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A complete integration of data from geological and 

geomorphological studies (lithological, structural and 
geomorphological units at a regional scale; single landforms, 
processes and factors at a local scale) 

can lead to 
� better evaluation of terroir and viticultural resou rces
� contributions to proper land management and plannin g
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OUTLINES of the presentation:

� Images from Susa and Aosta valleys
� Images from the Langhe and tanaro valley

Regional maps of geology, geomorphology and wines

Long term “static” and short-term “dynamic” constraints

Examples from the Alps

Examples from the Hills
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MOUNTAIN AREA 
- Western Internal Alps (1, 2)
(elevation up to 4810 m a.s.l.)

- NW Ligurian Apennine
(elevation up to 1300 m)

HILLY AREA
- Langhe (3) 
- Monferrato (4)
- Torino Hills (5)
(elevation up to 700 m) 

PLAIN AREA
-Western Po Plain
(average elevation 300 m)

-Cuneese highplain
(average elevation 400 m)

-Piedmont of Ivrea-Biella-Sesia (6, 7)
(average elevation 400 m)

Geomorphology of
North-Western Italy
(Valle dValle d’’AostaAosta and
PiemontePiemonte regions)
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MOUNTAIN AREA 
- Susa Valley (1)
- Aosta vallley (2)
(elevation up to 900 m) 

HILLY AREA
- Langhe (3) 
- Monferrato (4)
- Torino Hills (5)
(elevation up to 700 m) 

PLAIN AREA
-Piedmont of Ivrea-Biella-Sesia (6, 7)
(average elevation 450 m)
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Wine map – registered designation of origin 

Viticultural areas in Piemonte  
and Aosta valley
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MOUNTAIN AREA 
- Susa Valley (1)
(Alpine Metamorphic rocks) 

HILLY AREA
- Langhe (3) 
- Monferrato (4)
- Torino Hills (5)
-(sedimentary rocks)

PLAIN AREA
-Piedmont of Ivrea-Biella-Sesia (6, 7)
(glacial deposits and their bedrock) TORINO 
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Viticultural areas and lithological units  
in Piemonte Region

Lithological legend 
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GEO-STRUCTURAL DOMAINS: progressive framing of the viticultural areas in the 
context of regional geological evolution 3 24
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Europe–verging system of the Western Alps

Metamorphic rocks of the Internal units of the
Australpine (4), Piemontese Ophiolite (1, 2)

and Pennine (3) nappe systems

Late and post - orogenic sedimentary 
rocks of the Piemontese Tertiary Basin (5)

Relationships among geomorphological, 
lithological and structural data allow analysis of 

indipendent variables, offering a “static”
conditioning to the environmental system

RECENT AND ACTIVE 
GEO-MORPHODYNAMIC

Study of characteristic landforms, area distribution, evolutionary 
processes of soils and climate

Allow control on condictioning “dynamic” factors 

CNR-P.F. Geodinamica, Carta Tettonica d’Italia



1: Depositi quaternari                                         
BACINO TERZIARIO LIGURE –PIEM.                                            
2: Depositi oligo-miocenici del Monferrato                                        
3: depositi Oligo- miocenici delle Langhe, 
Collina di Torino e Gonfolite                      
APPENNINO SETTENTRIONALE     
4: Liguridi Esterne                                        
5: Liguridi Interne                                       
DOMINIO SUDALPINO                          
6: Bacino Lombardo                                    
7: Depositi clastici post-ercinici                      
8: Vulcaniti permiane                                  
9: Graniti dei Laghi                                   
10: Serie dei Laghi                                   
11: Zona Ivrea – Verbano                        
12: Zona del Canavese                 
DOMINIO AUSTROALPINO              
13: Plutoni Periadriatici (Biella e Vico)            
14: II Zona Diorito – Kinzigitica               
15: Zona Sesia Lanzo                                 
DOMINIO PENNIDICO                          
16: Falda Piemontese Esterna                    
17: Falda Piemontese Interna                     
18: Massicci Cristallini Interni (UPS)               
19: Zona Brianzonese Interna                      
20: Zona Brianzonese Esterna                    
21: Zona Sub-Brianzonese e Flysh a Hel.                                      
22: Unità Pennidiche Inferiori (UPI)           
DOMINIO ELVETICO                           
23: Coperture Meso-Cenozoiche               
24: Massicci Cristallini esterni



Geology, geomorphology… but also human “content”

450 km

Population 
20 M  

Alps: 5 M 
(Po Plain: 8 M 
other: 7 M)

Whole Alpine chain …, 
and Po Plain …
and a piece ofApennine Chain, and …



Geodiversity of tectonic processes and contexts

Plates: African, Eurasian,, 
Anatolian, Arabian

Plate borders

Subduction zones

Mountain range fronts

Plate’s motion vectors and 
velocities

Present-day 
geodynamics of 
perimediterrranaen 
mountain ranges

Arc-shaped
W-Alps

Po Plain?
Mountains
Hills



Geodynamics: evolutionary stages

Long-term 
model

Paleomagnetic data (Collombet & al., 2002; Maffione & al., 2008) 
Seismotectonic interpretations (Westeway, 1990; (Ward, 1994; Delacou & al., 2004)

Arc-shaped 
Western Alps:
Counterclockwise rotation 
of Adriatic microplate
since Early Oligocene

(quit in Early Pliocene?)
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Litho-structural and tectonic 
constraints in the Alps
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Susa valley Aosta valley

Complex double-verging structure. 3 
main sectors in the W-Alps (structural / 
paleogeographic)



Different rocks, structural discontinuities = major landforms 

Analysis of conditioning factors:

•Tectonic discontinuities

•Lithostructural domains

Reconstruction of evolutionary stages:

•Major alpine valleys created at the onset of the 
Alpine chain 

• Longitudinal, then transversal network

• Rivers and (then) glaciers had similar, persistent  
(“constrained”) paths

•Curved Arc-shaped chain + 
•major drainage divide migration 
•Deformed trellis drainage pattern
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1) Susa
and 
2) Chisone 
Valleys
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Alpine glaciers modeled major valleys

LGM and late-
glacial landforms 
as passive markers 
of deformations

Long Term Climatic control = Glaciation

LGM map �

Allostratigraphic 
cross-profiles �

Uplift and 
valley erosion 
��



Alpine Viticulture of the Susa valley

-Vineyards 
on glacial 
scores and 
steps along 
the slopes

-- Hard Rock 
terroir !



Piedmont of Ivrea-Biella-Sesia 

6: Erbaluce wine, 
7: Ghemme, Gattinara  wines 

- Ivrea Morainic Amphitheatre
- Fluvial and glacial deposits and 
their bedrock)
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Langhe and Roero Hills

Largest selection of DOC wines
- Complex relationships between 
lithology and landforms
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Piemonte Hills are made of several lithological uni tsPiemonte Hills are made of several lithological uni ts

Muddy sediments:
Fine grained sediments (clay 
and silts) by decantation from 

deep water

Sands and conglomerates:
Terrigenous sediments derived 
from the erosion of the Alpine 
mountain belts, transported by 
turbiditic flows, from marginal 
zones to lower basin through 

submarine canyons



Sands and conglomerates from shallow marine waters at the 
base of the Piemontese Tertiary Basins 

(Cardona Formation, Oligocene, Monferrato Hill)



Calcirudite, “Pietra da 
Cantoni”. Lower Miocene 
Eastern Monferrato



Angular disconformity between: 
Marl from deep-water marine environment (bottom)
Calc-arenite from shallow water marine environment.

Lower Miocene, Monferrato



Pelitic layer  with fossil dragonflies: Messinian, near  Alba 



Turbiditic layers, Miocene. Piemontese Tertiary Basin



SELENITIC 
GYPSUM
Chemical 

precipitation after 
abrupt rise of salt 

contents in shallow 
water, isolated 

basins, very warm 
and dry climatic 

conditions.

Abrupt Environmental changes during MESSINIAN (around 6 million year)

Gypsum precipitation

Sea level lowering

evaporation Salinity rising in 
shallow water



Lithological resources: 
Gypsum quarries in the Asti area (Moncucco Torinese, Banengo, Murisengo, Moncalvo)

MONCUCCO TORINESE

Lithological characteristics 
and slope stability: gypsum 

partial dissolution and 
sua parziale dissoluzione 
porta alla formazione di 

cavità carsiche che possono 
determinare cedimenti e 

sprofondamenti del terreno.

Foto by Irace (2004)



Geomorphological Evolution of the Langhe – Tanaro valley 
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Geology and geomorphology of NW-Italy: 
Deep and shallow constraints 
to viticultural activities in Piemonte

Thank you for your attention!

International Workshop: Science facts about Piedmont Terroir - November 13, 2010 - Guarene 


