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ABSTRACT: BOLLATI I.M., CERRATO R., CROSA LENZ B., VEZZOLA L.,
GIACCONE E., VIANI C., ZANONER T., AZzZONI R.S., MASSEROLI A., PELLE-
GRINI M., ScAPOZZA C., ZERBONI A. & GUGLIELMIN M., Geomorphologi-
cal map of the Val Viola Pass (Italy-Switzerland). (IT ISSN 0391-9838, 2018).

The Val Viola Pass is a transboundary area between Italy (Val Viola
Bormina) and Switzerland (Val da Camp), whose evolution has been trig-
gered, since the Last Glacial Maximum (LGM), by intense reactivation
of surface processes. Geomorphological mapping at a scale of 1:5000
provided an understanding of the deglaciation dynamics affecting this
region. The geomorphological map (herein presented at scale 1:7000) ex-
tends for 5.35 km? between the elevations of 2305 and 3302 metres above
sea level (m a.s.l.). The geomorphological map suggests that the area un-
dergoes geomorphic processes typical of alpine environments of middle
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latitude, and had experienced a paraglacial-type re-equilibrium related
to post-LGM land evolution, with predominant slope and periglacial
processes. Moreover, current water action is evident at low elevations.
Most of landforms are affected by major regional structures oriented
NE-SW. On the Swiss side, specific investigations of the Paradisin rock
glacier were performed by Electrical Resistivity Tomography-ERT to
determine its internal structure. This was in order to understand its
possible cryotic conditions, despite its relict appearance derived from
its surface aspect.

KEY WORDS: Geomorphological mapping, High mountain land-
scape, Deglaciation, Paradisin rock glacier, Electrical Resistivity Tomog-
raphy, Val Viola Pass (Central Alps).

R1assUNTO: BOLLATI I.M., CERRATO R., CROSA LENZ B., VEZZOLA L.,
GIACCONE E., VIANI C., ZANONER T., AZZONI R.S., MASSEROLI A., PEL-
LEGRINI M., ScApOzzA C., ZERBONI A. & GUGLIELMIN M., Carta geomor-
fologica del Passo di Val Viola (Italia-Svizzera). (IT ISSN 0391-9838, 2018).

Il Pas da Val Viola & un’area transfrontaliera compresa tra Italia
(Val Viola Bormina) e Svizzera (Val da Camp), la cui evoluzione ¢ stata
condizionata, dopo I’'Ultimo Massimo Glaciale (UMG), da un’intensa
riattivazione dei processi superficiali. La cartografia geomorfologica,
realizzata alla scala 1:5000, ha consentito di esemplificare le forme
del rilevo dovute all’azione degli agenti morfogenetici attivi ma an-
che quelle relitte. La carta geomorfologica (qui riportata alla scala
di 1:7000) copre un’area di 5.35 km?, compresa tra le quote di 2305 e
3302 m (sul livello del mare). Da essa emerge che la regione ¢ interes-
sata dai processi tipici dell’ambiente Alpino delle medie latitudini e
ha sperimentato un riequilibrio di tipo paraglaciale legato all’evoluzio-
ne post-UMG, caratterizzato principalmente da processi di versante
e periglaciali. Inoltre, alle quote inferiori, I’azione delle acque risulta
significativa. Gran parte delle forme del rilievo ha subito un controllo
morfologico da parte delle strutture ad andamento regionale, orien-
tate prevalentemente NE-SW. Sul versante svizzero dell’area di studio,
specifiche analisi hanno interessato il rock glacier del Paradisin, che &
stato studiato tramite tecniche di Tomografia delle Resistivita Elettriche
(TRE), al fine di investigarne la struttura interna per comprendere le
possibili condizioni criotiche nonostante il suo aspetto di rock glacier
relitto, dedotto dall’aspetto superficiale.

TERMINI CHIAVE: Cartografia geomorfologica, Paesaggio di alta
montagna, Deglaciazione, Rock glacier del Paradisin, Tomografia delle
Resistivita Elettriche, Pas da Val Viola (Alpi Centrali).



INTRODUCTION

The deglaciation following the Last Glacial Maximum
(LGM) is one of the most important climate-driven pro-
cesses that has occurred in the Alps, contributing to the
modelling of landscapes of high mountain areas. It may be
considered as a re-equilibrium period that deglaciated at-
eas underwent after the retreat of Pleistocene glaciers. In
the geomorphological literature, this specific phase is re-
ferred to as the paraglacial stage (sezsu Church & Ryder,
1972). This phase, characterized by “non-glacial processes
that are directly conditioned by glaciation,” such as water
and gravity-driven processes, showed changes over time
with chronological constraints varying between different
areas (Ballantyne, 2002a). Moreover, local geological and
structural conditions play a meaningful role in driving
these kinds of processes, also at a very local level (Cossart &
aliz, 2013). The rates of paraglacial-type processes depend
on the time interval that has elapsed from the inception of
deglaciation (Curry, 1999; Scapozza, 2016; Bollati & ali,
2017) and a new equilibrium is reached according to differ-
ent models of progressive exhaustion (Ballantyne, 2002b).

Hence, during the latest Pleistocene and at the be-
ginning of the Holocene, water-related, slope, periglacial
processes and pedogenesis interplayed, shaping the land-
scape of the deglaciated valleys and mounts. Short periods
of glacial advancement dating to the Holocene, further
complicate the dynamic evolution of mountain surfaces
(e.g., Ivy-Ochs & aliz, 2009). The reconstruction of the
time and steps of deglaciation and landforms evolution,
undergoing different kind of processes, is therefore of the
outmost importance in Alpine regions that are particularly
sensitive to rapid climatic changes (Beniston, 2003). To
address the reconstruction of surface processes and their
temporal extent, geomorphological mapping is therefore
mandatory, helping to identify the spatial organization, de-
velopment and reciprocal interactions of relict glacial and
periglacial landforms, as already demonstrated for the Alps
(e.g., Baroni & Carton, 1986; 1996; Gruppo Nazionale di
Geografia Fisica e Geomorfologia, 1986; De Graaff & ali,
1987; Federici & aliz, 2003; Smith & aliz, 2006; Lambiel &
alii, 2016) and other mountain ranges (e.g., Azzoni & ali,
2017; Mariani & alzi, 2018).

With regard to the Central Alps, many data are avail-
able, related to the recent behaviour of active glaciers
(e.g., Salvatore & aliz, 2015; Smiraglia & Diolaiuti, 2015;
Carturan & aliz, 2016), while other studies have focused
on reconstructing, at local or regional level, the effects of
post-LGM climate changes on the landscape (e.g., Hormes
& aliz, 2008; Ivy-Ochs & alii, 2009; Baroni & aliz, 2014,
2017; Pelfini & aliz, 2014; Colombo & alii, 2016; Scotti &
aliz, 2017).

The Upper Val Viola (Central Italian/Swiss Alps) is
characterized by a mountain landscape, where glacial pro-
cesses were very pervasive during the LGM, leaving ero-
sional landforms and deposits of great interest from the
perspective of reconstructing landscape evolution since
the Pleistocene. Besides the glacial record, after the LGM
a long-term transformation of the area led to the transition
from glacial-dominated surface processes to a landscape
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where gravity, water-related, periglacial and possibly cry-
otic processes have increased in importance, involving the
mobilization of the abundant debris at disposal and lead-
ing to a reworking or dismantling of the former deposits
(paraglacial perspective). Burga (1987) examined in detail
the stages of glaciation on both the Italian and the Swiss
side of the study area. Hormes & aliz, (2008) attempted to
reconstruct the time of the Holocene slope processes along
the lower Val Viola range and its lateral branch, Val Can-
tone-Dosdé. Cornelissen & Reitmaier (2016), analysing the
distribution of Mesolithic settlements in the Swiss Alps,
also suggested that in the vicinity of the Val Viola human
exploitation started soon after the beginning of the Holo-
cene. Finally, Scotti & a/i7 (2017) collected Schmidt-ham-
mer exposure-age dating to infer the time constrains of the
deglaciation of the region.

However, a complete geomorphological mapping of
the area is still lacking. To achieve new data on the glacial
and post-glacial dynamics of the Upper Val Viola (between
Ttaly and Switzerland), geomorphological mapping of the
region was performed.

In addition, this analysis was supported by a geophysical
investigation (i.e., Electrical Resistivity Tomography-ERT)
of the Paradisin rock glacier, the main rock glacier within
the area of study. The Paradisin rock glacier is in fact a
relevant periglacial feature characterizing the Swiss side
of the study area. At first glance, its morphology (mainly
depressed in the frontal part) and the presence of vegeta-
tion coverage (partially covered by krummbholz and shrubs)
might justify the interpretation of this landform as inactive
or even relict (sezzsu Barsch, 1996). However, not far from
the examined area, Cannone & Gerdol (2003) demon-
strated that active rock glaciers (velocities up to > 30 cm/
year) can be quite extensively colonized by stress-tolerant
herbs, thus the occurrence of vegetation on the Paradisin
rock glacier is not enough to classify the landform as in-
active or even relict (sensu Barsch, 1996), and so further
analysis was considered necessary.

STUDY AREA

Geographic and climatic settings

The Val Viola is located at the border between Ttaly
(Val Viola Bormina, Lombardy) and Switzerland (Val Vio-
la Poschiavina, Graubiinden Canton). The watershed be-
tween Italy and Switzerland crosses the Val Viola Pass and
it corresponds roughly to the national border between two
countries. The entire Val Viola Bormina is found in the
Landscape Regional Plan of Regione Lombardia (https://
www.cartografia.servizirl.it/viewer30/index.jsp, last access
on December 4™ 2018), mainly for the value of its land-
scape. Moreover, a portion of the valley is protected as a
Site of Community Importance (SCI; IT2040012 - Val Vio-
la Bormina - Ghiacciaio di Cima dei Piazzi) within the
Rete Natura 2000, established after the Council Directive
92/43/EEC.

The area surveyed for geomorphological mapping ex-
tends for 5.35 km? and ranges between 2305 and the 3302
metres above sea level (m a.s.l) of the Piz Paradisin peak.


https://www.cartografia.servizirl.it/viewer30/index.jsp
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The climate was continental Alpine, with cold winters and
moderate summer temperatures. At the Federico Dosdé
weather station (2000 m a.s.l., 2.57 km far from the eastern
edge of the map), mean annual temperature (2010-2014) was
1.9 °C and mean annual precipitation is ~ 1020 mm (Son-
cini & aliz, 2017), while at 2000 m a.s.l., average snow depth
during the winter months is ~ 2.5 m (Guglielmin & Siletto,
2000).

Geological setting and recent geomorphological evolution

The Val Viola area is located within the Austroalpine
Domain that characterizes south-eastern Switzerland and
northern Italy and represents the remnants of the Adriat-
ic passive margin formed during the Jurassic and stacked
during the Late Cretaceous periods (Mohn & aliz, 2011; Pe-
tri & aliz, 2016). In particular, in the Val Viola area rocks of
the Grosina and the Campo nappes outcrop (fig. 1a). The
Grosina Nappe rocks outcrop in the southern part of the
mapped area, while the Campo Nappe rocks character-
ize its northern part. These nappes were traditionally at-
tributed to the Upper Austroalpine Domain; however, they
have been recently distinguished as Middle Austroalpine
(Mohn & aliz, 2011). The Grosina Nappe consists of gneiss
and metapelites and it is thrusted towards the North-West
on the Campo Nappe. The micaschists and paragneiss in
amphibolite facies of the Campo Nappe are sporadically
intruded by Late or Post Varisican granitoids (285-259 Mil-
lion years ago; Petri & aliz, 2016).

The study area presents mainly evidence of Pleistocene
glaciations and, in contrast to other Alpine regions, the ef-
fects of glacial retreat after the Little Ice Age (LIA) show
less impact on the landscape in terms of paraglacial pro-
cesses. According to Bini & alzi (2009), during the LGM
along the lateral slopes of the Upper Val Viola, the glaciers
reached a maximum elevation of about 2800 m a.s.l. and
only the rocky ridge departing from the Piz Paradisin to-
wards the West was preserved by glacial modelling (Bini &
aliz, 2009; Supplementary Material, SM). Even if detailed
data concerning the LGM and the onset of the deglaciation
in the examined part of the Val Viola are not available, we
might consider that the deglaciation of the European Alps
started ~17.7 kiloannum (ka), in a relatively short time span,
before the Gschnitz stadial glacier advance (17-16 ka) (Wir-
sig & aliz, 2016). Only Burga (1987) studied the deglacia-
tion time and glacial evolution in the examined area. The
author referenced the moraines on the southwards slope of
the Piz Paradisin to the Egesen I stadial (Younger Dryas),
whereas the moraine ridges close to the Val Viola Hut have
been interpretated as frontal moraines of the Egesen II sta-
dial (Younger Dryas). Burga (1987) also reconstructed the
LTA maximum glacier advance on the northern slope of
the Corno di Dosde¢, situated outside the eastern limit of
the mapped area, at an elevation of 2400 m a.s.l., which
represented the Holocene maximum advance of local gla-
ciers. Hormes & /77 (2008), analysing the direction of gla-
cial striae and gouges, suggested for the LGM there was a
glacial flow direction from the Upper Val Viola Bormina
(NE) towards the Val Viola Poschiavina (SW). More data
are available on recently existent glaciers. Nangeroni (1933)

provided a detailed report of two glacial bodies located
on the northern slopes of the Corno di Dosdé, one was a
modest ice slab descending on the western side of the sum-
mit, whereas the other (defined as “Vedretta”) was a small
cirque glacier located on the eastern side of the peak. Di-
olaiuti & alzz (2011) reconstructed the surface variation of
local glaciers between 1954 and 2003. In this context, the
Corno Dosdé Glacieret was considered by the authors to be
extinguished as a glacier since the 1950s, as also indicated
in the Italian Glaciers Inventory (Comitato Glaciologico
Italiano & Consiglio Nazionale delle Ricerche, 1959; Smi-
raglia & Diolaiuti, 2015).

Finally, Guglielmin & Siletto (2000) mapped the dis-
tribution of permafrost in the whole Val Viola, suggesting
that today permafrost is located above 2500 m a.s.l., while
the relict permafrost can extend as far as 2000-2200 m a.s.1.

MATERIALS AND METHODS
Geomorphological mapping

The geomorphological map and the related cartographic
and iconographic elaborations are included in the SM.

The geomorphological mapping was realized at a
1:5000 scale and the map is presented herein at a 1:7000
scale (see SM), covering an area of 5.35 km?, between ele-
vations of 2305 and 3302 m a.s.l. After the field survey, in-
dispensable to provide detail of landform mapping (Smith
& alii, 2006), analysis of available orthophotos and a Digital
Elevation Model (DEM, here after) was performed. For the
Italian side, data were retrieved from the Istituto Superiore
per la Protezione e la Ricerca Ambientale (ISPRA) Web
Maps Services (WMS; http://geoportale.isprambiente.it/
tematiche_pt/servizi-wms/, last access on December 4t
2018) and the Regione Lombardia shapefiles (http:/www.
geoportale.regione lombardia.it/download-dati, last access
on December 4th 2018). For the Swiss side, we collected
data (shapefiles and/or WMS) from the swisstopo Geo-
portal  (https://www.swisstopo.admin.ch/it/home.html,
last access on December 4™ 2018) and the Swiss geoportal
(https://map.geo.admin.ch/, last access on December 4
2018). Environmental Systems Research Institute (ESRI)
DigitalGlobe & GeoEye (GIS User commonly; http:/mi-
crosites.digitalglobe.com/arcgis/, last access December 4t
2018) represents another source of data covering both the
Italian and Swiss sides of the border. Due to the trans-
boundary features of the study area, an amalgamation
between the data at disposal from the two countries (i.e.,
contour lines) was performed. As a result, a Digital Ele-
vation Model (DEM; 10 m resolution) and a hillshade map
(azimuth 45°) covering the whole area, were generated.

Lithologies were grouped according to their behaviour
towards modelling processes (Panizza, 1972), a subdivision,
in this specific context, that mainly corresponded to the
pertinence of the structural domains (Mohn & a/iz, 2011;
Petri & aliz, 2016). Hence, the adopted lithology classifi-
cation was as follows: i) gneiss (mainly Grosina Nappe),
ii) granites and granodiorites (Upper Valtellina intrusive
bodies within the Campo Nappe), and iii) paragneiss and
micaschists (Campo Nappe). Hydrography features were
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depicted in light blue. Landforms were classified and co-
loured on the map according to the system proposed by
the Italian Working Group for geomorphological mapping
(Brancaccio & aliz, 1994; Cosci & aliz, 2007; D’Orefice &
Graciotti, 2015; Campobasso & aliz, 2018), with adaptations
due to the scale of the map and to specific local features.
The legend emphasizes the role of geomorphic processes.
They were distinguished in structural-related (brown),
slope (red), water-related (green), glacial (violet), perigla-
cial (blue), and weathering-related (orange) processes. Of
particular note were processes like earth- and debris-flow,
sometimes debated as to their pertinence to water or grav-
ity-related dynamics. As indicated in the most common
classification of mass wasting processes (Varnes, 1978;
Hungr & aliz, 2014) and according to the adopted system,
we considered earth- and debris-flows among gravity-relat-
ed processes. Despite the fact that the activity of processes
that generate landforms was currently intense for specif-
ic categories of features, including periglacial, slope, and
water-related, and less intense for others, such as glacial, a
distinction between active and inactive landforms was ad-
opted in the legend of the map, using different intensities
of colours (e.g., Baroni & Carton, 1986). Specifications for
single cases are discussed within the Results section, where
each category of processes and related landforms are de-
scribed accordingly to the adopted classification.

Besides the main geomorphological map, a Map of
Geomorphological Processes was made (see SM). The latter
shows the spatial coverage of each category of processes:
structural driven, slope, surface water, glacial and perigla-
cial. A specific distinction was used between erosional and
depositional glacial processes. This criterion was adopted
since in the category of glacial erosion processes both the
information of the exharated bedrock and the lithotype
outcropping could be included. The map underlines the
relative spatial distribution and the relations among geo-
morphic processes across the study area. Here, the litholo-
gies are undistinguished.

Geophysical survey of a rock glacier

The Paradisin rock glacier was investigated to prospect
its internal structure in order to understand the possible cry-
otic conditions despite its relict appearance (sexsu Barsch,
1996) because of its surface aspect. In order to accomplish
this task, Electrical Resistivity Tomography (ERT) was cho-
sen to evaluate vertical and lateral variations mainly related
to the different ice contents, typologies, and grain sizes.

Indeed, electrical resistivity is strongly increased when
frozen material or high air content is present, whereas it
decreases by some orders of magnitude if free water exists
between sediments. ERT surveys were carried out with a

%|[___| Filladi di Bormio - phyllite
[ Grosina unit - orthogneiss & metapelite

Magmatism

R/
./

Alpine thrust

[[__] Campo unit - mica schist & paragneiss
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(inferred/observed)

- Granitoid
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FIG. 1 - Structural landforms characterizing
the southern portion of the study area. a) Lo-
cation of the study area within the local struc-
tural map (after Petri & aliz, 2016); b) fault
plane (red arrows) with step like kinematic in-
dicators is clearly visible from walking along
the military road towards the Val Viola Pass;
c) reverse scarp testifying a thrust plane (red
arrows), corresponding to the overlapping of
the Grosina Nappe on the Campo Nappe; d)
detail of the plane and e) the cataclasite.



FIG. 2 - Selective erosion and weathering on
granodiorites in the central part of the study
area. a) selective erosion on quartz-rich veins
intersecting granodiorites; b) honeycombs
on granodiorites; ¢) combination of selective
erosion and honeycombs.

16G electro-resistivity metre (Pasi Geophysics, Geophysi-
cal instruments, Torino, Italy), connected to 48 electrodes
having constant separations of 5 m. A standard Wenner
electrode configuration was adopted. Inversion of the data
was achieved with the Res2Inv software (Geotomo Inc.,
Geophysical instruments, Torino, Italy).

RESULTS AND DISCUSSION
Structural and weathering landforms

A series of SW-NE oriented geological structures con-
trolled the surface evolution of the region. A thrust, located
in the southern part of the study area, and responsible for
the structural overlapping of the Grosina Nappe on the
Campo Nappe (Mohn & aliz, 2011; Petri & aliz, 2016; fig. 1,
a), also drove land surface evolution (Ghiselli & a/zz, 2005).
An evident reverse scarp on the hills bordering the south-
ern part of the study area is the surface evidence of the
thrust plane (fig. 1c, d). Along the thrust plane, a catacla-
site is also present (fig. le). Moreover, on the eastern side
of the Val Viola Pass a wide fault plane, characterized by
the presence of steps and linear elements (fig. 1b), inter-
preted as kinematic indicators, is visible from the military

road. Other hypothetic fractures follow the limit between
the intrusive bodies and the metasedimentary rocks. The
shape of hills, which reach an elevation between 2450 and
2500 m as.l, have resulted from the interplay between
glacial processes and structural settings (fig. A in the SM).
In fact, in the south-eastern part of the study area, charac-
terized by a glacial exharated surface, a series of SW-NE
elongated whaleback hills are present where the gneisses of
the Grosina Nappe are thrusted on the Campo Nappe cor-
responding with the granodiorite intrusion. In correspon-
dence of the edges of the granodiorite bodies, elongated
depressions develop. Ponds and/or peat bogs occupy the
depressions bordering the hills that are also characterized
by a series of surficial parallel cuts SSW-NNE oriented.
One of these cuts, the one towards the East, had evolved
into a fluvial gorge.

The lithology of the exposed rocks has also driven
surface erosion and weathering effects. In the central-
southern part of the geomorphological map, where gran-
ite outcrops are extensive, glacial exharation and specific
surface weathering is active on the substrate. In particular,
outcrops are locally characterized by selective erosion, de-
termined by their mineralogical composition, as shown by
weathering-resistant quartz veins rising on rock surfaces
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(fig. 2a, c). Alveolar weathering generated other specific
landforms (e.g., honeycombs; fig. 2b) that are sometimes as-
sociated with features resulting from selective erosion (fig.
2¢). Its role in investigating surface evolution is important
since it has been used in many morphoclimatic contexts
as a proxy to estimate the duration and rate of weathering
and, indirectly, of subaerial exposure of rock surfaces (e.g.,
Matsukura & Matsuoka, 1991).

Slope landforms and deposits

In the Val Viola Pass area (2467 m a.s.l.), consistent
with the whaleback elongated hills, slope deposits, rock
falls and topples are present (fig. 3a). Where the elevation
as well as steepness of rock walls increase (fig. 3b), as in
the north-western part of the Val Viola Pass, talus slope
deposits, characterized by debris of different grain size,
widely cover the foot of the rock walls. Currently, earth-
and debris-flows affect the metasedimentary rocks of the
Campo Nappe and the abundant Pleistocene glacial depos-
its spread in the area (fig. 3¢). Solifluction and/or gelifluc-
tion lobes (fig. 4a and 6b) recur locally in the southern part
of the region near the Val Viola Hut, or pervasively occupy
wide portion of slopes, down the valley from the Val Viola
Pass towards Ttaly and in the north-eastern portion of the
map. At the time of the survey, we did not have any mon-
itoring data to define their degree of activity. They were
considered quiescent and for this reason they are put on
the map in the active category.

Landforms and deposits due to running waters

Alluvial and colluvial deposits mainly characterize the

central-eastern part of the Upper Val Viola, especially at
lower elevations. Colluvium derives from the surface af-
fected by sheet erosion acting on glacial and slope deposits,
dissected by gullies. Moreover, V-shaped small valleys were
also identified on central northern slopes. In these areas,
westward of the Val Viola Hut, a trace of an inactive fluvial
channel, with a SW-NE trend was also surveyed. Fluvial
erosion scarps, both active and inactive and related to wa-
ter incision, were located in correspondence of the conflu-
ence between Val Cantone, flowing N-S, and the main Val
Viola, not far from the Val Viola Hut.

A gorge, superimposed on a SW-NE fracture on the
most north-eastern whaleback granodiorite hill, is present,
representing a deep cut associated with active water-related
incision.

Glacial landforms and deposits

Widespread erosional and depositional features testify
to the intensity of glacial passages during the Pleistocene
over the whole study area. Whaleback hills are present in
the southern part of the investigated area (fig. A in the SM).
Generally, glacial exharation was guided by structural fea-
tures as evidently emerged on the south-eastern side of the
granite whaleback. In the same area, abundant subglacial
deposits, possibly related to LGM or the late glacial ad-
vances of glaciers, are distributed in depressions surround-
ing the Val Viola Hut (2314 m a.s.l.). All around the hut,
particularly on its western side, six moraine ridges were
surveyed (fig. 4a), mainly oriented SW-NE, in between
which there is an inter-moraine lake. These ridges were
interpreted in the literature as frontal moraine due to the
Val Cantone glacial flows (Burga, 1987). According to the

FIG. 3 - Slope landforms and deposits. a)
Topples on the northern slope of the north-
ern whaleback hill in the southern part of the
area; b) slope deposits bordering the northern
side of a granodiorite hill in the western part
of the study area; c) earth-flows and surficial
denudation affecting glacial deposits in the
central-northern part.



FIG. 4 - Glacial landforms and deposits. a)
Rogen moraines (thick line) and inter-mo-
raine lakes near the Viola Hut, a fault scarp
oriented concordantly with the regional
trends (dashed line with triangles) and a so-
lifluction lobe (dashed line); b) example of er-
ratic boulder on the most central-western hill;
¢) location of the erratic blocks on the top of
the hills in the south-western part of the area.

occurrence of lodgment till deposit and the geometric ori-
entation of the ridges, we propose to interpret the latter as
rogen moraine related to the Val Cantone glacial flows.
Glacial striae and erosional grooves were surveyed on
the top of the granitoid hills, in the central-southern por-
tion of the study area (2400-2450 m a.s.l.), where Pleisto-
cene shaping processes were very pervasive. At the top of
the most elevated granodiorite hills, erratic boulders are
also present (at about 2455 m a.s.l; fig. 4b, ¢). No alternative
source for these boulders other than glacial transport could
be proposed, since the hills were not connected to the sur-
rounding slopes bordering the hydrographic basin.

Periglacial and snow-related landforms

In the area of study, periglacial features are widespread.
The largest and most important feature is the Paradisin
rock glacier (fig. 5¢c; SM), that occupies a surface of 0.26
km? with a length of about 900 m, at 2330-2500 m a.s.l.
The rock glacier is characterized by an evident scarp, lon-
gitudinal furrows in the upper and central parts and many
concentric furrows, with several deep conic depressions, in
its frontal part (i.e., surficial through of rock glacier in the
SM) (fig. B and C in the SM). The debris constituting the
rock glacier has been interpreted as being of glacial origin.

The average concave (depressed) profile in its frontal part,
reported on the map as a surficial trough of rock glacier, also
appreciable in a longitudinal profile (fig. 5a), might indicate a
general collapsed feature, which is traditionally classified as
“relict” (sensu Barsch, 1996). Furthermore, the high degree
of colonization by vegetation, mainly represented by krum-
mholz and shrubs and the extensive lichenization of boul-

ders, were considered indicators of the stability of the rock
glacier. Therefore, if we considered these features, we might
classify this landform as relict (sezsu Barsch, 1996).

Concerning ERT results, they demonstrate the exis-
tence of a fourth-layered internal structure:

i) the upper layer, characterized by a thickness varying
between 2-8 m, is resistive (in some spots exceeding 500
kQ'm at < 8 m of depth) due to the very coarse nature of
the upper part of the body or to the seasonal frozen state
of the deposits;

i) the second layer is not more than 5 m in thickness
and less resistive than the uppermost layer (< 10 kQ:m). It is
interpretable as an unfrozen layer;

iii) the third layer with very high resistivity values (ex-
ceeding 20 kQrm) is located between ca. 10 and 32 m in
depth and corresponds to the permafrost core of the rock
glacier;

and iv) deeper than 32 m, unfrozen sediments (with val-
ues even lower than 0.25 kQ):-m) are present.

These high resistivity values are interpretable as a per-
mafrost body that is overlaid by an unfrozen layer of de-
bris. This fact underlines how the use of the rock glaciers as
indicator or as tool for calibrating permafrost distribution
models should be carried out with more caution.

A relict rock glacier (sensu Barsch, 1996), definitely
smaller than the Paradisin rock glacier, is located within a
bordering moraine related to the Egesen I stadial (Burga,
1987), SW of the Piz Cunfin (at about 2600 m, a.s.l; fig. 6a).
Another relict rock glacier is located in the north-western
part of the area at an elevation of 2800 m a.s.l. A protalus
rampart on a north-eastern slope (2520 m a.s.l.), immediately
to the West of the Paradisin rock glacier, was also surveyed.
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FIG. 5 - Paradisin rock glacier. a) ERT results where resistivity values lower than 10 kQ-m (light blue and blue) are representative of unfrozen sediments;
at depth greater than 10 m, higher values (green) represent frozen sediments, while in the upper part they can be due to the very coarse nature of the
sediments or to the seasonally frozen state; b) panoramic view of the rock glacier with the trace of the ERT profile; ¢) aerial view of the Paradisin rock
glacier with the trace of the ERT profile (Source ESRI, Digital Globe, GeoEye).

FIG. 6 - Periglacial landforms and deposits. a)
The Egesen I moraine (violet) borders down-
valley a rock glacier developed on glacial de-
posits located south-westerly to Piz Cunfin;
b) solifluction lobes (red) developing on gla-
cial deposits immediately E of the Val Vio-
la Pass; c) peat bog and d) earth hummocks
field within the Plan de la Genzana area,
with a detail on the peat bog deposit (c).

Among the snow-related processes, snow avalanches  structural or glacial overdeepenings, and their transition to
affect the most elevated slopes and the related deposits are ~ peat bogs is common. Complex systems of lakes, wide peat
visible at the foot of the slopes seasonally. bogs and earth hummocky fields (fig. 6¢, d; fig. A in the

In the investigated area, lakes are mainly located in ~ SM) are mainly distributed along the borders and the frac-
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tured portions of the granodiorite intrusion, where wide
depressed area, like the one of Plan de la Genzana (2402 m,
a.s.l; fig. 6d), are present.

CONCLUSIONS

The Val Viola Pass area was extensively modified by the
glacial modelling related to the LGM and/or late glacial
cold stages. After deglaciation, the action of paraglacial
processes, driven by local geological and structural con-
ditions, and of permafrost-related processes was recorded
in representative landforms. Geomorphological mapping
would indicate the absence of permafrost, at least at eleva-
tions lower than 2500 m a.s.l., as already indicated by Gug-
lielmin & Siletto (2000). In fact, we interpreted the wide
Paradisin rock glacier as a relict landform (senzsu Barsch,
1996). Anyway, ERT analyses enhance the presence of per-
mafrost, underlying the importance of a geophysical ap-
proach in the classification of some permafrost landforms,
such as rock glaciers.

Our mapping suggests a pristine onset of surface pro-
cesses, different from the glacial ones, soon after the end
of the Last Glacial Maximum, therefore, highlighting the
low resilience of high elevation mountain environments
to rapid climate change and their high dynamicity. This is
also confirmed for adjoining areas by other reports (e.g.,
Hormes & aliz, 2008; Ivy-Ochs & aliz, 2009; Pelfini & aliz,
2014; Scotti & aliz, 2017). Therefore, geomorphological
mapping of high Alpine ranges offers a diachronic snap-
shot of the evolution of the ground surface in areas where
distinct and synchronous geomorphological processes start
shaping landforms, after the relative stability of Upper
Pleistocene glacial conditions.

As already applied in other areas (e.g., Bollati & al7,
2013; Comitato Glaciologico Italiano, 2018), where land-
forms related to glacial and periglacial evolution are as ev-
ident as for the Val Viola Pass, geomorphological mapping
could be the basis for illustrating thematic itineraries for
the general public.
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