas, although criticai periods havc been ob
served, in which erosional rate was mlleh greater (~IS far as
5-6 cm/year). These measured values of erosion rare are
consistent with those calculated by morphometric analisis
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rhat, for smal1 drainagc basins, are dose to 1 cm/year, anel
often highe!'.

Obtained results demonstrate that in the swdy area
cL'Osion rate rell1~lrkably exceeds the mean erosion l'ate
mcasured in many Italian elrainage b~lsins. This usually
varies between 0.05 and 1.0 mm/year and in large drllin
~Ige basins, charactcriseel by widespread dayey outcrops,
can auain 1.5-2.0 mm/)'car (Lupia Palmieri, 1983). Stili
in some resrricted Ilalian basins wirh calanchi and bian
c~lI)a badland morphologies I\uthors have extilllareci
erosion r<Hes of abOlir 1,5-3 cm/year (1\lexancler, 1982;
Rendell, 1982; Del Prete & ([Iii, 1997; Raglione & "'ii,
L997) thal are eonsistent wirh the results here showed.
In badlands areas in Ihe warld, Authors have extimmed
values of erosion rate up to 50 cm/year (Scheidegger,
1991).

lt is norcworthy that erosion rates mensurcd in rhe
study arca nre esscntially referrcd to runoff erosioll. They
therefore rcpl'esent only a panini result of erosion acting
on slopcs. Frequently, clatum poinrs have bcen removccl or
partially clamaged by mass movcmenrs, which have in
volvecl a greal volume oE maleria!. This volumc cannot be
eSlimated here, bUI the field observations show thal the cf
fects of mass movelllenrs on slopes must be considered for
a correct erosion analysis; Ihal's why il is desirable to con
linue inves!igation of this area and to collect puncwal data
using slIitable qWlntitative methoels.

CONCLUsrONS

The stlldy arca is characterised by recent anel present
substantialmorphogenelic processes, mainly due lO gravity
anel superficial running waters.

A detailed geomorphological sUl'vey, Ice! aver a pel'iod
of fourteen years, has shown ~I parallcl-retreating tenelen
cy of the calanchi badlanel slopes anel an increasing im
pact of gravitative movements on the morphosculprural
evolution. If a resistant caprock is present, parallcl
retreating slopes keep quite steep; whel'e eaprock is ab
sent, erasional processes dismantle the c1ayey formations
even qllicker, until the steepness elecreases and erosive
phenomena subdlle.

Today, the biancana badlands present in Orcia River
Valle)' are related to c1a)'ey outcrops on modesti)' stcep
slopes. Some of these seem fO result fl'om badJands cvo
lution, whereas others, sitwltec! in sUllllllit areas, wili
quickly be characterisecl by regressive gully erosion, then
cannot be considered as residual insclberg rclatecl to
slope retract.

Direct measuring or the c1enudation rate, mainly re
latecl to superficial running waters, have determined 2-3
cm/year mean values for bacllancls anel 1,5-2 cm/year for
biancana areas. Indirect data confirm these results, show
ing thar mean erosion rates for small drainage basins are
dose to l cm/year, ancl often exceed this value.
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