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Resume

Le massif du Jura est essentiellement constitue de roches calcaires. Cependant, l'histoire geo-
morphologique de la region, en particulier les glaciations du Quaternaire, a fortement remanie
les sediments et constitue une couverture quasi continue de formations superficielles, melan-

geant les materiaux autochtones et allochtones. C'est pourquoi l'objectif de cette these a ete

d'etudier l'origine et la nature de ces depots mineraux, ainsi que leur influence sur la pedogenese

holocene, le long de deux toposequences de sol situees de part et d'autre de la premiere crete du

Jura suisse (combe des Amburnex et cote de Ballens).
Les formations superficielles ont ete identifiees et caracterisees au travers d'analyses minera-

logiques, granulometriques et geochimiques, completees par l'exoscopie des sables de quartz au

microscope electronique ä balayage. Les resultats obtenus ont permis de definir trois materiaux
sedimentaires de reference: les roches calcaires, les loess alpins et la moraine silicatee d'origine
alpine, materiaux qui se sont par la suite trouves melanges sous forme de depots periglaciaires
et de moraines mixtes incluant des elements silicates et calcaires. Les sequences des sediments le

long des deux versants etudies permettent de reconstituer la Chronologie relative de la mise en

place des depots en lien avec les dynamiques de transport (glaciaire, periglaciaire, eolienne) et

l'histoire du paysage depuis le LGM (dernier maximum glaciaire). Le depot le plus superficiel
(cover-bed) a ete forme par des processus de solifluxion, vraisemblablement durant la periode
froide du Dryas recent (environ 12'600-11 '500 ans cal. BP), et constitue le substrat initial pour
la pedogenese holocene.

L'influence de ces formations superficielles sur les processus d'alteration et le developpement
des sols a ete abordee grace aux analyses mineralogiques et aux observations au microscope
electronique ä transmission des phyllosilicates, ainsi que par la micromorphologie des sols. Pour

chaque type principal de materiel parental (calcaire, loess, moraine silicatee), une dynamique
de pedogenese a ete identifiee en fonction des influences respectives du calcium, du fer et de

['aluminium. Ces dynamiques induisent des processus de decarbonatation, de decalcification,
de brunification ou de lessivage des argiles dans les sols actuels. Dans la fraction fine des sols

(< 2 mm), l'alteration des phases primaires de la calcite, des oxy-hydroxydes de fer et des

phyllosilicates provoque la transformation ou la reprecipitation de phases secondaires pedogeniques,

jouant un role primordial dans les cycles elementaires internes aux sols.

En consequence, la presente recherche a permis de mettre en evidence que les sols actuels de

la Haute-Chaine du Jura se developpent depuis 11 '500 ans environ dans des materiaux mineraux

parentaux complexes, constitues de sediments mixtes herites de la derniere phase glaciaire.
Le substrat lithologique calcaire est generalement dissimule par la couverture sedimentaire,

qui, en fonction de son epaisseur, perturbe le lien genetique entre la roche-substrat et les sols

sus-jacents ä des degres divers. Les depots allochtones provoquent l'apport de mineraux et d'ele-

ments geochimiques exogenes dans les sols, orientant la pedogenese vers des voies devolution

peu influencees par les dynamiques du calcium et du carbonate.
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Abstract

Jura Mountains are mainly constituted by Mesozoic limestone and marls. However, Quaternary
glaciations strongly reworked sediments and left a mantle of mixed autochtonous and allochto-

nous superficial deposits (regolith) covering the landscape. The aim of this thesis was to study
the origin and composition of these mineral deposits, as well as their respective influence on
Holocene soil development, along two toposequences of soils situated in the southeastern part
of the Swiss Jura Mountains (Amburnex valley and Ballens hillslope).

Superficial deposits were identified according to their mineralogical and geochemical
compositions, their grain size distribution, and the surface texture of quartz sand grains observed

by scanning electron microscopy. The results allowed the discrimination of three reference

sediments: limestone bedrocks, alpine loess deposits, and alpine silicate moraines, which were
assorted during the formation of periglacial cover-beds and mixed till deposits (including
silicate and carbonate fragments). The observation of sediment sequences along both studied

hillslopes enables to reconstitute the relative chronology of superficial deposit settings, related

to various transport dynamics (glacial, periglacial or aeolian) and landscape history since the

LGM (last glacial maximum). Cover-bed is the most surficial deposit, and consequently the

most recent, and was formed by solifluction processes, seemingly during the Younger Dryas
cold phase (about 12'600-11'500 years cal. BP). This sediment constitutes the initial parent
material for Holocene pedogenesis.

The influence of superficial deposits on weathering processes and soil development was
studied through the mineralogical composition of phyllosilicates, completed by observations

of clay minerals under a transmission electron microscope and using soil micromorphology.
Pedogenesis is characterized by three main dynamics, respectively influenced by Ca, Fe and AI.
These dynamics can be related to three main types of mineral parent material (limestone, alpine
loess deposits and alpine silicate moraine) and induce the dominance of decarbonation,
decalcification, brunification, and clay leaching processes in soils. In the < 2 mm mineral fraction,
calcite, phyllosilicates and Fe-oxy-hydroxydes undergo weathering, transformation and

precipitation. Secondary mineral phases are formed and seem to play an important role in element

cycles inside the soil system.
Consequently, the results obtained during this thesis confirm that present-day soils from

the Swiss Jura Mountains are forming since the beginning of the Holocene (about 11 '500

years cal. BP). They develop inside complex mineral parent materials, which are constituted by
various sediments inherited from the last glacial phase. The limestone bedrock is generally covered

by superficial deposits, which disturb the conventional genetic link between soils and their

underlying bedrock, and this at various levels according to the regolith thickness. Allochtonous
deposits bring exogenous minerals and geochemical elements in soils, and thus re-orientate

pedogenesis towards non-calcareous evolution pathways.
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