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ABSTRACT 

Pleistocene loess of the Rhône Valley and Provence region, disconnected from the two main European 
aeolian systems (North European Loess Belt and Danube basin), are of interest to test the impact of 
source variability, grain size sorting, weathering and sediment recycling on the geochemical 
composition. The concentration of major, trace and rare earth elements in loess and potential sources 
was analysed through Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) and 
ICP-Mass Spectometry (ICP-MS). Analyses show a genetic relationship between loess and the Ca-rich 
river sediments from the Alpine Ice Sheet (AIS). The loess of Provence show distinctive properties 
with a higher CaO and MgO content and a higher Europium anomaly (Eu/Eu*), suggesting sources 
richer in dolomite together with a contribution from mafic rocks (Alpine ophiolite complex). The 
homogeneous loess composition, compared to alluvial sources, reflects particle mixing during 
transport in the atmosphere. At the European scale, the geochemical composition of loess changes 
according to regions, but remains consistent within each region. Such variability is mostly related to 
the composition of rocks outcropping in respective catchments and especially in areas covered by ice 
sheets. The Chemical Proxy of Alteration (CPA) and Rb/K ratio suggest a weak chemical weathering 
linked to the cold and dry conditions typical of the Last Glacial. Recycling of older aeolian formations 
possibly caused loess enrichment in resistant minerals and quartz, especially for loess derived mostly 
from the abrasion of aeolian sand (Aquitaine).  

Keywords: Geochemistry; ICP analysis; Last Glacial; Loess; Southeast France; Weathering 

1. Introduction 

Loess/palaeosol sequences provide one of the most complete record of terrestrial palaeoenvironments 
during the Pleistocene and, as such, have raised abundant work worldwide for decades (e.g., Antoine 
et al., 2013, 2009; Kukla, 1977; Marković et al., 2015; Muhs and Bettis III, 2003; Porter, 2001). Thanks 
to thorough mixing in the atmosphere, loess is quite homogeneous and is widely distributed across 
continents. This led many authors to use it together with other sedimentary rocks to estimate the Upper 
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Continental Crust (UCC) average geochemical composition (Chauvel et al., 2014; Gallet et al., 1998; 
McLennan, 2001; Taylor et al., 1983; Taylor and McLennan, 1985). Recent studies, however, 
emphasized that the geochemical composition of loess differs significantly according to the region and 
is more dependent on local sources than previously assumed (Muhs and Bettis III, 2003; Muhs and 
Budahn, 2006; Rousseau et al., 2014; Schatz et al., 2015; Sun et al., 2007). Recycling of older aeolian 
sediments, grain-size sorting due to fluvial transport and syn-sedimentary weathering may also 
constitute key factors accounting for observed variations (Buggle et al., 2008; Gallet et al., 1998; 
Lautridou et al., 1984; Újvári et al., 2008). Therefore, a debate persists about the respective roles played 
by genetic factors on loess composition.  

Most geochemical studies focused on the main loess regions from the northern hemisphere, including 
the North European Loess Belt (NELB), China and the United States of America. Because of their 
sparser accumulation in the landscape, perimediterranean loess remain poorly documented except for 
some exceptions (Calvo et al., 2016; Profe et al., 2018). Recent studies in the Po plain (Wacha et al., 
2018) the Ebro (Boixadera et al., 2015) and Tagus basins (Wolf et al., 2019) in Spain suggested, 
however, that Pleistocene loess covered vast parts of perimediterranean areas. The Rhône Valley (SE 
France) also recorded significant loess deposition during the Last Glacial (Bosq et al., 2018). As 
suggested by models (Mahowald et al., 2006), part of the dust inputs to this region may have come 
from remote sources such as the Sahara. Saharan sources are also thought to have largely contributed 
to the genesis of “Terra Rossa” and “Red Mediterranean Soils” (Andreucci et al., 2012; Muhs et al., 
2010), which are widespread in the southern reaches of the valley. Because of a contrasted relief and 
the variety of potential sources, the Rhône Valley is ideal to unravel the role of the different 
contributing factors on the geochemical composition of loess and will be the focus of this study. 

Here we present new geochemical analyses of loess samples from the Rhône Valley. Main objectives 
are as follow: (1) a detailed characterization of loess geochemistry; (2) the identification of regional 
and remote (Saharan) sources; (3) a comparison with loess from other European regions through 
recently collected samples and literature. Overall, this study provides a better understanding of the role 
played by source variability, weathering and sediment recycling in the loess geochemical signature. 

2. Regional setting 
2.1. Geological and climate setting 

The Rhône River is one of the largest European Rivers (catchment area = 98,500 km², mean annual 
discharge = 1720 m3) (Eyrolle et al., 2012; Olivier et al., 2009) and drains most of Switzerland and 
southeastern France toward the Mediterranean Sea (Fig. 1a). The valley is part of a large Cenozoic 
Rift System running throughout Western Europe from the North Sea to the Mediterranean Sea (Dèzes 
et al., 2004; Ziegler and Dèzes, 2007). The river catchment includes Hercynian mountain ranges 
mainly composed of metamorphic and plutonic rocks (French Massif Central (FMC), Vosges, 
Belledonne) as well as Alpine ranges (Alps, Jura), dominated by Mesozoic to Cenozoic limestones and 
marls. The graben was filled with Oligocene and Miocene marls, argillites and sandstones (molasses) 
and conglomerates (Fig. 1a). The Alpine Ice Sheet (AIS) reconstructions indicate that an ice lobe 
covered the Dombes plateau and crossed the Rhône River during the Middle Pleistocene (Buoncristiani 
and Campy, 2011; Ehlers and Gibbard, 2004). The AIS extent during the Last Glacial Maximum 
(LGM) was smaller and limited to the eastern edge of the Rhône Valley (Seguinot et al., 2018). Only 
minor LGM ice caps covered the FMC and the Vosges (Fig. 1) (Ehlers and Gibbard, 2004).  

The Rhône Valley is subject to changing climate conditions from an oceanic climate characterized by 
high precipitation (mean annual precipitation (MAP)≥800-900 mm) in the northern lowlands to a 
Mediterranean climate in the south with MAP<800 mm, hot (Tmax≥22°C) and dry summers (Joly et 
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al., 2010; Olivier et al., 2009). The wind regime is dominated by the “Mistral”, blowing from the north 
and exceeding 16 m.s−1 for over 100 days per year (Jacq et al., 2005). 

 

Fig. 1: (a) Simplified 1:1,000,000 lithological map of southeast France (from BRGM, 
http://infoterre.brgm.fr). The maximum extent of the LGM Alpine Ice Sheet (AIS), the French Massif 
Central (FMC) and Vosges ice caps is taken from Ehlers and Gibbard (2004). The red square indicates 
the approximate boundaries of the Provence region. BIIS = British-Irish Ice Sheet; DO = Dombes 
plateau; BE = Belledonne massif. (b) Distribution of aeolian deposits from Bosq et al. (2018). All the 
samples of loess and potential sources come from the FOREGS database (Salminen et al., 2005); data 
from new field surveys are indicated (see Table A1). 

 

2.2. Aeolian context 

Aeolian landforms and deposits are widespread along the lower reaches of the valley (Bosq et al., 
2018). Deflation-related landforms (i.e., yardangs, pans and desert pavements) are gathered south of 
valley narrowings (e.g., the “Donzère pass” near Montélimar), which channel and increase wind 
velocity. These landforms closely resemble those observed in modern semi-arid and arid environments 
(Goudie, 2013) and witness important sand transport by saltation over vast areas. Sand wedges forming 
polygon networks also developed over Pleistocene alluvial terraces. These features are indicative of 
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ground cracking caused by repetitive thermal contraction in a context of deep seasonal freezing, which 
allowed trapping of drifting sand (Andrieux et al., 2016). Yardang orientations and sand accumulation 
on the windward and leeward slopes of topographic highs form sand ramps testifying to a prevailing 
northerly palaeowind similar to the modern Mistral. 

Loess deposits are spread on both sides of the valley at greater distance from the river. A detailed 
geomorphological study by Bosq et al. (2018) has highlighted the following characteristics of loess: 
(i) a coarse texture (main mode around 60 µm) rapidly decreasing with increasing distance from the 
river; (ii) a polymodal grain-size distribution; (iii) a strong local thickness but discontinuous spatial 
distribution; (iv) a high carbonate content; (v) an abundant bioturbation. Such pattern was assumed t 
reflect the capture of particles in saltation and short-term suspension by shrub vegetation close to the 
fluvial sources, in a milder climate than that of the NELB (Bosq et al., 2018). The spatial distribution 
of aeolian deposits strongly suggests that the Rhône River and its tributaries were the main particle 
sources (Bosq et al., 2018). Old alluvial terraces as well as unconsolidated molasses eroded into 
yardangs and pans might have constituted additional sources.  

Alimen (1965) and Dubar (1979) performed pioneer mineralogical studies in the Durance Valley, one 
of the main Rhône River Alpine tributaries. Using heavy mineral assemblages, the authors suggested 
that dust came mostly from proximal alluvial deposits of the Alpine piedmont. Similarly, Mandier 
(1984) found Alpine heavy minerals in loess from the middle Rhône Valley. Recently, Puaud et al. 
(2015) identified volcanic minerals from the FMC mixed with typical Alpine minerals in loess from 
the Ardèche Valley. However, these studies remain scarce and are not sufficient to identify dust sources 
(either local, regional or more remote such as the Sahara) and their respective contribution. 

3. Materials and methods 
3.1. Sampling and analytical methods 

We collected 28 loess samples from natural outcrops, archaeological excavations, roadcuts and 
abandoned pits. Prior to sampling, sections were manually cleaned and thoroughly described. All loess 
samples were taken below the Holocene soil. We focused only on the uppermost massive yellowish 
calcareous loess, 2 to 4 m thick, which was deposited during the Late Pleniglacial, i.e., ~ Marine 
Isotopic Stage (MIS) 2 (Bosq et al., 2018; Ruth et al., 2007; Seelos et al., 2009) although the possibility 
of older deposits cannot be completely ruled out for non-dated sequences. Five samples come from 
reddish palaeosols interbedded within calcareous loess. Decalcified and clay-rich loess samples (n = 
7) probably dating from MIS 6 (Billard and Derbyshire, 1985) were collected on the Dombes plateau 
using a hand auger owing to the lack of good outcrops in this area. Following the source tracing 
approach developed by Muhs and Budahn (2006), modern alluvium from the floodplain and silt-rich 
alluvial bars were sampled. A total of 15 samples were taken along the Rhône River (n = 4) and the 
main tributaries, Saône (n = 1), Isère (n = 2), Drôme (n = 1), Durance (n = 1), Aigues (n = 1), Cèze (n 
= 1), Ouvèze (n = 1), Ardèche (n = 1), Gard (n = 1) and Doux (n = 1). Finally, three samples from the 
Miocene molasses were also collected (Fig. 1b). 

Coarser sand was separated from the fraction <100 µm by wet sieving and removed. We assumed that 
the particles >100 µm, which account for 1 to 20% of the net weight, are mostly made of ferruginous 
nodules, secondary carbonate concretions, calcified roots, mollusc shell fragments, earthworm calcite 
granules or detrital particles transported by runoff that could conceal the aeolian signature. According 
to Bosq et al. (2018), all loess samples have a polymodal grain-size distribution with a main mode 
between 50 and 75 µm (63 ± 9%) and a secondary mode around 12-18 µm (25 ± 8%). Given that the 
grain-size fractions of loess reflect different transport processes or different sources (Pye, 1995; Tsoar 
and Pye, 1987), we divided the samples by wet sieving into a fine fraction 32 µm and a coarse fraction 
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from 32 to 100 µm. We chose a limit at 32 µm since it is the adequate for the separation of the two 
main modes. For selected loess samples (n = 2) and reddish palaeosols (n = 3), the fraction <10 µm 
was isolated by gravity sedimentation in water using Stokes Law and checked by laser diffraction 
particle-sizing. For alluvial samples, the fraction 100 µm was analysed as a whole.  

Concentrations (weight percentage or ppm) of major, trace and rare earth elements (REEs) for two 
grain-size fractions (<32 and 32-100 µm) of loess and palaeosols (n = 66), and for one fraction (<100 
µm) of sources (n = 18), were determined respectively by Inductively Coupled Plasma-Atomic 
Emission Spectroscopy (ICP-AES) and ICP-Mass Spectometry (ICP-MS) at the Service d’Analyse des 
Roches et des Minéraux (CRPG-SARM, Nancy, France). Sediment powders were digested with 
LiBO2, dissolved with HNO3, analysed and calibrated according to international geostandards. The 
Loss On Ignition (LOI) was obtained by calcination of a sample aliquot (100–1000 mg) placed in an 
alumina crucible in an oven at 980°C during 12 h. Details on the chemical analyses can be found in 
Carignan et al. (2001) and on the CRPG-SARM website (http://helium.crpg.cnrs-
nancy.fr/SARM/index.html). For aeolian deposits, the geochemical composition of the whole fraction 
<100 µm was obtained from the composition of the two fractions considering their respective 
proportions determined through grain-size analysis. Additional samples (n = 14) were analysed by 
Energy-Dispersive X-Ray Fluorescence (ED-XRF) using a portable spectrometer SPECTRO X-SORT 
(40 kV, 50 μA) according to published methodology (Bertran et al., 2016; Sitzia et al., 2019) (see Fig. 
A1). Beside samples from the Rhône Valley, the fraction <100 µm of European loess were also 
analysed by ICP-AES/ICP-MS (CRPG-SARM, Nancy, France) from northern France (n = 13), 
Aquitaine (France; n = 3), Rhine Valley (France and Germany; n = 5), Saxony (Germany; n = 2), 
Belgium (n = 1), southern Poland/Ukraine (n = 3) and Vojvodina/Balkan (Serbia; n = 1). All samples 
are issued from Upper Pleniglacial loess. All analyses are listed in Tables A1 and A2 in the supporting 
information. 

The coarser fraction of few selected samples (n = 4) was also analysed through Raman spectroscopy 
with a confocal Raman microspectrometer SENTERRA (Bruker Optics) equipped with a 532 nm 
excitation line. The spectra were recorded between 100 and 1555 cm−1 with a resolution of 3–5 cm−1 
(Fig. A2) and compared to the Rruff database (Lafuente et al., 2016). One hundred grains per sample 
were counted; results are expressed as percentages. 

3.2. Statistical analysis and weathering proxy 

A multivariate analysis was carried out using Aitchison and Greenacre (2002) methodology for 
compositional data, which uses the centred log-ratios (clr)-transformed values instead of raw 
percentages. We used non-parametric replacement of null values according to the method proposed by 
Martín-Fernández et al. (2003) for values below the detection limit. All the compositional data were 
analysed using the CoDaPack software (Comas and Thió-Henestrosa, 2011). 

Silicate weathering intensity was quantified using the Chemical Proxy of Alteration (CPA) (the molar 
ratio 100 × Al2O3/(Al2O3+Na2O)) (Cullers, 2000) as it is considered a proxy for plagioclase weathering 
intensity by Buggle et al. (2011). As opposed to commonly used weathering indices in loess studies 
such as the Chemical Index of Alteration (CIA) (Nesbitt and Young, 1982), CPA does not involve 
silicate-bounded Ca (CaO*) that is difficult to estimate in calcareous loess. Harnois (1988) also 
recommended not using K in weathering index because of K incorporation in clayey minerals 
(illitization) and the strong resistance of K-feldspars. Buggle et al. (2011) evaluated the CPA and 
concluded that diagenetic effects, such as illitization and carbonate dissolution-reprecipitation, have 
no influence on the index.  

3.3. Literature data  

http://helium.crpg.cnrs-nancy.fr/SARM/index.html
http://helium.crpg.cnrs-nancy.fr/SARM/index.html
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We selected and compiled part of the literature data on the European loess geochemistry, using samples 
from the main loess sedimentation period (~ MIS 2) only. Geochemical data for floodplain sediments 
from the Rhône catchment (n = 17) available from the FOREGS project (Salminen et al., 2005) were 
also included in the analysis (Table A3). To evaluate the contribution of main rock types outcropping 
in mountain ranges, we compiled literature data on (i) FMC and Vosges igneous and metamorphic 
rocks (Altherr et al., 2000; Couzinié et al., 2017; Steinmann and Stille, 2008); (ii) oceanic crust 
(Manatschal et al., 2011), limestones (Bellanca et al., 1997) and shales (Rantitsch et al., 2003) from 
the Alps; (iii) FMC volcanic rocks (Sasco et al., 2017) and (iv) subalpine sandstones (von Eynatten, 
2003). 

We also used the compilation of North African dust compositional data from Scheuvens et al. (2013) 
. Twelve samples representative of the Bodélé depression (Chad), Tarfaya (Western Sahara, Morocco), 
Hoggar Massif (Algeria) and Niger were selected from the available data (Castillo et al., 2008; Moreno 
et al., 2006).  

Soil geochemical data were collected from the Geochemical Mapping of Agricultural Soils (GEMAS) 
database (Reimann et al., 2014). We used only samples from the ploughed soil layer (Ap horizon, 0-
20 cm) analysed by Wavelength Dispersive X-Ray Fluorescence spectrometry (WD-XRFs), which 
were thought to be of better quality than those obtained using the Aqua Regia extraction protocol 
coupled with ICP-AES (Reimann et al., 2014). 

All spatial analyses were made using ArcGIS 10.5 (ESRI). Modern river catchment limits were 
obtained from the HydroBASINS polygon layer of the HydroSHEDS database (Lehner and Grill, 
2013); http://www.hydrosheds.org). The LGM catchment of the Fleuve Manche (i.e. the palaeo-
English Channel) and associated river network comes from Patton et al. (2017). Geological data were 
taken from the harmonized geological map of Europe (INSPIRE, scale 1:1,000,000) (Laxton et al., 
2010); http://onegeology.brgm.fr/OnegeologyGlobal/) and completed by the International Geological 
Map of Europe and Adjacent Areas (IGME 5000, scale 1:5,000,000) (Asch, 2003; 
https://www.bgr.bund.de/).  

http://www.hydrosheds.org/
http://onegeology.brgm.fr/OnegeologyGlobal/
https://www.bgr.bund.de/


7 
 

 

Fig. 2: UCC-normalized spider diagrams for average element abundance of alluvium samples (finer 
fraction <100 µm) from the major rivers of the study area (a) and of loess samples from the Rhône and 
the Provence regions (b). Error bars represent the standard deviation. The UCC values are from 
Rudnick and Gao (2003). 

 

4. Results 
4.1. Major and trace elements in loess and potential sources 

The distribution of major and trace elements is shown in the UCC-normalized spidergrams (Fig. 2). 
The geochemical composition of alluvial deposits from main rivers shows strong variability with 
respect to UCC, especially for trace elements (Fig. 2b). A comparison between the geochemical 
signature of Alpine Rivers (Drôme, Durance, Isère) and that of FMC Rivers (Ardèche, Gard) highlights 
the following differences: (1) the most calcareous sediments (by about 10 times that of UCC) come 
from the Alps; (2) a greater abundance of K-bearing minerals, which are major hosts of Rb, Cs and Ba 
(Gallet et al., 1998; Heier and Billings, 1970), characterizes the sediments delivered by the FMC 
mainly composed of Hercynian felsic rocks (granite, gneiss); (3) in contrast, Alpine sediments are 
depleted in Na2O and K2O relatively to UCC (more than 14 times less NaO2 and 2.7 times less K2O 
considering extreme values); (4) the slight positive Cr anomaly (on average about twice as much as 
UCC) and the relatively high Ni content of Isère sediments is due to the contribution of mafic rocks; 
(5) the elements typically hosted in resistant heavy minerals (Zr, Hf, Y, Th, U) are mainly found in the 
Rhône and Isère deposits. Such differences reflect the lithological heterogeneities of catchments. In 
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rivers draining the Hercynian FMC and Belledonne massif (western Alps), As and Sb concentrations 
are unusually high and likely come from sulphide-rich mineralizations such as arsenopyrite (FeAsS) 
and stibinite (Sb2S3) (Courtin-Nomade et al., 2012; Simeon, 1979).  

 

Fig. 3: Map of Mg content (expressed as a percentage) in loess samples and the ploughed soil layer, 
i.e., Ap horizon from GEMAS database (Reimann et al., 2014). Mineral assemblages and 
concentrations of the reference samples were analysed by Raman spectroscopy. The geological data 
were taken from the 1:1,000,000 harmonized geological map of Europe (INSPIRE) (Laxton et al. 
(2010) and the 1:5,000,000 International Geological Map of Europe (IGME) (Asch, 2003). 

 

Loess are more homogeneous than alluvial deposits (Fig. 2b). The average concentration of selected 
major and trace elements in loess (fraction <100 µm), sampled along the Rhône River (RL) and in the 
Provence region (PL) differs only slightly. For most elements, PL records a depletion relative to UCC 
due to carbonate dilution effect (Taylor et al., 1983). The CaO and to a lesser extent MgO and Sr 
(which substitutes Ca in minerals) contents are substantially higher in loess compared to UCC (by 
about 10 times for CaO). As expected, the mineralogical analysis shows that CaO comes mostly from 
calcite (35-39 %) and dolomite (5-21 %) (Fig. 3). Compared to RL we observe an enrichment in some 
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elements such as Mn, abundant in mafic rocks (e.g., basalt) and to a lesser extent, in manganese-rich 
shales, commonly found in the calcareous subalpine ranges (Rantitsch et al., 2003). Other siderophile 
elements (Co, Ni, Cu and Zn) show a similar pattern. Several elements (Ti, Y, Zr, Hf) are slightly more 
abundant in RL and reflect higher content of resistant heavy minerals. 

 

Fig. 4: MgO vs. TiO2 plot of loess from the Rhône catchment area (Provence and Rhône) and from the 
potential source deposits. The UCC and PAAS values are from Rudnick and Gao (2003) and Condie 
(1993). Sources: sandstones from the Central Alps (“Alpine molasses”, n = 39) (von Eynatten, 2003); 
rivers from this study and “Floodplain sediment” in FOREGS database (Salminen et al., 2005); 
Saharan dusts (Castillo et al., 2008; Moreno et al., 2006). 

 

Higher MgO content in PL is linked to a source specific to Provence. In the MgO vs. TiO2 diagram 
(Fig. 4), RL and PL samples cluster in two groups. For RL, MgO covaries with TiO2 and this highly 
significant relationship (r² = 0.81) suggests that MgO is mainly associated with phyllosilicates. The 
TiO2/MgO ratio ranges from 0.3 to 0.65, corresponding to the average shale composition (PAAS), but 
is relatively lower than UCC. By contrast, PL is characterized by strong variability in MgO values and 
a poor MgO/TiO2 correlation indicating that both elements are hosted by different minerals. PL values 
stay within the Alpine molasses compositional range (Fig. 4). Finally, Saharan dust samples are 
slightly richer in MgO. 

Some elements are good markers of sediment provenance. In this study, loess, palaeosols and potential 
sources are compared through two ternary plots (CaO-Zr-Rb and CaO-Nb-Zr, respectively; Fig. 5). 
Rb, which is less mobile than K, is hosted by K-feldspars, micas and clay minerals (Heier and Billings, 
1970; Nesbitt et al., 1980) and represents the potassic pole, whereas carbonate sources gather near the 
CaO pole. High Zr content is a good indicator for loess deposits (Scheib and Lee, 2010; Scheib et al., 
2014; Taylor et al., 1983) and for sediments enriched in resistant minerals. Nb is a poorly mobile 
element found in a variety of common minerals (e.g., Ti oxides, biotite, titanite, zircon) and is abundant 
in residual soils thanks to its resistance to chemical weathering (Scheib et al., 2012). In the CaO-Zr-
Rb diagram, most samples are lined up subparallel to the CaO-Zr axis, strongly suggesting a genetic 
relationship between loess (RL + PL) and Alpine alluvium (Fig. 5a). Carbonates are mostly 
concentrated within the coarser fraction of loess and within Alpine alluvium while Zr is hosted by the 
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finer fraction of loess and, to a lesser extent, within FMC alluvium. Owing to weathering, decalcified 
loess (“Dombes loess”) plot close to the Zr pole. The fine fraction of palaeosols (<32 and <10 µm) 
show a greater Rb content relatively to loess fractions because of a greater amount of clay minerals. 
As shown by the proximity between the fine fraction of loess and the Saône alluvium on the CaO-Nb-
Zr diagram, a contribution of the Saône basin to aeolian dust seems likely (Fig. 5b). High Nb contents 
(together with Ti and Zr) are typical of Saharan dusts (Castillo et al., 2008), except for Morocco 
(Moreno et al., 2006), and reflect the deflation of weathered rocks. Nb shows that Saharan dusts have 
had little or no contributed to loess. 

 

Fig. 5: CaO-Zr-Rb (a) and CaO-Nb-Zr (b) ternary plots for separate fractions of PL and RL (<10, <32 
and 32-100 µm) and for potential alluvial sources from the Rhône-Saône catchment area in this study 
and FOREGS data from Salminen et al. (2005). Compositional field for potential source rocks are also 
shown: granite from the Vosges (Vo) (Altherr et al., 2000); gneiss from the French Massif Central 
(FMC) (Couzinié et al., 2017); volcanic rocks (Vc) from the FMC (Sasco et al., 2017); sandstones 
from the Alps (von Eynatten, 2003); Saharan dusts from Tarfaya (WSD, Morocco) and other locations 
(SD) (Castillo et al., 2008; Moreno et al., 2006). 

 

4.2. Loess REE compositions and potential sources  

Unlike other elements, REEs have low mobility in near-surface environments and are found in a broad 
suite of minerals. Furthermore, the REE content of sediments is representative of the lithological 
composition of sources and therefore, REEs provide key information on sediment provenance 
(McLennan, 1989). In this study, we applied the geochemical approaches successfully used by Sun et 
al. (2007) and Muhs and Budahn (2006). We used chondrite-normalized (McDonough and Sun, 1995) 
(represented by the letter “N”) plot of LaN/YbN vs. Eu/Eu* where Eu anomaly is defined by Eu/Eu* = 
EuN/(SmN x GdN)0.5. High Eu/Eu* values reflect higher Eu concentration because of plagioclase 
abundance, and are typical of oceanic crust material (Taylor and McLennan, 1985). LaN/YbN ratio 
indicates Light Rare Earth Elements (LREE) enrichment. 
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Fig. 6: Plot of LaN/YbN vs. Eu/Eu* for coarse (32-100 µm), fine (<32 µm) and ultrafine (<10 µm) 
fractions of loess compared to the compositional range of alluvial deposits from Alpine Rivers (Drôme, 
Durance, Aigues, Isère, Ouvèze), French Massif Central Rivers (Ardèche, Cèze, Doux, Gard, Eyrieux), 
Rhône River and Saône River alluvial deposits from this study and FOREGS data from Salminen et 
al. (2005). The UCC and PAAS values are from Rudnick and Gao (2003) and Condie (1993). 
respectively. Bedrock data: Vosges (Vo) granitic rocks are from Altherr et al. (2000), FMC gneiss 
from (Couzinié et al. (2017) and Steinmann and Stille (2008), limestones and marls from Bellanca et 
al. (1997), shales from Rantitsch et al. (2003), ophiolites from Manatschal et al. (2011) and FMC 
volcanic rocks (Vc) from Sasco et al. (2017). 

 

All rivers in the Rhône catchment area have significant or slightly negative Eu anomaly (Fig. 6). 
Samples from the Rhône River show greater Eu depletion than the samples from the other rivers 
investigated, and Eu/Eu* values are ranging from 0.32 to 0.69. The Ardèche and Gard Rivers in the 
FMC have the highest Eu/Eu* values (0.88 and 0.82 respectively), reflecting the contribution of 
basaltic rocks. The Saône River as well as FMC Rivers show the greatest LREE enrichment, which is 
related to the presence of granites in their respective catchment areas. RL and PL plot in between 
sedimentary rocks (limestones, marls, shales) and granites and gneiss. Loess samples are slightly 
depleted in LREE compared to UCC and PAAS. In the plot, the fine fraction (<32 µm) of RL shows 
strong homogeneity with respect to LREE whereas the coarse fraction (32-100 µm) is more scattered. 
The geochemical signature of Alpine Rivers (Aigues, Drôme, Durance, Isère, Ouvèze) encompasses 
almost all loess samples. The high Eu/Eu* values of PL samples suggest that their sources include 
mafic or ultramafic rocks (e.g., ophiolite complex). 

4.3. Geochemistry of European loess 

The biplot derived from the multivariate analysis of loess samples alone explains 59.52 % of the total 
variance (Fig. 7). The observed poles are as follow: (i) the pole of Ca-rich minerals (calcite, dolomite, 
anorthite) also bearing Mg and Sr; (ii) the pole of resistant minerals (e.g., quartz, zircon, Ti oxides) 
including immobile elements such as Ti, Nb, Zr, Y, Al, Si; (iii) the pole of Fe oxides with other 
siderophile elements (Cu, Ni, V, Zn); (iv) the group including Na-bearing minerals (albite), and (v) K-
bearing minerals (K-felsdpars, phyllosilicates) represented by K, Rb and Ba. The UCC average 
chemical composition plots near the barycentre of the biplot. 
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Fig. 7: Compositional biplot of major and trace elements of European loess samples (fraction <100 
µm). Data sources: Aquitaine loess (this study), Vojvodina/Balkan regions (Obreht et al., 2016, 2015), 
Carpathian basin (Újvári et al., 2014, 2008), southern Moravia region (Adamová et al., 2002), Susak 
island in the Po Valley (Mikulčić Pavlaković et al., 2011), Rhine basin (this study; Taylor et al., 1983), 
North France/Belgium plateau (this study; Chauvel et al., 2014; Gallet et al., 1998), Saxony/Poland 
(this study) and African dust (Castillo et al., 2008; Moreno et al., 2006). Additional geochemical 
references (diorite DR-N, anorthosite AN-G, granite GH, microgabbro PM-S, albite AL-I, glauconite 
GL-O, K-feldspar FK-N, Disthene DT-N, Biotite Mica-Fe) are taken from CRPG-SARM (Nancy) 
published by Carignan et al. (2001) and Govindaraju (1995), while the average of 39 peridotite 
xenoliths samples from the French Massif Central is from Zangana et al. (1999). The UCC values are 
from (Rudnick and Gao, 2003). 
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The horizontal axis (Axis 1; Fig. 7) is mainly determined by the carbonate content and accounts for 
37.96% of the total variance. This axis opposes Ca-rich European loess to African dust (except for 
samples from western Morocco) and to decalcified loess from Aquitaine and northern France, which 
are close to the pole of resistant minerals (Fig. 7). Low Ca contents may be inherited from rocks 
outcropping in river catchment areas or may reflect syn- or post-sedimentary decalcification, or intense 
sediment recycling. Within calcareous loess, regional groups can be individualized. Loess located in 
the Alpine forelands (Provence, Rhône, Rhine, Po, Carpathian, Moravia) are richer in CaO than loess 
deposited near the Fenno-Scandinavian Ice Sheet (FIS) (Saxony/Poland). The latter plot closer to K-
bearing minerals and the pole of resistant minerals, which reflects felsic Scandinavian shield sources. 
In contrast, the high Ni, Cu and Fe values found in Vojvodina/Balkans loess strongly suggest a 
contribution from sources with a mafic composition. For the Moravia, northern France and Belgium 
loess, the distinction is not as clear. They display an intermediate composition between peri-alpine 
loess and FIS-derived loess. Finally, the calcareous loess of the Rhône Valley are relatively 
homogeneous and their compositional field overlaps those of the Rhine and Moravia loess. 

5. Discussion 
5.1. Rhône loess: weathering and provenance  

5.1.1. Weathering  

Several elemental ratios are used to estimate the weathering intensity of loess. The CPA is particularly 
adapted to poorly weathered sediments (Buggle et al., 2011) since weathering first impacts 
plagioclases rather than K-feldspars (Nesbitt and Young, 1989). The mean CPA value for samples 
from RL is 86.8 (Fig. A3). This value is low compared to PAAS, i.e., 94 (Condie, 1993), but slightly 
higher than the UCC value, which is ~82.5 (Rudnick and Gao, 2003) (Fig. A3). PL have much higher 
CPA values, between 90.3 and 93.1, reflecting either more intense syn- or post-depositional chemical 
weathering of loess or intense weathering of sources (Fedo et al., 1995). Since the loess are rich in 
carbonates and do not display obvious dissolution features, the last hypothesis appears the most likely. 
The lithology of catchments in Provence, and especially of the Durance basin, includes abundant fine-
grained and mature sedimentary rocks (shales, marls) that account for the high CPA values. 

 

Fig. 8: Log K vs. log Rb plot for European loess deposits. The “K/Rb = 277” line represents the average 
UCC ratio. Weathering trends were calculated from data of the Toorong weathering profile (Nesbitt et 
al., 1980). Same data sources as in Fig. 7 with additional data for Aquitaine loess (Sitzia et al., 2017), 
Carpathian loess (Profe et al., 2018; Schatz et al., 2015), North France loess (Smykatz-Kloss, 2003). 
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Beside the CPA, the K/Rb ratio is used to estimate the weathering intensity of K-bearing minerals 
(Nesbitt et al., 1980; Wronkiewicz and Condie, 1990), since K is more mobile than Rb thanks to its 
smaller ionic radius. In the log-K vs. log-Rb diagram, RL and PL display a constant K/Rb ratio (R² = 
0.93 for RL) with K and Rb concentrations slightly lower than mean UCC composition (Fig. 8). This 
result is typical of the first weathering stages described by Nesbitt et al. (1980). Only the Aquitaine 
loess, Dombes loess and decalcified loess from the Lyon area are significantly depleted in K, indicating 
an almost complete weathering of Al-silicates, particularly biotite into vermiculite Nesbitt et al. (1980). 

As a whole, RL and PL underwent low to moderate weathering. In the context of the Last Glacial, this 
resulted from a combination of low precipitation and prevailing physical erosion processes (Újvári et 
al., 2014). It implies a limited modification of the chemical composition and allows a direct comparison 
with potential sources. 

5.1.2.  Rhône loess: an alpine influence 

The results on REEs and major and trace elements highlight a genetic relationship between loess and 
Ca-rich sediments from rivers draining the AIS (e.g., Durance, Drôme, Isère and Rhône). The relative 
richness in Si, Hf and Zr of RL witnesses mineralogical sorting, especially of quartz and zircon. Zircon 
excess is often documented in European loess (Chauvel et al., 2014; Scheib et al., 2014; Taylor et al., 
1983). It is assumed to result from the removal of poorly resistant minerals by glacial abrasion and 
subsequent transport in fluvial and aeolian contexts (Buggle et al., 2008; Profe et al., 2016). Aeolian 
transport and sorting obviously play a major role, as shown by a relatively lower Ti/Zr ratio which 
reflect a systematic Zr enrichment of the loess compared to alluvium in the same catchment area (Fig. 
9). Miocene molasses, whose geochemical composition is close to that of loess except for higher 
content in MgO (Figs. 4 and 5), may have acted as secondary dust sources. Since the deflation-related 
landforms in molasses (desert pavements, pans and yardangs) are located in the lower Rhône Valley 
(Bosq et al., 2018), their contribution was likely only local. 

Loess homogeneity, stronger than that of alluvium, is interpreted as the result of dust mixing in the 
atmosphere (Gallet et al., 1998) and grain-size sorting (Fig. 2). The separate analysis of two fractions 
(<32 µm and 32-100 µm) shows that their composition is relatively similar and suggests that the two 
main modes come from a single alluvial source. This resulted from the simultaneous capture by the 
riparian vegetation of sandy and silty particles in saltation and suspension from the riverbed (Bosq et 
al., 2018) as documented in some modern environments (Bullard and Austin, 2011; Lin et al., 2016). 
The distribution, geometry, grain-size gradients and geochemical composition all point to the Rhône 
River as the main contributing source. Ternary diagrams (Fig. 5) suggest, however, that finer inputs 
from the remote Saône basin further north may also have contributed to the Rhône loess. 
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Fig. 9: Ti and Zr plot of European loess deposits from several regions (Rhône/Saône (a), Rhine/Po (b), 
Danube (c), North European plains (d) and Aquitaine (e)) and the compositional range of alluvial 
deposits from their respective catchments areas (FOREGS database, Salminen et al. (2005). Same data 
sources as in Figs. 7 and 8 with additional data for Poland loess (Waroszewski et al., 2018).  

 

5.1.3. Loess of Provence sources 

Despite the low amount of studied samples (n = 8), the geochemical composition of PL does not 
overlap that of RL and shows (i) CaO enrichment, (ii) higher MgO content, and (iii) higher Eu/Eu* 
ratio (from 0.66 to 0.76) (Fig. 6). High MgO values result from abundant dolomite (>5%) and implies 
that (i) physical erosion prevailed over chemical weathering (Újvári et al., 2014), and (ii) transport was 
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short since this mineral has poor resistance to abrasion (Römer et al., 2016). The relatively high Eu 
anomaly most likely indicates a contribution of ultramafic rocks (ophiolite complex), even though 
limestones can have close values (Fig. 6). Source tracing shows that dust came mainly from the 
alluvium of the Durance River. The PL can therefore be seen as an autonomous aeolian system located 
in the Durance catchment (Fig. 3). Surrounding reliefs probably acted as a topographical barrier and 
limited external dust inputs.  

The sandy loess of Cuges-les-Pins, rich in dolomite (21%) (Fig. 3), which accumulated over a 
significant thickness (6-8 m) on the windward side of a closed depression, form another isolated 
aeolian system. Their coarse grain-size implies reduced transport in saltation or short-term suspension. 
The distribution of these sandy loess and their geochemical composition suggest that most of the 
sedimentary material may have come from alluvial fans derived from the dolomitic outcrops 
dominating the karstic depression or from lacustrine deposits that filled in the depression during humid 
episodes (Sivan et al., 2018).  

5.1.4. Saharan dust in the Rhône Valley? 

Geochemical analyses show that Sahel and Saharan dust are rich in immobile elements (Zr, Hf, Th, 
Nb, Ti) and are depleted in soluble elements (Na, K, Rb) (Bristow et al., 2010; Castillo et al., 2008; 
Moreno et al., 2006; Scheuvens et al., 2013). In addition, they exhibit moderate iron oxides 
concentration. Multivariate analysis does not suggest any relationship with RL and PL (Fig. 7), 
whereas dust coming from the coastal sedimentary basins (Western Sahara, Morocco) has a 
geochemical composition closer to that of RL and PL. However, Moroccan dust is richer in Rb and Nb 
(Fig. 5) and depleted in HREE. Reconstitutions of dust flux trajectories from Morocco through satellite 
images or through clay minerals (palygorskite) suggest significant fallouts in southern France (Bout-
Roumazeilles et al., 2007; Varga et al., 2013). The finest particles (~10 µm) of the red palaeosols 
interstratified within loess in southeast France could be, therefore, the result of dust fallouts from 
Western Sahara. However, the fingerprint of such inputs was not detected in the studied samples. New 
geochemical and mineralogical data on palaeosols and the finest fraction of loess are required to better 
evaluate the potential Saharan contribution. 

5.2. Comparison with other European loess 

The multivariate analysis of loess samples highlights significant differences between European 
regions, particularly with regard to the amount of carbonate and resistant mineral materialized by factor 
1 (F1) values (Fig. 7). Fig. 10 shows that the highest factor 1 (F1) values are located along the Atlantic 
coast and in northern Europe along the FIS margin, whereas negative values are characteristics of the 
peri-alpine domain, the Mediterranean regions and Central Europe. The distribution is non-random 
and several physico-chemical processes can account for it. 

5.2.1. Lithology of sediment sources 

The high carbonate content of the loess deposited near Alpine Rivers (Rhône, Danube, Rhine and Po) 
is related to the predominance of carbonate rocks (~32%) in the areas covered by the AIS during MIS 
2 (Fig. 10). In contrast, the FIS extended over land composed of 31% felsic rocks, which mainly 
supplied K-containing minerals, quartz and zircon as observed in the loess of Poland and Saxony (Fig. 
10). This suggests that the variability of the geochemical composition of European loess mostly reflects 
the lithology of the nearby glacierized areas. Many studies in cold environments show that current 
aeolian sedimentation is usually closely associated to fluvio-glacial systems (Arnalds et al., 2016; 
Bullard, 2013; Bullard and Mockford, 2018; Dijkmans and Törnqvist, 1991; Hugenholtz and Wolfe, 
2010). These studies highlighted the role of glacial abrasion and, to a lesser extent, of mechanical 
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weathering due to freeze-thaw processes in the production of silt-sized particles, which are then carried 
towards alluvial plains by meltwater (von Eynatten et al., 2012; Wright, 2001). Unconsolidated fine-
grained material is exposed on wide floodplains where it is subject to deflation (Smalley et al., 2009; 
Stevens et al., 2011; Wright, 2001). The coastal aeolian system of Aquitaine (SW France) is an 
exception. As shown by Sitzia et al. (2017), dust was provided mostly by the abrasion of coversands 
exposed to deflation on the emerged continental plateau. 

 

Fig. 10: Spatial distribution of F1 factor values of the European loess deposits (see Fig. 6). European 
aeolian deposits distribution from Bertran et al. (2016) with additional data from Bosq et al. (2018) 
and Lindner et al. (2017). Pie-charts refer to rock types covered by ice sheets. The geological data are 
as in Fig. 3. The palaeo-Fleuve Manche catchment during the LGM at 22.7 ka as well as the associated 
river network is from Patton et al. (2017). British-Irish Ice Sheet (BIIS), Fenno-Scandinavian Ice Sheet 
(FIS), Alpine Ice Sheet (AIS) and other LGM glaciers are from Ehlers and Gibbard (2004) and Patton 
et al. (2017). 

 

Each loess region in Europe exhibits varying Eu anomalies, ranging from 0.52 to 0.70, which are 
inherited from source rocks (Fig. A3). High Eu/Eu* values for two subgroups of the Rhône and Danube 
basins (the Provence and Vojvodina/Balkans loess respectively) indicate a contribution of mafic 
sources (Muhs, 2018). For the latter subgroup, the influence of the ultramafic rocks outcropping in the 
Zapadna Morava River catchment is also highlighted by high Ni and Cr values (Obreht et al., 2016).  

Although sharing common geochemical and grain-size properties, the loess accumulated around the 
palaeo-Manche River (North France, Belgium) have substantial compositional differences with respect 
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to the carbonate content and Eu/Eu* ratio values. Some authors already underlined such variability 
through mineralogical studies (Balescu, 1988; Juvigné, 1985, 1978; Lautridou et al., 1984; Lebret and 
Lautridou, 1991; Pirson et al., 2018). The main factor involved is a mixing between (i) dust rich in K-
bearing minerals yielded by Scandinavian felsic rocks and (ii) more limited, carbonate-rich inputs from 
the Mesozoic sedimentary basins (Paris basin, North German basin). The latter are also rich in resistant 
minerals (Zr, Ti) (Fig. 9d) coming from the weathering products that mantle part of the Paris basin 
and the Cenozoic alluvial deposits derived from Hercynian ranges (FMC, Rhenish Shield). These 
particles probably underwent long fluvial transport before wind reworking. As a result, the 
composition of NELB samples varies according to the FIS proximity and the relative importance of 
more regional inputs. 

5.2.2. Weathering intensity 

Lautridou et al. (1984) noticed that the carbonate content of Last Glacial loess gradually increases from 
West to East in France and ranges from <12% to 20%. Besides, Frechen et al. (2003) showed that mass 
accumulation rates (MARs) during MIS 2 increased in Europe according to a NW-SE gradient. For 
these authors, such gradients would be climate-induced and would reflect a moisture gradient between 
the Atlantic coast and the drier inner continent. However, the values of factor F1 and the CPA do not 
highlight any clear difference between eastern and western loess but show a random distribution of 
values along the NELB (Figs. 10 and A3). In Europe, the CPA ranges between 86 and 93, except for 
Aquitaine loess and, to a lesser extent, English loess that have CPA values over 93 (Fig. A3). 
Therefore, chemical weathering and sedimentation rates cannot explain the variability in soluble 
elements (Na, Ca) found in loess at the continental scale. 

The chemical variability of source material in each catchment, and especially the relative amount of 
sediments derived from felsic and mafic rocks, potentially controlled the CPA (Buggle et al., 2011). 
To test this hypothesis, the CPA was compared to the Sc/Th ratio, which are two immobile elements 
often used as indicators to distinguish felsic from mafic sources (Guo et al., 2018; Taylor and 
McLennan, 1985). The lack of correlation between CPA and Sc/Th (Fig. 11) clearly indicates that the 
nature of the sources have no impact on the CPA. 

 

Fig. 11: Plot of CPA vs. Sc/Th ratio in loess deposits. Data are as in Fig. 7. 
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During fluvial transport, sorting occurs according to particle size, density and shape leading to 
significant modifications in sediment mineralogy and geochemistry (Garzanti et al., 2011, 2010). 
Aeolian transport most likely produces similar modifications. The Al2O3/SiO2 ratio is sensitive to 
grain-size sorting since Si-rich tectosilicates (quartz, feldspars) are over-represented in the coarser 
fraction, whereas Al-rich phyllosilicates constitute a significant part of the finer fraction (Bouchez et 
al., 2012; Guo et al., 2018; Liang et al., 2013). To study the impact of grain-size sorting on CPA, this 
proxy was compared to the Al2O3/SiO2 ratio. A positive correlation exists between CPA and 
Al2O3/SiO2 for samples from the same loess region (Fig. 12). Na, mostly hosted by plagioclases 
(albite), is more abundant (low CPA) in the coarser fraction (low Al2O3/SiO2) whereas it is 
significantly depleted (high CPA) in the finer fraction. As a result, the CPA variability does not only 
reflect chemical weathering specific to each region but also grain-size and mineralogical sorting during 
fluvial and aeolian transport. As shown in Fig. 8, the amount of K-containing minerals does not vary 
much in the studied loess, which testifies to the inefficiency of chemical weathering in Europe during 
the Last Glacial. 

 

Fig. 12: Correlation between CPA and Al2O3/SiO2 ratio in the loess samples from the study area (a) 
and Europe (b). Data sources: Carpathian loess (Bösken et al., 2017; Profe et al., 2018; Schatz et al., 
2015; Újvári et al., 2014, 2008), North France/Belgium loess (this study, Chauvel et al., 2014; Gallet 
et al., 1998; Jamagne, 1973; Lautridou, 1985; Lautridou et al., 1984; Smykatz-Kloss, 2003), Rhine 
loess (this study, Kühn et al., 2013; Schatz et al., 2015; Taylor et al., 1983), Saxony/Poland loess (this 
study, Raczyk et al., 2015; Skurzyński et al., 2019, 2017; Waroszewski et al., 2018). 

 

During this period, the main rivers drained wide areas (especially the palaeo-Manche and Danube 
Rivers) extending from the high mountain ranges covered by glaciers to the lower plains. River 
sediments underwent repeated storage and remobilization phases in alluvial plains (Bouchez et al., 
2012). As a result, the transfer time of sediments from source to sink was quite long, from several 
thousands to several hundred thousands of years (Granet et al., 2010, 2007). At such time scale, 
climate-warming periods during the Pleistocene probably had a major impact on chemical weathering. 
Despite this, weathering of alluvium-derived dust remained low to moderate and homogeneous at the 
scale of each catchment, strongly suggesting that the lithology of sources was the main controlling 
factor. Therefore, the differences in the geochemical composition of loess are mainly related to the 
lithological and textural properties of source rocks, while the variability of the weathering proxies is 
largely controlled by grain-size sorting during transport. Low to moderate chemical weathering played 
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a role in the slight decrease of K-bearing minerals in loess whereas the CaO content was dependent on 
factors such as: (i) the amount of carbonates in the sources (source effect), which is assumed to be 
dominant in the study area; (ii) syn-sedimentary climate-related weathering in some regions, which 
was responsible for the depletion of alkaline and alkali-earth elements (Ca, Mg, Na and K) as well as 
for the enrichment in stable elements (Al, Ti) (Nesbitt et al., 1996, 1980; Nesbitt and Young, 1989); 
such weathering was favored in areas with low sedimentation rates (e.g., on the southern margin of the 
NELB in France); (iii) post-depositional chemical weathering of sediments older than the Last Glacial 
(e.g., Dombes loess) during one (or several) interglacial(s). 

5.2.3. Sediment recycling 

On the Na2O/Al2O3 vs. K2O/Al2O3 diagram proposed by Garrels and Mackenzie (1971), all European 
loess samples have Na2O concentrations significantly lower than igneous rocks (and UCC) and plot in 
the field of sedimentary rocks (Fig. 13). Na2O and K2O do not vary much within each loess region 
(North France/Belgium, Provence, Rhône, Rhine, Saxony/Poland, England, Po, Balkans, Carpathians 
and Moravia) but show large scatter from one region to another. Loess form a swarm around the shale 
trend line witnessing plagioclase depletion and progressive K-feldspars and illite enrichment (Fig. 13). 
Na loss (together with Ca) is moderate for loess whereas K remains almost constant. These 
observations are in agreement with Gallet et al. (1998). Ca-rich peri-alpine loess, and especially loess 
from the Rhône basin, have the smallest maturity. On the contrary, Aquitaine loess, Saharan dust and 
to a lesser extent, English loess, show major Na depletion (higher CPA) and K decrease, testifying to 
higher weathering rates (Fig. 13). Such specificities are mainly the result of the various origin of dust. 
Aquitaine loess dusts came from sand abrasion upon aeolian transport and only marginally from 
alluvial sources (Sitzia et al., 2017). Repeated mobilization of the same sand source by the wind during 
the Pleistocene was responsible for a progressive enrichment in resistant minerals (Zr, Ti, Nb) (Fig. 
9e). For English loess, Na and K anomalies do not result from recycling but most likely reflect 
phyllosilicate-rich sources (mudstones) that underwent glacial abrasion under the BIIS (Fig. 10). 

 

Fig. 13: Plot of Na2O/Al2O3 vs. K2O/Al2O3 ratios (Garrels and Mackenzie, 1971) comparing the 
European loess samples to igneous rocks and the shale compositional trend line. Data sources are as 
in Fig. 12, except for England loess (Parks and Rendell, 1992). The average composition of clay 
minerals is from Wilson (2013). 

 



21 
 

Fluvio-aeolian recycling of silt-rich older sediments is considered by Frechen et al. (2003) as the main 
factor behind the extremely high loess sedimentation rates during MIS 2. In LGM fluvial systems, 
where riverbeds tend to widen rather than incise, lateral channel migration led to remobilization of 
former floodplain deposits and loess accreted alongside river banks. Such recycling is thought to have 
increased the amount of sediments available to deflation during successive glacial periods. Wind 
erosion surveys on Nebraskan loess (USA) also indicates that significant dust entrainment can occur 
in spite of its cohesion (Sweeney and Mason, 2013). In Europe, the LGM environments (low vegetation 
density, windy and dry climate) probably favored loess erosion. Recycling remains hard to estimate in 
this study, however, but is assumed not to have been a key factor. To better evaluate this factor, it 
would be necessary to examine in details the geochemical evolution of loess in the same area over 
several glacials. 

6. Conclusions 

The geochemical approach developed throughout this study, based on the comparison between loess 
and their potential sources with respect to major, trace and rare earth elements, allows to clearly 
identify the sources and to better constrain the respective role of weathering. The main conclusions 
that can be drawn are as follow: 

(1) Rhône loess have a relatively homogenous geochemical composition, suggesting similar sources. 
A genetic relationship is obvious between loess and Ca-rich river sediments from the Alpine Ice 
Sheet (AIS). Provence loess have distinctive properties (higher CPA values, Eu anomaly, and CaO 
and MgO content) pointing to sources richer in dolomite and to a contribution of mafic rocks 
(Alpine ophiolite complex). 

(2) As for other European loess, the weathering rate of loess is low in the Rhône basin. Variations in 
the weathering index are mostly related to the lithology of sources and to grain-size sorting during 
fluvial and aeolian particle transport. The lack of traceable weathering gradient in European loess 
highlights the minor role played by climate on the geochemical composition, at a time when 
mechanical erosion processes (glacial abrasion, freeze-thaw cycles) largely prevailed over 
chemical weathering. 

(3) The influence of recycling of older aeolian sources remains hard to assess. Still, such process is 
probably at the origin of the high loess enrichment in resistant minerals and quartz in some regions. 
This is especially the case for the loess resulting from coversand abrasion (Aquitaine). 

(4) Neither weathering nor sediment recycling are able to mask the geochemical signature of loess 
sources. Their composition is variable according to the region, reflecting the lithology of their 
respective catchment and particularly that of the areas affected by glacial abrasion. Greater loess 
homogeneity than alluvial sources resulted from particle mixing during transport in the 
atmosphere.  

(5) At the European scale, the RL and PL plot well within the peri-alpine loess group supplied by the 
carbonate-rich rivers draining the AIS (Rhône, Danube, Rhine, and Po). On the other hand, the 
NELB was mainly supplied by dust rich in K-bearing minerals coming from Scandinavian felsic 
rocks. Additional regional contributions of Ca-rich dust from the main sedimentary basins (Paris 
basin, North German basin) is also obvious in the western part of the NELB. Locally, contributions 
may have come from smaller glaciers (e.g., Carpathians). 

The use of only trace elements or few isotopic markers would have not allowed to provide such 
conclusive results. This study highlights the heterogeneity of European loess, as sensed in previous 
studies (Gallet et al., 1998; Rousseau et al., 2014). As such, loess can hardly provide a good estimate 
of UCC elemental composition. It also shows that the mapping approach developed by Scheib et al. 
(2014) who used the distribution of Zr and Hf in soils, failed to identify many loess accumulation areas 
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since strong Zr and Hf enrichment compared to average soil is mostly limited to NELB loess derived 
from the felsic Scandinavian sources. 
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Supplementary figures 

Fig. A1: ED-XRF calibration. 

Fig. A2: Example of spectra obtained by RAMAN microspectrometer SENTERRA. 

Fig. A3: Box plot of CPA index (A) and Eu/Eu* (B) of loess deposits grouped by regions. 
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Fig. A1: Energy-Dispersive X-Ray Fluorescence (ED-XRF) data were obtained on pressed pellets 
made of 97% of ground sediment and 3% of specific XRF wax, with acquisition parameters set to 40 
kV, 50 µA and 300 s of counting time. Elements lighter than Si are not detected with this device. 
Quantitative results are provided for 18 elements (Si, K, Ca, Ti, V, Cr, Mn, Fe, Zn, Ga, As, Rb, Sr, Y, 
Zr, Ba, Pb, Th) following an empirical calibration based on the Lucas-Tooth and Price (1961) method, 
using the ICP-AES/ICP-MS composition of 46 samples of loess and surficial sediments measured at 
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the SARM-CRPG (Carignan et al., 2001). Only elements with a coefficient of determination (R²) equal 
or greater than 0.7 between ED-XRF and ICP-AES/ICP-MS values were considered. 

 

 

Fig. A2: Example of spectra obtained by RAMAN microspectrometer SENTERRA.  
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Fig. A3: Box plot of CPA index (a) and Eu/Eu* (b) of loess deposits grouped by regions. 
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Supplementary tables 

Table A1: New major (wt %) and trace element (ppm) data obtained by ICP analysis on the loess, 
palaeosols and potential sources samples. 

Table A2: New major (wt %) and trace element (ppm) data obtained by ED-XRF analysis on the 
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Supplementary Table A1 
New major (wt %) and trace element (ppm) data obtained by ICP analysis on the loess, palaeosols and potential sources samples.
Longitude Latitude Site Area Type Code Fraction (µm) SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total LOI Be Sc V Cr Co Ni Cu Zn Ga Ge As Rb Sr Y Zr Nb Mo Cd In Sn Sb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Pb Bi Th U
4,90 44,90 Lautagne Rhône Loess LA420-a <10 37,46 0,53 13,85 7,50 0,14 5,81 21,89 9,12 3,20 0,50 100 Undosed 1,84 11,28 93,41 76,97 11,72 47,71 44,84 131,47 14,33 1,08 44,92 91,03 1284,03 18,78 58,26 7,40 1,59 0,26 < 0.03 166,98 2,00 4,46 344,65 21,20 41,81 5,01 19,40 4,07 0,88 3,50 0,56 3,32 0,68 1,80 0,27 1,67 0,25 1,68 0,69 22,53 24,56 0,44 10,73 1,39
4,87 45,83 Sathonay Rhône Loess Sat1-a <10 50,69 0,66 14,20 6,49 0,15 2,77 19,83 2,44 2,49 0,29 100 20,15 2,20 11,03 82,90 78,65 14,65 48,44 24,07 121,83 15,59 1,36 29,29 99,75 454,53 25,74 128,52 10,94 0,79 0,23 < 0.03 189,46 1,53 7,40 332,83 28,14 62,25 6,49 24,72 5,16 1,08 4,55 0,71 4,45 0,89 2,43 0,36 2,32 0,35 3,59 1,01 2,51 23,00 0,35 10,97 2,04
4,72 44,71 Baix Rhône Loess Bai3-b <32 64,31 0,85 13,27 6,15 0,13 2,30 8,95 1,61 2,15 0,27 100 11,13 2,05 12,90 80,28 80,51 13,62 46,68 29,23 95,40 16,01 1,62 29,10 96,95 236,50 39,66 402,92 13,68 0,92 0,29 0,06 4,28 2,15 5,18 389,90 43,00 88,20 10,40 39,65 8,33 1,64 7,14 1,14 6,84 1,44 3,87 0,58 3,80 0,59 10,41 1,37 2,79 24,05 0,40 14,91 3,53
4,64 44,49 Bouzil Rhône Loess Bou1-b <32 61,53 0,75 11,81 5,53 0,12 1,76 15,11 1,33 1,87 0,19 100 14,54 1,77 11,00 72,53 91,74 12,38 48,58 20,67 81,90 13,12 1,48 20,04 76,61 292,06 30,39 308,58 11,11 0,71 0,18 0,05 3,84 1,46 4,38 298,63 33,76 70,72 8,22 31,16 6,43 1,30 5,54 0,87 5,15 1,09 2,93 0,45 2,92 0,45 8,27 1,09 2,16 19,21 0,30 11,38 2,72
5,89 43,92 Brillanne (La) Rhône Loess Bri1-b <32 48,14 0,53 9,74 6,17 0,23 2,82 29,82 0,80 1,58 0,17 100 22,47 1,24 9,26 57,43 52,60 19,05 50,88 48,40 117,06 9,56 1,13 18,97 56,28 515,51 20,53 180,16 7,70 0,79 0,20 0,05 2,23 1,73 3,02 239,20 19,68 39,39 4,69 18,45 4,11 0,85 3,68 0,57 3,50 0,74 2,02 0,30 1,99 0,29 4,96 0,70 1,33 27,90 0,36 6,85 2,07
4,46 43,95 Collias Rhône Loess Col2-b <32 58,02 0,75 12,41 5,52 0,11 2,01 17,74 1,30 1,97 0,18 100 16,29 1,91 10,91 71,85 77,34 11,82 41,88 22,41 91,55 13,78 1,41 20,63 83,86 263,82 32,24 289,80 11,71 0,71 0,22 0,05 4,06 1,52 4,74 327,52 34,03 70,60 8,32 31,73 6,67 1,30 5,71 0,90 5,42 1,14 3,11 0,46 3,04 0,47 7,61 1,13 2,52 20,21 0,36 11,80 2,86
5,69 43,26 Cuges-les-Pins Rhône Loess Cug1-b <32 34,67 0,53 10,85 4,23 0,11 5,83 41,06 0,52 2,04 0,16 100 29,76 1,32 7,51 61,11 51,80 9,97 33,26 17,13 71,59 10,03 0,88 10,54 66,26 325,99 17,92 121,86 7,19 0,91 0,19 0,03 2,65 0,54 4,38 157,03 21,95 41,27 4,80 18,23 3,62 0,73 3,10 0,47 2,87 0,60 1,62 0,24 1,53 0,23 3,28 0,67 1,28 14,96 0,22 6,33 2,12
5,69 43,26 Cuges-les-Pins Rhône Loess Cug2-b <32 35,43 0,53 10,99 4,37 0,11 5,46 40,41 0,51 2,04 0,15 100 29,40 1,31 7,61 61,86 52,72 10,34 34,99 19,69 74,29 10,31 0,88 11,33 65,75 314,72 17,74 121,61 7,38 0,84 0,19 0,03 2,57 0,58 4,12 163,23 21,63 40,63 4,75 18,00 3,61 0,73 3,04 0,46 2,84 0,58 1,58 0,24 1,54 0,24 3,30 0,65 1,33 15,35 0,24 6,41 2,11
4,53 44,17 Donnat Rhône Loess Don1-b <32 63,75 0,82 11,71 5,17 0,11 1,89 12,84 1,61 1,90 0,21 100 12,54 1,83 10,89 69,33 77,62 11,40 39,41 21,16 87,81 13,76 1,56 22,01 82,48 281,69 38,74 467,25 13,12 0,60 0,22 0,05 5,12 1,76 4,55 334,25 42,54 88,91 10,30 38,76 8,00 1,51 6,80 1,09 6,58 1,39 3,75 0,58 3,78 0,59 11,76 1,27 2,52 21,20 0,31 14,08 3,74
4,89 45,67 Feyzin Rhône Loess Fey1-b <32 59,09 0,71 10,40 4,54 0,08 1,32 20,97 1,04 1,67 0,18 100 17,82 1,57 8,87 57,90 73,80 8,52 30,62 12,68 62,35 11,18 1,28 19,10 68,62 229,71 32,81 391,76 10,95 0,62 0,22 0,05 3,43 1,07 4,43 231,79 34,89 71,62 8,47 32,28 6,68 1,25 5,65 0,89 5,45 1,15 3,13 0,47 3,14 0,48 9,95 1,08 2,22 16,41 0,31 11,09 3,13
4,44 43,76 Garons Rhône Loess Gar1-b <32 55,68 0,77 12,18 5,38 0,12 1,72 20,65 1,25 2,01 0,23 100 17,62 1,89 10,54 72,75 72,97 12,31 38,95 19,67 80,46 13,27 1,34 22,27 82,30 277,34 32,01 377,19 11,52 0,64 0,25 0,04 4,19 1,54 4,42 319,64 36,16 76,57 8,79 33,76 6,93 1,31 5,86 0,91 5,61 1,19 3,22 0,48 3,17 0,48 9,84 1,13 2,36 20,59 0,31 12,43 3,14
4,90 44,90 Lautagne Rhône Loess LA200-b <32 62,25 0,76 11,40 5,15 0,11 1,89 14,98 1,37 1,89 0,20 100 14,24 1,79 10,44 68,18 70,67 10,73 34,30 17,88 75,99 12,54 1,46 20,90 77,10 313,82 33,76 408,73 11,79 0,53 0,19 0,05 4,32 1,51 4,17 284,49 37,01 78,16 8,99 34,57 7,24 1,37 6,01 0,95 5,88 1,24 3,38 0,51 3,45 0,52 10,90 1,15 2,22 19,11 0,29 12,46 3,37
4,90 44,90 Lautagne Rhône Loess LA350-b <32 64,01 0,76 11,56 5,18 0,11 2,13 12,62 1,58 1,86 0,19 100 12,56 1,91 11,08 69,52 77,82 11,18 39,80 19,98 83,21 13,14 1,44 21,11 79,37 286,52 32,91 387,16 11,37 0,54 0,19 0,05 4,23 1,60 4,01 304,36 36,70 76,34 8,88 34,27 7,21 1,41 6,12 0,94 5,76 1,24 3,30 0,50 3,31 0,50 10,04 1,15 2,12 20,01 0,29 12,70 3,22
4,90 44,90 Lautagne Rhône Loess LA420-b <32 59,89 0,76 13,21 6,19 0,11 2,32 13,74 1,42 2,15 0,22 100 14,29 2,03 12,27 76,54 76,79 10,62 42,61 35,03 89,47 14,72 1,47 48,45 90,29 272,18 32,85 293,61 11,42 0,85 0,38 0,05 5,69 3,12 5,35 345,16 35,63 71,60 8,43 31,94 6,75 1,35 5,83 0,92 5,64 1,16 3,21 0,48 3,16 0,48 8,00 1,11 3,50 32,81 0,58 13,58 3,05
4,50 43,91 Ledenon Rhône Loess Led1-b <32 55,61 0,81 12,02 5,44 0,11 2,10 20,34 1,35 2,03 0,21 100 17,07 1,73 10,56 70,67 75,71 12,06 39,09 20,96 84,89 13,39 1,42 23,17 77,50 315,82 35,10 478,24 12,16 0,62 0,31 0,05 4,05 1,83 4,43 321,77 42,93 85,97 9,99 38,79 7,93 1,44 6,52 1,01 6,18 1,28 3,50 0,54 3,53 0,55 12,90 1,23 2,66 21,48 0,30 14,39 3,82
4,82 45,04 Mauves (Sud) Rhône Loess Mau2-b <32 67,75 0,89 13,53 6,14 0,09 2,14 5,42 1,65 2,15 0,24 100 8,68 2,30 13,23 83,67 82,96 10,30 41,55 27,50 90,68 16,54 1,73 28,49 100,03 194,90 41,76 431,84 14,53 0,61 0,22 0,06 4,60 2,08 5,74 352,00 48,17 95,77 11,30 43,47 8,88 1,73 7,52 1,20 7,40 1,55 4,22 0,64 4,13 0,64 11,94 1,47 2,88 22,08 0,37 16,02 4,03
4,82 45,04 Mauves (Sud) Rhône Loess Mau4-b <32 65,68 0,86 12,87 5,89 0,11 2,34 8,36 1,56 2,08 0,25 100 12,24 2,10 12,44 79,24 95,23 11,72 47,29 29,34 93,18 15,26 1,54 24,84 95,44 220,31 38,29 395,81 13,57 0,58 0,22 0,05 4,47 1,64 5,93 329,16 42,04 84,26 9,91 37,74 7,79 1,51 6,76 1,07 6,61 1,38 3,76 0,58 3,76 0,57 10,56 1,34 2,62 21,95 0,36 13,94 3,61
4,86 45,88 Montanay Rhône Loess Mon1-b <32 65,83 0,92 14,25 6,19 0,08 1,85 6,67 1,64 2,31 0,26 100 9,34 2,39 13,54 87,45 86,49 9,70 41,04 27,34 104,82 17,36 1,72 28,07 104,44 229,71 43,75 479,02 15,28 0,64 0,25 0,07 5,16 2,29 6,22 423,96 49,27 98,83 11,47 43,56 8,90 1,68 7,58 1,22 7,61 1,62 4,43 0,69 4,39 0,69 12,98 1,54 3,01 22,11 0,37 16,89 4,20
5,00 45,36 Pact Rhône Loess Pac1-b <32 67,39 1,01 17,70 8,14 0,08 1,41 0,80 0,98 2,32 0,16 100 8,48 3,36 18,16 114,09 94,80 9,71 58,23 30,38 121,06 21,61 2,14 31,86 130,92 144,02 58,81 360,15 17,47 0,91 0,17 0,07 5,97 2,18 7,83 439,31 66,21 100,68 15,63 60,29 13,32 2,79 11,50 1,84 11,10 2,20 5,74 0,84 5,35 0,79 9,72 1,68 3,16 19,89 0,46 18,29 4,33
4,84 44,92 Saint-Péray Rhône Loess Per3-b <32 63,83 0,88 12,77 5,89 0,13 1,76 11,06 1,37 2,09 0,22 100 12,04 2,17 12,22 81,34 90,53 13,18 47,23 23,05 90,27 14,98 1,58 24,53 89,01 274,47 40,52 480,89 13,84 0,69 0,24 0,05 4,24 1,98 5,29 328,75 45,19 93,13 10,45 39,98 8,26 1,56 7,04 1,12 6,95 1,44 4,00 0,62 4,12 0,62 13,05 1,40 2,81 20,97 0,36 15,10 3,87
4,87 45,83 Sathonay Rhône Loess Sat1-b <32 61,38 0,77 12,23 5,50 0,12 1,79 14,99 1,07 1,96 0,20 100 14,93 2,07 10,31 72,94 78,92 11,50 37,99 17,19 79,60 13,67 1,36 25,27 83,26 239,19 32,25 380,39 12,46 0,59 0,22 0,05 4,42 1,38 5,98 294,53 36,48 77,94 8,42 32,06 6,63 1,25 5,71 0,91 5,54 1,15 3,23 0,49 3,24 0,50 10,38 1,26 2,66 20,62 0,32 13,15 3,31
4,83 45,82 Saint-Cyr-au-Mont-d'Or Rhône Loess SCMO1-b <32 67,50 0,92 13,93 6,38 0,12 1,84 5,15 1,47 2,40 0,29 100 8,64 2,45 14,09 89,96 99,97 13,37 50,23 25,79 102,64 17,49 1,76 31,19 110,81 204,90 44,05 497,18 15,69 0,75 0,25 0,06 5,79 1,99 7,81 390,02 47,55 98,39 11,21 42,86 8,83 1,68 7,64 1,22 7,55 1,59 4,34 0,67 4,42 0,68 13,19 1,56 3,12 24,72 0,39 16,79 4,15
5,72 43,69 Saint-Désirat Rhône Loess SD2-b <32 66,71 0,86 9,81 4,14 0,08 1,77 13,51 1,16 1,78 0,18 100 12,74 1,60 9,21 63,35 85,35 8,54 28,66 13,28 65,54 11,30 1,49 21,82 71,86 233,31 38,82 578,84 14,19 0,53 0,25 0,05 3,62 1,35 4,93 237,60 46,01 92,26 10,59 40,37 8,15 1,41 6,87 1,06 6,57 1,37 3,86 0,61 4,08 0,63 17,37 1,41 2,60 17,07 0,26 14,80 4,48
4,82 45,62 Sérézin-du-Rhône Rhône Loess Ser1-b <32 59,60 0,71 10,18 4,51 0,10 1,36 20,39 1,08 1,88 0,19 100 16,81 1,53 9,00 61,81 68,25 9,52 28,65 14,98 71,60 10,98 1,30 24,66 76,09 260,35 32,18 421,51 10,93 < 0.50 0,23 0,04 3,64 1,10 5,77 239,86 36,15 74,10 8,41 32,04 6,48 1,18 5,49 0,86 5,32 1,12 3,09 0,47 3,11 0,49 11,00 1,07 2,25 16,26 0,25 12,06 3,42
4,83 44,86 Saint-Georges-les-Bains Rhône Loess SGB1-b <32 64,11 0,85 12,16 5,52 0,12 1,90 11,78 1,45 1,92 0,21 100 12,34 1,88 11,67 75,94 88,45 11,93 43,44 21,57 77,52 13,97 1,55 22,24 82,35 238,74 37,75 458,57 13,07 0,85 0,24 0,05 3,81 1,72 5,14 325,17 42,68 86,38 9,87 37,84 7,80 1,49 6,68 1,06 6,55 1,34 3,74 0,58 3,85 0,58 12,58 1,32 2,49 20,75 0,54 13,82 3,75
4,84 44,89 Soyons Rhône Loess Soy1-b <32 63,39 0,87 13,42 5,97 0,07 2,02 10,23 1,53 2,28 0,21 100 11,81 2,16 12,88 85,88 90,07 12,67 46,45 26,53 101,10 15,98 1,66 24,95 98,28 270,89 40,51 447,42 13,71 0,62 0,24 0,06 4,48 6,83 6,06 507,97 44,56 88,59 10,23 39,23 7,94 1,52 6,83 1,09 6,74 1,43 3,97 0,60 4,03 0,62 11,95 1,33 2,74 22,70 0,35 14,89 3,88
5,72 43,69 Saint-Paul-les-Durance Rhône Loess SPD3-b <32 47,07 0,57 11,98 5,92 0,18 2,96 28,30 0,72 2,16 0,14 100 22,15 1,64 9,65 74,06 65,56 15,20 53,25 37,68 89,29 12,50 1,29 19,10 79,76 466,70 20,84 160,63 8,95 1,13 0,21 0,04 3,21 1,27 4,33 304,23 24,83 50,10 5,58 21,22 4,34 0,87 3,75 0,59 3,61 0,74 2,02 0,31 2,01 0,30 4,46 0,82 1,77 24,25 0,55 8,81 2,33
4,85 45,08 Tain l'Hermitage Rhône Loess Tai1-b <32 62,33 0,75 11,03 5,05 0,13 1,78 15,71 1,16 1,86 0,19 100 14,92 1,77 10,08 65,81 71,87 10,98 38,88 18,21 70,15 12,02 1,37 24,18 80,50 267,17 32,44 403,31 11,38 0,61 0,22 0,04 3,48 1,49 5,26 272,10 36,61 74,85 8,53 32,59 6,70 1,27 5,72 0,89 5,47 1,16 3,17 0,48 3,28 0,51 10,57 1,12 2,29 18,38 0,32 12,36 3,33
4,80 45,79 Vaise Rhône Loess Vai2-b <32 60,44 0,82 12,40 5,71 0,13 1,89 14,99 1,04 2,30 0,27 100 16,17 2,18 11,34 78,36 90,96 13,16 43,09 19,65 97,35 13,82 1,47 27,15 101,98 223,50 35,99 406,24 12,90 0,67 0,36 0,05 5,03 1,31 9,31 318,38 40,33 80,23 9,34 35,81 7,37 1,39 6,22 0,96 5,82 1,21 3,32 0,50 3,30 0,50 10,29 1,20 2,87 28,87 0,30 14,00 3,34
4,55 44,29 Saint-Julien-de-Peyrolas Rhône Loess SJP1-b <32 58,68 0,80 12,25 6,07 0,10 1,73 16,94 1,26 2,00 0,17 100 16,29 1,93 10,98 77,65 77,50 11,76 36,52 16,01 36,52 13,98 1,51 19,21 90,16 210,89 32,89 312,70 13,17 0,57 0,20 0,05 3,67 1,43 5,30 330,96 37,95 79,82 9,08 34,76 7,14 1,36 5,95 0,91 5,62 1,18 3,15 0,47 3,03 0,48 8,22 1,26 2,29 18,71 0,29 12,70 3,00
4,55 44,29 Saint-Julien-de-Peyrolas Rhône Loess SJP1-c 32-100 74,76 0,49 7,33 2,68 0,05 0,93 10,80 1,42 1,41 0,11 100 9,51 1,00 5,86 36,42 42,49 5,20 16,41 6,85 16,41 7,81 1,18 7,45 52,20 215,82 18,73 256,60 7,79 < 0.50 0,11 < 0.03 2,17 0,80 2,36 236,71 23,31 48,09 5,61 21,29 4,45 0,76 3,62 0,55 3,38 0,68 1,81 0,27 1,79 0,28 6,70 0,80 1,49 10,10 0,13 7,69 2,14
4,72 44,71 Baix Rhône Loess Bai3-c 32-100 76,59 0,45 7,68 2,12 0,05 1,20 8,42 2,02 1,33 0,14 100 7,36 1,05 5,39 30,45 33,55 4,56 15,46 6,27 31,70 7,85 1,17 5,65 45,24 234,05 18,50 149,50 6,90 < 0.50 0,08 < 0.03 2,18 1,01 1,59 246,19 22,66 47,09 5,59 21,12 4,37 0,88 3,65 0,56 3,35 0,68 1,84 0,27 1,71 0,25 3,98 0,73 1,44 8,74 0,10 5,85 1,63
4,64 44,49 Bouzil Rhône Loess Bou1-c 32-100 72,43 0,45 7,55 2,30 0,05 0,98 12,90 1,79 1,42 0,12 100 10,39 1,05 5,56 32,37 52,90 4,79 18,45 7,02 33,69 7,48 1,10 5,60 45,89 277,76 16,54 202,40 6,42 < 0.50 0,10 < 0.03 2,02 0,83 1,70 238,34 21,03 43,07 5,16 19,86 4,00 0,76 3,38 0,51 2,94 0,61 1,58 0,24 1,54 0,24 5,31 0,65 1,32 8,69 0,10 6,50 1,87
5,89 43,92 Brillanne (La) Rhône Loess Bri1-c 32-100 54,16 0,28 5,89 3,62 0,15 2,39 31,32 0,94 1,14 0,10 100 21,89 0,72 5,32 27,08 32,38 9,46 28,86 24,69 59,33 5,29 0,85 10,76 34,88 599,96 16,06 103,62 4,00 0,59 0,14 < 0.03 1,33 1,10 1,42 146,56 11,44 23,18 2,93 11,94 2,98 0,72 2,76 0,44 2,63 0,55 1,42 0,21 1,30 0,19 2,72 0,39 < 0.80 14,63 0,21 3,70 1,24
4,46 43,95 Collias Rhône Loess Col2-c 32-100 67,48 0,54 8,54 3,06 0,07 1,31 15,73 1,63 1,50 0,13 100 13,01 1,29 6,57 40,13 52,32 6,00 21,81 10,43 45,62 8,77 1,18 9,75 52,10 290,15 20,60 202,85 7,75 < 0.50 0,11 0,03 2,54 1,13 2,39 243,72 25,12 52,31 6,16 23,36 4,70 0,85 3,94 0,62 3,63 0,75 2,01 0,30 1,90 0,29 5,47 0,79 1,66 11,48 0,18 8,85 2,30
5,69 43,26 Cuges-les-Pins Rhône Loess Cug1-c 32-100 41,35 0,22 4,54 1,93 0,05 7,79 42,48 0,58 0,98 0,09 100 28,61 0,51 3,02 21,50 23,23 2,87 13,42 6,59 29,16 3,83 0,56 4,06 27,45 307,73 11,43 72,60 2,72 < 0.50 0,11 < 0.03 1,09 0,30 1,25 87,74 10,29 18,75 2,40 9,64 2,13 0,46 1,85 0,28 1,74 0,36 0,98 0,14 0,89 0,13 1,87 0,27 < 0.80 6,22 0,09 2,80 1,24
5,69 43,26 Cuges-les-Pins Rhône Loess Cug2-c 32-100 44,17 0,26 5,23 2,22 0,06 6,60 39,65 0,63 1,09 0,10 100 27,28 0,67 3,61 26,13 29,67 3,55 16,06 8,18 33,53 4,67 0,65 5,45 32,36 336,20 11,87 92,90 3,44 < 0.50 0,13 < 0.03 1,27 0,42 1,49 100,55 13,10 24,20 2,96 11,46 2,39 0,49 2,03 0,32 1,90 0,38 1,02 0,15 1,00 0,15 2,45 0,33 < 0.80 7,05 0,11 3,49 1,44
4,53 44,17 Donnat Rhône Loess Don1-c 32-100 70,08 0,55 9,27 3,37 0,07 1,34 11,79 1,74 1,64 0,15 100 10,36 1,35 7,36 45,48 50,20 7,07 25,17 12,46 51,79 10,15 1,27 12,12 62,50 278,24 21,68 219,08 8,38 < 0.50 0,12 0,04 2,76 1,25 2,88 292,55 26,80 55,50 6,51 24,62 5,01 0,97 4,12 0,63 3,81 0,78 2,14 0,32 2,06 0,31 5,78 0,87 2,63 13,57 0,19 8,44 2,01
4,89 45,67 Feyzin Rhône Loess Fey1-c 32-100 70,54 0,29 4,89 1,17 0,05 0,51 20,09 1,30 1,09 0,08 100 14,11 0,65 3,19 16,09 30,37 2,70 8,51 3,13 17,42 4,23 0,87 4,23 30,57 239,37 16,48 136,57 4,22 < 0.50 0,09 < 0.03 1,48 0,49 0,99 159,74 14,54 28,45 3,51 13,50 2,81 0,57 2,54 0,41 2,65 0,57 1,52 0,22 1,48 0,22 3,51 0,45 0,95 6,97 0,07 4,45 1,28
4,44 43,76 Garons Rhône Loess Gar1-c 32-100 68,70 0,54 7,06 2,43 0,06 0,94 17,34 1,48 1,37 0,09 100 12,97 0,99 5,06 31,81 38,55 4,99 17,06 8,11 35,60 6,84 1,02 9,21 45,05 301,78 19,35 212,85 7,31 < 0.50 0,10 < 0.03 2,24 0,99 1,86 213,67 19,05 39,18 4,68 17,97 3,75 0,74 3,14 0,51 3,22 0,71 1,96 0,30 1,97 0,29 5,68 0,80 1,35 10,92 0,14 6,03 1,80
4,90 44,90 Lautagne Rhône Loess LA200-c 32-100 68,75 0,42 7,40 2,22 0,06 1,13 16,65 1,80 1,46 0,11 100 12,16 1,16 5,18 30,13 34,94 4,79 14,44 7,70 31,98 6,97 0,99 6,04 46,38 332,21 17,07 147,39 5,60 < 0.50 0,09 < 0.03 2,44 0,86 1,53 251,79 17,61 35,81 4,42 17,25 3,65 0,76 3,02 0,48 2,90 0,62 1,67 0,25 1,59 0,23 3,92 0,61 1,18 9,49 0,09 5,10 1,44
4,90 44,90 Lautagne Rhône Loess LA350-c 32-100 71,42 0,42 7,36 1,99 0,05 1,18 14,08 2,00 1,39 0,11 100 10,70 1,05 4,87 28,30 39,49 4,09 15,41 6,70 31,64 6,96 1,06 4,90 44,53 307,54 15,73 156,88 5,87 < 0.50 0,07 < 0.03 2,55 0,80 1,38 251,27 17,41 35,22 4,21 16,24 3,43 0,73 2,96 0,46 2,83 0,58 1,55 0,23 1,45 0,22 4,15 0,66 1,12 8,05 0,08 4,57 1,33
4,90 44,90 Lautagne Rhône Loess LA420-c 32-100 72,46 0,44 8,43 2,40 0,06 1,26 11,17 2,09 1,55 0,14 100 8,97 1,19 5,80 31,62 38,85 5,60 17,86 8,55 35,07 8,17 1,10 11,55 51,13 280,56 16,44 147,39 6,25 < 0.50 0,15 < 0.03 3,10 1,76 1,86 283,74 19,60 40,32 4,73 18,20 3,81 0,78 3,18 0,50 2,99 0,61 1,64 0,24 1,57 0,23 4,04 0,66 2,69 15,69 0,18 6,08 1,60
4,50 43,91 Ledenon Rhône Loess Led1-c 32-100 70,03 0,58 7,78 2,75 0,06 1,18 14,39 1,63 1,47 0,11 100 11,56 1,15 6,00 36,52 47,46 5,41 18,98 9,33 39,50 7,94 1,18 10,23 51,77 282,77 23,34 320,06 7,92 < 0.50 0,15 < 0.03 2,22 1,13 2,15 251,72 24,99 51,71 5,92 22,82 4,68 0,88 3,97 0,64 3,98 0,85 2,37 0,36 2,36 0,36 8,29 0,86 1,66 11,52 0,14 7,76 2,25
4,82 45,04 Mauves (Sud) Rhône Loess Mau2-c 32-100 78,67 0,54 8,46 2,75 0,07 1,18 4,79 2,00 1,39 0,16 100 5,10 1,40 6,74 39,79 43,71 6,41 20,82 9,59 38,06 9,11 1,34 9,13 54,07 174,28 23,59 255,06 8,38 < 0.50 0,11 0,03 2,61 1,14 2,28 292,89 28,15 58,34 6,75 25,88 5,38 1,01 4,45 0,71 4,31 0,90 2,44 0,37 2,33 0,35 6,82 0,91 1,74 11,21 0,15 8,24 2,29
4,82 45,04 Mauves (Sud) Rhône Loess Mau4-c 32-100 75,91 0,47 7,57 2,35 0,06 1,23 9,09 1,86 1,30 0,15 100 8,75 1,06 5,78 32,78 50,89 5,52 21,28 9,53 32,77 7,70 1,22 7,11 46,90 213,83 19,37 217,93 7,39 < 0.50 0,11 < 0.03 2,13 0,85 1,97 216,73 23,68 48,32 5,68 21,79 4,57 0,86 3,88 0,60 3,53 0,72 1,94 0,29 1,91 0,29 5,87 0,82 1,39 10,39 0,13 6,83 2,01
4,86 45,88 Montanay Rhône Loess Mon1-c 32-100 77,26 0,60 8,90 3,07 0,06 0,98 5,59 1,92 1,44 0,17 100 5,41 1,40 7,33 44,36 49,91 6,08 20,54 10,56 44,21 9,88 1,38 11,18 57,99 196,25 28,00 303,79 9,72 < 0.50 0,13 0,03 2,82 1,38 2,62 260,09 31,43 63,73 7,34 27,86 5,70 1,11 4,90 0,79 5,01 1,06 2,83 0,43 2,74 0,41 7,97 1,10 1,93 12,09 0,23 8,96 2,42
5,00 45,36 Pact Rhône Loess Pac1-c 32-100 85,34 0,52 7,73 2,22 0,05 0,49 0,39 1,63 1,63 <0.10 100 2,03 1,41 5,28 34,71 41,37 5,24 17,47 8,98 36,74 8,50 1,34 7,20 65,07 101,89 26,79 283,54 8,28 < 0.50 0,10 < 0.03 2,44 1,55 2,32 331,04 27,04 48,35 6,45 24,80 5,12 0,98 4,44 0,72 4,53 0,97 2,68 0,41 2,63 0,40 7,51 0,86 1,85 11,49 0,13 7,67 2,41
4,84 44,92 Saint-Péray Rhône Loess Per3-c 32-100 75,09 0,50 7,21 2,08 0,06 0,83 10,94 1,79 1,37 0,14 100 8,55 1,00 5,53 30,73 44,35 4,19 14,74 5,92 27,87 7,10 1,12 5,35 45,38 246,35 22,26 222,00 7,03 < 0.50 0,10 < 0.03 2,03 0,86 1,56 225,28 25,38 51,65 6,09 23,26 4,86 0,92 4,16 0,66 4,01 0,81 2,21 0,33 2,15 0,32 5,99 0,77 1,35 9,16 0,10 7,46 2,06
4,87 45,83 Sathonay Rhône Loess Sat1-c 32-100 72,07 0,36 5,35 1,46 0,04 0,72 17,47 1,37 1,15 <0.10 100 12,59 0,70 3,61 19,21 35,55 2,51 8,98 3,43 17,65 4,72 0,92 5,01 33,77 221,21 15,07 198,24 5,29 < 0.50 0,09 < 0.03 1,56 0,58 1,17 166,80 16,39 32,43 3,96 15,43 3,25 0,64 2,79 0,43 2,60 0,53 1,47 0,22 1,50 0,22 5,46 0,58 1,07 6,99 0,08 5,59 1,66
4,83 45,82 Saint-Cyr-au-Mont-d'Or Rhône Loess SCMO1-c 32-100 79,34 0,54 7,61 2,43 0,06 0,78 5,86 1,86 1,37 0,16 100 4,98 1,16 6,01 36,34 55,87 5,28 18,56 7,42 34,81 7,86 1,22 8,23 49,37 177,53 21,51 280,89 8,30 < 0.50 0,11 < 0.03 2,30 1,03 2,14 237,72 25,91 53,46 6,12 23,44 4,78 0,92 3,99 0,63 3,80 0,78 2,11 0,32 2,07 0,32 7,19 1,24 1,61 9,94 0,13 7,96 2,04
5,72 43,69 Saint-Désirat Rhône Loess SD2-c 32-100 71,13 0,45 6,98 2,42 0,06 1,18 14,96 1,21 1,51 0,11 100 12,21 1,03 5,19 35,13 50,63 5,20 16,67 7,48 38,06 7,32 1,06 12,06 52,88 232,40 18,74 254,09 7,16 < 0.50 0,13 < 0.03 2,12 0,79 2,82 213,62 21,79 43,83 5,03 19,22 4,01 0,75 3,43 0,54 3,30 0,67 1,86 0,29 1,89 0,29 6,77 0,74 1,46 11,05 0,15 7,46 2,07
4,82 45,62 Sérézin-du-Rhône Rhône Loess Ser1-c 32-100 68,41 0,38 5,68 1,88 0,05 0,66 20,38 1,10 1,33 0,12 100 14,50 0,80 4,26 26,12 46,82 3,31 11,06 4,81 25,69 5,61 0,98 8,81 45,19 268,17 19,29 219,25 5,98 < 0.50 0,13 < 0.03 1,71 0,64 2,23 189,84 21,14 42,60 5,05 19,38 3,97 0,77 3,52 0,55 3,34 0,68 1,78 0,26 1,65 0,25 5,63 0,63 1,32 8,39 0,10 6,48 1,80
4,83 44,86 Saint-Georges-les-Bains Rhône Loess SGB1-c 32-100 73,48 0,43 6,97 2,03 0,05 0,97 12,99 1,77 1,31 <0.10 100 9,90 1,04 5,00 28,21 44,35 4,21 15,87 5,98 26,24 6,73 1,07 5,52 41,38 259,16 17,80 197,59 6,08 < 0.50 0,09 < 0.03 1,75 0,93 1,40 224,19 19,50 39,87 4,71 18,26 3,85 0,78 3,28 0,51 3,13 0,65 1,78 0,27 1,78 0,26 5,33 0,67 1,24 8,45 0,10 5,55 1,77
4,84 44,89 Soyons Rhône Loess Soy1-c 32-100 76,57 0,41 7,26 1,82 0,04 0,85 9,55 2,00 1,36 0,13 100 7,65 1,10 5,02 27,81 31,03 2,98 12,32 5,38 28,49 6,77 1,07 5,14 44,92 233,93 19,84 150,54 5,86 < 0.50 0,08 < 0.03 1,91 1,42 1,58 242,48 20,14 40,38 4,76 18,30 3,90 0,79 3,43 0,55 3,46 0,72 1,93 0,29 1,85 0,27 4,05 0,62 1,12 10,14 0,09 5,43 1,56
5,72 43,69 Saint-Paul-les-Durance Rhône Loess SPD3-c 32-100 53,24 0,29 6,99 3,61 0,12 2,16 31,32 0,92 1,36 <0.10 100 21,49 0,98 5,62 34,35 37,67 8,25 31,31 19,57 54,58 6,70 0,93 8,60 44,77 583,72 16,52 67,28 4,40 0,67 0,13 < 0.03 1,62 0,73 1,78 185,86 14,67 29,12 3,50 13,90 3,21 0,73 2,94 0,46 2,77 0,56 1,48 0,22 1,36 0,20 1,87 0,45 0,97 12,17 0,19 4,41 1,26
4,85 45,08 Tain l'Hermitage Rhône Loess Tai1-c 32-100 69,59 0,40 6,18 1,83 0,05 1,00 18,05 1,48 1,31 0,11 100 13,02 0,78 4,57 24,97 33,80 3,33 11,33 4,09 22,31 5,80 0,96 5,59 42,07 301,88 16,60 170,35 5,62 < 0.50 0,09 < 0.03 1,54 0,74 1,55 212,40 18,89 37,45 4,49 17,19 3,59 0,69 3,00 0,47 2,92 0,60 1,64 0,25 1,64 0,25 4,54 0,59 1,12 7,52 0,08 5,27 1,57
4,80 45,79 Vaise Rhône Loess Vai2-c 32-100 75,32 0,40 5,46 1,56 0,04 0,69 13,76 1,22 1,43 0,11 100 10,95 0,90 3,71 24,18 58,80 2,66 9,37 4,34 20,15 5,05 1,07 7,47 49,60 193,80 19,82 411,86 5,94 < 0.50 0,15 < 0.03 1,63 0,70 2,32 219,40 23,58 48,34 5,72 21,73 4,45 0,73 3,61 0,55 3,34 0,71 1,97 0,31 2,08 0,32 10,36 0,63 1,33 9,77 0,10 9,23 2,48
4,72 44,71 Baix Rhône Loess Bai3-d <100** 70,14 0,66 10,62 4,24 0,09 1,78 8,70 1,81 1,76 0,21 100 9,34 1,58 9,34 56,63 58,23 9,32 31,86 18,33 65,18 12,14 1,40 17,97 72,42 235,33 29,62 282,67 10,46 0,48 0,19 0,03 3,28 1,61 3,47 321,71 33,35 68,69 8,11 30,85 6,45 1,28 5,48 0,86 5,18 1,08 2,90 0,43 2,81 0,43 7,35 1,06 2,15 16,78 0,26 10,61 2,63
4,64 44,49 Bouzil Rhône Loess Bou1-d <100** 67,33 0,59 9,54 3,81 0,09 1,35 13,93 1,57 1,63 0,15 100 12,33 1,39 8,11 51,17 71,08 8,34 32,56 13,41 56,26 10,12 1,28 12,36 60,27 284,46 23,03 252,11 8,62 0,33 0,14 0,02 2,87 1,13 2,96 266,57 26,99 56,02 6,59 25,15 5,14 1,01 4,39 0,68 3,98 0,84 2,21 0,34 2,19 0,34 6,70 0,85 1,71 13,61 0,20 8,78 2,27
5,89 43,92 Brillanne (La) Rhône Loess Bri1-d <100** 50,79 0,42 8,05 5,05 0,20 2,63 30,48 0,86 1,39 0,14 100 22,21 1,01 7,53 44,08 43,71 14,83 41,20 37,97 91,67 7,68 1,00 15,36 46,87 552,65 18,57 146,50 6,07 0,70 0,18 0,03 1,83 1,46 2,32 198,46 16,06 32,26 3,91 15,59 3,61 0,79 3,28 0,51 3,11 0,66 1,76 0,26 1,69 0,25 3,98 0,56 0,74 22,06 0,30 5,47 1,70
4,46 43,95 Collias Rhône Loess Col2-d <100** 62,29 0,66 10,66 4,41 0,09 1,69 16,83 1,45 1,76 0,16 100 14,81 1,63 8,95 57,53 66,04 9,19 32,82 17,00 70,81 11,51 1,31 15,71 69,52 275,71 26,98 250,54 9,92 0,39 0,17 0,04 3,37 1,34 3,68 289,68 30,01 62,34 7,34 27,95 5,78 1,09 4,91 0,77 4,61 0,97 2,61 0,39 2,52 0,39 6,65 0,97 2,13 16,27 0,28 10,47 2,61
5,69 43,26 Cuges-les-Pins Rhône Loess Cug1-d <100** 39,34 0,31 6,44 2,62 0,07 7,21 42,05 0,56 1,30 0,11 100 28,96 0,76 4,37 33,41 31,82 5,01 19,38 9,76 41,91 5,69 0,65 6,01 39,11 313,22 13,38 87,41 4,06 0,27 0,13 0,01 1,56 0,37 2,19 108,57 13,80 25,51 3,12 12,22 2,57 0,54 2,23 0,34 2,08 0,43 1,17 0,17 1,08 0,16 2,29 0,39 0,38 8,85 0,13 3,86 1,50
5,69 43,26 Cuges-les-Pins Rhône Loess Cug2-d <100** 40,23 0,38 7,82 3,19 0,08 6,09 39,99 0,58 1,52 0,12 100 28,23 0,96 5,41 42,21 40,04 6,61 24,58 13,36 51,88 7,21 0,75 8,09 47,39 326,53 14,51 105,82 5,21 0,38 0,15 0,02 1,85 0,49 2,67 128,77 16,94 31,60 3,77 14,40 2,94 0,60 2,49 0,38 2,32 0,47 1,27 0,19 1,24 0,19 2,83 0,48 0,60 10,79 0,17 4,81 1,74
4,53 44,17 Donnat Rhône Loess Don1-d <100** 66,60 0,70 10,61 4,36 0,09 1,64 12,37 1,67 1,78 0,18 100 11,56 1,61 9,30 58,61 65,29 9,45 33,01 17,25 71,61 12,14 1,43 17,56 73,50 280,14 31,07 355,65 10,99 0,33 0,18 0,05 4,06 1,53 3,80 315,50 35,46 73,89 8,60 32,40 6,66 1,27 5,59 0,88 5,33 1,11 3,03 0,46 3,00 0,46 9,07 1,09 2,57 17,77 0,25 11,55 2,96
4,89 45,67 Feyzin Rhône Loess Fey1-d <100** 64,09 0,52 7,99 3,07 0,07 0,96 20,59 1,16 1,41 0,14 100 16,20 1,16 6,39 39,63 54,83 5,98 20,96 8,51 42,72 8,14 1,10 12,60 51,99 233,93 25,67 280,26 8,01 0,35 0,16 0,03 2,58 0,82 2,93 200,31 26,00 52,76 6,31 24,07 4,99 0,95 4,29 0,68 4,23 0,90 2,43 0,36 2,41 0,37 7,14 0,81 1,66 12,29 0,21 8,19 2,32
4,44 43,76 Garons Rhône Loess Gar1-d <100** 61,85 0,66 9,75 3,98 0,09 1,35 19,08 1,36 1,71 0,17 100 15,42 1,46 7,94 53,34 56,65 8,84 28,57 14,19 59,19 10,22 1,19 16,08 64,64 288,92 26,01 299,28 9,52 0,34 0,18 0,02 3,27 1,28 3,21 269,40 28,05 58,84 6,84 26,27 5,43 1,04 4,57 0,72 4,48 0,96 2,62 0,40 2,60 0,39 7,87 0,98 1,88 16,00 0,23 9,40 2,50
4,90 44,90 Lautagne Rhône Loess LA200-d <100** 65,66 0,58 9,30 3,62 0,08 1,49 15,85 1,59 1,66 0,16 100 13,15 1,46 7,69 48,26 51,96 7,62 23,90 12,55 52,95 9,63 1,22 13,12 61,02 323,45 25,02 271,89 8,55 0,25 0,13 0,02 3,33 1,17 2,79 267,37 26,85 55,99 6,60 25,50 5,36 1,05 4,45 0,70 4,32 0,91 2,48 0,37 2,48 0,37 7,25 0,86 1,68 14,07 0,18 8,61 2,36
4,90 44,90 Lautagne Rhône Loess LA350-d <100** 67,82 0,58 9,40 3,54 0,08 1,64 13,37 1,80 1,62 0,15 100 11,60 1,47 7,88 48,30 58,09 7,53 27,24 13,14 56,66 9,96 1,25 12,77 61,44 297,34 24,07 268,62 8,54 0,26 0,13 0,03 3,37 1,19 2,66 277,03 26,77 55,17 6,47 24,99 5,27 1,06 4,49 0,69 4,25 0,90 2,40 0,36 2,36 0,36 7,01 0,90 1,61 13,85 0,18 8,52 2,25
4,90 44,90 Lautagne Rhône Loess LA420-d <100** 66,99 0,58 10,51 4,05 0,08 1,72 12,29 1,80 1,81 0,18 100 15,42 1,56 8,62 51,17 55,37 7,79 28,63 20,07 58,75 11,02 1,26 27,61 68,17 276,91 23,58 211,03 8,50 < 0.50 0,25 < 0.03 4,23 2,35 3,38 310,47 26,58 53,93 6,34 24,18 5,09 1,03 4,33 0,68 4,14 0,85 2,32 0,35 2,26 0,34 5,76 0,86 3,04 23,14 0,35 9,35 2,23
4,50 43,91 Ledenon Rhône Loess Led1-d <100** 63,47 0,69 9,71 3,97 0,08 1,59 17,10 1,50 1,72 0,16 100 14,07 1,42 8,08 52,06 60,32 8,43 28,13 14,62 60,16 10,42 1,29 16,12 63,48 297,81 28,70 392,06 9,85 0,28 0,22 0,02 3,05 1,45 3,19 283,61 33,16 67,30 7,77 30,09 6,16 1,13 5,13 0,81 4,98 1,05 2,89 0,44 2,89 0,45 10,39 1,03 2,12 16,05 0,21 10,78 2,96
4,82 45,04 Mauves (Sud) Rhône Loess Mau2-d <100** 72,63 0,73 11,26 4,62 0,08 1,71 5,14 1,81 1,81 0,20 100 7,08 1,90 10,33 64,05 65,41 8,56 32,28 19,49 67,16 13,22 1,56 19,83 79,48 185,68 33,63 352,80 11,78 0,34 0,17 0,05 3,71 1,66 4,19 325,57 39,22 79,04 9,27 35,61 7,31 1,41 6,15 0,98 6,02 1,26 3,42 0,52 3,33 0,51 9,65 1,22 2,37 17,22 0,27 12,54 3,25
4,82 45,04 Mauves (Sud) Rhône Loess Mau4-d <100** 70,32 0,68 10,46 4,28 0,09 1,83 8,70 1,70 1,73 0,21 100 10,65 1,63 9,42 58,14 75,09 8,90 35,47 20,34 65,75 11,83 1,39 16,79 73,40 217,37 29,69 315,02 10,76 0,32 0,17 0,03 3,41 1,28 4,13 278,10 33,70 67,94 7,99 30,49 6,33 1,22 5,45 0,86 5,21 1,08 2,93 0,45 2,92 0,44 8,43 1,10 2,06 16,70 0,25 10,71 2,88
4,86 45,88 Montanay Rhône Loess Mon1-d <100** 71,09 0,77 11,79 4,75 0,07 1,45 6,18 1,77 1,91 0,22 100 7,53 1,93 10,68 67,64 69,67 8,03 31,61 19,63 76,95 13,92 1,56 20,30 83,08 214,33 36,51 398,45 12,72 0,34 0,19 0,05 4,08 1,87 4,56 348,62 41,07 82,69 9,57 36,34 7,43 1,42 6,35 1,02 6,41 1,36 3,69 0,57 3,63 0,56 10,68 1,34 2,51 17,50 0,30 13,24 3,38
5,00 45,36 Pact Rhône Loess Pac1-d <100** 73,90 0,83 14,08 6,00 0,07 1,08 0,65 1,22 2,07 0,10 100 6,14 2,66 13,49 85,32 75,43 8,09 43,46 22,62 90,49 16,85 1,85 22,92 107,05 128,75 47,21 332,38 14,14 0,58 0,14 0,05 4,69 1,95 5,83 400,07 52,01 81,71 12,30 47,43 10,35 2,13 8,94 1,43 8,72 1,75 4,63 0,69 4,37 0,65 8,92 1,39 2,68 16,84 0,34 14,44 3,63
4,84 44,92 Saint-Péray Rhône Loess Per3-d <100** 70,07 0,67 9,69 3,78 0,09 1,24 10,99 1,60 1,69 0,18 100 10,11 1,52 8,51 53,30 64,95 8,20 29,23 13,56 55,70 10,61 1,33 13,90 64,84 258,89 30,41 337,46 10,07 0,31 0,16 0,02 3,02 1,36 3,22 271,43 34,21 70,15 8,04 30,72 6,38 1,21 5,45 0,87 5,32 1,09 3,01 0,46 3,03 0,46 9,14 1,05 2,01 14,43 0,22 10,86 2,87
4,87 45,83 Sathonay Rhône Loess Sat1-d <100** 67,55 0,53 8,26 3,17 0,07 1,17 16,42 1,24 1,49 0,08 100 13,58 1,28 6,44 41,92 53,88 6,31 21,24 9,25 43,83 8,50 1,11 13,57 54,69 228,81 22,33 275,21 8,32 0,25 0,15 0,02 2,77 0,92 3,20 220,78 24,88 51,66 5,84 22,46 4,68 0,90 4,03 0,63 3,84 0,79 2,21 0,34 2,24 0,34 7,54 0,87 1,74 12,75 0,18 8,78 2,36
4,83 45,82 Saint-Cyr-au-Mont-d'Or Rhône Loess SCMO1-d <100** 73,31 0,73 10,83 4,44 0,09 1,32 5,50 1,66 1,90 0,23 100 6,85 1,82 10,13 63,67 78,35 9,40 34,70 16,78 69,39 12,77 1,50 19,93 80,69 191,48 33,00 391,15 12,07 0,38 0,18 0,03 4,08 1,52 5,03 315,36 36,94 76,37 8,71 33,34 6,84 1,31 5,85 0,93 5,71 1,19 3,25 0,50 3,27 0,50 10,25 1,40 2,38 17,48 0,26 12,46 3,12
5,72 43,69 Saint-Désirat Rhône Loess SD2-d <100** 69,22 0,63 8,21 3,16 0,07 1,44 14,33 1,19 1,62 0,14 100 12,44 1,28 6,93 47,36 65,68 6,65 21,87 9,99 49,97 9,04 1,25 16,29 61,11 232,79 27,44 394,83 10,21 0,23 0,18 0,02 2,77 1,03 3,73 224,01 32,29 64,81 7,44 28,38 5,80 1,04 4,92 0,77 4,72 0,98 2,73 0,43 2,84 0,43 11,37 1,03 1,95 13,66 0,20 10,64 3,12
4,82 45,62 Sérézin-du-Rhône Rhône Loess Ser1-d <100** 64,47 0,53 7,69 3,06 0,08 0,97 20,38 1,09 1,58 0,15 100 15,53 1,13 6,38 42,06 56,40 6,08 18,91 9,35 46,20 8,01 1,13 15,89 58,99 264,68 25,05 309,60 8,19 < 0.50 0,17 0,02 2,57 0,85 3,81 212,18 27,84 56,67 6,55 25,03 5,10 0,95 4,40 0,69 4,23 0,87 2,36 0,35 2,30 0,35 8,03 0,83 1,73 11,90 0,16 8,97 2,52
4,83 44,86 Saint-Georges-les-Bains Rhône Loess SGB1-d <100** 68,76 0,64 9,58 3,78 0,09 1,44 12,38 1,61 1,61 0,10 100 11,13 1,46 8,36 52,24 66,55 8,09 29,75 13,83 52,05 10,37 1,31 13,93 62,00 248,88 27,84 328,97 9,60 0,43 0,16 0,02 2,79 1,33 3,28 275,02 31,17 63,29 7,31 28,12 5,84 1,14 4,99 0,79 4,85 0,99 2,77 0,42 2,82 0,42 8,98 1,00 1,87 14,64 0,32 9,71 2,77
4,83 44,86 Saint-Julien-de-Peyrolas Rhône Loess SJP1-d <100** 62,56 0,72 11,06 5,25 0,09 1,54 15,46 1,30 1,86 0,15 11,13 1,71 9,74 67,70 69,05 10,18 31,65 13,80 31,67 12,49 1,43 16,37 81,01 212,08 29,47 299,17 11,87 < 0.50 0,18 < 0.03 3,31 1,28 4,59 308,23 34,42 72,16 8,24 31,51 6,49 1,21 5,39 0,82 5,08 1,06 2,83 0,42 2,73 0,43 7,85 1,15 2,10 16,64 0,25 11,49 2,79
4,84 44,89 Soyons Rhône Loess Soy1-d <100** 70,56 0,62 10,07 3,71 0,06 1,39 9,86 1,79 1,78 0,17 100 9,55 1,58 8,61 54,30 57,95 7,40 27,89 15,03 61,61 10,97 1,34 14,17 69,26 250,79 29,27 285,95 9,44 0,28 0,15 0,03 3,08 3,89 3,62 363,57 31,28 62,37 7,26 27,85 5,74 1,12 4,98 0,79 4,96 1,04 2,86 0,44 2,84 0,43 7,65 0,94 1,86 15,87 0,21 9,74 2,62
5,72 43,69 Saint-Paul-les-Durance Rhône Loess SPD3-d <100** 50,59 0,41 9,13 4,60 0,15 2,50 30,02 0,83 1,70 0,06 100 21,77 1,26 7,35 51,41 49,65 11,23 40,74 27,35 69,49 9,19 1,08 13,12 59,80 533,44 18,38 107,39 6,36 0,87 0,17 0,02 2,31 0,96 2,88 236,72 19,04 38,14 4,39 17,04 3,69 0,79 3,29 0,52 3,13 0,64 1,71 0,26 1,64 0,24 2,98 0,61 1,32 17,36 0,34 6,30 1,72
4,85 45,08 Tain l'Hermitage Rhône Loess Tai1-d <100** 66,75 0,53 8,08 3,09 0,08 1,31 17,14 1,35 1,53 0,14 100 13,76 1,17 6,73 40,98 48,73 6,33 22,13 9,62 41,07 8,24 1,12 12,88 57,14 288,27 22,81 261,69 7,87 0,24 0,14 0,02 2,30 1,03 3,00 235,81 25,84 52,11 6,08 23,23 4,81 0,92 4,07 0,63 3,92 0,82 2,24 0,34 2,28 0,35 6,90 0,80 1,58 11,78 0,17 8,05 2,26
4,80 45,79 Vaise Rhône Loess Vai2-d <100** 61,69 0,79 11,82 5,36 0,12 1,79 14,89 1,06 2,23 0,25 100 15,73 2,07 10,70 73,82 88,27 12,28 40,26 18,36 90,89 13,09 1,43 25,50 97,59 221,01 34,63 406,71 12,31 0,62 0,34 0,04 4,75 1,26 8,73 310,10 38,93 77,56 9,03 34,64 7,12 1,33 6,00 0,93 5,61 1,17 3,21 0,49 3,20 0,49 10,30 1,15 2,74 27,27 0,28 13,60 3,27
4,47 43,95 Collias Rhône Palaeosol Col6-a <10 55,65 0,80 20,90 9,50 0,11 2,54 5,88 1,56 2,92 0,13 100 15,21 3,56 17,85 126,63 154,20 18,09 81,28 32,28 167,58 24,35 1,89 31,64 145,45 342,83 22,24 113,57 16,49 1,70 0,15 < 0.03 151,48 2,39 9,54 364,25 33,52 87,78 7,89 29,40 6,21 1,25 4,98 0,78 4,74 0,94 2,52 0,38 2,50 0,37 3,26 1,51 3,63 32,39 0,51 15,73 1,91
4,50 43,91 Ledenon Rhône Palaeosol Led2-a <10 44,42 0,74 17,39 7,74 0,12 2,69 22,40 1,70 2,67 0,13 100 Undosed 2,58 13,28 108,92 86,30 14,87 48,33 32,55 121,83 19,44 1,33 25,51 109,77 438,67 17,86 83,01 12,69 0,89 0,14 0,04 84,87 2,04 6,47 377,67 27,77 69,17 6,56 24,47 4,83 0,97 3,87 0,60 3,53 0,70 1,86 0,28 1,77 0,27 2,35 1,15 2,93 24,33 0,42 12,77 1,92
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD6a <10 46,13 0,69 17,12 7,61 0,23 2,71 21,66 0,64 3,08 0,15 100 Undosed 2,33 13,16 108,90 91,53 20,72 69,35 61,75 159,99 18,02 1,71 19,48 121,11 453,74 19,14 103,25 10,76 1,48 0,22 < 0.03 5,19 1,47 7,57 503,48 28,72 56,46 6,33 23,36 4,35 0,85 3,50 0,52 3,31 0,68 1,89 0,29 1,82 0,28 2,88 0,94 2,23 33,10 0,68 9,93 2,20
4,53 44,16 Carmes Rhône Palaeosol Car1-b <32 62,95 0,89 14,80 6,73 0,21 1,74 8,94 1,25 2,32 0,17 100 12,35 2,40 13,92 92,80 98,79 14,61 57,04 24,16 106,13 17,69 1,69 25,36 110,66 181,81 36,38 353,69 14,99 0,93 0,23 0,06 5,77 2,04 7,19 379,71 44,13 90,48 10,44 39,41 8,06 1,56 6,84 1,07 6,51 1,34 3,65 0,55 3,55 0,54 9,50 1,46 3,08 24,57 0,37 15,02 3,50
4,47 43,95 Collias Rhône Palaeosol Col6-b <32 61,33 0,86 19,00 8,68 0,10 1,84 4,78 0,86 2,47 0,08 100 12,83 3,49 17,14 117,48 159,52 15,45 78,97 25,68 114,64 22,70 1,92 29,83 134,70 175,27 26,11 197,68 17,12 1,73 0,13 0,07 5,77 2,32 8,96 322,89 35,89 85,38 8,42 31,63 6,52 1,29 5,25 0,84 5,12 1,04 2,90 0,44 2,90 0,44 5,55 1,61 3,43 28,35 0,48 15,82 2,33
4,50 43,91 Ledenon Rhône Palaeosol Led2-b <32 59,74 0,88 14,56 6,01 0,10 1,80 13,31 1,30 2,18 0,10 100 14,36 2,38 12,90 85,31 87,20 12,56 47,01 22,12 88,74 17,06 1,52 18,61 97,97 253,00 31,72 294,55 14,92 0,80 0,15 0,05 5,37 1,95 5,89 345,04 39,99 84,96 9,27 34,92 7,16 1,34 5,92 0,92 5,67 1,18 3,24 0,49 3,14 0,48 7,87 1,43 3,04 21,10 0,34 13,85 3,22
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD5-b <32 47,89 0,60 12,95 6,26 0,21 3,15 25,68 0,77 2,33 0,15 100 20,83 1,73 10,74 81,23 72,28 17,10 58,47 41,86 108,80 13,66 1,32 18,55 92,15 464,16 20,74 127,55 9,48 0,91 0,19 0,05 3,15 1,43 5,46 321,90 24,82 49,97 5,59 21,41 4,42 0,88 3,75 0,58 3,54 0,73 2,00 0,30 1,95 0,30 3,50 0,85 1,86 26,07 0,44 9,35 2,18
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD6-b <32 48,98 0,58 11,90 5,90 0,19 2,99 26,51 0,75 2,04 0,16 100 21,02 1,64 10,14 73,43 67,56 15,47 55,48 35,43 103,14 12,23 1,30 13,50 80,48 501,25 21,25 150,22 9,04 1,07 0,18 0,04 2,73 1,08 4,65 330,11 24,27 48,26 5,49 21,07 4,40 0,88 3,79 0,58 3,57 0,74 2,03 0,31 1,96 0,30 4,09 0,83 1,67 22,70 0,38 8,30 2,10
4,53 44,16 Carmes Rhône Palaeosol Car1-c 32-100 81,37 0,54 6,87 1,99 0,06 0,53 5,56 1,56 1,44 0,09 100 5,05 1,14 5,20 30,31 40,13 4,30 15,07 6,46 28,46 7,09 1,27 6,93 51,55 152,87 21,41 338,22 8,06 < 0.50 0,10 < 0.03 4,11 1,07 1,99 305,42 27,89 57,31 6,58 24,41 4,93 0,80 4,08 0,63 3,84 0,78 2,16 0,34 2,25 0,35 8,67 0,89 1,69 10,30 0,12 8,91 2,44
4,47 43,95 Collias Rhône Palaeosol Col6-c 32-100 80,44 0,62 8,89 3,38 0,07 0,71 3,21 1,15 1,48 0,04 100 6,01 1,70 7,82 51,10 75,72 10,56 29,76 10,70 44,86 10,47 1,38 11,88 69,95 128,29 21,60 320,85 10,96 0,62 0,09 0,03 2,75 1,44 3,64 359,34 24,77 56,48 5,98 22,64 4,75 0,89 3,89 0,63 3,94 0,83 2,31 0,35 2,36 0,35 8,21 1,11 2,02 15,76 0,20 9,00 2,13
4,50 43,91 Ledenon Rhône Palaeosol Led2-c 32-100 78,83 0,49 7,76 2,07 0,06 0,69 6,91 1,74 1,39 0,06 100 6,38 1,18 5,95 33,66 35,16 6,52 17,56 7,92 30,47 8,10 1,15 5,85 51,35 174,79 17,29 153,82 7,64 < 0.50 0,07 < 0.03 2,25 0,93 2,15 251,42 21,38 44,37 5,09 19,34 4,01 0,79 3,33 0,52 3,10 0,64 1,75 0,26 1,64 0,24 4,11 0,80 1,53 11,20 0,13 6,71 1,75
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD5-c 32-100 58,56 0,32 7,52 3,32 0,10 2,82 24,62 1,10 1,50 0,15 100 18,23 1,05 5,82 35,63 43,94 5,80 33,43 15,26 54,00 7,43 1,02 6,40 52,03 451,00 16,99 96,00 4,71 < 0.50 0,10 < 0.03 1,83 0,85 2,14 179,55 17,81 35,89 4,28 16,61 3,68 0,73 3,15 0,48 2,87 0,59 1,58 0,23 1,43 0,21 2,66 0,46 1,09 9,97 0,15 5,37 1,57
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD6-c 32-100 54,74 0,29 7,25 3,51 0,11 2,46 29,10 0,98 1,44 0,11 100 20,25 1,02 6,00 34,55 39,83 6,80 31,10 15,30 50,23 7,00 0,95 6,30 49,27 566,45 16,98 81,76 4,58 0,63 0,12 < 0.03 1,88 0,67 2,05 191,64 14,68 29,73 3,58 14,11 3,25 0,71 2,90 0,47 2,84 0,58 1,52 0,22 1,36 0,20 2,29 0,48 1,01 11,02 0,17 4,35 1,29
4,53 44,16 Carmes Rhône Palaeosol Car1-d <100** 70,90 0,74 11,38 4,68 0,15 1,22 7,48 1,38 1,94 0,14 100 9,20 1,85 10,15 65,81 73,45 10,16 38,91 16,51 72,58 13,11 1,51 17,40 85,12 169,31 29,91 347,01 12,00 0,53 0,17 0,03 5,05 1,62 4,94 347,62 37,12 76,15 8,77 32,93 6,71 1,23 5,65 0,88 5,35 1,09 3,01 0,46 2,99 0,46 9,14 1,21 2,48 18,41 0,26 12,38 3,04
4,47 43,95 Collias Rhône Palaeosol Col6-d <100** 70,44 0,74 14,18 6,16 0,08 1,30 4,03 1,00 2,00 0,06 100 9,58 2,64 12,70 85,85 119,59 13,12 55,53 18,54 81,39 16,87 1,66 21,28 103,85 152,89 23,96 256,37 14,19 1,20 0,11 0,05 4,33 1,90 6,43 340,25 30,59 71,61 7,25 27,34 5,68 1,10 4,60 0,74 4,56 0,94 2,62 0,40 2,64 0,40 6,82 1,37 2,76 22,35 0,35 12,57 2,23
4,50 43,91 Ledenon Rhône Palaeosol Led2-d <100** 67,09 0,73 11,94 4,49 0,08 1,37 10,85 1,47 1,88 0,09 100 11,29 1,91 10,22 65,42 67,16 10,24 35,67 16,65 66,30 13,61 1,38 13,69 80,02 222,88 26,16 240,36 12,12 0,49 0,12 0,03 4,17 1,56 4,45 308,99 32,82 69,33 7,66 28,92 5,95 1,13 4,93 0,76 4,68 0,97 2,67 0,40 2,56 0,39 6,42 1,19 2,46 17,29 0,26 11,10 2,66
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD5-d <100** 53,04 0,46 10,33 4,84 0,15 2,99 25,17 0,93 1,93 0,15 100 19,57 1,40 8,36 59,22 58,60 11,65 46,38 29,02 82,34 10,65 1,17 12,69 72,78 457,81 18,93 112,32 7,18 0,47 0,15 0,02 2,51 1,15 3,86 253,18 21,44 43,17 4,96 19,10 4,06 0,81 3,46 0,53 3,22 0,66 1,79 0,27 1,70 0,26 3,09 0,66 1,49 18,30 0,30 7,43 1,88
5,72 43,69 Saint-Paul-les-Durance Rhône Palaeosol SPD6-d <100** 52,19 0,42 9,31 4,57 0,15 2,70 27,95 0,88 1,71 0,14 100 20,59 1,29 7,84 51,79 52,12 10,64 41,91 24,22 73,68 9,32 1,10 9,49 63,10 537,55 18,87 112,10 6,56 0,83 0,15 0,02 2,26 0,86 3,20 253,01 18,93 37,94 4,42 17,19 3,76 0,79 3,30 0,52 3,16 0,65 1,74 0,26 1,63 0,24 3,09 0,63 1,31 16,20 0,26 6,10 1,65
4,89 44,19 Aigues Rhône Alluvium Aig2 <100 45,33 0,43 7,52 4,32 0,07 1,41 39,10 0,41 1,29 0,11 100 26,23 1,00 6,40 46,86 40,42 7,76 30,11 23,17 74,26 6,68 1,05 11,58 42,03 510,49 16,39 96,28 6,35 0,83 0,22 < 0.03 2,38 0,59 2,94 288,36 16,44 31,25 3,81 14,84 3,05 0,65 2,67 0,41 2,59 0,54 1,44 0,22 1,36 0,20 2,61 0,53 1,21 17,81 0,32 4,73 1,38
4,63 44,27 Ardèche Rhône Alluvium Ard1 <100 61,96 0,72 14,17 4,99 0,13 1,92 10,84 1,39 3,43 0,45 100 20,18 3,38 9,49 63,08 75,39 10,28 36,88 29,58 261,32 16,17 1,59 37,44 135,12 295,52 31,44 256,73 12,95 1,34 1,41 0,05 14,93 2,27 13,27 452,03 44,74 87,89 10,46 39,89 8,05 1,15 6,50 0,99 5,72 1,11 2,88 0,43 2,69 0,40 6,84 1,30 5,63 109,24 0,96 17,19 5,23
4,41 44,27 Cèze Rhône Alluvium Ce2 <100 65,79 0,81 14,20 5,62 0,09 1,39 7,91 0,92 3,04 0,21 100 15,99 3,01 10,34 60,14 60,12 10,37 28,88 32,23 185,99 15,90 1,62 56,00 114,42 182,72 25,26 274,73 11,93 1,27 0,95 0,06 12,86 14,06 9,88 900,72 33,29 66,71 7,69 28,87 5,77 1,10 4,78 0,73 4,49 0,91 2,51 0,39 2,51 0,38 7,22 1,25 6,96 135,00 0,84 12,37 3,64
5,18 44,69 Drôme Rhône Alluvium Dro3 <100 32,67 0,33 6,20 3,30 0,06 1,51 54,52 0,30 1,01 0,10 100 32,57 0,71 4,64 37,74 34,00 5,32 22,30 13,56 63,80 5,08 0,74 9,83 32,78 607,87 13,09 61,76 4,49 0,64 0,27 < 0.03 1,95 0,38 2,43 97,31 13,03 23,13 2,92 11,43 2,32 0,50 2,09 0,32 1,97 0,41 1,08 0,16 1,01 0,15 1,68 0,38 0,93 17,80 0,20 3,43 1,14
5,82 43,81 Durance Rhône Alluvium Du4 <100 41,39 0,56 11,57 4,51 0,11 1,95 37,31 0,45 2,00 0,15 100 26,60 1,46 8,51 69,66 55,66 9,17 36,64 21,90 73,05 10,62 1,20 11,47 69,36 550,18 16,49 78,34 8,18 0,94 0,26 0,04 3,61 0,69 5,16 202,08 20,65 38,66 4,50 17,00 3,35 0,71 2,85 0,44 2,65 0,54 1,50 0,22 1,43 0,21 2,21 0,69 1,71 20,51 0,30 5,70 1,62
4,94 45,02 Isère Rhône Alluvium Is1 <100 57,23 0,85 10,69 5,98 0,16 2,95 18,42 1,46 1,92 0,34 100 14,86 1,56 9,56 67,56 299,48 11,68 52,82 31,02 76,06 11,87 1,68 69,46 69,27 467,36 40,94 1364,42 10,98 3,31 0,60 0,04 11,61 2,86 3,93 1555,98 72,51 147,93 17,60 67,21 12,79 1,83 9,57 1,32 7,46 1,47 4,00 0,64 4,41 0,70 38,55 1,15 14,92 32,42 0,44 29,54 8,35
4,82 45,07 Doux (Le) Rhône Alluvium LDo2 <100 73,66 0,57 12,13 4,90 0,18 1,75 1,88 1,48 2,68 0,76 100 26,24 3,01 7,85 43,50 47,55 9,49 22,53 33,39 211,70 14,09 1,02 13,99 120,98 197,97 20,19 105,88 9,73 0,84 1,46 0,06 11,44 0,78 8,21 379,95 24,44 48,43 6,00 23,46 4,84 0,94 4,07 0,63 3,69 0,72 1,85 0,28 1,69 0,24 3,19 1,03 2,62 57,05 1,14 8,51 4,84
4,99 44,20 Ouvèze Rhône Alluvium Ou1 <100 43,04 0,39 7,19 3,48 0,05 1,50 42,62 0,24 1,36 0,14 100 27,45 1,00 5,78 43,51 41,87 5,50 21,87 15,06 72,56 6,49 1,01 11,77 45,66 636,84 14,84 100,80 5,19 0,70 0,25 < 0.03 2,78 0,63 3,20 175,32 17,50 33,33 4,10 16,04 3,21 0,66 2,73 0,41 2,43 0,49 1,30 0,19 1,24 0,19 2,76 0,46 1,23 19,80 0,22 5,33 1,77
4,53 43,94 Gard Rhône Alluvium PDG2 <100 57,17 0,73 18,05 6,57 0,12 2,28 9,95 0,98 3,93 0,21 100 15,45 3,38 13,93 88,62 74,12 14,75 34,40 37,62 226,28 20,47 1,71 93,73 142,55 179,86 28,71 197,84 12,17 1,37 1,13 0,06 10,23 9,77 9,41 627,79 39,65 79,42 9,11 34,28 6,94 1,34 5,65 0,85 5,08 1,04 2,83 0,42 2,72 0,41 5,51 1,16 5,76 143,51 0,94 14,72 3,88
4,83 45,08 Rhône Rhône Alluvium Rho1 <100 63,76 0,58 10,46 3,91 0,09 1,56 15,81 1,40 2,11 0,33 100 17,66 1,73 8,10 52,01 111,51 8,40 33,67 42,07 149,52 10,94 1,27 18,23 83,69 230,52 33,45 271,20 8,98 1,21 1,26 0,04 24,95 2,67 4,85 260,66 31,58 62,07 7,18 27,45 5,57 0,95 4,83 0,78 5,01 1,07 3,04 0,47 3,06 0,46 7,13 1,00 3,88 72,16 1,83 11,63 3,58
4,75 46,00 Saône Rhône Alluvium Sao1 <100 62,98 0,70 11,95 4,95 0,14 1,22 14,74 0,81 2,18 0,33 100 17,60 2,25 9,71 69,98 96,32 10,97 43,61 47,03 156,64 12,50 1,42 34,91 100,15 156,53 26,61 263,66 10,99 1,42 1,00 0,04 18,41 2,38 11,44 309,84 34,82 67,19 7,88 29,69 5,89 1,15 4,97 0,74 4,46 0,92 2,50 0,38 2,46 0,37 7,05 1,09 5,26 59,24 0,93 12,90 3,03
5,08 45,04 Isère Rhône Alluvium Is2 <100 56,68 0,68 11,49 5,27 0,14 2,96 19,21 1,32 1,97 0,27 100 16,17 1,58 10,02 65,17 135,71 11,25 40,58 21,16 75,99 12,56 1,41 21,92 73,48 462,43 39,70 649,72 9,98 1,75 0,23 0,04 3,33 1,57 4,27 866,65 39,55 79,05 9,32 35,34 7,24 1,36 6,36 1,02 6,48 1,42 4,02 0,62 3,98 0,62 16,60 0,95 2,24 21,40 0,28 15,15 4,39
4,65 44,26 Rhône Rhône Alluvium Rho2 <100 55,96 0,67 11,25 4,49 0,14 2,11 21,91 1,10 2,10 0,27 100 19,35 1,84 9,11 62,39 72,62 10,48 33,85 25,65 106,36 12,42 1,41 18,99 85,45 400,83 33,37 254,62 10,32 0,74 0,30 0,04 7,22 1,47 6,23 598,97 37,71 76,43 8,99 34,08 6,77 1,19 5,93 0,93 5,72 1,19 3,12 0,47 2,85 0,42 6,62 1,07 2,51 35,21 0,53 13,97 3,50
4,84 45,00 Rhône Rhône Alluvium Rho3 <100 64,56 0,77 7,58 3,12 0,08 1,17 19,22 1,49 1,69 0,31 100 14,11 1,42 6,92 37,20 127,80 6,18 22,51 18,86 69,28 8,81 1,61 6,67 60,87 273,62 55,84 1162,30 11,81 1,14 0,40 0,03 17,89 1,43 2,68 341,68 92,50 188,36 21,66 79,98 15,17 1,40 11,96 1,73 10,21 2,05 5,53 0,88 5,85 0,92 29,70 1,58 3,99 33,60 0,30 42,14 10,23
4,84 45,77 Rhône Rhône Alluvium Rho4 <100 57,64 0,58 7,87 3,09 0,09 1,61 25,89 1,42 1,61 0,21 100 19,10 1,28 6,59 41,53 158,27 5,76 27,39 19,09 89,59 8,57 1,17 6,81 60,24 426,90 34,89 973,16 10,12 < 0.50 0,42 0,24 6,15 5,18 2,56 319,62 48,59 99,16 11,03 40,75 7,98 0,94 6,36 0,96 5,81 1,22 3,52 0,57 3,99 0,64 24,44 1,25 3,07 207,62 0,87 18,68 6,30
5,01 43,60 Carrière du Couvent Rhône Molasses CCo1 <100 51,30 0,61 9,34 4,37 0,10 1,25 30,48 0,81 1,59 0,17 100 21,34 1,24 7,41 51,28 90,30 8,12 35,62 18,73 53,27 8,93 1,13 13,21 54,75 395,49 30,98 496,07 7,97 0,66 0,27 < 0.03 3,82 1,22 3,11 178,10 33,75 67,25 7,81 29,05 5,69 0,91 4,82 0,77 4,85 1,04 2,89 0,44 2,92 0,45 12,98 0,79 2,09 18,28 0,36 12,70 3,66
5,57 43,70 Bastidonne (La) Rhône Molasses LBa1 <100 65,05 0,62 11,98 3,97 0,07 3,47 10,10 2,32 2,10 0,32 100 14,02 1,71 8,15 60,51 109,94 6,94 32,16 4,68 54,57 11,83 1,21 6,38 70,82 235,10 25,59 216,36 7,88 0,51 0,11 0,03 3,15 0,39 2,55 205,17 26,45 55,98 6,39 24,31 5,01 1,01 4,42 0,70 4,37 0,92 2,47 0,37 2,34 0,36 5,73 0,90 1,30 12,18 0,15 8,23 2,47
5,02 44,88 Chabeuil Rhône Molasses Cha1 <100 63,89 0,31 18,94 5,17 0,07 1,22 7,09 1,19 2,01 0,13 100 14,77 1,91 9,30 44,59 63,02 9,24 33,23 13,42 59,23 16,78 0,95 10,11 77,31 144,58 14,61 150,63 4,94 < 0.50 0,08 0,03 2,97 0,44 3,28 291,90 24,85 56,61 5,53 19,95 3,68 0,78 2,94 0,43 2,62 0,54 1,48 0,22 1,50 0,24 4,24 0,55 1,09 14,08 0,21 8,84 1,45
7,61 48,57 Achenheim Rhine Loess Ach2 <100 60,89 0,58 8,59 3,19 0,08 3,94 19,60 1,22 1,74 0,16 100 17,26 1,30 7,19 40,89 61,40 6,31 23,81 12,39 40,84 8,23 1,05 15,28 56,62 263,07 22,72 281,22 8,15 0,78 0,25 < 0.03 3,87 1,01 3,56 197,48 24,90 52,15 6,07 23,22 4,95 0,89 4,16 0,66 4,04 0,83 2,28 0,35 2,34 0,35 7,50 0,84 2,36 17,77 0,27 8,67 2,76
7,90 48,91 Betschdorf Rhine Loess Bet2 <100 67,59 0,64 9,54 3,60 0,07 2,40 12,86 1,17 1,97 0,16 100 12,77 1,47 8,06 48,47 69,13 7,72 28,55 15,61 52,86 10,16 1,32 17,79 71,45 230,37 26,92 332,12 10,03 0,73 0,29 0,03 4,76 1,35 4,60 240,71 29,96 63,33 7,23 28,24 5,81 1,07 5,05 0,80 5,01 1,05 2,89 0,44 2,95 0,45 9,26 0,98 2,64 23,28 0,33 10,21 2,98
1,72 50,49 Beutin North France Loess Beu1 <100 81,28 0,81 9,34 3,71 0,07 0,79 0,63 1,13 2,11 0,14 100 4,07 1,45 9,06 57,90 93,79 8,79 27,76 20,08 49,40 10,69 1,57 16,53 76,96 88,69 38,42 535,03 12,96 0,81 0,42 0,03 4,16 0,98 3,58 313,21 36,70 76,92 9,34 36,29 7,63 1,44 6,54 1,06 6,58 1,41 3,96 0,62 4,22 0,64 16,73 1,24 2,66 23,34 0,28 11,10 3,18
1,25 48,46 Courville North France Loess Cou3 <100 77,04 0,93 12,09 5,20 0,05 1,01 0,70 0,87 2,05 0,06 100 6,93 1,95 11,60 75,16 87,49 8,49 29,17 16,21 65,03 14,08 1,71 22,41 92,86 86,77 34,50 448,81 15,09 0,76 0,20 0,04 6,08 1,27 5,78 333,69 38,58 78,08 9,31 35,37 7,25 1,39 6,22 0,99 6,12 1,29 3,58 0,56 3,66 0,56 11,89 1,41 3,20 24,48 0,38 12,69 3,02
0,29 49,14 Glos North France Loess Glos1 <100 81,82 0,79 9,22 3,27 0,05 0,79 0,68 1,21 2,06 0,11 100 3,61 1,48 8,73 51,39 78,80 6,59 22,34 10,42 49,52 10,58 1,56 13,17 75,87 90,69 33,03 538,02 13,30 0,62 0,27 0,03 4,45 1,07 4,13 296,90 36,36 72,19 8,91 34,38 6,84 1,28 5,75 0,91 5,78 1,20 3,35 0,52 3,52 0,56 13,91 1,27 2,73 20,95 0,26 10,85 3,03
7,21 47,75 Krebsacker Rhine Loess Kre1 <100 59,89 0,54 8,36 3,21 0,08 4,05 20,95 1,23 1,54 0,15 100 18,10 1,21 6,90 39,97 64,86 6,15 25,22 13,18 46,18 8,40 1,08 13,59 55,00 291,95 23,88 252,21 7,95 0,75 0,26 0,03 3,96 0,99 3,33 183,57 25,26 52,74 6,19 24,00 4,99 0,91 4,26 0,68 4,20 0,86 2,37 0,36 2,40 0,37 6,86 0,84 2,36 17,08 0,29 8,60 2,75
0,11 45,03 Montpon Aquitaine Loess Mtp1 <100 76,17 1,02 14,39 4,30 0,02 0,79 0,35 0,74 2,20 0,03 100 7,00 2,21 11,93 77,87 68,37 5,46 19,54 11,40 57,20 17,11 1,76 24,64 114,64 77,85 34,83 386,39 18,65 0,84 0,14 0,05 9,50 2,47 7,01 366,21 45,17 89,11 10,34 38,77 7,40 1,30 6,16 0,97 6,10 1,28 3,54 0,53 3,60 0,55 10,21 1,93 5,42 30,37 0,58 15,36 3,76
4,06 49,57 Nisy-le-Comte North France Loess Nis1 <100 73,36 0,72 8,10 2,98 0,05 1,33 10,45 1,08 1,80 0,13 100 10,48 1,24 6,98 45,02 70,25 6,33 18,14 9,81 38,48 8,53 1,30 12,86 59,63 192,47 27,75 468,06 11,05 0,52 0,26 < 0.03 3,44 0,82 2,89 249,93 29,37 61,71 7,13 27,08 5,47 1,00 4,69 0,77 4,81 1,03 2,93 0,45 3,05 0,47 12,17 1,09 2,14 17,37 0,20 9,43 2,76
8,73 49,32 Nussloch Rhine Loess Nus1 <100 62,82 0,51 8,02 2,68 0,08 3,65 18,96 1,37 1,77 0,16 100 16,21 1,11 6,25 35,55 64,73 5,24 20,74 11,48 38,47 7,70 1,08 12,06 55,63 275,65 22,01 303,02 7,29 0,72 0,29 < 0.03 3,62 0,84 2,85 186,67 24,95 52,47 6,18 24,04 5,00 0,90 4,15 0,64 3,87 0,79 2,18 0,33 2,21 0,35 8,04 0,76 2,05 16,15 0,24 8,16 2,67
-0,85 43,61 Pomarez Aquitaine Loess Pmr15 <100 82,26 0,95 10,57 3,90 0,01 0,40 0,15 0,28 1,44 0,03 100 5,00 1,23 7,70 69,70 49,79 3,58 12,90 5,68 33,71 12,99 1,53 23,26 81,31 61,91 22,21 400,22 16,55 1,06 0,14 0,04 8,34 1,51 4,78 220,42 27,97 55,41 6,21 22,74 4,08 0,66 3,33 0,56 3,69 0,81 2,35 0,36 2,52 0,40 10,58 1,64 3,96 23,15 0,39 11,06 3,31
3,62 50,26 Quesnoy North France Loess Que1 <100 78,89 0,84 10,84 3,71 0,12 1,05 0,90 1,30 2,19 0,15 100 4,64 1,69 10,27 65,45 91,63 10,08 31,63 15,15 63,97 12,87 1,68 8,28 86,93 106,00 36,89 474,63 13,68 < 0.50 0,21 0,04 3,30 0,64 4,19 332,12 40,59 79,71 9,78 37,46 7,50 1,44 6,42 1,02 6,36 1,34 3,69 0,56 3,71 0,56 12,45 1,30 1,79 16,58 0,17 11,41 2,94
-0,28 43,78 Romentères Aquitaine Loess Rom3 <100 87,91 0,95 6,84 2,84 0,01 0,22 0,12 0,17 0,90 0,03 100 3,34 0,92 5,27 48,11 35,18 2,61 7,96 9,94 27,31 8,77 1,45 16,08 51,46 46,46 30,61 488,97 17,15 0,88 0,13 0,03 7,36 2,56 3,18 151,24 32,05 66,54 7,38 27,63 5,12 0,85 4,54 0,78 5,25 1,14 3,26 0,49 3,31 0,52 13,06 1,73 4,01 20,34 0,31 10,40 3,57
8,10 48,92 Schaffhouse Rhine Loess Sch2 <100 62,24 0,54 8,61 3,00 0,09 3,37 18,82 1,35 1,84 0,16 100 16,14 1,15 6,85 40,21 64,74 6,38 24,57 14,03 40,52 8,63 1,09 15,21 62,08 276,74 24,53 283,20 8,04 0,82 0,30 < 0.03 3,99 0,95 3,46 204,94 24,96 51,81 6,10 23,83 5,02 0,93 4,35 0,69 4,20 0,88 2,39 0,37 2,43 0,38 7,54 0,83 2,39 18,83 0,28 8,43 2,71
2,39 49,32 Sourdon North France Loess Sou2 <100 72,34 0,73 8,72 3,25 0,05 1,25 10,55 1,12 1,86 0,12 100 10,75 1,23 7,50 46,91 70,22 5,70 18,54 10,20 42,97 9,29 1,30 12,65 63,73 193,22 28,58 460,56 11,22 0,54 0,30 < 0.03 3,78 0,85 3,22 262,12 29,87 61,67 7,27 27,76 5,62 1,05 4,91 0,79 4,99 1,06 2,91 0,45 3,05 0,48 12,20 1,05 2,33 17,28 0,21 9,43 2,66
3,01 50,68 Verlinghem North France Loess Ver1 <100 70,37 0,72 8,95 3,37 0,05 2,11 11,11 1,08 2,10 0,14 100 11,96 1,28 7,90 52,49 79,78 6,70 20,95 14,11 47,61 9,38 1,29 9,88 68,66 201,30 27,78 470,99 10,77 0,70 0,28 0,03 3,87 0,82 3,17 269,11 29,84 64,00 7,42 28,44 5,86 1,07 4,88 0,78 4,86 1,02 2,84 0,45 3,02 0,47 12,26 1,04 2,19 19,70 0,23 9,77 2,66
1,51 48,65 Chaudon North France Loess Chau1 <100 81,26 1,00 9,59 3,99 0,05 0,87 0,80 0,72 1,66 0,06 100 7,47 1,57 9,33 63,16 94,20 7,13 20,90 11,38 53,69 11,59 1,67 11,64 78,36 83,58 34,89 655,62 16,60 < 0.50 0,16 0,04 3,37 0,77 4,58 322,47 36,49 78,71 8,75 32,50 6,41 1,16 5,60 0,91 5,86 1,28 3,60 0,57 3,80 0,60 16,32 1,49 2,09 15,72 0,20 13,04 3,23
4,01 50,41 Harmignies Belgium Loess Har1 <100 75,11 0,79 7,83 3,18 0,05 1,62 8,43 1,08 1,78 0,13 100 9,42 1,17 7,41 48,80 85,76 5,98 17,45 9,81 39,67 8,55 1,31 8,23 60,48 179,71 28,75 577,47 11,93 < 0.50 0,18 < 0.03 2,06 0,61 2,82 250,21 29,27 60,18 7,19 27,13 5,57 1,02 4,73 0,78 4,91 1,05 3,00 0,48 3,20 0,50 14,24 1,09 1,45 11,51 0,13 9,33 2,85
3,07 50,12 Havrincourt North France Loess Hav5 <100 74,28 0,75 8,53 3,28 0,05 1,51 8,53 1,16 1,77 0,13 100 9,87 1,32 7,85 48,60 81,47 6,95 20,52 9,34 44,97 9,58 1,41 8,42 66,82 191,84 29,83 495,48 12,05 < 0.50 0,16 0,03 2,52 0,61 3,37 274,42 31,55 65,01 7,81 29,67 5,99 1,10 5,10 0,82 5,15 1,11 3,10 0,48 3,24 0,51 12,31 1,15 1,52 12,62 0,14 9,99 2,83
-1,87 48,65 Hauteville (La) North France Loess HV3 <100 74,10 0,60 7,66 2,70 0,05 1,81 9,94 1,24 1,80 0,10 100 10,08 1,12 6,61 40,84 58,68 5,66 16,25 10,25 36,13 8,18 1,21 7,09 59,10 192,67 23,01 357,49 9,01 < 0.50 0,16 < 0.03 1,90 0,56 2,64 276,62 23,31 47,36 5,70 21,81 4,56 0,89 4,01 0,64 4,00 0,85 2,35 0,37 2,41 0,38 9,28 0,86 1,20 10,96 0,11 7,41 2,20
25,16 50,64 Korshiv Ukraine Loess Kor1 <100 76,06 0,66 7,87 2,42 0,06 1,76 7,78 0,99 2,30 0,10 100 9,13 1,17 6,47 37,01 56,11 5,48 14,03 8,37 33,22 8,58 1,22 4,06 70,05 165,49 26,18 518,62 10,54 < 0.50 0,17 < 0.03 2,04 0,38 2,16 349,99 25,67 53,00 6,34 23,73 4,86 0,90 4,25 0,70 4,39 0,97 2,76 0,44 2,94 0,47 13,19 0,96 1,16 12,50 0,12 8,43 2,27
13,18 51,20 Ostrau Saxony Loess Ost1 <100 76,31 0,73 8,84 2,99 0,05 1,56 6,01 1,15 2,23 0,12 100 7,90 1,50 7,60 48,08 72,08 6,00 17,65 10,56 40,32 10,23 1,41 7,46 81,77 161,54 30,48 564,57 12,60 < 0.50 0,16 0,03 2,80 0,62 3,92 356,51 31,99 64,86 7,90 29,64 6,03 1,09 5,14 0,84 5,32 1,14 3,22 0,51 3,37 0,54 14,11 1,20 1,71 13,81 0,15 10,50 2,96
2,27 49,90 Renancourt North France Loess Ren2 <100 70,81 0,59 6,88 2,49 0,05 1,39 15,11 1,05 1,51 0,12 100 13,45 1,11 5,60 38,35 63,60 4,92 15,89 6,84 34,59 7,27 1,18 6,38 51,27 233,76 22,97 462,72 8,99 < 0.50 0,17 < 0.03 1,72 0,45 2,35 217,94 24,85 49,97 6,01 22,84 4,66 0,85 4,00 0,64 3,93 0,84 2,36 0,37 2,42 0,38 11,68 0,83 1,23 9,72 0,10 7,28 2,25
13,46 51,18 Rottewitz Saxony Loess Rot1 <100 75,06 0,82 10,43 3,76 0,05 1,39 4,73 1,19 2,45 0,12 100 7,26 1,92 9,14 60,84 71,96 7,54 21,86 12,94 52,18 12,55 1,59 9,47 98,23 158,44 33,31 502,55 14,00 < 0.50 0,18 0,04 3,58 0,86 5,13 426,70 39,76 82,17 9,66 36,34 7,22 1,22 6,08 0,94 5,94 1,26 3,51 0,55 3,58 0,56 13,40 1,35 2,06 17,65 0,21 14,22 3,37
20,33 45,07 Surduk Vojvodina Loess Sur1 <100 62,64 0,97 13,23 5,00 0,10 4,41 9,31 1,92 2,21 0,20 100 11,32 2,06 12,46 79,74 78,47 10,51 31,66 15,60 69,42 15,49 1,50 9,55 84,02 192,41 33,74 325,03 13,23 < 0.50 0,18 0,04 3,41 0,87 3,95 361,76 36,47 75,09 8,74 33,24 6,93 1,35 5,81 0,93 5,89 1,24 3,40 0,51 3,29 0,52 8,62 1,32 2,53 15,62 0,21 11,54 3,19
23,71 50,61 Tyszowce Poland Loess Tys1 <100 79,77 0,62 6,80 1,80 0,04 1,44 6,46 0,94 2,06 0,08 100 7,02 1,07 5,54 28,68 55,56 4,41 10,68 6,31 27,45 7,30 1,17 2,61 59,71 156,68 24,85 681,45 9,96 < 0.50 0,17 < 0.03 2,18 0,32 1,82 328,11 24,42 51,45 6,02 22,83 4,65 0,79 3,84 0,62 4,08 0,89 2,53 0,40 2,76 0,44 15,97 0,92 1,06 11,26 0,10 8,24 2,31
2,90 49,87 Villers-Carbonnel North France Loess VC1 <100 74,12 0,77 9,33 3,78 0,06 1,30 7,66 1,04 1,82 0,11 100 10,30 1,53 8,51 56,32 81,62 8,58 24,18 10,30 51,29 10,39 1,42 9,11 72,24 157,01 32,92 470,08 11,76 < 0.50 0,19 0,03 2,77 0,57 3,76 287,70 33,01 67,06 7,92 29,72 6,13 1,12 5,30 0,85 5,46 1,18 3,25 0,49 3,26 0,53 11,80 1,11 1,62 13,78 0,15 9,97 2,59
21,66 50,65 Zlota Poland Loess Zlo1 <100 78,98 0,72 8,57 2,70 0,05 1,39 4,11 1,20 2,18 0,10 100 6,31 1,26 6,97 43,51 69,19 6,25 18,53 10,71 38,58 9,65 1,36 5,50 73,37 129,12 31,37 606,58 11,65 < 0.50 0,18 < 0.03 2,80 0,56 2,71 366,73 30,63 64,19 7,56 28,39 5,85 0,99 4,98 0,82 5,21 1,14 3,28 0,50 3,45 0,56 14,70 1,13 1,44 13,76 0,14 10,47 2,81
* Major elements are normalized on a volatile-free basis
* * <100 µm fraction was obtained from the composition of the two fractions considering their respective proportions determined through grain-size analysis
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Supplementary Table 
A2                                             
                       
New major (wt %) and trace element (ppm) data obtained by ED-XRF 
analysis on the Dombes loess.                                   
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Supplementary Table A3
Selected data from FOREGS database.
Longitude Latitude Site Area Type Code Fraction (µm) SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total LOI Li Be V Cr Co Ni Cu Zn Ga As Rb Sr Y Zr Nb Mo Cd Sn Sb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Tl Pb Th U
5,05 44,72 Drôme Rhône-Saône Floodplain N30E03F1 Bulk 30,19 0,18 3,05 2,67 0,06 0,87 62,21 0,15 0,52 0,12 100 Undosed 9,04 0,23 7,00 24,00 3,00 15,00 12,00 46,00 4,00 5,00 18,00 665,00 11,40 44,00 3,00 0,56 0,17 2,00 0,40 2,00 93,00 10,27 18,10 2,20 9,10 1,90 0,47 2,05 0,30 1,56 0,32 0,84 0,11 0,69 0,12 1,05 0,21 0,62 0,15 10,00 2,00 0,50
4,92 44,23 Aigues Rhône-Saône Floodplain N30E03F2 Bulk 43,50 0,21 3,81 3,47 0,06 0,68 47,03 0,41 0,72 0,11 100 Undosed 9,52 0,20 17,00 33,00 5,00 23,00 20,00 63,00 5,00 7,00 22,00 542,00 14,90 78,00 4,00 0,66 0,16 2,10 0,63 1,00 430,00 13,33 24,90 2,90 12,40 2,70 0,63 2,86 0,45 2,07 0,41 1,10 0,17 0,96 0,18 2,26 0,34 0,61 0,12 10,00 3,00 0,50
4,56 44,31 Ardèche Rhône-Saône Floodplain N30E03F3 Bulk 81,04 0,30 9,47 1,92 0,03 0,51 2,02 1,22 3,47 0,03 100 Undosed 19,51 0,77 27,00 34,00 4,00 19,00 9,00 53,00 10,00 7,00 119,00 139,00 12,90 85,00 8,00 0,36 0,25 4,70 1,02 8,00 542,00 16,81 32,80 3,60 14,40 2,80 0,79 2,65 0,41 2,30 0,45 1,25 0,20 1,21 0,19 2,78 0,98 2,27 0,71 35,00 7,00 2,00
5,16 43,86 Durance (Coulon) Rhône-Saône Floodplain N30E03F4 Bulk 77,29 0,36 4,45 2,42 0,02 0,57 13,75 0,11 1,03 0,01 100 Undosed 16,90 0,32 23,00 45,00 3,00 11,00 13,00 28,00 5,00 5,00 34,00 271,00 14,90 313,00 7,00 0,28 0,16 1,50 0,89 3,00 114,00 15,90 33,80 3,50 13,60 2,50 0,48 2,48 0,38 2,25 0,47 1,38 0,21 1,42 0,25 7,79 0,54 0,91 0,11 9,00 6,00 1,00
4,55 43,95 Gard Rhône-Saône Floodplain N30E03F5 Bulk 74,52 0,85 11,72 3,65 0,06 1,00 4,29 0,77 3,11 0,03 100 Undosed 23,02 1,08 53,00 49,00 7,00 20,00 22,00 140,00 11,00 37,00 111,00 110,00 18,90 159,00 14,00 0,46 0,35 2,80 7,52 8,00 508,00 22,14 45,30 5,20 21,20 3,90 0,98 3,44 0,57 3,14 0,60 1,92 0,30 1,84 0,26 4,54 1,50 3,51 0,99 75,00 12,00 2,00
6,54 44,61 Durance Rhône-Saône Floodplain N30E04F2 Bulk 56,18 0,53 10,99 4,17 0,13 1,62 22,93 1,00 2,27 0,17 100 Undosed 42,24 1,04 62,00 74,00 7,00 36,00 29,00 85,00 12,00 7,00 86,00 486,00 21,80 109,00 9,00 0,62 0,27 2,30 1,03 3,00 261,00 23,36 46,20 5,00 19,80 4,00 0,80 3,36 0,55 2,92 0,59 1,80 0,27 1,55 0,24 2,94 0,80 1,45 0,39 22,00 8,00 1,00
6,07 44,04 Durance (Bléone) Rhône-Saône Floodplain N30E04F3 Bulk 43,32 0,33 5,99 3,25 0,10 1,11 44,10 0,28 1,34 0,18 100 Undosed 24,74 0,45 35,00 51,00 6,00 25,00 18,00 86,00 6,00 4,00 38,00 605,00 16,70 72,00 5,00 0,77 0,12 3,40 0,62 1,00 205,00 13,89 25,30 3,00 12,70 2,40 0,62 2,53 0,39 2,13 0,43 1,28 0,18 1,04 0,16 1,91 0,36 0,71 0,17 14,00 4,00 0,50
4,90 46,26 Saône (Veyle) Rhône-Saône Floodplain N31E03F2 Bulk 84,83 0,44 8,12 2,28 0,08 0,05 1,80 0,66 1,54 0,19 100 Undosed 28,80 0,78 35,00 58,00 5,00 16,00 14,00 107,00 8,00 7,00 59,00 69,00 20,20 213,00 9,00 0,47 0,24 3,10 1,23 5,00 278,00 22,94 46,20 4,90 19,60 3,60 0,77 3,36 0,50 2,90 0,63 1,79 0,27 1,69 0,26 5,33 0,81 1,35 0,32 18,00 7,00 1,00
4,76 44,82 Eyrieux Rhône-Saône Floodplain N31E03F3 Bulk 71,44 0,62 15,60 3,03 0,04 1,06 1,03 2,23 4,80 0,15 100 Undosed 39,60 1,34 44,00 42,00 6,00 18,00 18,00 187,00 19,00 4,00 188,00 173,00 26,90 185,00 18,00 0,56 0,50 8,80 2,16 9,00 744,00 38,61 78,30 8,60 34,10 6,50 1,13 5,42 0,89 4,79 0,89 2,56 0,35 2,17 0,31 5,33 1,79 1,90 0,97 49,00 17,00 5,00
5,17 45,74 Rhône Rhône-Saône Floodplain N31E03F4 Bulk 73,35 0,21 4,04 1,16 0,05 0,06 19,28 0,47 1,33 0,05 100 Undosed 9,32 0,28 8,00 59,00 6,00 10,00 12,00 47,00 4,00 2,00 38,00 200,00 12,00 88,00 4,00 0,27 0,18 1,00 1,97 1,00 186,00 12,04 22,90 2,60 10,40 2,00 0,44 1,91 0,30 1,59 0,34 0,99 0,13 0,83 0,12 0,93 0,31 0,72 0,24 14,00 4,00 0,50
4,98 46,52 Saône (Seille) Rhône-Saône Floodplain N31E03F5 Bulk 67,09 0,98 19,46 6,94 0,21 1,14 1,69 0,23 2,13 0,11 100 Undosed 88,85 1,77 127,00 102,00 14,00 49,00 20,00 103,00 19,00 20,00 122,00 89,00 44,80 225,00 18,00 0,96 0,44 2,90 1,56 12,00 342,00 46,70 84,00 10,00 39,60 7,80 1,52 6,50 1,00 6,11 1,22 3,00 0,50 3,00 0,49 4,27 1,37 2,71 0,56 26,00 15,00 2,00
6,38 46,09 Rhône (Arve) Rhône-Saône Floodplain N31E04F2 Bulk 65,10 0,42 9,73 2,91 0,06 1,60 16,80 1,14 2,16 0,08 100 Undosed 31,74 0,93 49,00 61,00 6,00 23,00 16,00 57,00 11,00 8,00 76,00 367,00 25,50 226,00 11,00 1,15 0,19 3,60 0,70 1,00 258,00 30,25 58,40 6,30 25,30 4,70 0,73 4,28 0,70 3,91 0,82 2,44 0,39 2,40 0,35 5,73 1,17 2,08 0,34 16,00 12,00 4,00
6,29 45,36 Isère (Arc) Rhône-Saône Floodplain N31E04F3 Bulk 59,45 0,61 14,46 4,89 0,16 1,84 14,47 1,38 2,59 0,15 100 Undosed 47,40 1,12 92,00 74,00 11,00 43,00 27,00 92,00 15,00 40,00 97,00 475,00 19,50 127,00 11,00 1,25 0,26 3,70 3,99 5,00 460,00 29,34 60,50 6,70 26,20 4,90 1,12 3,97 0,60 3,19 0,60 1,86 0,27 1,68 0,23 3,33 0,93 2,12 0,48 38,00 10,00 2,00
6,04 47,71 Saône Rhône-Saône Floodplain N32E03F1 Bulk 70,13 1,00 16,71 5,50 0,11 1,81 0,58 0,34 3,73 0,09 100 Undosed 103,10 4,24 87,00 83,00 13,00 36,00 21,00 78,00 16,00 38,00 159,00 110,00 33,00 307,00 18,00 1,32 0,19 3,00 2,01 32,00 667,00 34,50 72,10 8,00 32,20 6,40 1,24 6,04 0,89 5,50 1,01 3,00 0,45 2,69 0,44 4,92 1,08 4,40 0,87 31,00 17,00 5,00
4,84 46,68 Saône (Grosne) Rhône-Saône Floodplain N32E03F3 Bulk 67,80 1,10 18,61 5,87 0,23 1,24 1,05 0,79 3,19 0,11 100 Undosed 92,24 5,30 94,00 81,00 14,00 33,00 19,00 108,00 20,00 34,00 177,00 113,00 39,30 345,00 24,00 1,18 0,62 8,30 2,14 28,00 611,00 60,70 123,00 14,00 51,10 9,90 1,81 7,67 1,26 6,79 1,26 3,46 0,55 3,61 0,55 7,69 2,12 5,83 1,23 57,00 28,00 7,00
5,57 47,26 Saône (Ognon) Rhône-Saône Floodplain N32E03F5 Bulk 77,37 0,64 12,59 3,93 0,11 0,54 0,75 0,97 3,06 0,04 100 Undosed 58,84 1,84 79,00 58,00 9,00 23,00 14,00 60,00 11,00 26,00 136,00 108,00 28,50 286,00 12,00 1,20 0,29 2,40 2,10 15,00 638,00 32,30 68,20 7,20 27,60 5,50 1,18 5,18 0,70 4,50 0,92 2,30 0,33 2,00 0,30 5,06 0,95 3,31 0,75 29,00 13,00 3,00
6,04 47,34 Saône (Ognon) Rhône-Saône Floodplain N32E04F2CH Bulk 75,24 0,75 14,11 4,10 0,06 0,87 0,75 0,98 3,05 0,08 100 Undosed 44,73 2,49 83,00 68,00 10,00 28,00 18,00 86,00 13,00 27,00 134,00 111,00 25,70 295,00 14,00 1,12 0,36 1,40 2,23 19,00 607,00 31,50 62,90 6,50 27,10 5,20 1,11 4,88 0,80 4,58 0,83 2,47 0,37 2,16 0,34 6,41 1,10 3,32 0,48 32,00 14,00 4,00


