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SCIENCE

Weathering grade and geotectonics of the western-central Mucone River
basin (Calabria, Italy)

Luigi Borrellia
∗
, Salvatore Critellib, Giovanni Gullàa and Francesco Mutob

aCNR-IRPI, Via Cavour 4/6, 87030 Rende (CS), Italy; bDipartimento di Biologia, Università della
Calabria, Ecologia e Scienze della Terra, 87036 Arcavacata di Rende (CS), Italy

(Received 10 March 2014; resubmitted 22 May 2014; accepted 9 June 2014)

This paper illustrates the compilation of an engineering geological map based on structural
architecture and weathering grade of crystalline rocks occurring in the central-western
portions of the Mucone River basin (Sila Massif, Calabria, Italy). The map, drawn at
1:10,000 scale and covering an area of about 100 km2, was compiled by combining new
geological and structural data with the results of a weathering-grade field survey. Five
weathering classes, each characterized by comparable mechanical behaviour, have been
mapped, from the class VI (residual and colluvial soils) to class II (slightly weathered rock).
Both qualitative and semi-quantitative criteria (e.g. rock colour, discolouration processes,
samples broken by hand and hammer, sound of the rock when it is struck by a geological
hammer, Schmidt Hammer tests) were used to distinguish and map weathering-grade classes
at outcrop scale.

The thematic map presented in this paper aims to provide a useful tool for land planning
policy, for the evaluation of geological and geotechnical hazard and for environmental and
engineering perspectives of land use.

Keywords: crystalline rocks; weathering-grade map; engineering geology purpose; Calabria;
southern Italy

1. Introduction

Geo-engineering thematic maps are a useful tools for territorial planning and management (Bell &
Pettinga, 1985; Conforti, Muto, Rago, & Critelli, 2014; Dearman, 1974, 1991; Dearman & Eyles,
1982; Dearman & Matula, 1976; Faccini, Robbiano, Roccati, & Angelini, 2012; Grman,
Waniekova, Petro, & Polascinova, 2002; IAEG, 1976; Lozinska-Stepien, 1979; Maharaj, 1995;
Zuquette, Pejon, & dos Santos Collares, 2004). Focussing on the production of specific geo-
engineering maps, where the subject is the subdivision of weathering intensity of crystalline
rocks, it is important to define, classify and map the weathering grade for outcrops (Borrelli,
Greco, & Gullà, 2007; Calcaterra & Parise, 2005; Cascini, Critelli, Di Nocera, Gullà, &
Matano, 1992; GSEGWP, 1995; Malomo, Olorunniwo, & Ogunsanwo, 1983). In fact, a thematic
map which provides the distinction of different weathering classes, each of which is characterized
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by comparable mechanical behaviour, may be useful for many purposes: engineering geology,
environmental geology, and land-use.

Based on the principle that the weathering grade of outcropping crystalline rocks reflects their
engineering characteristics and performance (Baynes, Dearman, & Irfan, 1978; Dearman &
Matula, 1976; GCO, 1988; IAEG, 1981; Irfan & Dearman, 1978), in this paper we focus on
the subdivision and mapping of weathering grade, through observation of distinctive geological
characteristics and qualitative and semi-quantitative engineering geological tests (Borrelli et al.,
2007; Gullà & Matano, 1997).

The weathering-grade map was produced for a large area (about 100 km2), located in the
west-central side of the Mucone River basin, close to the Acri Village (northern Calabria,

Figure 1. Location of the study area.
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Italy) (Figure 1). The map reflects the effects of weathering in an area characterized by active tec-
tonics and rapid landscape evolution (e.g. intense denudation processes), providing a fundamental
contribution to the assessment of landslide and soil erosion hazards.

2. Geological framework of the Sila Massif

The study area is located on the north-western slope of the Sila Massif (northern Calabria)
(Figure 2). The Sila Massif is one of the key zones of the Calabrian terranes (Critelli, Muto,

Figure 2. Geo-structural sketch of study sector. Legend: (1) Holocene deposits; (2) Upper Pleistocene
deposits; (3) Pliocene-Middle Pleistocene deposits; (4) Upper-Middle Miocene deposits; (5) Sila Unit
(Paleozoic); (6) Castagna Unit (Paleozoic); (7) Slate-metapelite and ophiolitic Units (Paleozoic-Mesozoic);
(8) Monte Cocuzzo Unit (Mesozoic); (9) normal fault; (10) left-lateral transtensive fault; (11) fault with
undetermined kinematics; and (12) tectonic contact.
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Tripodi, & Perri, 2013; Messina et al., 1994; Van Dijk et al., 2000). Its structure has been formed
since the Late Oligocene-early Miocene, in response to accrectionary processes towards the
Adriatic foreland and since the Tortonian became a morphostructural high having an elevation
similar to the present day (Critelli et al., 2013). The uppermost crystalline nappe of the Calabrian
Arc tectonic edifice is made up of Paleozoic metamorphic (from low-to-high-grade rocks) and
plutonic rocks included in the Sila Unit (Messina et al., 1994) and widely outcropping along
the entire Sila Massif (Figure 2).

Since the Late Miocene, the Sila Massif experienced brittle deformation that fragmented the
pre-Pliocene rocks in a series of horst and graben structures (e.g. Sila Massif and Coastal Range,
Figure 2; Barone, Dominici, Muto, & Critelli, 2008; Spina, Tondi, & Mazzoli, 2011). Since the
Early Pleistocene, following the extensional tectonic phase of the Calabrian Arc, a huge clastic
supply (conglomerate, sand and mud), has progressively filled the Crati Basin and sourrounding
basins (Fabbricatore, Robustelli, & Muto, 2014; Perri et al., 2012; Perri, Borrelli, Gullà, & Cri-
telli, 2014; Spina et al., 2011).

From a tectonic perspective, the Sila Massif is characterized by a structural style mainly
dominated by the intersection of regional fault systems trending N-S and NW-SE, respectively
(Figure 2) (Spina et al., 2011; Van Dijk et al., 2000).

The N-S fault system developed as normal system during the Middle Pleistocene in response
to abrupt regional tectonic uplift; the system shows present day activity as testified by intense
seismicity along the western and eastern piedmont zone of the Sila Massif (Spina et al., 2011;
Tortorici, Monaco, Tansi, & Cocina, 1995).

The NW-SE fault system is characterized by inherited and reactivated pre-existing early
Pleistocene regional left strike slip faults well developed at the boundary between the
Apennine and the Calabrian Arc (Van Dijk et al., 2000 and references therein). During
the last extensional tectonic phase of the Late Pleistocene, the NW-SE faults were reacti-
vated (Corbi et al., 2009; Lanzafame & Tortorici, 1981; Tansi, Muto, Critelli, & Iovine,
2007).

Since the late Miocene, the basement rocks of the Sila Massif experienced intense weath-
ering processes resulting in deep weathering profiles, weathered landforms and abrupt
erosional processes removing portions of the deeply weathered rocks (e.g. Borrelli, Perri,
Critelli, & Gullà, 2014; Guzzetta, 1974; Matano & Di Nocera, 1999). The intense erosion acti-
vated by Pleistocene uplift has prevailed over weathering processes, although not enough to
completely remove the exposed, deeply weathered mantle (e.g. Calcaterra & Parise, 2010;
Garfi, Bruno, Calcaterra, & Parise, 2007; Le Pera, Arribas, Critelli, & Tortosa, 2001a; Le
Pera, Critelli, & Sorriso-Valvo, 2001b; Matano & Di Nocera, 1999; Molin, Pazzaglia, &
Dramis, 2004; Scarciglia, Le Pera, & Critelli, 2005a, 2007; Scarciglia, Le Pera, Vecchio, &
Critelli, 2005b).

3. Methods

Geological survey maps were used as a preliminary basis for rock type identification in the
study area. The outcropping crystalline rock type and, in particular, the high-grade meta-
morphic rocks, were identified on the basis of typical distinctive characteristics (e.g. structure,
foliation, mineralogical composition), and with the additional help of petrographic evidence
(Borrelli, 2008).

Aerial photo interpretation based on identification of the main Quaternary features was per-
formed to identify key morphological evidence related to tectonics; field control was made to
confirm the features identified on aerial photographs. The kinematic characterization of the
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surveyed faults and the areal meso-structural analysis (on over 80 structural stations) was carried
out to verify typology and chronology of tectonic deformation.

With regard to the surveying of weathering grade, the procedure was divided in three phases
(Figure 3): (1) photo-interpretative analysis; (2) weathering surveys; and (3) analysis of the
collected data and production of the weathering grade map.

Through photo-interpretative analysis of two series of black and white panchromatic air
photos, dating to 1955 and 1991 (Italian Military Geographical Institute), we identified, for the
plutonic and metamorphic rocks, two macro-classes of weathering (Borrelli, Cofone, & Gullà,
2012a): areas where there are soils formed by in-situ weathering (residual soils) and transported
soils (colluvial and detrital soils); areas where crystalline bedrock outcrops occur (with typical
mechanical behaviour of weak or hard-rock). The main geo-environmental features used in this

Figure 3. Schematic of the methodological approach used for the production of the weathering-grade
map.
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preliminary analysis were slope angle, relief contour and land use. In most cases, macro-classes
were defined on the basis of the landscape evidence (i.e. paleosurfaces, morphology, slope angle,
etc.). This analysis was followed by the field weathering survey along road cuts, river valleys and
exposed sections to verify the features identified on aerial photographs.

The field weathering survey (1:10,000 scale) required the definition of specific codified pro-
cedures to allow the identification of different classes of weathering at outcrop scale. The criteria,
simplified for large areas, were suggested by GCO (1988), Cascini et al. (1992), GSE-GWPR
(1995), Gullà and Matano (1997), Borrelli et al. (2007), and Borrelli (2008), that subdivide the
grade into six weathering classes: class VI (residual and colluvial soils and detrital weathered
material); class V (completely weathered rock); class IV (highly weathered rock); class III (mod-
erately weathered rock); class II (slightly weathered rock); class I (fresh rock).

During the weathering field surveys, the main engineering geological features of the different
classes were obtained through visual recognition of mineral alteration, rock and soil ratios, the
presence of original texture and structure, joint staining, degree of discolouration, and by
means of a number of simple index tests by using the geological hammer. In particular, rapid
identification, the strength was assessed by geological hammer (e.g. sound emitted from the
rock when is struck with the hammer, hammer head effect, hammer point effect, hammer break-
ing), and trying to break the rock fragments by hand (length about 15 cm).

Usually, the fresh to slightly weathered rock remains intact or exhibits slight modifications
and produces a ringing sound when it is struck by a geological hammer; the moderately weathered
rock produces a ringing to intermediate sound when it is struck by a hammer, whereas highly
weathered rock produces an intermediate sound and large pieces of rocks are broken by hand;
a dull sound is produced from soil-like rock (completely weathered rocks and residual soils),
which can be easily crumbled by hand or finger pressure.

In uncertain cases, tests with the Schmidt Hammer were carried out using the criteria of Gullà
and Matano (1997), to determine the weathering classes. In addition, micropetrographic and
microfracture indexes were used to supplement and to refine the field classification (Borrelli,
Perri, Critelli, & Gullà, 2012b; Borrelli et al., 2014).

Overall analysis and management of the data was undertaken using a geographical infor-
mation system (GIS) supplemented with a digital terrain model (DTM 10 m × 10 m, interpolated
from the contour lines and points of the 1:10,000 scale topographic maps), slope map and
curvature map (produced from the DTM). In particular, terrain attributes (such as relief, slope,
curvature) were used to extend the weathering mapping to areas not covered by the field
survey, based on the assumption that where there are high slope angles or convex curvature,
slightly to highly weathered rocks are present. In contrast, in low relief landscapes weathered
rocks or residual soils are completely preserved. Finally, where concave curvature occurs, thin
or thick colluvial and detritical soils are present.

4. Weathering grade and geotectonic map

In the study area three main morphological sectors can be distinguished: summit surfaces, slopes,
and the valley. Summit surfaces represent the remnants of an ancient low relief landscape almost
totally removed by erosion. The slopes are characterized by high gradient values (308–408) and
deep incisions down to the crystalline basement, where erosion and mass movements are widely
present (Borrelli et al., 2007). The valley is mostly characterized by sedimentation (e.g. alluvial
debris flow fan and detrital fan), with local alternating erosional processes.

The Palaeozoic crystalline lithologies, outcropping in the study area, mainly represented by
the Sila Unit (Messina et al., 1994), include medium-to-high-grade metamorphic and granitoid
rocks.

6 L. Borrelli et al.
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Based on field observations and petrographic evidence in thin-sections (Borrelli, 2008),
metamorphic rocks have been distinguished into, (a) biotite-garnet-sillimanite gneiss,
(b) biotite-sillimanite migmatitic gneiss, and (c) biotite-muscovite migmatitic gneiss (Figure 4).

Biotite-rich and garnet-sillimanite gneisses occur dominantly in the central and western por-
tions of the study area (Figure 4). They are present in correspondence with the middle-and-lower
slopes (from 200 m to 600 m a.s.l.) of the main fluvial channels of the Mucone River and Ceraco,
Braso and Calamo torrents (Figure 4). At the outcrop scale, these rocks are dark, reddish to purple
in colour, variously schistose to massive (Figure 5(a)) and characterized by an intense weathering
profile (e.g. Borrelli et al., 2012a, 2014; Le Pera et al., 2001a, 2001b; Scarciglia et al., 2005a,
2005b, 2007).

In the central and western portions of the study area, at about 600 m a.s.l., biotite-rich and
garnet-sillimanite gneisses gradually pass upward to migmatitic gneiss (Figures 4 and 5(b)).
The migmatitic gneisses include biotite, garnet, sillimanite, quartz, plagioclase and minor K-feld-
spar and muscovite. The transition to migmatitic gneiss is marked, at the outcrop scale, by gradual
reduction of mafic minerals to increasing sialic minerals. These rocks are poorly foliated and grey
to brown in colour (Figure 5(b)).

Figure 4. Geo-structural map of the study area. Legend: (1) alluvial and debris fan; (2) alluvial deposits;
(3) fluvial conglomerates (Upper Pleistocene?); (4) matrix-supported conglomerates (Lower-Middle
Pleistocene?); (5) biotite-garnet and sillimanite gneiss (Paleozoic); (6) biotite-sillimanite migmatitic
gneiss occasionally with garnet (Paleozoic); (7) biotite-muscovite migmatitic gneiss (Paleozoic); (8) grani-
toid rocks with mainly tonalitic composition (Paleozoic); (9) normal fault; (10) left-lateral transcurrent fault
reactivated as normal fault; (11) left-lateral transcurrent fault; (12) right-lateral transcurrent fault; (13) fault
with undetermined kinematics; (14) high-angle transpressive thrust reactivated as normal fault; (15) low-
angle thrust; and (16) mesostructural station.
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In the south-eastern portion of map, along two zones oriented NE-SW, biotite-muscovite mig-
matitic gneiss are present (Figure 4). These rocks are characterized by alternating quartz-K feld-
spar and biotite-muscovite layers (Figure 5(c)). In the same area, close to the occurrence of
plutonic rocks, the transition from the biotite-muscovite-rich migmatitic gneisses to granitoids
is marked by the progressive reduction of mafic minerals and by the progressive lack of the foli-
ation, with an increase of thin pegmatitic dykes.

The plutonic rocks prevail in the eastern portion of map (Figure 4); these rocks are mainly
represented by tonalite (Figure 5(d)), passing locally to granodiorite with megacrysts of K-feld-
spar; sometimes they are intruded by pegmatite and aplite dykes. Mineralogy of plutonic rocks
includes plagioclase, quartz, biotite, chlorite, muscovite and occasionally K-feldspar. Rocks are
coarse grained and white in colour when they are unaltered, pink or reddish when intensely
weathered.

In the western portions of the study area, unconformably overlying metamorphic rocks rests
on the Pleistocene deposits (Figure 4). Early-to-middle Pleistocene sequences include brown-
reddish basal conglomerates (Figure 5(e)), passing upward to interstratified conglomerates and
brown-yellow sands. Upper Pleistocene? fluvial conglomerates, interbedded with coarse sand
and thin mud, occur close to the Acri Village (Figures 4 and 5(f)).

Finally, Holocene alluvial deposits (Figure 5(g)) are present in the study area along the main
rivers (Figure 4) and the piedmont portions of slopes. The last deposits are organized in alluvial
and debris fans (Figure 5(h)).

From a tectonic perspective, a structural geological survey has been carried out. On the
mapped tectonic structures (Figure 4) the geometry, trend and kinematics have been provided
(Figures 6–8).

At macroscale, the three main tectonic structures exhibit N-S, NW-SE, NE-SW trends
(Figure 4).

The N-S trending faults represent the most recent high-angle extensional faults, having
fresh morphological evidence (Figures 4 and 6(a)). The N-S fault system includes a series
of normal step faults, defining a system grading towards the west in the Crati River Basin.
Fault planes show different slip-directions and pitch, sometimes superimposed (Figure 7(a)).
Relative chronology of the kinematic indicators suggests that right transcurrent movements
and oblique transpressive slip (Figures 6(b), 8(a and b)) postdates the last normal slip
(Figure 8(c)).

The NW-SE fault system (Figures 4 and 6(c)) is well defined at macroscale and it as a
widely distribution. The system is represented by sub-vertical, SW and NE dipping fault
planes with superimposed kinematic indicators (Figure 7(b)). At the mesoscale, the NW-SE
faults are characterized by left lateral-strike-slip movement (Figure 8(d–e)), even if overprint-
ing of dip-slip displacements suggests reactivation as a normal fault during the last tectonic
event (Figure 6(c)).

The NE-SW fault system is also widely represented along the study area (Figure 4),
having overprinted kinematic indicators (Figure 7(c)). Inferred chronology for this fault system
suggests a transcurrent or oblique-slip movement superimposed by dip-slip normal kinematics
(Figure 6(d)).

The compressive tectonic structures (Figure 4), with poor morphological evidence, have been
surveyed at the macro and mesoscale (Figures 6(e–h) and 8(f–h)). At the mesoscale, thrust faults
have been subdivided into two main systems (Figure 7(d–e)).

The NW-SE thrusts have NE and SW dipping fault planes, which have a prevalent NE ver-
gence. The planes with higher values of inclination and oblique pitch are related to the transpres-
sional component of the system, while the subhorizontal plane is related to the more ancient
structures, responsible for the duplex thrust stack development (Figure 7(d)).

8 L. Borrelli et al.

D
ow

nl
oa

de
d 

by
 [

C
on

si
gl

io
 N

az
io

na
le

 d
el

le
 R

ic
er

ch
e]

 a
t 0

3:
29

 0
9 

Ju
ly

 2
01

4 



Figure 5. Lithology outcropping in the study area: (a) biotite-garnet and sillimanite gneiss (Paleozoic);
(b) biotite-sillimanite migmatitic gneiss occasionally with garnet (Paleozoic); (c) biotite-muscovite migma-
titic gneiss (Paleozoic); (d) granitoid rocks with mainly tonalitic composition (Paleozoic); (e) matrix-sup-
ported conglomerates (Lower-Middle Pleistocene?); (f) fluvial conglomerates (Upper Pleistocene ?); (g)
alluvial deposits; and (h) debris fan.
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Figure 6. Examples of faults surveyed in the study area at the macro-scale: (a) N-S normal fault;
(b) right-lateral transcurrent N-S fault with associated high-angle transpressive thrusts (flower structure);
(c) left-lateral transcurrent NW-SE fault reactivated with normal kinematics; (d) NE-SW normal fault
scarps; (e) medium-low angle thrust, displaced by N-S right-lateral transcurrent N-S fault, reactivated
as normal fault; (f) detail of photo (e); (g) ‘Acri-Caloveto’ overthrust; and (h) low-angle tectonic
contact linked to ‘Acri-Caloveto’ overthrust.
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The second thrust system is represented by NE-SW trending, which have a ESE vergence and
sub-horizontal to medium dip angle (Figures 7(e) and 8(f and g)). The thrust is related chronologi-
cally to the more ancient tectonic event of the study area, and mainly developed during accretion-
ary processes involving the entire Sila Massif in the thrust belt (Figure 6(g and h)). In the field the
NE-SW thrusts present a duplex structure, particularly when they involve the gneissic-granitoid
complex (Figure 8(h)). Thick argillified fault gauges, are sometimes present along the major thrust
planes (Figures 6(f) and 8(f)).

With regards to changes in the mechanical properties of the granitoid and gneissic rocks, five
weathering classes, on the material and rock mass scale, have been distinguished in the field, from
class II to class VI (Figures 9 and 10). The mapping of the weathering grade, shown in Figure 11,
permits a general comprehensive overview of the effect, intensity and distribution of weathering
classes (and therefore the weathering processes), linked to both the compositional heterogeneity
of the outcropping crystalline-metamorphic rocks and the tectonic assemblage of the area.

Figure 7. Lower hemisphere projection (Schmidt net) of the fault systems detected in the study area.
For explanation see the text.
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Figure 8. Examples of meso-faults surveyed in the study area: (a) N-S transpressive faults; (b) double
kinematics on a N-S fault plane (reverse and right-lateral); (c) last kinematics on the N-S fault plane;
(d) NW-SE fault scarp; (e) left-lateral striae on the NW-SE fault plane of photo (d); (f) reverse fault;
(g) ancient overthrust; and (h) ancient overthrusts displaced by a high-angle normal fault.
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Slightly weathered rocks (class II) crop out only along deeply incised streams, particu-
larly in the eastern portion of the Mucone River (Figure 11). The rock masses are slightly
weathered (more than 70% of the outcrop) (Figure 9(a and b)); limited and isolated rock
mass volumes, near the discontinuities constitute class III (moderately weathered rock).
The rock material has the following characteristics: same colour as the fresh rock (class I)
with discolouration only near the discontinuities; the original texture and microstructure of
the fresh rock are perfectly preserved; the strength is comparable to that of the fresh rock
(hard rock); they make a ringing sound when it is struck by hammer; Schmidt hammer
rebound values is more than 50.

Moderately weathered rocks (class III) outcrop predominantly along the lower portions
of the slopes and also along stream incisions (e.g. Mucone River and tributary streams)
(Figure 11). The rock masses are moderately weathered (more than 70% of the outcrop)
(Figure 9(c and d)); limited and isolated rock mass volumes can be composed of highly or
slightly weathered rock (respectively classes IV and II). The rock material has the following
characteristics: pervasively discoloured, but locally the colour of the fresh rock can be
present; the original texture and microstructure of the fresh rock are well preserved; the strength
is comparable to that of the fresh rock (hard rock); the rock makes an intermediate sound when it
is struck by the hammer; large fragments can be broken if it is struck by the head of the hammer;
the point of geological hammer can produce a scratch on the surface of rock; Schmidt hammer
rebound values of 25–50.

Highly weathered rocks (class IV) outcrop mainly along the middle and upper portions of
the slopes and along the lower portions of minor stream incisions (Figure 11). The rock
masses are highly weathered (more than 70% of the outcrop) (Figure 9(e and f)); limited
and isolated rock mass volumes can be composed of moderately or completely weathered
rock (respectively classes III and V). The rock material has the following characteristics: com-
pletely discoloured; the original texture and microstructure of the fresh rock are still pre-
served; the strength is substantially reduced (weak rock); they make an intermediate dull
sound when struck by the hammer; large pieces are easily broken if they are struck by the
hammer and do not slake in water; the point of geological hammer indents the rock superfi-
cially; the knife edge produces a scratch on the surface of rock; Schmidt hammer rebound
values of 10–25.

Completely weathered rocks (class V) are present in elevated areas, mainly above of 700 m
a.s.l. (Figure 11). The rock masses are completely weathered (more than 70% of the outcrop)
(Figure 9(g and h)); limited and isolated rock mass volumes can be composed of highly weathered
rock or residual soil (respectively classes IV and VI). The rock material has the following charac-
teristics: completely discoloured; the original texture and microstructure of the fresh rock are
present in relict form; soil like behaviour; large pieces can be broken by hand or crumbled by
finger pressure into constituent grains and slake in water; the point of geological pick indents
the rock deeply; the knife edge easily carves the surface of rock; gravel and sand fractions are
prevalent; Schmidt hammer rebound values of 0–15.

Weathered rocks are locally covered by residual, colluvial and detrital soils (grade VI)
(Figure 10). Residual soils, with not surveyable thickness (at the scale of map), are mainly
present in elevated areas (as relicts of paleosurfaces), and present predominantly sand and
silts fractions (Figure 10(a and b)). Colluvial soils are mainly present in morphological
hollows, where the thickness can reach several metres (Figure 10(c)); colluvial soils are
formed by sandy-silty chaotic deposits, including moderately to highly weathered centimetric
rock fragments and subordinately organic fragments. Slope debris and landslide debris,
metres to decametres thick, are distributed along the slopes and at the valley bottom. The
volumes are composed of detrital-colluvial soils and represented by disorganized deposits
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Figure 9. Examples of weathering classes surveyed in the study area and effects of weathering increase
upward from slightly weathered rocks (class II) to completely weathered rocks (class V): (a) gneiss class
II; (b) granitoid class II; (c) gneiss class III; (d) granitoid class III; (e) gneiss class IV; (f) granitoid class
IV; (g) gneiss class V; and (h) granitoid class V.
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Figure 10. Examples of terrains (in situ weathered soils and transported soils) grouped in class VI:
(a) residual soils from gneiss; (b) residual soils from granitoid; (c) colluvial soils; (d) detrital deposits;
and (e) alternating colluvial and detrital deposits.
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(Figure 10(d)); they are formed by sand and gravel including moderately to highly weathered
decimetric rock fragments and subordinately organic fragments. Moreover, alternating detrital
and colluvial deposits are grouped in class VI (Figure 10(e)).

5. Conclusions

The field surveys conducted in the West-Central side of the Mucone River basin, have provided a
detailed picture of the geological-structural features and the spatial distribution of weathering
classes in the outcropping crystalline rocks. The study methodology has tested the weathering-
grade survey and mapping procedure in the specific granitoid and gneissic rocks. In particular,
it has been shown to be a reliable and rapid technique, which uses simple qualitative and
semi-quantitative index tests, for medium-large-scale studies and investigations.

The large-scale geo-structural and weathering-grade map represents a useful tool for territorial
planning and engineering-geological and environmental purposes, providing a fundamental con-
tribution to the assessment of landslide and soil erosion hazards.

Figure 11. Weathering grade and geotectonic map of the study area. Legend: (1) alluvial and debris
fan; (2) alluvial deposits; (3) fluvial conglomerates; (4) matrix-supported conglomerates; (5) weather-
ing classes of the biotite-garnet and sillimanite gneiss; (6) weathering classes of the biotite-sillimanite
migmatitic gneiss; (7) weathering classes of the biotite-muscovite migmatitic gneiss; (8) weathering
classes of the granitoid rocks; (9) normal fault; (10) left-lateral transcurrent fault reactivated as
normal fault; (11) left-lateral transcurrent fault; (12) right-lateral transcurrent fault; (13) fault with
undetermined kinematics; (14) high-angle transpressive thrust reactivated as normal fault; and (15)
low-angle thrust.
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Software

The weathering-grade map and related layout (Figures 1, 2, 4, and 11) were produced using Esri
ArcGIS 10.0. Corel Draw X6 was used for compiling Figures 3, 5, 6–10. Mesostructural data
reported in Figure 7 were produced using Daisy 3 (Salvini, 2011).
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