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ANALYSIS OF LINEARS, LANDFORMS AND GEOLOGY RELATIONSHIPS
AND ANTHROPIC EFFECTS IN THE PERIOD 1976-1994,

NORTHERN ASSO RIVER BASIN (SIENA, ITALY)

ABSTRACT: B USON I E . & COLIC-A A., Analysis of lincars, landforms
and geology relotionsbips and ontbropic tifects ill tbc pl'I'iod 1976·1994,
nortbcm A Ha River basin (Siena. l tolv) , (IT ISSN 0391 -98 38, 2003),

Th e kno wled ge of ho w and how much II land scap e cha nged in a spe ­
cific time period is of paramount importance to pr edict scenarios and
trends for the futu re. Lan dscape analysis ca n help in understanding state
factor s influen ce on environmental changes and effects. Among the ef­
fect s o f the different state fact ors, Iincars. as an ex p ression of local and
regional tecto nic act ivity, and land form s, also ~I S co nseq uence of anrhrop­
ic act ions, are 10 be cons idered. Changes of land fo rm featu res Ic.g type,
number, etc) lire 10 be analysed as chan ge effec ts. In this view, it is im­
portant to cont rol how ant hropic pr essures call lead to an increase in
land deg rad atio n as a co nsequence of the influences of ove r-st resse d
land forms on hillslopcs an d waters hed regime . Aim of this paper is the
ana lysis of lineal'S and land form s present in the landscap e, th eir relat ion ­
ships and relational typologies, and the variations of the persiste nce of
th e land for ms in time as a co nseq uence of umhropic act ion .

In a study area , located in th e northern Asso River basi n (Siena,
Cent ral Ita ly), abo ut 173 krn', characteri sed mainly by marine plioccnic
sedi ments, representative of the Cen tral Ita lian neogen ic basins, we re
analysed linea r featu res (lineal'S) and landform s, i.e. calanco (C), bianco­
rm (B) , levelled bioncona (131) , sha llow seate d gravitation al defor mation s
(SSG D), levelled ones (SSG DIl, colonco potential areas (CPt\) , mud ­
flows (Fco). rockfalls (Fer) an d baiza tBz), th eir relationships, typo logy
and temporal persisten ce, by aerial photo interpretation and ground
co nt rol. Geology was use d as first d iscr iminan t in the anal ysis of linc ars
and lan d for ms, Data we re rep o rted O il a 1:10[)O[) scale b~l se map and an ­
alysed on 1 km 1 base grid. Seve ral lincars were found to defin e di rection­
al trend s and affec ting a large part of the study area , showing also th e
ma in regional tectonic: di rect ion s: N37 °, N I62°, N 145°, N90°, N 180o;

' these trend s are called «ma in t rends ». Mai n trends lineal'S arc mainl y re­
lated with Pliocen e clays (pa). Ot her liuears show dir ections d ifferen t
fro m the «main rrends »: th e [incars arc called «locallinears», disp laying
minor ex tension than th e ma in t rends. Di fferent «land scapes of linears»
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were found as a func tion of the frequen cy of the «local lincars» (n of lin.
cars/ km' ), statist ics of the dir ection s o f the [incurs an d geology. Local
« landsca pes of lincars. arc relat ed to local geo logy , mostl y to pa . Rela­
tionshi ps between land for ms and lineal'S were ana lysed . Variation s in
landform p resence in the perio d 1976 ·1994 were also considered (sec al­
so the ma ps incl uded ). In the examined time period, all lan dform types,
with th e exception of increased CPA, were subje cted to ~1 strong de­
crease, eit her on absolut e value basis, o r o n a relati ve percent age basis.
referr ed to thei r pr esen ce in th e initial year, 1976 . Landforms levelled
hefor e 1976 (SSG D I and BI) see m mostly subjected to co ntinuous , year­
ly, slope reshaping. C, SSGD and B appear to he, at present , at ma jor
risk by new slope rcshapings. Th ese variat ions must be co nsidered as ef­
fects of an th ropic pr essures on th e lan dscape du e to the pr esent , mainl y
agricultural, land use,

KEY \X'C)J{DS: Linear , Land form , Geology. Anthro pic effect, T uscany
(Ita ly) .
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La conoscenza di com e c quan ro un arnbicnte varia in uno spec ifico
intervallo di tempo cimporranrc per inque d rare scenari e ten de nze Futu­
reoL'analisidcgli camrtcristiche d el paesaggio pm) aiutarc a com p rcnderc
I'influenza dci farrori d i state sulle variazioni cd effcll i amhient ali. 'I'ra i
different! effetri dei fat tori di sta te , devon o cssc rc co nsidcruri [e lineazio ­
ni, quali espressioni dcll'attivna rctt oni ca locale e rcgionale e Ie morfolo­
gic, intcsc an ch e com e risulraro dcll'arrivita antropica. Le variazion i delle
ca rancrisriche dell e form e (e.g. tip o . num cro, ccc.J devono csscrc srudia ­
te q uali variazioni dcgli effcui. E csrrcmamcntc imporra nrc con rrclla re
co me Ie p ression! an rropi chc cam ino un incr em en to della degrada zionc,
come co nseg uenza de ll'influenza Sll terre supc r-sfrutt atc , Sll versan t! e
sparti acq ue. Scopo del lavo ro cunaliz zarc Iineazioni c form e p rcscnri nel
paesaggio, loro rclazion i c ripologic rclaa ionali, c va riaxioni del la per si­
stcnza delle [ormc ncl tempo in seg uito all'azioue antropica.

In un'arca campione d i 173 km'. ub irata uell'aha Val D'A sso (Siena,
Italia ), cararrcriazata pri ncipa lment e tla sedim cmi mar ini plioccnici, mp ·
presen ta tiva dei baci lli neogen ici dell' lta lia cent mle, c stata colldotta
un'indagine foto intcrpretati va, utilizzando due co pe rture aeree da Ha Re­
gione To scana (volo basso, scala 1:13.000) relat ive agli ,1Il1li 1976 e 1994,
ed un 'indagine di campagna, ai fini d i studi.l re Ie lineazjoni e Ie morfolo­
gie presen ti suI terr itor io, Ie lorn illterrclazioni e persistenza tempor;lle. I.e
forme analizzate SO Il O .state: calanco (C) , b iancana (8), hian cana livellata
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(BI), de formazionc gra vitative poco p rofonda (SSG D), dcform azion e gra ­
vitat iva po co p rofonda livella ta {SSGDO, «calanco POIl'lI!l(t! (/I'('(N (CPA) ,
cola rncnro (Feel, Frana di crol lo (Perl c balza (Hz). II subst rate geo logico
cst ate urilizznto co me p rimo discrimiuan rc ncll'analisi del le lincazion i c
del le forme . I dad raccol ri sono srati riportari Sll mappe a scala 1:10.000 c
succcssivamcnte analiz zau . utiliz zaudo griglic di indagin c di I kilt

Alcunc lineazion i S0 l10 assoc iabil i in fasci che si estendono per veri
chilo rncrri ncll 'arca di studio e pr esentano trend dir czional i particolari.
talora coincidcnti con qucll i di d ement i tcnonici ad nndamcn tn rcgiona­
le: N3r , N 162", NI45", N90 ", N I80" ; qucsrc lincazioni sono state nomi ­
nat e t rend p rincipali. I trend principali intcressan o gcncralm cn re Ie argil­
le plio cenich c (pal. Alire lincazioni , non associa bili aile dir czioni pr ece­
de/Hi, e eli rninor c lun gbczaa sono sta te cbia mate lineazion i locali. Diffc­
rcnti paesaggi di lincazioni sono stat i individuan in funaionc della Ire­
quc nza delle lineazion i locali (n/k m' I, del la dir czion e delle lincuzioni c
della geo log ia. Anche qu csti pacsaggi appaiono cssc rc lcgari principal­
ment e aile argille pliccenichc. Vcng ono innhr e analia zat i i rapporti csi ­
stent i era forme c linc nzioni..Sono ripo rratc infi nc lc variazion i eli prcscn ­
za d elle forme ncll'inrervallc di tempo Ira il1976 ed il 1994 (vedere an ­
che la carta allegata). In qucsto intervallo ogn i forma, csc luso C P A, ha suo
biro una fo rte riduz ionc . Lc for me gia livcllatc.ncl 1976 (SSGDI e 130
scrnb rano Ie pill soggc t re ad Ull co nt inuo modcllamento di versa nte per
cause am ropichc. C, SSG D e B appoiono cssere. al momcn to. Ic pill cspo­
stc ,I risrhin d i rimodellamcmi di vcrsante. Questa var iaz ionc dc vc cssc rc
con side rate co me cffctro d ella prcssionc antropica sull'ambicn rc dovura
principalmenre all'uso ugricolo .

TEK,\ l INI 0 1IA\'E : Lin caz ionc, Morfologia , Geologia , Effc tro amropi­
co , Toscane (Iralia) .

INm O DUCTlO N

A linear (Dainelli, 1985) is an alignm ent of several land
features, that is, of small gullies, wet areas, streams, lit tle
depression zones, saddles and ed ges of fluvial ba nks or
terr aces, recognised by aero -photo interpretation . In the
land scape the lincars sometimes coincide with ralwegs, or
with part of them , in which water ways of d ifferent o rder
are present : from gullies (or other first ord er b ranches) to
st ream (second or higher order) .

The relatio nships between lincars and landform s has
been often studied to understand the geomo rphological
evolution of areas in different pa rts of Italy and of the
world , as shown below. I Iigh speed deformation s of the
earth crus t are requi red for fracturing, that is why fracture
analysis is applied to a procedure which takes into consid­
eration all the linear land featu res, being these, or at least
the greater pa rt of them , the di rect or indirect effect of tec­
tonic deformation s. Th e structural deformations affecting
an important thickness of rocks can also be tran smitt ed , in
time, from lower stratification structu ral features through
the thi cknesses of younge r sediments up to the surface.
Th e landfo rms arc mostly du e to the concurrence of litho­
logic and structural factors (Dainclli, 1985). In the Graben
of Siena (Ita ly), which develope d mainly in marine plio­
cenic sed iments , Gcl mini (1974) pointed out some lineal'S
which correspond to imp ortant tectonic lines with Apen­
nine, Anti apennine and E-W directions, these lineal'S af­
fecting also the hydrographic pattern and the relief fo rms.
G uerricchio & Mc1idoro (1979) use lineal'S systems to
study landslides present in Pist icci area (Basilicata, Italy),
in Pleistocen e-upper Pliocene marly clay <lil t! clayey marls:
most of these lincars are inte rpreted as important neotec-
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ton ic discontinuiti es, that have also produced water chan­
nel captures and violent erosion. Systems of lineal'S and
their relat ionships with joints and biancane, tha t develop
in Pliocene clayey sed iments in the G rabe ns of Siena and
Radic ofani (Ita ly), were stud ied by Colica & Guaspa rri
(I 990) : they found th at biancanc develop, preferenti ally,
into <1 rhombic-like net of linears that coincide with main
joints. SORIANO & alii (1992) pointed out that lincars affect
part of the bad land s and the wate rcourse of de los Mo li­
nos River in Pcrrcr (Murcia, Spain), developed in Uppe r
Cretaceous marls. Alexande r & For michi (1993) studied
the o rient ation , location and density of the lineal'S, as well
as the relation ships with morphological phenomena , such
as retrogre ssive slumps, drai nage density and slope angle
in the Montepulciano (Italy) a.rea, which develop ed on Pli ­
ocene sandy and clayey sed iments. To point out the po ssi­
ble str ike-slip of faults of regional importan ce, Bclisario &
alii (1999) used lineal'S to study d rainage network pattern s
in two areas: Val Rovereto (Abruzzo) , that develops main ­
ly in Miocene dep osits , and Val d 'Arbia (Siena), that form s
mainly in Pliocene sediments. Busoni & Co lica (2001) usc
linears to offer an integra ted landscape analysis, especially
to interp ret erosional and gravitational forms, such as
biancanc and sha llow seated gra vitationa l defo rmations
(SSG D), developed in Pliocene clayey sedi ment s in the
Upp er Asso River basin (Siena).

Aim of this paper is the analysis of linears and land­
forms present in the landscape, their rela tionships and re­
lational typologies, and the variations of the persistence of
th e landfo rms in time as a consequence of anrhropic ac­
tion . This study has conside red: lincars, taking into ac­
count their di rections, the substratum (geology) on which
they develop, and the type of relationship with landfo rms,
and landforms: calancbi, «calanco potential area s» (CPA;
I3usoni & alii , 1998), shallow seated gravitational deforma­
tions (SSG D; Busoni & alii , 1998) , biancane , earthflows,
rockfalls, and baize.

THE STUDY AREA

The study area, 173 km'. is located in the northcn part
of the 1\S50 River hydrograp hic basin. It is includ ed in the
northen part of the Siena Graben , a N\Xf-SE depression ,
that develop ed from an extensive tecton ic pha se, begun
in the Upper Tortoniano (lIzu & alii, 1978; Costantini &
alii, 1979, 1980a, 1980b, 1982; Bocca lcrt i & Coli, 1983).
Neogenic and Quaternary rocks stratigraphy is here syn­
rhctizcd after Losacco (1963) , jacobacci & alii (1969 ),
Boecaletti & alii (1987) and Bert i & alii (1992):

pa . mar ine clays and sandy clays with conglomerate
lenses (Ea rly - Midd le Pliocene); the y constit ute the largest
outcrop ;

ps . sand and clayey sands with molluscs, brachip od s,
and crustacea, with lenses or layers of conglomerate o r lig­
nite, or silty day or clay (Middle Pliocen e). O listostromes
of 'Mesozoic limestones and do lomi tic limestones arc
sometimes present. These outcrops border th e Mid dle
Tu scany Ridge (Do rsale Med io To scana ) to NNE and E;



pc - polygenetic conglomerates, with varying relation­
ships with other Plioccn ic deposits. Th ese sma ll outcrops
arc also adjacent to the Middle Tu scany Ridge;

tr - travertines (Pleistocene - l Ioloccne);
f - st ream terraces, e - eluvial and colluvial dep osits, al ­

alluvial dep osits, dt - slope debris (H oloce ne) .
The study area is main ly located on clayey and sandy

marine pliocenic sed imen ts. Th e average min eral ogical
composition of sedimen ts and soils is given in tab . 1. Th e
landscape is hilly with variable slope gradient (from 5 to
over 47 % ); it includes limited mountain areas in the NNE
and E, that are part of the Middle Tu scany Ridge (Costa n-

tini & alii, 1980a , 1980b) and where the Tuscan Serie s
outcrops (51'; j acobacci & alii, 1969). Th ere are also level
areas consisting of alluvial dep osits of the Asso River and
its tributaries (see map s: Borri Meleta, Montclifre and La
Co pra). Level areas are also characterised by limited tra­
vert ine outcrops N of Borro La Cop ra and Poggio Pin ci.

MATElUALS AND METHODS

Ana lysis of lincars, landforms, and their relationship s,
was per formed by aero -ph oto int erpretations on 1976 and
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TABI.E J • Pliocene sedi men ts and soil average mineral ogical compositions

Rock
Soil

Q uartz

+ +(+ )
+ +( +)

Feld spars

(+)
(+)

Calcite

++
++

Dolomit e

(+)

tr

Kaolinite

+(+)
+(+ )

Chlorite

(+)
(+)

Illi te

+
+

Inrerlayer US

+(+ )

++

Thenardire

tr

rr

1994 Regione To scana aerial surveys 0 :13000 scale) and
gro und cont rol. Th e info rmation were rep orted onto the
followi ng nine sections of the Tu scan y Regional Technical
Map 0 :10000 scale}: Asciano (NW vertex), Castclmuzio,
Chiusure, Mont e Folloni co (SE ver tex), San Gimignanello,
Sez. 298130 (NE vertex), S. Giovanni d 'Asso , Trcquanda,
Mo nreron griffoli (SW vertex). Dat a analysis was accom­
plished by circular sta tistics (Fisher, 1993). Th e 1:25000
scale final maps show most o f the info rmation obta ined by
graphics and the attached Note .

Linears and Landf orms

Lincur tectonic featu res were taken int o acco unt to de­
fine their influen ce on the evolution of the landscape and
of its landforms. Rectilinear lineal'S may be assembled in
trends showi ng the same dir ection . Every linear show ing
an angular variation of ± 2° respect the trend directions
was assigne d to that trend, In the field , in corrispo nde nce
with a linear or a trend of linears, it is possible to see joint s
(main joint s - Colica & C uaspa rri , 1990; fig. 1) whose
dir ections are parallel to the lincars or to th e main trend.
Also the dir ections of the joints can show angular variation
of ± 2°.

Landforms classification was done according to main
morphogenet ic processes.

Erosional processes:
Biancana (B): a dome-shap ed landfor m, mostly present

in clusters on hill slopes, usually never steepe r than 25 %.
Biancone are genera lly lower tha n 20 m, with a sub-horiz­
ontal pediment (or erosion -dep osition glacis - Castig lioni,
1979, Torti & alii, 1994). This landfo rm main ly develops
on pa (G uas parri, 1978; Colica & G uasparri, 1990; G uas­
parri , 1993; Busoni & Colica, 200 1) but can also be found FIG. I - Main joint in pa .
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on clay lenses in ps . The dome has asymmetrical slopes,
with the southern face steeper than the northern one. The
land form can he bare, half vegetated (mainly on the north ­
ern slope) or ful1y vegetated; in these two latter cases, soils
(from Enri- to Inccpti soils) are present. On a planar view,
biancane may develop into rhom bic-like nets of joints (Co­
lica & G uasparri, 1990; Brondi & alii, 1992; Bcnvcgn u &
alii, 1993). These vert ical or quasi-vertical joints show ox­
idised borders and a maximum dept h of 10 m. J oints are
related to local and/or regional tension tectonics. The di ­
rections of the net of joints may show the same directions
uf the lineal'S (Colica & G uasparri, 1990) .

Erosionaland gravitational processes:
Calanm (e): small drainage basin, formed by small tal­

wegs separated by narrow, more or less sharp ridges with
slope angles depending on the physical and mechanical
characteristics of the sediments (Rodo lf & Frascati, 1979;
Mazzant i & Rodolfi, 1988). Tbe landform mainly develops
on steep slopes (>2 5 %), on clayey sediments, that in times
may be also stratified with textures coarser than clay (Coli­
ca, 1992; 200D; Buson i & Coliea, 2()(1l). The calanca is gen­
erally more than 20 m deep. Joints arc also present on the
calanco slopes, but sometimes their identification is difficult
because of the presence of a layer of mud «patina», left by
mudflows, from a few mm to few drn thick (Colica, 2000).

Two ealaneo typologies are present in the study area:
1) «calanco asymmetrical» with respect to the main hy­

dro graph ic axis or to the local stream, here the calanco
headcut is almost linear;

2) «calanco symmetrical» with respect to the main hyd ro­
graphic axis or to the local stream, here the ealaneo
hcadcut is arcuated.

Calancopotential area (CPA, Busoni & alii, 1998): com­
plex hill slope, generally steeper than 25 %. It may repre­
sent either a transitional stage from a grazed or a cultivated
area to a caianco; or a transition from <1 calanco area to a
permanent , vegetated one (fig. 2). In the first case, features
of eros ional incipient calanco forming processes arc evi­
dent ; in the second case the calanco features arc still recog­
nisable (such as the old hcadcut and erosional and deposi­
tional forms), notwithstand ing thc presence of vegetation.

Gravitational processes:
Shallow seated gravita/iollal de/orllla/I'1Il (fig. 3) (SSG D,

Busoni & alii, 1998): they develop on bills with slope less
than 20 % and they may acquire elliptical, convex form.
Tbis landform develops on d ay or d ay with sandy lenses
or layers, or on sandy clay lenses present in ps . The main
axis of SSG D may be sbo rter than 60 m but 'longer than
that of biancane. Genera lly it occurs in clusters. Rhombi c­
like nets of joints seem to affcct the developm ent of SSG D
(Colica & Guaspar ri, 1990). The directions of the joint net
may show the same directions of the lincars, SSG Ds do
not seem to he linked to an evident crown.

Eartbflour (Fco): landform characterised by downslope
translat ion of soil and weat hered rock over a discrete basal
shear surface within well defined lateral boundaries (Soil
Survey Staff, NHCS, 200 1). The crown, with variable ex­
tension, may coincide with one or more joints. This convex
landform usually has dimensions larger than those of the
SSGD . It develops in clay sediments, with or witho ut sand
interlayers. The accumulation may be present at thc foot of
the scarp or along the slope, or at the foot of the slope.

Rock foll (Fer): it develops in ps , ps pc, ST and in sand
lenses present in pa. It is characterised by a vert ical or sub-
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FIG. 2 - Ca/tUIlYJ Porcminl Area.



FIG. 3 . Shallow Seated Gravi­
tational Deform ation: in A the
ori~ ina l and in B the cultivated

[audform, respectively.

ver tical scarp. Th e scarp may coincide with one or morc
joints.

Balza [Bz): nearly vertical cliff, several meters high,
mainly developed in ps and ps pc.

/i ntbropic processes:
From 1976 to 1994 agricultural usc of the land caused

the levelling of the landforms. In some cases the intersec­
tion between the landform basal perimeter and ground
surface, the base section, is still visible. Where the human
action IH1S been morc 'vigorous, the base section is no more
visible, because large masses of soil and sediments were re-

moved and redistributed on the levelled ground, hence
hiding any trace of the base section.

Levelled biancana (fig. 4) (131 , Busoni & alii, 1998): the
landform has been levelled but its elliptical, or circular,
base section is still visible. The destruction of this peculiar
landform was carried out, not only by bulld ozers but also
by explosives.

Levelled sballour seated grauitational de/ ormation (fig.
5) (SSG DI, Busoni & alii, 1998): the landform has been
levelled but its elliptical base section is still visible.

For each reference year from 1976 tol994.linears were
transferred on the nine sections of the Tuscany Regional

FIG. 4 - Levelled biencana; please,
note the evidence of the recent
levelling of the land form whose
base sections show lighter arC'1S

on the slope.
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FIG. 5 - Levelled Shallow Seated
Gravitat ional Deformation ; the
lighter areas on the slope arc the

base sect ions of the land form.

Technical Map (scale 1:10000) cover ing the study area.
Lincars were studied on the basis of their direct ions and
frequency, substratum and relationships with landform s.
Landform s were analysed on the basis of their substratum
and anrhro pic effect.

Data, as appea ring in the tables, refer ro actua l values
of the differe nt ana lysed variables, obt ained from the
worki ng map on 1:10000 scale, on wbich aero -photo­
interpretation data were firstly reponed. In the enclosed
maps, derived from the reduction of the originals to a
1:25000 scale, some of the features were delet ed to make
map s more rcaduli lc, however, maintai ning the salient
feat ures.

Statistical analysis

Lincars directions were analysed by circular statistics
(Fisher, 1993), using the total population and sub-popula­
lions according to geology and related landform types. Ray­
leigh uniformity test was used to calculate the probahility
(p) of the null hypothesis that the data are distributed in a
uniform manner (Von Mises distribution). A probability
less than the chosen significance level (0.05) ind icates that
the data are not distributed uniformly and that they show
evidence of a preferred direction. \X'atson F probab ility test
was carr ied on the data (0 analyse relationships between
the directions of the linears of sub-populations. The p value
for the test is the pro bability associated with the null
hypothesis that the two mean angle'S arc equal. If this prob­
ability is less than the chosen significance level (0.05) then
the null hypothesis can be rejected in favour of the hypo.
thesis that the two means are different.
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RESULTS AND DISCUSSION

Linear - substratum relationship, Landscapes of lincars

Several linears, comprising a huge part of the study ar­
en, were found (0 define also directional trends showing
the main regional tectonic directions: N37°, N 162°, N 145°,
N90°, N180o; these trends are here called «main trends».
These main trends hnvc -mimimun and maximum length of
3,375 m and 13,375 m, respectively. O ther linears show di­
rections different from those of the «main trends»: these
lincars are, here, called «local lincars», showing a minor ex·
tension. Relationships between main trends and substratum
are givcn in tab . 2. As a linear may cross several formations,
we have put together the crossed formations '.1I1d named
them «formations association».

T" BLE2 - Number o( «main trend s» hncars relationship with
geological substrata

Main T rend s
Geology IN37°) IN t62°) IN 145°) (N900) IN tROO)

pa 15 t3 26 121 10

1" 5 7 3 9
ps pc 2 I
ps ST 9 5
ps pa t I
ST 5 4 2 1
ST ps t
ST IJS IJC 5
31 t
Total 36 25 32 165 10



Tab. 2 shows that N90 · main trend comprises all for­
ma tions and the formation s associa tion . The N37 °, NI62°.
N 145° directions involve only some formation s and assoc i­
ations of formations , while N 180° seems to cross on ly pa.
In gcncrn l, the grea ter the nu mber of linears is, the greater
th e number of crossed forma tio ns can be found . The sub­
sequent study of local [incurs (having a minor ex tension
th an the mai n trends), has led to subd ivide all the area into
l krn' sur faces to obta in their freq uencies expressed as
number of local linears/km' , and the freq uency of the local
[inears as function of geo logical formations. Following this
p rocedure we obtained fig. 6, in which peaks appear, cor­
responding to areas of high frequency of lineal'S. Several

«landscapes of lincars» were found in func tion of the fre­
quency , d irection s of the local linears and gco logy. Nine
landscapes of linea l'S were recognised , roughly coinc id ing
with the 1:10000 sections (fig. (, and lab . 3). We observe
th at in pa the frequency of lincars is high .

Curvilinea r lineal's were also fou nd , affect ing :'111 the
format ions (Neoge nic and Prcncogcnic), On the maps, in
some cases, these lineal's enclose elliptical areas. In the Ne ­
ogenic formation such areas are: Casella dei Poggi - Pod .
S. Maria, Mon tepollini -Pod . La Forn acc cl'Arna no; the ar ­
eas of Mon tclifrc and Piazza d i Siena affect both Neogenic
and Pre-neogenic formations . Some cu rvilinea r lineal'S are
presen t at Petroio and NW of Castd muzio. These zones

T,\lII.[ 3 - Nu mhe r o f «local Iincars» and their percentage as fu nction of geology and percen tage of the area covered by the geo logica l sub strannn
in eac h landscape

NW linea rs: 110 N lincars: 220 NE linears: 74

Linea rs %: pa : 97.3; ps : 0.9; tr: 1.8
G eolo gy '70: pa: 65.4 ; ps: 18.6; tr: 3.4;

111: 12.6

Linears %: pa: 63.6; Il S; 34. 1; ST: 0 .9; Ir: 0 .5; al: 0 .9
G eolog y %: Il " : 51.1; ps: 35.2; pc: 1.6; Ir: 0.8; nl: 4 .3:
ST: 7.0

Linea rs '70: I'll: 1.4; ps: 98.6
G eo logy 7(1: pa : 1.1; ps: 90.8 ; al: 3.6;
ST: 4.5

Iincars 131 Ccnrrul lincars: 378 E lincar s: 133

l.iu curs '70 : pa : 99.2; ps pc: 0 .8
Geology %: pa : 89.7; ps: 4.0 ; pc: 6 .3

Linears %: pa : 80 .7; IlS: 0 .3; ST : 19.0
Geology %: I'il: 54.6; I's : 32.3; pc: 1.1; a l: 6 .1; ST: ,5.9

Lineurs '70: ST: 100.0
G eo logy %: Ila: 5.4; ps:49.9 ; al: 0.7; ST: 43 .9

SW Iinca rs: 33 S linears: 2 1 ~ SE linears: 3 1

Linear s '70 : Ila: 87.9; al: 12.1
G eology '70 : pa: 63.6 ; IlS: 30.3; al: 6.1

Freq

Linears %: Ila: 92.0; ps: 5.0; al: 3.0
G eo logy %: Illl: 65.0; IlS: 24.2; pc: 3.9; al: 3.8; ST: 3. 1

Lincars %: ps pc: 100.0
Geology '70 : Ila: 3.0; ps: 68.8; pc : 17.6 ; ST: 10.6

F I(; . (, • Frequencies of «local
[incurs» (numbe r of [incurs / km' )

aIHI «landscapes of linears». West •• East

2 1



TABLE..J - Directional anal ysis of local Iincars in the nine «landscapes ». Rayleigh uniformity test calculat es the probability p of thc null hypo thesis
that the data arc distributed in a uniform manner. A probability less than the chosen significance level (0.05) indicates that data arc not distributed

uniformly and that the)' show evidence of a preferred direction

«landscapes» NW N NE \X' Central E SW S SE

Obsc rv-atio ns 110 220 74 13I 378 133 JJ 2 14 31
Mean vector (II) 65.420 59.36° 141.79° 49.79° 63.340 48.80° 83.72 0 69.47° 55.700

Length of mean vector (r) 0.22 0.4 1 0.08 0.34 0.36 0.1 0.23 0.26 0.24
Concen tration 0.45 0.9 0.17 0.72 0.77 0.19 0,47 0.55 0.5
Circular variance 0.78 0.59 0.92 0.66 0.64 0.9 0.77 0.74 0.76
Circular standard deviation 99.84° 76.4r 127.86° 84.380 82.080 124. W 985 1° 93.65° 9658°
Standard error uf mean 17.410 6.36° 56.71° 10.16° 5.62° 36.63° 30.5 10 10.350 29.6r
Rayleigh test of uniformity (p ) om 0 0.6 0 0 0.3 0.18 0 0.16

seem to interrup t the rectilinear main trend, making the
latter more irregular. Bends of the Asso River may be
caused hy the presence of two elliptical zones: Casella dei
Poggi - Pod . S. Maria; Montepollini- Pod. La Fornace
d'Ama no (see maps).

Rayleigh uniformity test was applied to the directions
of local linear in the above menti oned nine landscapes
(tab. 4).

In NW, N, W, Cent ral and S landscapes, lineal's show
preferred orientations. In all the other landscapes they
show rando m orientations. Comparing these data with
those of tab . 3, one may observe that landscapes, in which
preferred orientations of the linears appear, generally coin­
cide with high frequency of lineal'S on pa, except the S\'(f
landscape which shows a random distribution of the orien­
tations of linears (tab. 4).

Watson pro bab ility test has been applied to the direc ­
tions of Iinears of the nine land scapes, as shown in tab. 5.
Ifp is less than 0,05 the mean directions of the local lincars
belong to different pop ulations.

T ABLE 5 - \'('alson probability test (/J) on the directions of the lincnrs
of «landscapes». Italics vallies indicate that the two means differ at thc

chosen significance level (0.05)

NW N NE W Ce E S SW 51'

n

NW 0 0.7 0.1 0.5 0. 11 0-"

N 0.3 0.2 0 0 .7

NE 0 0 0 0

W 0 0 .6

c 0-"

E 0.6

S

sw
51'
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As shown in tab. 5, the mean directions of local linears
of the nine landscapes arc different. T hus NW differs from
NE and W; in turn s N differs from NE, Sand SW . Also
N E differs from all the others sectors . WeSI differs from
Cen tral, S, SW, NW , and NE. Ce ntral differs from SW,
NE and W; E differs from S, SW and NE; S differs fro m
N, NE, W and E; SW differs from N, NE , W , Central and
E and SEdi ffers from NE. The comparison between tab . 5
and tab. 3 shows the presence of a population of lincars in
the NE landscape, where 98.6% local linears develop on
ps, which is different from all the other populations.
No rthWest, N , Wand Central pop ulations, where linears
primar ily develop on pa, differ from the populations of th e
other landscapes, primarily on pa . East population, where
100 % locallinears develop on ST, d iffers from S (on pa:
92 %) and SW (on pa: 87.9%) ones . South population (on
pa: 92%) differs from N (on pa: 63.6 %), NE , W (on pa:
99.2 %) and E (100 % on ST) ones. South west population
(on pa: 87.9 %) differs from N (on pa: 63.6 %), N E, W (on
!,a: 99.2 % ), Central (on pa: 80.7 %) and E (100 % on ST )
pop ulations. Southliast population (on ps pc: 100 %) dif­
fers from NE pop ulation.

Landf orm - substratum rdatiansbips

Landforms mostly develop according to geology (tab .
6). O n Pliocenic clays one finds: biancane, levelled bian­
cane, calancbi, CPA, SSGD, levelled SSDG and earth­
flows; instead. on Pliocenic sandy-clays arc present:
SSGD, levelled SSG D, calancbi, CPA and earthflows. O n
coarser textured Pliocenic sediments one observes rock­
falls and baize; finally, on prcneogenic rocks, one encoun­
ters mainly rockfalls (tab. 6).

Linears -Iandfonn relations hips

Firstly, it should be noted: that not all lincars arc related
10 a landform; also, that different landforms may be related
to a single linear and that a single landform may be related
to more lineal'S. Lineal'S cannot be masked by anthropic
activities: their number remains constant in time. The an­
th ropic activities may destroy the land forms with the coo-



sequ ence that the relationships between linears and land­
forms arc lost. Relationships between main trends and land­
forms are shown in tab. 7 on the basis of the 1976 situation.
The N90° main trend is related to each landform; the other
main trends are related to only sumc of the landfo rms,

From 1976 to 1994, the relation between the local line­
ars ,,1110 the percentage of the landforms related to lincars
is shown in fig. 7 in which each landform is related in

TABLE6 - Relationships among landform types with ~(..o logy

Geo logy
1)5 pS pc

Landform type
C
CPA
Il - III
SSC; D - SSC; D!
Fco
Fer
Hz

''"
•
•
*
*

* •

ST

more than 50 % of the cases to the locall inears, except lev­
elled biancana in 1976 and SSGD in 1994_Ca/allcbi arc re­
lated to lioears for 74.8 % and 75.1% of the cases in 1976
and 1994 respectively. For CPA, relat ionship cases vary
from 74.1 % in 1976 to 63.2 % in 1994_ For biancanc the
variation is fro m 70.4 % to 60 %, while for levelled bian­
cane it ranges from 45.6 % to 100 %. For SSG D relation ­
ship varies from 100% to 46 %, while for levelled SSG D
goes from 54.5 % to 66 .2 %, The relationship among earth­
flows , rockfalls, baize and lineal'S has been studied by ana­
lysing the relationship between the crown and Jinears. This
relationship in 1976 and in 1994 is, respectively, of 70.4 %
and 100 % for earthflows; of 63.2 % and 80 % for rockfalls;
instead it rem ains at 66 .6 % for balze.

The variation s of the relationships between lincars and
lan dforms in the 1976-1994 period are;
- percentage of calancbi related to linears docs nut change

in spite o f the anthropi c impa ct:
- percentage of CPA related to lineal'S decreases in spite

of an increase of 5 .5 % of the landfo rm type (tab. 10);
- relationships between lineal'Sand landforms decrease for

biancaue and SSG D;

TAIILE 7 - Relationships amOl1~ liucars o f the «main tren ds » with landform types, in 1976

Year 1976 - Landforms

1\ IAIN n SSC; D SSG DI C CPA B III in main tr endsTRENDS I.INEARS

n r£'! % n rei % n rei % n n,1 '7., n rei % n rel '70 Tot. n % n lin/ Tor. n

N37 36 J /).04 3 423 12.00
N I62 25 2 8.70 I 4.35 16.67 4 5.63 6.25
N t..5 J2 9 19.11 3 13.04 12 16.90 2.67
N90 l(l5 6 26.09 4 IOIJ OIJ 19 82.6 1 4 66.67 12 100.0IJ 3 IUU.(}(} 48 67.6 1 3.44
N I80 10 J 13.04 I 16.67 4 5.63 2.50

T o/ 268 23 4 23 6 12 J 71 3.77

TO/fll % 12.1 9 5.63 32.J 9 8.45 16,90 4.24 100.00

"'
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TABLE 10 - Anth rop ic effec t. Variations of land form types in the per io d
1976 ·1994. Most of the differences are the effec ts of an th ropic pressur e

on th e land scap e

C 309 201 - 108 - 34.9
CPA 54 57 +3 +5.5
B 54 40 - 14 - 25.9
III 57 18 - .3 9 - 68A
SSGD 3D 15 - 15 - 50
SSG DI 156 71 - 85 -5 4.5
Fco 27 19 -& - 29.6
Fer 87 65 - 22 -25. 3
Bz 6 6 0 0

Totals 780 492 - 288 - 36.9

ad (d irect effect ): lineal'S coincide in C, CPA with the
main hydrographic axis tha t has a direct control on th e
landforms; for Fer the lineal'S coincide with the base level
d riving the rock slides:

t (cut): lineal'Scut the landfor ms: C, CPA, Fco, Fer and
Bz; it does not coincide with the hyd rographic axis o r th e
base level;

d (net) : lineal'S are part of the net in which the land ­
forms develop (mainly D, DI and SSG D, SSGDI);

P (pa rallel): lineal'S are parallel to the crown of Fer;
inter (interrup t) : the landfo rms (Fer and Bz) int errupt

the linear;
al (aligned) : lineal'S are aligned with the landforms (Per

and Ba),

- levelled bian cane and levelled SSDG increase their rela­
tion ship s with linears, notwith standing a decrease of th e
landforms of 68.5 % and 54.5 %, respectively (tab. 10);

- earthflows and rockfalls increase their relat ionships with
lincars ;

- th e relati onship remains constant for baize.
In the recentl y levelled form s, the relationships be­

tween base sections and lincar s arc generally more evide nt.
However, in rockfalls and earthfalls, the relationships with
lineal's arc more defined . For the other land form s it is pos­
sib le to observe a general decrease of their relationships
with lincars.

Some landform s do not seem directly related to linears,
However , ob servation s made in the imm ed iately nearby
areas showed the presen ce of join ts with the same direc­
tion s of the local linca rs or of the main trends.

'l )'po!ogy ofthe relationsh ips between lincars and landj oJ'lnJ

Typology of the relationships between lineal'S and land­
forms was stud ied from the 1976 air-photos. lineal's can
relate to landforms in several ways. Tab les 8 and 9 show
the typology percentage of the relationship s between line­
aI'S and landform s. T he following typologies were defined :

1 (limit}: lineal'S limit the landform ; it is ta ngen t to th e
crown of C, C PA and Fer;

ai (ind irect effec t); lincurs coincide in C with the main
hydrographic axis representing th e base level for tributa r­
ies that con trol th e evolutio n of the land fo rms;

l-head (limit the hcad cut): lineal'S coincide with the
landfo rms head cut in C and CPA;

T i\lU.E 8 - Typological perc entages of the relationships b et ween lincars
and land for m types in pa

1976

n. of land form s

1994

n. of landfo rms
Differences between to ta ls

Abs. value 70

Typology ai l-hcad ad J

TABLE 9 - Typological percent ages of relationships between lincars and
land for m types ill ps. pc, ST

Land for m type

C 24.3
CPA 8.8

B·BI
SSG D·SSGDI
Fco

Typology

Landfor m type

Fer
Bz
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14.3

ad

28.6 14.3
50

p

28.6

inter

7.1
25

"I

7.1
25

A ntbropic effects on landscape

Th e pr esent article and the maps highlight the changes
of the landfo rms occurred in th e period from 1976 to
1994. Tab. 10 shows the loss of each landforms as abso ­
lute and percentage values in the conside red time int erval.
I t mu st be remarked tha t in ab solute value th ere is a de­
crease in landforms, except CPA and baize. Th e last co l­
umn shows that almost all th e landform s underwent a de­
crease ; th is trend can be considered as a conseq uence of
their destruction by agricultura l land -use on slopes less
steep than 25 % .

Landforms which underwent th e highest percentage
destruction were those previously levelled in 1976 (Bl and
SSGDI). Th is fact is a consequence of the yearly agri cultu­
ral practices that redi stribute th e uppc r soil layer and
tend to maint ain a levelled slope surface . Conseq uen tly
each base section of the landform is masked . SSGD, ca­
lancbi, earthflows, biancane and small roc kfalls show a mi­
nor percentage loss. Becau se of th eir vertical walls baize



have not been modified. Calancb) partly changed into veg­
e tated C PA.

SUMMARY AND CO NC LUSIONS

\Vle present the analysis of relationships among lincars,
landforms and geo logy and ant hro pic effects in the period
from t976 to 1994, in an area of the northern part of Asso
River basin (Siena - Italy). Lincars show directions either
according to the regional tectonic trends (main trends), or
different directions that can be considered as locally gen­
er ated (loca l lincars), The local lincars are shorter than
main trends.

As far as, the relationship between linears and geology,
it appcars that the N90° main trend affects all geological
substra ta; the N 37°. N 162° and N 145° affect o nly so me of
them, while N 1800 seems to cross only pa. Areas with the
higher frequency of linears are mostly on pa .

Linears appea r both straight or curvilinear. The curvi­
linear lincars surround elliptical areas interrupting the
st raight main trends. .

The analysis, on one square kilometer basis, of fre­
quency und directions of the local lincars shows the pres­
ence of di ffe rent landscapes of lineal'S, that is, of areas in
which lincars show statistically significative differences
among the populations of their directions.

T he Rayleigh test of uniformity (p) applied to the di­
rections of the local lincars shows that these have pre­
fcrrcd orientations in the N\VI , N , W, Central, and S land­
scapes. T he other landscapes show un iformcly dist rib uted
o rienta tions of the lincars, On pa, one finds the landscapes
with preferred orientations of the linears, with the excep­
tion o f the SWland scape.

The Watson test , applied to the populations of the d i­
rections of the lincars of each landscape, shows that. the
N E landscape (98 .6 % of local lincars arc on ps) is differ ­
em from all the other populations.

In general, landscapes of linears can be rccognised on
th e basis of geo logica l distribution (tab . 3) , frequencies of
local lineal'S (fig. 6) and of the two statistical tests.

As f.u as the relations between forms and geologica]
. substrata, our results show that forms arc mostly devel­

oped according to the gcology . O n Pliocenic clays arc
present : biancanc, levelled biancane. calandn. CPA, SSGD,
levelled SSG D and earth flows. O n Plioccnic sand y-clays
arc present: SSG D, levelled SSG D, calancbi, CPA and
earthflows. On coarser textured Pliocenic sediments, rock­
falls and baize arc found; and, finally, on pre-neogeni c
rocks, main ly rockfalls.

As far 11S the relations between linears and forms our
results show that the N90° main trend affects 11 11 the land­
forms; the remaining main trends interest only some land­
form types.

Landforms arc related for more than 50% of the cases
with lineal'S, with the exce ption of BI in 1976 (45.6 % ) and

of SSG D in 1994 (46.6% ). Each time that landforms do
not seem to be in direct relation with lincars, ground con­
trols show that in most cases joints (main joint - Colica &
G uaspa rr i, 1990), with the same d irection of the local line­
ars or of the main trends. are present in the landform are­
as, or in the nearby areas.

Between 1976 and 1994 , land for ms rela ted to linears
changed as follows :
- the percentages of CO/OJ/chi related to linears do not

change in time in spite of the anthropic action;
- the percentages of CPA in relation with linears decrease

from 74.1% to 63 .2 % , in sp ite of a 55 % inc rease of the
landfo rms;

- the biancane and SSGD decrease their relationships with
lincars from 70 .4 % to 60 .0 % and 100.0 to 46 .6 % , re­
spectively; this fact can be attributed to the anthropic
activities on the landscape;

- the levelled biancane increase the relation ship with line­
al'S, fro m 45.6 % to 100.0 % , notwithstanding a 68,5 %
decrease of the landform type;

- the levelled SSG D increases fro m 545% to 66.2 % , in
sp ite of the decrease of 545 % of the land fo rm type;

- the earthflows and rockfalls increase their re lationships
with lincars from 70.4 % to I(lO.O% and from 63.2 % to
80 .0 %, respectively; this fact can he attributed to the
last meteo-climatc phenomena occurred before the air­
photo flight;

- the relationships between lineal'S and landforms remain
constant for baize.

T he analysis of the typology of the relationships be­
tween linears and landforms shows that most of COIOl1Ch/~

baize and all of ea rthflows arc inte rcepted (typo logy t) by
linears. In CPA linears coinciding with main hydrographic
axis prevail (typology ad ). B, B1 , SSG D and SSGDI arc de­
limited by linears (d) . Rockfalls arc mainly affected by two
typological relationships: first: linears co incide with the
main hydrographic axes (ad); and seco nd: [incurs arc par­
allel to the crown of the landforms (p} ,

In th e period from 1976 to 1994 , the land forms un­
dcrgoing the greatest variations arc those already levelled
befo re 1976 (B1 and SSG DI). Remarkable varia t ions arc
foo nd for SSG D , th at gene rally develop o n less stee p
slopes than calancbi but underwent anth ropic activities
for agricultural usc. Minor variations arc showed by
calancbi, eart hflows , biancane and small rockfalls. Be­
cause of their vertical walls, the presen ce of balzc remains
co nstant. Calancbi were partly tr ansformed into vegetat­
ed C PA.

In conclusion this work shows a close relationship be­
tween geology, landforms and linears, This relationship is
evident in the area of study. The unthropic impact on the
landscape affects the existing landforms and creates oth­
ers. \Vle achieved these conclusio ns by employing linears
and statistical analysis of circular data. This approach can
used in other neogenic basins.
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ERRATA CORIUGE TO TH E ENCLOSED MAl'

GEO LOGY,

9'h line instead of « Polygcneric conglo merat es, with several relation­
sh ips with the othe r Pl iocene de pos its» read «Plioce ne polygcncri c CO Il ­

glo mc rarcs»

LANDFORMS

Erosional processes:
r: line: instead of « .. .with.. ,» read « . . .to .. .»
19'h line: instead of «if ..» read «whe re ..»

Eros iona l and grav itational processes:
4'h line: instead of «,. .clayey sedi ments st ratified .. » read « . .. stratified
clayey sed iments. ..»
6th line: instead of «if..,» read «whe re. . .. »
1O,h line: instead of «if.. ,» read «whe re ... »
12'h line: instead of « . . .Iinki ng the its lowest ..» read « .. .linking its
lowest .. »
14'h line: instead of « . . . lO a calanco: either. . .» read « . .to 11 calanco,
or. . .»

G ravita tional pr ocesses:
51!< line: instead of «Net joints d irections . .» read «Direc tions of the net
of [oints. , .»
14 '~ line: instead of «, .descrere .. .> read «. ..discrete. .. »

NOTE
200 line: instead of o:••can he terr ific and give . .» read « . .can be catas­
trophic and gives.. .»
4'" line: instead of o:•• •can go very high;... » read «..can rise vcry
high.... »
9'h line: instead of « .. ccntral h aly... » read « ...Ce nt ral Italy »
l3 'h line: instead of « . .these trend s are called ... » read « these are
called ...»

Ca plion s:

Fig. I
l 't linc: instead of «Frequencies .. » read «Freq uency . .»
'l'ablc 3
40h line: instead of «Ired italics bold valucs)» read «(rcd valucs)»
Table 6
3,,1line: instead of « neither. . .» read « either. ..»

4'hline: instead of « nor .. .» read « ... or »

Table 8
2..J line: instead of o:.. •analized ..» read « ...analysed . ,».
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