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University of Torino

Earth Science Dept.

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:

Regional maps of geology, geomorphology and wines
Long term “static” and short-term “dynamic” constraints

Examples from the Alps
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Examples from the Hills

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



Geomorphology of
North-Western ltaly
( and
Piemonte regions)

MOUNTAIN AREA
$ - Western Internal Alps (1, 2)
$ (elevation up to 4810 m a.s.l.)
( &)* + - NW Ligurian Apennine
I (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)




Viticultural areas in Piemonte
and Aosta valley

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) 1
(average elevation 450 m)

Wine map — registered designation of origin

[ At Spumante - Dolcetto d'Alba Gavi
I Barvaresco [ Dolcetto d'Asti Ghemme

[ Barbera d'Alba Dolcetto delle Langhe Monregalesi Grignolino d'Asti
- Barbera d’Asti Dolcetto di Djano d’Alba - Grignolino del Monferrato Casalese
- Barbera dei Colli Tortonesi Dolcetto di Dogliani - Lessona
[ Barbera del Monferrato - Dolcetto d'Ovada 2 (T Malvasia di Casorzo
| S Barolo [ ponnaz - [E55 mawvasia di Castelnuovo Don Bosco
Boca - Enfer d'Arvier - Moscato d’Asti
| - Brachetto d’'Acqui Erbaluce di Caluso loscato d'Asti Spumante
[ caluso Passito B Fara Nebbiolo d'Alba
(] Carema [ Freisa a'asti [T Rubino di Cantavenna
Cortese dei Colli Tortonesi [ Freisa di Chieri e Sizzano
Dolcetto d’Acqui _ Gattinara
| Le linee viola le zone di p della o delle varie qualita di vini D.O.C. Scala 1:250.000
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Viticultural areas and lithological units
In Piemonte Region

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) 1

Lithological legend

Depositi alluvionali a prevalenti ghiaie sabbie limi nell'area di pianura e lungo i fondovalle principali. (Quaternario)
Depositi morenici a blocchi ghiaie sabbie limi degli anfiteatri di Rivoli lvrea del Lago Maggiore. (Quaternario)

Banchi e livelli argillosi talora in reciproca alternanza con sabbie da fini a e lenti ghiai iottole solo ghiaie e sabbie. (\"Villafranchiano\")
Sabbie da fini a medie localmente con banchi e lenti isolate di arenarie potenti da uno ad alcuni decimetri talora di calcareniti. (\"Sabbie di Asti\")
Argille e marne argillose (*) prevalenti con subordinate lenti gessose; marne con locali intercalazioni di conglomerati. (Miocene superiore - Miocene medio)
ﬁ Strati di marne (*) potenti da uno ad alcuni decimetri con interstratificazioni ritmiche di sabbie e arenarie e sottili giunti argillosi.
[ siltit marnose (*) in strati mediamente potenti alcuni decimetri subordinate intercalazioni arenacee e lenti conglomeratiche. (Oligocene superiore - Miocene)
I Arenarie e conglomerati in potenti bancate con subordinati livelli mamosi e arenaceo marnosi. (\'Formazione di Molare\" ed \"Arenaria di Ranzano\" Oligocene)
Alternanze di argille, marne (*), calcari complessi caotici a componente argillosa prevalente. (\"Complesso Indifferenziato\" Flysch Cretaceo - Eocene)
[ serpentiniti, Iherzoliti, anfibolit, prasiniti, i. ('Zona pi iurassico - Cretaceo)
- Calcescisti con intercalazioni filladiche e lenti di calcari cristallini e di prasiniti. (\"Zona piemontese\" Giurassico - Cretaceo)

Dolomie e calcari microcristallini calcari dolomitici ed i con i di scisti ardesiaci; brecce calcaree. (Unita' Mesozoiche autoctone e alloctone)

Gneiss minuti, micascisti talora eclogitici, scisti filladici, scisti porfiroidi, quarzitoscisti. (Massicci cristallini del Dora-Maira Permocarbonifero assiale Sesia-Lanzo e Serie dei Laghi)
- Gneiss occhiadini per lo piu' massicci; gneiss migmatitici. (Massicci cristallini dell'Argentera Dora-Maira Gran Paradiso Monte Rosa e Valle d'Ossola)
- Graniti, sieniti, dioriti, migmatiti granitiche, gabbrodioriti, porfiriti, ignimbriti riolitiche. (Magmatiti erciniche e tardo-alpine)



GEO-STRUCTURAL DOMAINS: progressive framing of the viticultural areas in the
context of regional geological evolution 3 4 2

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

. Geodinamica, Carta Tettonica d’ltalia

University of Torino Allow control on condictioning “dynamic” factors 3
Earth Science Dept.



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
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29 Materiale storico

30 Materiale contemporan

DOMINIO AUSTROALPINO
13: Plutoni Periadriatici (Biella e Vico)
14: 1l 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: Unita Pennidiche Infetiori (UPI)
DOMINIO ELVETICO?

W23 Copeftture Meso-Cenozoiche

Bl -22: Massicti Cristallini esterni




Geology, geomorphology... but also human “content’

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




Geodive I‘Sity of tectonic processes and contexts

Arc-shaped

W-Alps

Plates: African, Eurasian,,
Anatolian, Arabian

Plate borders
Subduction zones
Mountain range fronts

Plate’s motion vectors and
velocities

Po Plain?
Mountains
Hills

Present-day
geodynamics of
perimediterrranaen
mountain ranges




Geodynamics: evolutionary stages

Long-term
model

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




Litho-structural and tectonic
constraints in the Alps

Al a mountain “range” scale

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

(external sector)

B intrusive massif (Helvetic-Dauphinois) and H
sedimentary/detrital depositsEuropean Foreland:

= (axial sector)

continental crust rocks and metasedimentary
covers ( and , N
oceanic lithosphere sections, cover units from the
ocean facing continental edges and

Internal sector = upper plate

=

Aosta valley




Different rocks, structural discontinuities = major landforms
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Analysis of conditioning factors:
*Tectonic discontinuities
eLithostructural 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
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Long Term Climatic control = Glaciation

Alpine glaciers modeled major valleys

LGM map

Allostratigraphic
cross-profiles

- LGM and late-

TUSTARKCF jo)

glacial landforms
as passive markers
of deformations




Alpine Viticulture of the Susa valley

-Vineyards
on glacial
scores and
steps along
the slopes

-- Hard Rock
terroir !




Piedmont of Ivrea-Biella-Sesia




Langhe and Roero Hills

Largest selection of DOC wines
- Complex relationships between
lithology and landforms







Piemonte Hills are made of several lithological uni  ts

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

Muddy sediments:
Fine grained sediments (clay

and silts) by decantation from
deep water




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




Calcirudite,













Abrupt Environmental changes during MESSINIAN (around 6 million year)

SELENITIC
GYPSUM
Chemical

precipitation after
abrupt rise of salt
contents in shallow
water, isolated
basins, very warm
and dry climatic
conditions.




MONCUCCO TORINESE




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




