Foreword

Stratigraphic scale of the geodynamic and climatic events in continental realm

Problematics

Contrary to popular belief, continents form much wider areas than the subsidizing marine areas where most sediments
have accumulated. Despite this, geological records of the evolution of ancient continents are scarce, with some records
totally missing, and often scrambled by successive superimposed evolutions. Often continents preserve only limited
testimonies of their evolution and show only a patchwork of relict landforms and weathering products, discontinuous over
time and space.

Nevertheless, study of paleoweatherings and paleolandscapes is not useless: as most of the basin deposits originate
from the continents it is necessary to reconstruct the successive weatherings, landscapes and environments which have
led to these deposits. From this point of view, paleoweatherings are of major significance: they feed the basins in soluble
and detrital compounds, and allow grasping the paleoenvironments, the paleoclimates, the paleogeographies, etc.
Integrated in the stratigraphic scale, they allow establishing global correlation and contributing to apprehend rates and
timing of uplift and erosion. Lastly, paleoweatherings also act as an exchange interface with the atmosphere and thus
contribute to global changes.

Progresses in dating paleoweatherings and azoic continental deposits as well as contribution of geochemical modeling
have deeply renewed the interpretation of the paleoweatherings. In a near future, the datings will allow to build up a
“continental stratigraphic scale” of the ancient climatic and geomorphological events and to establish mass balances
between weathering/erosion/basin deposits.

Steps in the studies

Starts during the 19" century

The concept of “meteoric” alteration of rocks and its rule in the development of some sedimentary deposits appeared
in the second half of the 19th century. The “superficial” hypothesis, based on the dissolution power of rainwater, has been
developed through the impetus provided by chemists (Ebelmen, 1851; Delesse, 1853; Delanoue, 1854; Friedel, 1876).
Then, these chemical processes have been applied to explain the genesis of particular geological formations. First of all,
these concepts have been applied to paleokarst features, for these it was obvious that alteration and dissolution of the
carbonate were promoted by descending solutions (van den Broeck, 1881; Dieulafait, 1885; Fleury, 1909). In the mean
time, first descriptions of the landforms have been done and the concept of successive erosion/planation cycles related to
uplifts and/or sea level falls was forwarded to explain the superposed benches often observed in landscapes (Davis, 1899).

During this early period, numerous papers are devoted to the study of paleoweathering features and materials and
related continental deposits. This is due to the active mining of the Siderolithic formations during the industrial
revolution, exploiting iron ore of course, but also the kaolinitic clays and the silcretes for refractory bricks, the white sand
for smelting casts, the phosporites for soil enrichment, etc. Numerous descriptions of paleoweathering materials date back
from this time and they have never been observed and described since. It is not possible to give here in an exhaustive
bibliography, but a special attention has to be paid to papers giving good descriptions of occurrences around the French
Massif Central (Gras, 1835; Boulanger,1844; Coquand, 1860; Fabre, 1875; de Grossouvre, 1886), in the Swiss and French
Jura and Rhenish Graben in France (Gressly, 1838-1841; Muller, 1853; Fleury, 1909), in the Bavarian Jura and Rhenish
Graben in Germany (Walchner, 1830; Fraas, 1852; Schnarrenberger, 1915; Schalch, 1922) and in the Ardenne-Eifel
massifs (d’Halloy, 1841; Briart, 1888; Gosselet, 1888).

Investigation of the weathering processes during the 50’s and 60’s

With the development of new analytical techniques, like XR Diffraction, chemical analyses, micromorphological
analyses, etc., soil studies have been renewed during the 50°s and 60’s. This brought a better knowledge and
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understanding of the weathering processes acting on Earth surface. Ahead comes the description of soil micromorphogies
(Brewer, 1964) which has been a major input to paleoweathering studies by providing the tool for recognition specific
soil environment structures in the geological record. Mapping of the main weathering types around the Earth (Pedro,
1966, 1968) has been another major step for interpreting paleoweatherings. Of special interest for paleoweathering studies
have been the recognition and the characterization of the different kinds of soils, especially the different types of
duricrusts, like laterites and bauxites (Millot et Bonifas, 1955; Valeton, 1972), ferricretes (Maignien, 1958; Delvigne,
1967; Eschenbrenner & Grandin, 1970; Leprun, 1972) and calcretes (Netterberg, 1969; Ruellan, 1970; Sehgal & Stoops,
1972; Goudie, 1973), due to their ability to be preserved in geological records. The recognition of catena and the rule of
soils in shapping landforms were also a main achievement of these studies for helping interpretation of inherited
weathering products in geological formations (Boulet, 1970; Bocquier, 1973; Nahon, 1976; Millot et al., 1979).

The importance of the soils in geology appeared as early as the 50’s, with the interpretation of the clay mineral assemblages
(Millot, 1949, 1964; Paquet, 1970) and the recognition of the major rule of climatic changes and soil erosions in the elaboration
of the geological series (Erhart, 1956). In the mean time, geomorphologists questioned the landform evolution sequences in
relation with development of soils, duricrusts (ferricretes, calcretes, silcretes ...) and climate evolution (Baulig, 1956; King,
1962). These concepts have only been transferred to geological studies during the next decades.

Use of the tools and concepts during the 70’s and 80’s

It is really during these decades that paleoweathering studies flourished out. First, there were a lot of works devoted to
study paleoweathering occurrences in the sedimentary pile, mainly in mean to marking out paleoclimates. Secondly came
studies of residual paleoweathering formation, onto basement as well as on sedimentary deposits, in order to back track the
history of the continent, its paleoenvironments, paleolandscapes, paleodrainages, etc. It is not possible to give here in a
complete review of the studies produced during this period; we may just illustrate how this was going on in France.

Among the numerous publications related to paleoweathering studies during this period, mention has to be made to
those related to specific weathering features like silcretes, calcretes, and other duricrusts (Thiry, 1978, 1981; Parron, 1975;
Freytet & Plaziat, 1978; Spy-Anderson, 1980; Meyer, 1981; Triat, 1982; Ménillet, 1987), to morphogenetic evolution of
basement or basin areas (Freytet, 1971; Estéoule et al., 1972; Coingon et al., 1976; Dejou & Chesworth, 1979; Valleron,
1981; Archanjo, 1982; Dewolf, 1982; Estéoule-Choux, 1983; Simon-Coingon, 1989), to paleokarsts (Rousset, 1973;
Guendon et al., 1983; Astruc, 1988; Ertus, 1990; Virol, 1987; Simon-Coingon & Astruc, 1991) and also studies related to
development of ore deposits (Lagny, 1974; Grandin, 1976; Schmitt, 1976, 1983; Barbier, 1976, 1978; Laville, 1981).

Several national and international programmes devoted to paleoweathering studies were running during these decades.
In France, numerous studies started around a stratigraphic working group, the “Groupe d’Etude du Paléogéne” (GEP)
which organized several field trips on continental Palacogene deposits. In 1982, the first trip of this series, “Surfaces
d’aplanissements et paléosols ferrugineux” led by Régine Simon-Coingon, acted as a cluster for forcoming programmes.
Then came successive Conferences organized around paleoweathering and paleosurfaces theme. In 1982, a first Journée
Spécialisée de la Société géologique de France, “Altérations et silicifications au Tertiaire en France. Implications
stratigraphiques”; in 1983, an Int. Coll. CNRS, “Petrology of Weathering and Soils”; in 1984, a second Journée
spécialisée de la Société géologique de France, “Paléoaltérations et paysages associés” and finally in 1989, two field trips
dealing mostly with paleoweathering topics during the 9th Intern. Clay Conference AIPEA, Strasbourg, one trip “Paris
Basin, Border of Massif Central, Pyrenees” and a second one “Paleoweatherings and related clay minerals in South-East
France”. In the mean time, two research programmes came out, a first one running from 1983 to 1987, was a cooperative
research group (RCP 706) from CNRS, “Paléoaltérations superficielles et profondes”; then from 1990 to 1995 was set up
an UNESCO programme (IGCP 317), “Paleoweathering Records and Paleosurfaces” which was the frame for two other
international field trips in France, in 1990 “Surficial silicifications in Paris Basin” and in 1995 “From inland paleosurfaces
towards sedimentary basins: the example of south western French Massif Central”.

These two decades were very productive in paleoweathering and paleosurface research.
New twists for the millennium

Dating paleoweathering features

Dating paleoweathering features, especially the ones away from the basins, has since long been the major problem for
studying the paleocontinents. Now datings remain one of the fundamentals of geology. Without datings, no correlations
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between continents and basins, nor between different continental areas, nor possibility to build up a sequence or a scale
of the major continental events, etc.

Datings of paleoweathering minerals, especially alunite, have been worked out by classical radiochronologic methods
since the 70’s (Ashley & Silberman, 1976; Blanco et al., 1982) and were followed by numerous others mainly applied to
alunite and manganese oxydes (Alpers & Brimhall, 1988; Bird et al., 1990; Vasconcelos et al., 1994; Dammer, 1995;
Ruffet et al., 1996). Variation of stable isotope can be used as an “indirect” method for dating based upon the changing
composition of atmosphere in response to climatic variation, to latitudinal drift and has been applied to kaolinite (Bird &
Chivas, 1989; Gilg, 2000) and calcite and organic matter contained in paleoprofiles or continental azoic deposits (Sinha
et al., 1995; Thiry et al., 1998; Cerling, 1999; Cojan et al., 2000). Dating ferricretes, by mean of paleomagnetism, has
been developed with success (Idnurm & Senior, 1978; Schmidt et al., 1983; Schmidt & Ollier, 1988; Theveniaut &
Freyssinet, 1999; Ruellan ef al., 2003) and appears very promising in the next future.

Dating the paleosurfaces is another way to constrain the continental geodynamics. Thermoluminescence and ESR
datings applied to quartz and kaolinites have provided interesting results (Ambrosi & Chen, 1990; Muller & Calas, 1990;
Laurent et al., 1999; Singhvi et al., 2001). Cosmogenic radionuclides promise an alternative solution to the problem of
surface dating, by allowing estimates of the duration of exposure (Phillips ez al., 1986; Bernat et al., 1990; Hancock et
al., 1999; Heimsath et al., 1999).

Modeling paleosurfaces

Modeling paleosurfaces is an emerging discipline (Summerfield, 1991). Computers now allow new and rapid
appraisal of spatial data obtained from remote sensing or GIS (McAlister & Smith, 1997; Ringrose & Migon, 1997; White
etal., 1997; Evans & Cox, 1999). Modeling erosion appears as a promising track by providing tools which for now allow
reconstructing mainly the different steps in soil, valley, and scarp erosion (Perrin ez al., 1993; El-Hames & Richards,
1994; Wainwright et al., 1995; Torri et al., 1998). In the next future, more sophisticate models will allow modeling erosion
on a larger scale, by successive steps, coupling erosion with geodynamics and sea level changes and thus allowing
modeling evolution of the continents over the geological scale (Ivanov, 1996; Desmet & Govers, 1997; van der Beek et
al., 1999; Braun, 2002). By modeling successive loading and unloading of the paleosurfaces, endogen phenomena like
tectonics and crustal studies may be linked to exogen processes (Wyns, 1991; Kooi & Beaumont, 1994; Tucker &
Slingerland, 1994; Quesnel, 1997; Gallagher et al., 1998; Widdowson & Gunnell, 1999; Barbarand, 1999; Lageat, 2001;
Wyns, 2002). These advances in understanding the relationships between geomorphological processes, the sedimentary
record and tectonics will provide tools for evaluating models of landscape evolution.

Challenges
The increase of available datings of paleoweathering profiles and related paleosurfaces will allow to:

1) Draw complete paleogeographical maps, on which the white areas corresponding to the continental surfaces will
be replaced by true maps, on which will appear not only the paleoweathering features, but also the paleolandforms with
contours levels above the paleosealevel;

2) Build up an uplift story of the continents comparable to the subsidizing charts which are constructed in the basins.
The target is to set up in the continental realm a “sequence stratigraphy of the geodynamic and climatic events” which
can be put in parallel with the “sequence stratigraphy” in the marine realm.

3) Give constrains for the lithosphere geodynamics modeling.

Could the Belgian, Dutch, German, Luxembourgian and French people participating at the Preizerdaul’s meeting
“Paleoweatherings and Paleosurfaces in Ardenne-Eifel Region” be the cluster of a wide transdisciplinary network of
geologists, geomorphologists, geochemists, palacontologists, mineralogists, geophysicists, (geo)mapmakers, ... working
on this exciting paleocontinent challenge.

Médard THIRY

Ecole des Mines de Paris, 35 rue St Honoré, 77305 Fontainebleau, France, and CNRS-UMR 7619 Sisyphe “Structure et
fonctionnement des systémes hydriques continentaux”
medard.thiry@ensmp.fr
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