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ABSTRACT
The Areny Formation is an Upper Cretaceous sandstone outcropping in the South Pre-Pyrenean area. It is composed of well-sorted quartz
sand and gravel, cemented by calcite. It outcrops at a wide range of altitudes (400 to 1700 m). Soils developed on this formation in the
Tremp basin (NE Iberian Peninsula) have xeric/ustic and mesic soil climate regimes. They display several soil characteristics correspond-
ing to advanced stages of pedogenesis such as decarbonation, clay formation, and illuviation and rubefaction, ranging from Cambisols
and Luvisols to Lixisols. These pedofeatures are absent in adjacent soil units of similar age, developed on finer materials, such as marls
and calcareous conglomerates, where the dominant soil formation processes are carbonate translocation and weak cementation. These
neighbouring soils are mainly Calcisols, some of them with a petrocalcic horizon. Six profiles formed on the Areny sandstone were selected
for an in-depth study of their soil formation processes. A multi-scale approach, from geomorphological to micromorphological analyses,
was employed. The soils have a neutral to slightly acidic reaction in the Bt horizons, with loamy sand textures and a clay content of 10 %
that appears completely as illuviated clay in the thin section; reddish hues (2.5YR) and high chromas, the absence of calcite in the upper
horizons or in the whole profile, and the presence of iron pans in some locations. Amorphous iron is found in low amounts compared to Fe
in silicates and as finely crystalline forms. The latter increases with depth in the decarbonated profiles. The high weathering degree of the
oldest profiles is shown by kaolinite being the dominant clay, which was probably inherited from the pre-Quaternary period. The clay frac-
tion also contains remarkable amounts of mixed layers chlorite/smectite, chlorite/vermiculite or illite/smectite, which may be considered
products of present-day pedogenesis. The geomorphological analyses allowed us to determine the ages of the surface formations of four
of the profiles (50 to more than 350 ky), which indicated much faster soil formation rates than those reported in similar Mediterranean
environments. Thus, the proposed stages of soil evolution in these sediments imply a fast decarbonation, followed by clay formation, and
illuviation. These processes have strong implications in establishing the soil-landscape relationships in the area.
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Soils under Mediterranean environments do not undergo
specific soil formation processes different from other cli-
mates, although it is recognized that they do have a particu-
lar set of common soil formation factors in several parts
of the world such as the Mediterranean climate (warm
and dry summer), the presence of carbonate rocks, steep
slopes and - in the Mediterranean - the supply of Saharan
dust and a long-lasting anthropic influence (Yaalon, 1997).
The resulting processes are moderate weathering, 2:1 clay
illuviation, hematite-induced reddening, and carbonate
redistribution (Yaalon, 1997; Bech et al,, 1997; Fedoroff
and Courty, 2013). Even so, the present or palaeo-char-
acter of these processes is not completely understood.
According to Fedoroff (1997), clay illuviation is only active
in the northern, wetter margins of the Mediterranean
basin and should be considered a palaeofeature in the rest
of the region. Indeed, the alternation of wetter/drier cli-
mates during the Quaternary has been claimed as a driver
of decarbonation, clay illuviation, and reddening/recar-
bonation in several Mediterranean chronosequences (e.g.
Sauer et al., 2010; Poch et al., 2013; Fedoroff, 1997; Darwish
and Zurayk, 1997).

One of the tasks of pedogenetic analysis is the
establishment of the relationship between soil age and
formation degrees, which is normally defined regionally,
taking into account climatic variables (Sauer et al., 2006).
These relationships do not always apply because of exter-
nal inputs (such as dust) or outputs (mainly erosion)
(Scarciglia et al., 2015); additionally, soil evolution is not
uniform, but subjected to internal thresholds and feedback
mechanisms (Sauer et al., 2006), as it occurs with clay illu-
viation and rubefaction taking place after decalcification.

The Tremp basin is located in the Pre-Pyrenean area,
north-east of the Iberian Peninsula, on a sliding mantle
formed by calcareous Cretaceous and Tertiary materials,
resulting from the uplift of the Pyrenees. The climate is
Mediterranean semi-arid. The surface formations of
known age are the Segre river terraces and several levels
of travertine mounds equivalent to those of large alluvial
fans covering the basin, which were formed during the
Middle and Upper Pleistocene. Detailed soil surveys of this
arearevealed the presence of strongly expressed contrast-
ing processes (calcium carbonate accumulation/cementa-
tion and clay illuviation/reddening) on adjacent surfaces of
similar ages (Porta et al., 2013), but that were developed
on different parent materials. In particular, soils formed on
Areny sandstones (Upper Cretaceous sandstone, made of
quartz sand cemented by calcium carbonate) are redder
and more acidic than surrounding soils and may show clay
illuviation, while petrocalcic horizons are found on adja-
cent pediment surfaces at the same level. Bech et al. (1985)

noted different degrees of decarbonation, reddening, and
clay illuviation on neighbouring soils in the area and attri-
buted this to the different parent materials of the soils.

The objective of this research is to determine the
role of the parent material (Areny sandstone) on soil for-
mation processes (clay illuviation and reddening) in order
to establish the present or palaeo character of these
soil-forming processes, following a multi-scale approach;
and to discuss the correlation of the degree of expression
of these processes with age and with neighbouring soils
on geomorphic positions of a similar age undergoing very
different pedogenetic processes.

The Pyrenees are a mountain range of the Alpine fold-
ing, which is over 1500 km in length. It is the result of the
continental drift of the Iberian Plate during the Mesozoic
and its final collision with the European Plate during the
Cenozoic. This uplift caused the formation of several
landslide mantles that make up the Pre-Pyrenees, South
of the Axial Zone, formed by rocks of the Mesozoic and
Paleogene, which determine several mountain ranges of
east-west orientation. The Tremp Basin (Conca de Tremp)
is one of the intra-mountain basins between them, south
of the main axis of the Pyrenees, where it is possible to
find sediments and structures of previous palaeoenviron-
ments. Its width is approximately so km, with altitudes
ranging between 400 m in the centre and nearly 17700 m
at the margins.

The climate is mountainous Mediterranean, with an
annual precipitation between 580 and 750 mm that follows
an altitudinal gradient and a bimodal distribution along the
year (spring and autumn), with a severe summer drought.
The mean annual temperatures are between 12.8°C at the
valley bottom and 8.4 °C at the highest altitudes, which
have common snow events every winter. Soil moisture and
temperature regimes in the region are Xeric/Ustic (below
and above ca. 1000 m) and Mesic respectively (SSS, 2014).

The soils are mainly formed on highly calcareous
materials of different nature, from sandstones to clays and
travertines. Calcium carbonate redistribution is very com-
mon, from calcic to petrocalcic horizons developed on
old alluvial fans (Machette stages Il to IV; Machette, 1985;
Porta et al., 2013). At the valley bottom, soils with gypsum
accumulations and vertic features are present, probably
inherited from the colluvium of the Garumnian (Upper
Maastrichtian) marls (Porta et al., 2011). The presence of
travertines is also noteworthy since they are very impor-
tant in the centre of the basin, due to springs originating
from the underlying confined aquifer (Linares et al., 2010).



A DISTINCT PEDOGENETIC PATH UNDER A MEDITERRANEAN CLIMATE

It is composed from a series of relict tufa mounds older
than 350 ky BP and a lower tufa unit associated with cur-
rent groundwater aquifer outlets (Basturs Lakes), which
have been active since 106 ky BP during both cold and mild
Marine Isotopic Stages (MIS) (Pellicer et al., 2014).

The main land use in the basin is forestry. Agriculture
is concentrated on valley bottoms around the main vil-
lages and on the plains close to rivers. Besides cereals and
alfalfa, both rainfed and irrigated, traditional almond and
olive trees can also be found. There has been a recent
increase of vineyards, included within the Costers del Segre
Appellation d’Origine wines. The occupation of the land
dates back to at least the end of the Middle Pleistocene, as
illustrated by the Nerets Archaeological site on the soils of
the Areny sandstones, where lithic artefacts can be found
along the whole slope due to the erosion of the original
red soils (Rodriguez and Rosell, 1993). The first large-scale
transformation of the landscape was due to the Roman
rule that brought a new territorial organization and a com-
plex administrative framework (Iber - Roman period, 650
BC - 450 AD). This occurred along the old optimum cli-
mate and permitted the expansion of crops throughout
the territory.

* Nerets1to 4
Faidella

: Comiols

Areny Fm

D Fig. 3

Figure1. Geological map of the Tremp basin and profile location.

2.2. THE ARENY FORMATION

The Areny sandstones in the Conca de Tremp mark the
transition from marine (marls of the Upper Maastrichtian,
locally named Garumnian) to continental environments
(Cretaceous-Tertiary) (Oms et al., 2016). As such, they are
calcarenites, formed by deltaic quartz sand derived from
the weathering of the igneous rocks of the axial Pyrenees
and cemented by carbonates. The average thickness of
the Areny formation is about 500 m and it outcrops at the
margins of the basin (Figure 1).

Regarding its composition, the quartz content in the
calcarenite samples decreases regularly from 40.5 % at the
bottom to 17.5 % at the top (Nagtegaal, 1972). The quartz
grains are rounded and well-sorted. Among the carbonate
grains, well-rounded calcareous algal fragments (rhodo-
phyceans) and larger Foraminifera (Orbitoides, Siderolites)
are particularly abundant. Other grains include pelecypod
and echinoderm fragments, Radiolitella pulchellus (Vidal)
rudists (hippuritids), pelecypod debris, and corals (Mey
et al., 1968; Nagtegaal, 1972; Villalba-Breva et al., 2015).
This formation underwent an early complex diagenetic
process, consisting of a first stage of marine and mete-
oric cementation (development of ferruginous rims and

Source and complete legend: ICGC http://www.icc.cat/vissir3/llegendes/mgc2som.pdf.
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Table1  Main site characteristics of the studied profiles
Profile Altitude Slope Landform Parent Vegetation
(m asl) and material
aspect
15 % Calcareous Afforestation. Pinus sylvestris, Quercus ilex sp. Ballota;
Faidella 1170 NW ' Middle slope (Areny Erica scoparia, Juniperus communis, Genista scorpius,
Formation) Artostaphylos uva-ursi, Genista hispanica, Lavandula
Comiols 1099 10%, W Upper slope sandstone angustifolia, Globularia vulgarss, Calluna vulgaris.
. i )
EE;EE ; 2?? 12;: E Sggz zl:ﬂz::: ;:2 E_i‘i:iiilment Quercus ilex, Thymus vulgaris, Rosmarinus officinalis.
Nerets 3 545 3%S Lower alluvial fan  Areny Quercus rotundifolia, Rosmarinus officinalis.
Nerets4 515 2% 5 Lower alluvial fan  sandstone Quercus faginea, Genista scorpius, Rubia peregrina.

precipitation of druse calcite), followed by pedogenesis.
The latter is shown through the corrosion and dissolution
of carbonate grains and of previous cements, which led
to the fragmentation, brecciation, nodulisation, and fer-
ruginisation of the former lithified beach sand, creating a
secondary porosity of vughs and fractures (Dfaz-Molina
etal,, 2007).

The Nerets range, about 2.5 km East of Tremp, consti-
tutes the western edge of the northern flank of the Tremp
Syncline. It is formed by a sub-structural slope, excavated
in the quartz sandstones of the Areny Formation, dipping
ca. 15° S. At its footslope, just in contact with the loose
materials covering the sandstones (basal part of the
Tremp Formation, Maastrichtian, Rosell et al., 2007), there
are two sets of alluvial fans attached to the slope, stepping
at different altitudes.

The geomorphological analysis of the alluvial fans of the
Nerets site was based on geomorphological mapping
techniques, granulometric and sediment analysis of alluvial
bodies, and on dating in comparison with local deposits
of similar characteristics with absolute dating. The geo-
morphological mapping of the quaternary alluvial bodies
allowed us to determine the shape and surface extent of
the formations and the spatial and temporal relationships
between them and any older neighbouring substrates.
The sedimentary analysis of the variations of particle size
in the interior of the alluvial fans allowed us to determine
the proximity or distance of the materials with respect to
the source areas. Dating was determined through strati-
graphic correlations, which allowed us to determine the
approximate age of formation of the Nerets alluvial fans
relative to similar sediments, dated through radio-isotope
techniques of uranium and radiocarbon.

Six soil profiles, located at different sites within
the Areny formation-outcrops or derived alluvial fans
(Figure 1), were described and sampled for chemical,

mineralogical, and micromorphological analyses. Two of
them (Faidella and Comiols) are located at higher altitudes
on the in situ weathering products of the sandstone. The
other four were located (Nerets 1 to 4) on a system of
alluvial fans (Nerets site) made of pedosediments from
the sandstone outcrops north of the basin (Nerets range).
Their main characteristics are found in Table 1.

Additionally, rock fragments were sampled for mine-
ralogical, micromorphological, and chemical analyses.
The profiles were described following the guidelines of
SINEDARES (CBDSA, 1983). Undisturbed samples were
collected at selected profiles and horizons for micromor-
phological analyses. The physicochemical analyses of the
profiles was done according to MAPA (1993). Particle size
distribution was determined by the pipette method, after
the removal of organic matter with H,O, and dispersion
with Na-hexametaphosphate. Cation exchange capacity
was determined by displacement with 1 M NH,OAc (pH 7)
and the exchangeable cations were measured by atomic
absorption. Organic carbon was determined following the
Walkley-Black method. Soils were classified according to
Soil Taxonomy (SSS 2014) and WRB (IUSS Working Group
WRB, 2015).

Total iron (Fe;) was determined after digestion with
HCl and HNOs. Dithionite soluble Fe (Feq) was determined
with dithionite citrate, buffered with the sodium bicarbo-
nate method according to Mehra and Jackson (1960).
Oxalate extractable Fe (Fe,) and Al (Al,) were deter-
mined through extraction with acid ammonium oxalate
0.2 M at pH 3 (Schwertmann, 1964). In all extracts, Fe was
determined by atomic absorption.

Reddening was assessed as a colour (moist) index;
the redness index has the following equation:

Rl= [(10-nhue) * chroma]/value

from Torrent (1983) with the constant nhue value
being: 10YR =10; 75YR = 7.5, 5YR = 5; 25YR = 2.5; TOR = 0.



A DISTINCT PEDOGENETIC PATH UNDER A MEDITERRANEAN CLIMATE

We calculated the Fe-index (Wagner et al,, 2014),
defined by the following equation:

Fe index = (%Feq- %Feo)/(%Fe:/%Clay)

Micromorphological analyses were performed
in some of the profiles according to the procedures of
Benyarku and Stoops (2005) for making vertical thin sec-
tions, 13 cm long and 5.5 cm wide, from air-dried, undis-
turbed soil blocks. Stoops’ (2003) guidelines were fol-
lowed for their description and study.

Semi-quantitative clay mineralogy of the selected
samples (powder and oriented air-dry aggregates) was
carried out through X-ray diffraction, using a Siemens
D-5000 diffractometer. The mineralogy of the ske-
leton grains of the Areny sandstone (volume %), sampled
at the Faidella site, was done through point-counting of
250 grains. The elementary composition of the same set
of samples was determined by digestion in aqua regia
mixture and determined by ICP-OES (Optima 5300DV,
PekinElmer).

The Chemical Index of Alteration (CIA, Nesbitt and
Young, 1982) and Chemical Index of Weathering (CIW,
Harnois, 1988) were calculated as CIA=Al-100/(Al+Ca+K+Na)
and CIW=Al100/(Al+Ca+Na). The Weathering index (WI,
Price et al., 1991) was calculated for Comiols and Faidella
in reference to their respective underlying sandstones as
WI = Rample/Rreference, Where R=Al/(Ca+Na).

3. Results

3.1. MINERALOGY AND PETROGRAPHY OF
THE ARENY SANDSTONE

The composition of the Areny calcarenite is mainly cal-
cium carbonate, either as cement (micrite and micro-
sparite) or as calcite grains and fossils. The mineralogical
analyses of one sample shows that the non-calcareous
mineral grains are 39.2 % (weight), after removal of calcite
(calcareous cement and calcareous sand). They are com-
prised of rounded quartz and quartzite grains (92.8 % vol)
with minor amounts of other minerals (Figure 2a). Among
them, the few plagioclases (1.6 % vol) and microclines (1.2
% vol) show a first stage parallel linear and crossed linear
alteration to calcite (Figs. 2 b, ¢, d), according to the weath-
ering path described for igneous rocks in Iran (Yousefifard
etal, 2015). There are few chlorites (3.6 % vol) and biotites
(0.8 % vol), as noted by Bech et al. (1985).

3.2. GEOMORPHOLOGY OF THE NERETS SITE

The profiles at the Nerets site are located on two alluvial
fans (Figure 3). The upper fan level has a very small exten-
sion with a single outcrop of about 500 m long, parallel to
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the slope and 100-200 m wide. It is located just above and
west of the Les Arenes quarry at an altitude of between
560 and 580 m. It consists of a very regular reddish level,
about 8-10 m thick, with iron-rich quartz sand, accompa-
nied by some well-rounded sandstone gravels, a few cm in
diameter. Its surface dips 10 % to the south.

In the distal part, this fan level is penetrated and
passes laterally to a level of calcareous gravels and boul-
ders with some blocks with a certain degree of bedding
that corresponds to the continuation of the oldest alluvial
cones described in the Tremp basin (defined as Qvs; ICGC,
2007), whose closest remains would be at the top of the hill
of the Sant Miquel hermitage, NE of Suterranya (Figure 3).

This upper level originated through the denudation
and accumulation of sands and clays from the alteration

Figure 2. Micromorphology of the Areny calcarenite.

a. general appearance: note the abundance of fossils

b. and c. round microcline sand grains with slight cross linear
and parallel linear weathering patterns

d. dotted alteration to micrite in a plagioclase
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and decomposition of the remains of the Areny sandstone
at the footslope of the Nerets range. The karstification of
the sub-structural surface of the Nerets range favoured
the formation of rubefacted soils and the loosening of the
sand grains forming the sandstones. The decomposition
process was of a very high intensity, since there are no
remains left other than the quartz granular components.

Its approximate age can be calculated through its
correlation with the well-dated sets (U/Th series) of car-
bonate tobas (travertines) of the Basturs lake system co-
vering them. The dating of Tufa 1 (the oldest one) that co-
vers the Qvs level is more than 350 ky (Pellicer et al., 2014),
therefore the Qvs level would be older. Materials on higher
levels are synchronous to the deposition of the Qvs level
and, consequently, are considered the same age (> 350 ky)
and thus attributed to the Middle Pleistocene.

The lower alluvial fan level covers the entire bottom
(Figure 3) of the broad valley between the Nerets range
and the reliefs of Suterranya at a height that oscillates
between 550 and 500 m. At the southern side of the reliefs
of Suterranya, this level can be correlated with the set of
alluvial fans with a different composition that is defined
as Qv2 (ICGC, 2007). The lower level shows very interest-
ing outcrops in the Les Arenes quarry that produces loose
quartz sands. The surface dips 11 % to the south.

The sediments of this fan are formed, as in the
upper one, by quartz sands with scattered gravels of well-
rounded quartz and red fine material. The lower fan has
a maximum thickness of 2-3 m in the proximal part @pex)
and 10-12 min the central and distal parts.

This lower fan presents a clear correlation with the
Qvz2 surface formation materials (ICGC, 2004 and 2007),
that are correlated with the T2 terrace of the Noguera
Pallaresa River. In Basturs, the travertines of Tufa 3 (the
lowest) are dated around 100 ky (Pellicer et al., 2014)
and cover the Qv3 cone, at a higher level than the Qva.
Therefore, the age of Qv2 materials is much younger. On
the other hand, the T2 terrace, located about 20-24 m
above the Noguera Pallaresa river bed, has an Upper
Pleistocene age (ICGC, 2004). In the Segre-Cinca system,
this terrace has an age of about 50 ky (dated with OSL,
Sancho et al.,, 2007; Lewis et al., 2009). In conclusion, we
calculate the age of this lower fan to be around 50 ky.

The surfaces of the two alluvial fans have a height
difference of about 40 m, which represents the erosion
that separates them in the evolution of the drainage net-
work. The sand level of the upper fan adjusts to the base
level of the drainage network, excavated in the Della Basin
in the Middle Pleistocene. As can be seen in the A sec-
tion (Figure 3), this base level goes through the reliefs of
Suterranya and connects with the slope of the wide valley
of the Abella and Conques rivers. At that moment, the val-
ley of Barranc de I’Abeller did not exist.

The morphology of the profiles (Table 2) shows the
development of B horizons and rubefaction (hues 2.5
and 5YR) in Comiols (Bw) and Nerets profiles (Bt, Btk, Bk,
Bwk), while the Faidella profile only has very sandy Bw
horizons and contains a buried profile without rubefac-
tion. Redoximorphic features, as small mottles, are only
observed at the bottom of Nerets 1.

All the Bt horizons described in the field corres-
pond to an increase in the clay fractions (Table 3). These
increases allow them to qualify for argillic horizons (SSS,
2014). Otherwise, the textures are sandy to sandy loam.
Although Comiols, Faidella, and Nerets 1 are completely
decarbonated (Table 2), only the Faidella profile has an
acidic reaction throughout and the lowest base satura-
tion (V=52 % at the surface, Table 3), followed by Nerets 1,
which is partly desaturated (V between 80-90 %). Nerets
2 is decarbonated and Nerets 3 and 4 are partly decar-
bonated at the top horizons, but not decalcified since
all of them have base saturations of nearly 100 %. In the
case of Nerets 2, the underlying horizons show recarbon-
ation processes, probably inherited from the dynamics in
the fan. A clear colluvic character is observed in Faidella
profile. Nerets 3 and 4 present frequent queras: biocalci-
fications similar to pseudomycelia, but composed of cal-
cite pseudomorphs after root cells (Herrero et al., 1992).
Besides the downward leaching of carbonates within the
profiles, their accumulation within the fans proceeds
roughly to the lowest (distal) sections, creating a complex
spatial pattern with high variability in short distances. In
spite of that, the lower boundary of the decarbonated
horizons is clearly deeper in the upper fan (more than 1m)
than in the lower one (@bout 40 cm, Table 2), which we can
relate to their age.

Table 4 displays the different content of iron oxides
of the studied soils as well as their ratios. The total iron
strongly differs between and within profiles. In Nerets 1,
it clearly increases with depth, but it does not follow the
same trend in the rest of the profiles. Crystalline Fe (Feq-
Feo) of Nerets 2 tends to be lower in the carbonated hori-
zons, but this trend does not apply to Nerets 3 and 4, with
Fe contents unrelated to depth or to carbonate content.
Nerets 3 and 4 have very high values of Feg/clay in the Bt
horizons, which suggests a pedosedimentary origin of the
parent materials. The Nerets1 profile shows the clearest
weathering sequence: the amount of Fe-oxides (Feq-Feoy,
hematite and goethite) and proportion of pedogenic iron
(Feo/Feq) increases in depth. Clear lithologic discontinuities
are observed in Faidella and Nerets 2, 3 and 4, expressed
as anomalous sequences of those indices, but all of them
within the same range of values. This observation is in
accordance with the colluvial material in Faidella and the
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Tablez  Selected morphological characteristics of the profiles

Profile Depth (cm]} Munsell Redness Structure Mottles Reaction to Pedofeatures

and colour Rating* HCl

horizon {moist)

Faidella

Qi -4--3 - - - - - -

Qe -3-0 ° = = ° o =

A 0-20 10YR 5/2 0.0 ww, cr, | none none none

Bw 20-48 7.5YR5/4 2.0 w, sab, m none none nane

Ab 48-65 7.5YR 4.5/3 1.7 VW, Cr, m nane none none

ABb 65-82 7.5YR 5/6 3.0 w, sab, m none none none

Bwb 82-110/120 7.5YR 5/8 1.0 w, sab, f none none none

R >110,120 - = = = = =

Comiols

0 10 - - - - - -

A 0-15 2.5YR 3/3 7.5 mod, cr, m none none none

AB 15-28 2.5YR 3/4 10.0 mod, sab, ¢;  none none nane

Bw 28-80 2.5YR 4/6 11.3 taunal none none Very few clay coatings

C 80-150 5YR 5/8 8.0 mod, sab, ¢ none none Very few clay coatings

Nerets 1

A 0-11 2.5YR 5/4 6.0 vw, sab, m none none nane

AB 11-25 2.5YR 5/8 12.0 vw, sab, m none none none

Btl 25-42 2.5YR 5/8 12.0 vw, sab, none none Frequent clay coatings

Bt2 42-75 2 5YR 4/8 15.0 vw, sab, ¢ none none Abundant clay coatings

Bt3 75-113 2.5YR 4/6 11.3 w, sab, ¢ very few, Mn none Continuous clay coatings

Btd 113-140 2 5YR 4/8 15.0 w, sab, ¢ very few, Mn none Abundant clay coatings

Nerets 2

Bt 0-40/150 2.5YR 5/6 6.0 w, sab, m none none Abundant clay and silt coatings

2Btk1 40/150-155/160 S5Y¥R 5/8 8.0 = nane none Few clay and silt coatings. Carbonate
pseudomycelia, hard carbonate nodules.

2Bk2 155/160-160/200 - - apedal nane very strong Carbonate pseudomycelia and rhyzocretions.

3Bk3 160/200->230 5YR5/8 2.0 apedal none very strong Carbonate pseudomycelia and rhyzocretions

Nerets 3

QOa -1-0 ° = = = = =

A 0-9 SYR 3/4 6,7 m,cr, T none weak none

Bt 9-38/49 2.5YR 4/5 9,4 m, sab, m nane weak Clay coatings

2Bwk1 38/49-41/70 SYR 5/6 6 m, sab, ¢ none very strong Frequent carbonate pseudamycelia and

2Bwk2 >41/70 5YR 4/6 7.5 m, sab, ¢ none very strong gueras.

Nerets 4

A 0-8 SYR 5/6 6.0 m, cr, none none none

Bt 8-36 2.5YR 4/6 11.3 m, sab, m nane none Few clay coatings around quartz grains

2Bk 36-127 7.5YR 6/6 2.5 vw, sab none very strong Carbonate pseudomycelia and few queras

3Bwk 127-177 7.5YR 5/6 3.0 w, sab none very strong Carbonate pseudomycelia, abundant queras
and very abundant rhyzocretions {cm in size)

4Bk 177-»277 10YR 6/6 0.0 w, sab none very strong Generalized carbonate accumulation

vw: very weak; w: weak; mod: moderate; str: strong; sab: subangular blocky; cr: crumb; c: coarse; m: medium; [ fine
* Torrent (1983)
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Table3  Main chemical properties of the profiles
Profile and oH CaCOy oM Clay Fine Coarse Fine Coarse Texture cic CIC clay V%
horizon H.0 eq. 19%) < Silt Silt Sand Sand {cmol+/kg)  (cmol+/kg)
1:25 (%) 2pum 2-20 20-50 50-500 0.5-2
pm um pm mm
(%)
Faidella
A 5.1 0 0.97 24 2 15 116 82.5 S 2.4 98.1 52
Bw 5.8 0 0.28 2.7 1.8 Q.5 11.1 83.9 S 1.6 58.5 68
Ab 6.6 0 0.45 39 39 13 10.8 80.1 5 2.1 52.9 93
Bwh 7.0 0 0.28 8.4 2.6 0.8 11.8 76.3 LS 2.4 28.0 100
Comiols
A 7.5 0 2.89 7.5 6.9 22 16.2 67.2 LS 8.8 111.6 100
AB 8.1 0 1.33 13.3 7.1 2.6 191 57.9 LS 6.9 49.2 100
Bw 8.0 0 0.29 20.2 34 1.8 11.2 63.4 cL 7.6 37.0 100
C 8.1 0 <0.14 6 52 1.9 19 67.9 LS 1.6 26.4 100
Nerets 1
A 7.1 0 1.1 6.9 1.1 3.4 40.2 48.4 S 2.7 36.9 100
AB 6.0 0 0.6 8.4 1.1 3.0 33.0 54.6 S 23 26.2 72
Bt1 7.2 0 - 11.1 21 3.4 43.5 40.0 LS 2.1 18.5 100
Bt2 6.7 0 - 10.1 11 3.7 45.8 35.1 LS 2.5 24.8 87
Bt3 6.4 0 - 18.2 2.7 31 255 50.6 SL 6.6 36.3 85
Bt4 6.1 0 = 17.3 11 3.0 36.3 42.2 SL 5.2 30.1 80
Nerets 2
Bt 8.4 0 0.4 16.2 11 1.9 31.7 49.1 SL 5.6 33.8 100
2Btk1 7.2 0 Q.5 18.2 2.1 2.7 34.7 42.4 SL 53 29.2 100
2Bk2 8.7 4.4 - 7.5 13 1.8 16.7 72.7 S 3.8 50.7 100
3Bk3 8.5 A7 4.2 2.8 2.5 38.5 51.9 S 3.9 92.8 100
Nerets 3
A 8.4 2 0.67 12.5 71 7.9 8.1 64.4 SL 6.6 51.5 99
Bt 8.5 3 0.36 22.3 71 8.4 8.2 54 SCL 9.9 43.7 100
2Bwk1 8.5 18 0.2 10.1 12 11 12.2 54.7 SL 5.1 50.1 100
2Bwk?2 8.5 10 0.05 10.2 8.1 8.1 9.8 63.8 SL 3.4 33.2 100
Nerets 4
A 7.6 1 222 6.9 36 49 20 64.6 LS 54 738 100
Bt 7.6 0 0.68 17 6.1 6.4 12.9 57.6 SL 8.2 46.9 100
2Bk 8.5 8 0.01 7.9 6.3 5.3 9.2 71.3 LS 29 36.7 100
3Bwk 8.6 8 0.1 14 10.1 8.1 12.2 55.6 SL 6.8 48.4 100
4Bk 8.2 23 a1 123 9.3 6.6 93 62.5 SL 49 396 100
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Table4  Extracted iron composition of the profiles

Profile and horizon Feuw Fea(%) Fe Few/Fe:  Fes/Fe Few/Fes FesaFeo FerFes (Fes-Few)/Fer  Fesfclay  Feindex*
(%) (%)

Faidella

Bw 0.029 0340 0.390 0.074 0.872 0.085 0.311 0.050 0.797 0.126 2.5
Bwh 0.040 0950  1.320 0.030 0.720 0.042 0.910 0.370 0.689 0.113 2.1
Comiols

Bw 0.029 2150 2420 0.012 0.838 0.013 2121 0.270 0.876 0.106 19.9
C 0.007 1180 1170 0.006 1 0.006 1173 0 1 0.197 6.0
Nerets 1

A 0.007 0270 0480 0.015 0.563 0.026 0.263 0.210 0.548 0.039 6.7
AB 0.010 0376 0722 0.014 0.521 0.027 0.366 0.346 0.507 0.045 3.2
Bt1 0.016 0660 0919 0.017 0.718 0.024 0.644 0.259 0.701 0.059 10.8
Bt2 0.020 0652 0.799 0.025 0.816 0.031 0.632 0.147 0.791 0.065 9.8
Bt3 0.050 1366 1.738 0.029 0.786 0.037 1.318 0.372 0.757 0.075 17.5
BL4 0.031 1031 1.290 0.024 0.799 0.030 1.000 0.259 0.775 0.050 16.8
Nerets 2

Bt 0-30 cm 0.036 1.009  1.499 0.024 0.673 0.036 0.973 0.490 0.649 0.062 15.6
Bt 90-120 cm 0.035 1.033 1455 0.024 0.710 0.034 0.998 0.422 0.636 0.057 17.6
2Bk2 0.023 0522 0830 0.028 0.629 0.044 0.499 0.308 0.601 0.070 7.2
3Bk3 0.036 0375 0528 0.068 0.710 0.096 0.339 0.153 0.642 0.089 3.5
Nerets 3

A 0,045 0,857 1,217 0.037 0.704 0.052 0.812 0.360 0.667 0.069 11.3
Bt 0,078 1,291 2,016 0.039 0.640 0.061 1.212 0.725 0.601 0.103 11.7
2Bwkl 0,029 0775 1,222 0.024 0.634 0.037 0.746 0.447 0.611 0.035 215
2Bwk2 0,048 0820 1,525 0.032 0.538 0.059 0772 0.705 0.506 0.081 9.5
Nerets 4

A 0,033 0581 0921 0.036 0.631 0.056 0.549 0.340 0.596 0.057 9.6
Bt 0,053 1,147 1,387 0.039 0.827 0.047 1.094 0.240 0.788 0.166 6.6
2Bk 0,017 0533 0832 0.020 0.641 0.031 0.517 0.299 0.621 0.077 6.7
3Bwk 0,043 0869 1,820 0.023 0.477 0.049 0.826 0.951 0.454 0.051 16.2
4Bk 0,035 0566 0891 0.039 0.635 0.061 0.531 0.325 0.556 0.072 7.4

ox: extracted with {oxalic acid+ ammanium oxalate) 0.2M pH 3; d: extracted with Ma citrate, Ma hicarbonate and Na dithionite; t: total
digestion with HCl and HNO3
*Wagner et al,, 2014,

Tables  Elemental composition of the profiles (macro-elements, values in g/kg)
and different weathering indices

Ca Mg K Al ClAY  CIw=? Wi TifV

Faidella

Bw 02 05 24 56 681 96.2 219.2 11.0
Bwh 08 15 24 132 202 93.9 121.5 10.1
Sandstone 2149 2.6 04 3.7 1.7 1.7 4.8
Comiols

Bw 22 10 12 182 826 87.5 68.7 4.1
C 0.6 04 34 16.1 79.9 95.8 205.0 6.2
Sandstone  300.7 0.8 1.1 3.2 1.1 1.1 3.8
Nerets 1

A 08 07 46 109 66.0 91.5 17.8
AB 03 05 15 107 8532 96.5 16.9
Bt1 06 08 1.7 162 86.9 95.9 19.3
Bt2 0.5 07 49 153 73.5 96.0 16.1
Bt3 1.4 21 47 342 845 95.6 10.3
B4 08 14 66 299 79.8 969 11.1
Nerets 2

Bt 1.9 1.4 &7 270 71.4 92.6 11.7
2Bkl 10 16 79 279 752 95.7 13.8
2Bk2 14.0 1.3 49 194 50.4 57.8 15.2
3Bk3 177 08 12 144 43.2 44.8 23.5

Chemical index of alteration (Nesbitt and Young, 1982);
“Chemical index of weathering (Harnois, 1988);
*Weathering Index (Price et al., 1991),
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Table6  Semi-quantitative fine earth and clay mineralogy of the profiles
Profile and Fine earth mineralogy Clay mineralogy
horizan Q K-Fld Pl Phy Ca K | Sm Chl \' Chl/Sm 1/5m Chl/v
Faidella
Bw 89.0 0.4 - 10.5 254 52 - 16 41.0 26.7
Bwhb 829 2.4 - 14.7 125 1.0 - - 74.9 11.5
Sandstone 46 0.4 - 3.5 49.5 2.0 53 - 92.8 -
Comiols
Bw 88.1 0.3 - 11.6 78.2 13 - 5.1 154 -
C 916 0.6 - 79 82.8 3.0 - 14.1 -
Sandstone 17.5 0.2 - 15 8098 90.0 9.8 - - -
Nerets 1
A 60.0 21.0 - 19.0 50.0 83 &3 - 200 16.7 =
AB 67.8 3.0 2.0 27.2 - 46.7 133 67 6.5 19.0 6.4 -
Bl 85.2 21 - 13.1 42.9 143 48 9.5 20.0 4.8 -
Bt2 37.8 15.2 52 418 - 421 263 53 - 18.0 5.3 -
Bt3 27.0 1.4 0.9 70.7 - 40.0 240 4.0 - 20.0 12.0 -
B4 42.3 2.6 1.8 53.3 - 88.9 44 07 - 19.0 2.2 -
Nerets 2
Bt 44.8 5.2 1.4 48.6 333 259 37 = 20.0 111 -
2Btk1 57.6 2.0 0.5 39.6 286 214 36 = 20.0 286 -
2Bk2 57.8 11 11.4 29.7 - 500 500 - = 18.0 - -
3Bk3 50.6 15.3 22.9 11.2 - 333 417 4.2 20.0 4.2 -

alluvial fan evolution in Nerets. Additionally, it shows that
the weathering degree does not depend on the age of the
geomorphic unit, which would correspond in increasing
age to Faidella/Comiols/Nerets 3 and 4/surface of Nerets
2/Nerets 1.

The elemental composition of Faidella, Comiols, and
Nerets 1and 2 (Table 5) shows a downward leaching of Ca,
Mg, K in all profiles, and a relative enrichment of Al and Fe
in the top horizons of Nerets 2 and Comiols, while they
increase in depth in Nerets 1. Faidella has an anomalous
behaviour in depth, due to the buried soil. The chemical
weathering and alteration indices (Nesbitt and Young,
1982; Harnois, 1988), calculated with the element content,
distinguishes the original sandstones (lowest indices) from
the Bk (medium indices) and from the A and Bt horizons
(highest indices) of the profiles.

Table 6 presents the profile mineralogy, both of the fine
earth and of the clay fraction. The fine earth is mainly
composed of quartz, with varying amounts of K-feldspars
and plagioclases, which were inherited from the parent
material. The absence of plagioclases in the sandstones
must be attributed to the resolution of the method, which
could not detect the plagioclases (Table 6), even though
these were identified in the thin sections (Figure 2). Most
of the phyllosilicates (reaching over 70 % in the Bt3 hori-
zon of Nerets 1) are therefore pedogenetic. They consist
of kaolinite (from 30 to 8o %) and illite (1 to 50 %), with

Q: Quartz, K-FId: K-Feldspar, Pl: Plagioclases, Phy: Phyllosilicates, Ca: Calcite; K: Kaolinite, [: lllite, Sm:

Smectite, V: Vermiculite.

considerable amounts of mixed layers of chlorite/smectite
(around 20 % in Nerets1and 2) or illite/smectite (2 to 75%).
Minor components are chlorites, smectites, and mixed
layers of chlorite/vermiculite, although the latter is only
present in Faidella (11 to 27 %). These results are similar to
those of Bech et al. (1985), who reported a predominance
of kaolinite in similar profiles of the area.

The mineralogy of the two Areny sandstone samples
is very different: the one at Comiols is more calcareous
(81 % calcite), and the clay (1.1 %) is composed mainly of
kaolinite with a little illite. The one at Faidella is less calcar-
eous (50 % calcite) and the clay (3.5 %) is composed of
mixed layers of illite/smectite. These compositions reflect
that some pedogenesis took place during an early diagen-
esis that was not spatially homogeneous (Dfaz-Molina et
al,, 2007).

The common feature in all horizons is the coarse fraction,
made up of coarse to very coarse sand and gravels of
rounded quartz, equant and fresh that correspond to the
skeleton of the sandstone, once decarbonated. The dis-
tinctive micromorphological characteristics are displayed
in Table 7.

Contrary to the clearly microlaminated clay coatings
of the Nerets1 and 2 profiles, the Bw of the Comiols profile
does not show clear illuviated clay coatings. Very rarely, fine
moderately anisotropic, dusty clay coatings appear around
the quartz sands (Figure 4a). Instead, a chitonic c/f related
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Table7  Main micromorphological characteristics of selected horizons
Microstructure and c/f related Micromass and b- Pedofeatures
porasity distribution fabric
Comiols
Bw Pellicular grain, Chitonic. Dark reddish clay, Few fine, moderalely anisotropic, dusty clay coatings around
compound packing mottled, stipple- the quartz sand grains.
pores. speckled to
undifferenciated b-
fabric.
Nerets 1
Bt Pellicular grain / Chitanic. Reddish clay, mottled,  Freguent microlaminated clay coatings on pore walls.
vughy. Compound undifferenciated b-
packing pores and fabric.
vughs.
Bt2 Pellicular grain / Chitanic. Reddish clay, mottled,  Very few microlaminated clay coatings on pore walls.
47-67cm vughy. Compound undifferenciated b-
packing pores and fabric.
vughs
Bt2 Vughy. Vughs and Closed Reddish clay, mottled, Microlaminated clay coatings and infillins around coarse
80-93 vesicles. porphyric. maosaic speckled b- fragments, fragmented and incorporated to the groundmass.
fabric.
Bt4 Vughy. Vughs and Closed Reddish clay, mottled, Microlaminated clay coatings and infillins around coarse
vesicles. porphyric. undifferenciated b- fragments, fragmented and incarporated to the groundmass.
fabric.
Nerets 2
Bt Single grain Chitonic ta Reddish clay, mottled, Microlaminated clay coatings and infillings, with different
pellicular/ vughy. close masaic speckled and fragmentation and deformation degrees, frequent.
Compound packing porphyric. granostriated b-
volids and vughs. fabric.
Bt/2Btk1 Single grain Chitonic to Reddish clay, mottled, (1) Microlaminated clay coatings and infillings with different
pellicular/ vughy. close masaic speckled and fragmentation and deformation degrees, frequent. (2} Loose
Compound packing porphyric. granostriated b- discontinuous infillings of micrite aggregates and
volds and vughs. fabric. microsparite {rods) in pores, superposed to {1). (3) Agregate
nodules and incomplete dense infillings of calcite,
pseudomorphs of plant components, irregular distribution,
superposed to (1), breaking them and mixing them with
calcite. (4) Nodules of Fe oxi-hydroxides, aggregate, few,
assaciated to (3).
2Bk2 Vughy, vughs. Close Grey, fine silt, clay (1) Strongly impregnated micrite hypocoatings on vugh walls,
porphyric. and micrite, cristallitic  abundant. (2) Dense incomplete infillings of micrite and
micritic b-fabric. acicular calcite on vughs, interlaced. [3) Micrite nodule,
gravel size, with internal interlaced fabric. (4) Nodules of Fe
oxi-hydroxides, aggregate. (5) Coatings of silt and clay around
coarse fragments, mostly on sandstone fragments, isotropic.
2Bk2 Intergrain Enaulic. Grey, fine silt, clay (1) Strongly impregnated micrite hypocoatings on vugh walls,
(150 cm) microaggregate. and micrite, abundant. (2} Dense incomplete infillings of micrite and
Yughs, compound crystallitic micritic b- needle calcite in vughs, very frequent, following interlaced
packing pores. fabric. patterns. (3) Aggregate nodules of Fe oxy-hydroxides.
3Bk3 Id. Id. Id. Id.
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distribution, with a stipple-speckled to undifferentiated
b-fabric is observed (Figure 4b). This is why, despite the
description of some coatings in the field, we designate this
horizon as Bw and consider it a cambic horizon. However,
the weak anisotropy of the micromass may be due to the
high Fe-dithionite (Table 4) contained in cryptocrystalline
Fe-oxides, which can mask any orientation of the clay par-
ticles; therefore, clay illuviation should not be discarded.
The upper horizons of Nerets 1 (down to Bt2) have
a chitonic c/f related distribution, with a reddish mottled
clay as the micromass, isotropic under crossed polarizers,
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that covers the quartz grains. In these horizons, vary-
ing amounts of microlaminated clay coat the pore walls
(Figure 4¢). Below these horizons, clay illuviation, more fre-
quent microlaminated clay coatings, and infillings around
coarse fragments can be observed. They are fragmented
and incorporated into the groundmass. The ¢/f related dis-
tribution becomes close porphyric in depth (Figure 4d).
The upper horizons of Nerets 2 are very similar to
the bottom horizons of Nerets 1 (see Table 7): the micro-
mass has a mosaic speckled and granostriated b-fabric
and the clay coatings and infillings are fragmented and

Figure 4. a. moderately microlaminated clay coat-
ings in Bt horizon of Comiols

b. chitonic ¢/f related distribution and
almost undifferentiated b-fabric, prob-
ably due to an abundance in Fe oxi-hy-
droxides in the Bt horizon of Comiols

c. chitonic to gefuric c/f related distribu-
tion and fine microlaminated (aniso-
tropic) clay coatings in Bt1 horizon of
Nerets 1

d. progressive clogging of packing pores
by micromass in Bt2 horizon of Nerets
1, resulting in a close porphyric ¢/f relat-
ed distribution, note the clay coatings
(arrows)
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deformed at various degrees (Figure 5a). Below the
non-carbonated part, calcitic pedofeatures are present.
They are superposed to the clay coatings, breaking them
and mixing them with calcite (Figure 5b). The coarse frac-
tion of the 2Btk1 horizon contains some rounded gravels

Figures. a. micromass with a chitonic to
close porphyric ¢/f related
distribution and a mosaic
speckled b-fabric, due to
deformation and fragmenta-
tion of previous clay coatings
in Bt horizon of Nerets 2

b. loose discontinuous infillings
of needle calcite (upper left)
and micrite coatings (lower
center) in Btk2 horizon of
Nerets 2

c. fragments of the original
Areny sandstone in Nerets 2

d. loose discontinuous infilling
of needle calcite in a chan-
nel (upper left) and micrite
coating and impregnative
hypocoating in a pore (lower
right) in 2Bk horizon of Ner-
ets 2, (100-110 cm)

made of fragments of the original calcareous sandstone
and sparite, besides the quartz grains (Figure 5c). The
micromass has a micritic cristallitic b-fabric. The calcitic
pedofeatures are represented by hypocoatings and needle
fiber calcite (Figure 5d).
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Table 8 shows the classification of the six profiles accord-
ing to the two international soil classification systems.
According to Soil Taxonomy (SSS, 2014), Faidella and
Comiols are Entisols and Inceptisols respectively, while all
the profiles at the Nerets site are Alfisols (Xeralfs). This clas-
sification allows the distinction between the older Nerets
1 and 2 (Palexeralfs) and Nerets 3 and 4 (Haploxeralfs).
According to WRB (IUSS Working Group WRB, 2015),
Faidella and Comiols are Arenosols and Cambisols, Nerets
1is a Lixisol and the rest are Luvisols, reflecting the result
of the different durations of the soil-forming processes.

An advanced weathering stage can be observed in some
of the studied soils, as evidenced by the red colour (Nerets
1 in particular), the decarbonation, and by the predomi-
nance of kaolinite in the clay fraction. While the red col-
our might be attributed to present-day processes under
a Mediterranean climate, decarbonation and kaolinite are
apparently not in agreement with the climate of the area.
Indeed, carbonate mobilisation and accumulation is one of
the main soil-forming processes in the rest of the parent
materials under the same climate. Kaolinite is the typical
1:1 clay under highly weathering environments (high tem-
perature and high water availability throughout the year).
Nevertheless, the Areny sandstone presents a higher sus-
ceptibility of being decarbonated than the neighbouring
marls because of its sandy nature and partial brecciation
during diagenesis (higher permeability) and because cal-
cite is mainly present as a cement of the quartz sand.
Nevertheless, only two of the profiles (Faidella and
Nerets 1) are partly decalcified. In the first case, it is due to

its position at a higher altitude and consequently receiving
more precipitation (Ustic regime) and lower evapotranspi-
ration. In the second case, it is due to a limited lateral calci-
um-rich flow component, which in the rest of the profiles
prevents decalcification and maintains the base saturation
near to 100 %. In spite of that, the vertical flow has played
a clear role in the decarbonation of the soils, shown by the
lower depth of decarbonated horizons in the soils of the
lower fan.

Regarding clay illuviation, it should be seen as the
result of clay dispersion in decarbonated material, since
in nearby areas in the Pyrenees, on carbonate-free parent
materials, clay illuviation is a present-day process (Poch
et al, 2013). It is interesting to see that neither the devel-
opment degree of the clay-illuviated Bt horizons, nor the
redness rating, nor the Fe-index are related to the age of
the geomorphic unit, where they develop, or their alti-
tude. This supports the thesis of a pre-weathering of the
materials that were redistributed on different levels of
alluvial fans during the Quaternary. The meta-analysis of
Sauer (2010) reports that a time span of 100 to 300 ky
is necessary to develop the redness ratings we found in
Nerets profiles. These values are in the range of the age
of the landform where Nerets 1 and 2 profiles are found,
but not of that of Nerets 3 and 4, which is much younger,
and therefore it is an indication of redistribution of pedo-
sediments down the slope. Additionally, the Feq/Fe. and
(Feg-Feoy)/Fe. indices, which can be used as age indicators
in Mediterranean environments, correspond to profile
developments older than 8oo ky (Calabria, Scarciglia et
al,, 2015) or than 600 ky (Southern Spain, Martin-Garcia
et al., 2016) on surfaces of the Conca de Tremp that are
actually about 350 ky (Nerets higher alluvial fan) and 50 ka
(Nerets lower alluvial fan) or on slope colluvium (Faidella
and Comiols profiles).

Table8  Classification of the studied profiles according to the Soil Taxonomy (SSS,2014) and World Reference Base
(IUSS Working Group WRB. 2015)
Profile Soil Taxonomy World Reference Base
Faidella Typic Usthorthent Eutric Brunic Arenosol (Colluvic, Nechic)
Comials Typic Haplustept Eutric Chremic Cambisal (Loamic, Ochric)
Nerets 1 Arenic Palexeralf Chromic Lixisol {Arenic, Cutanic, Hypereutric, Ochric)
Nerets 2 Calcic Palexeralf Calcic Chromic Nudiargic Luvisol (Cutanic, Loamic)
Nerets 3 Calcic Haploxeralf Calcic Chromic Luvisol (Cutanic, Leamic, Ochric)
Nerets 4 Calcic Haploxeralf Calcic Chromic Luvisol (Cutanic, Loamic, Ochric)
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The fast pedogenesis rates of the Areny sandstones,
which has been taking place since its diagenesis in the
Upper Cretaceous, is responsible for the lack of a corre-
lation of the different age proxies used in Mediterranean
environments (redness indices and iron ratios) with geo-
morphic position (geomorphic unit ages). The formation
of kaolinite, karstification and partial decarbonation are
considered as inherited processes, which have been acting
since the pre-Quaternary period, while reddening and clay
illuviation together with calcium carbonate redistribution
may be more recent. The present-day soils are therefore
developed on pre-weathered pedosediments that under-
went some of the typical Mediterranean weathering under
very different environments. This advanced pedogenesis
is confronted, in the same basin, with a different pedoge-
netic path, i.e. calcium carbonate mobilisation and the for-
mation of calcic and petrocalcic horizons on surfaces of
similar ages developed on different materials.

Our findings allow us to conclude that the degree
of development of the studied soils is controlled by the
nature of the parent material, which masks, in our case,
the effect of the rest of the soil-forming factors.
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