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Introduction

Soil develop ment refers to the state ofa soil parameter relative to its state in the pa ent material (Hard en, 1990). The degree of soil development is dependenton the different soil-forming factors (Jenny, 1941). Because the
variables of climate, pa ent material, relief andtime also govern geo mo rphic pro cesses, landscape ew lution is intimately related to soil development (McFad den and Kn eupfer, 1990). Differences in soil prop er ties have been used in the
age determinations of soils (Levine and Ciolkosz, 1983; Harden, 1982; Harrison et al. , 1990) and thus, can be used for the ap proximate dating of the landforms (Semmel, 1989). This would b e tr ue if soil properties would increase
constantly with time (Bockheim, 1980; Birkeland, 1990). Nevertheless, according to Morrison (1963) and Simé n et al. (2000), the above theory may notbe entirdy true, and soils could have evolved during different pedo genic episodes
alternating w ith ero sion -d ep osition ep isodes. In each pedog enic episod e, th e soils could have ap proached or reached a stead y state.

The aim of thiswork is to advance knowledge concerning soil evolution over time. With this objective, we have compared soil d evelopment on two differenttypes of surface: 1) geo mor phically stable surfaces with pedogenic
overprinting; 2) unstable surfaces with successive erosion-depo sitio n episodes alternating with pedo genic episo des. In the first case, the successive p edogenic stages are not spatially distinct as in the second case.

Materials and methods

In the Granada Basin (southern Spain), we have studied soils developed on three stable surfaces over time (DUR, LLP, COL) and an unstable surface formed by different erosion -d eposition episodes alternating with pedo genic
episodes (NIG) (Figure 1). Both the stable surfaces andthe old est deposit of the unstable surface (NIG-1) are dated from the transitio n Plio-Pleistocene or Pleisto cene (Fernandez and Soria, 1986-1987).

Fidd descriptions of the soils were based on procedures of the Soil Survey Staff (199). In all soils, physical, chemical and physico-chemical properties were determined (Tables 1 and 2): particle-size, pH, electric conductivity,
organic carbon, carbonate content, cation-exchange capacity (CEC), exchan geable bases, total iron (Fe), iron oxides (Feg) and the iron-oxide amo rphous forms (Fey). For the estimation of thed egree of develo pment of each profile, aclay-
accumulation index (Cl) was calculaed as follows: ¥ (B-C)T, where B=B horizon clay content (%), C=C horizon clay content (%) and T= thickness ofthe B horizon in cm (Levine and Ciolkosz, 1983). Because, for any given intensity of
weatherin g, the pedo geniciron oxides (Feg) should rise in proportion to the total iron content (Fey), an iron oxide-accumulation index (Fel) was calculated using the same equation as that for clay, where B=B horizon Feq:Fe; ratio, C= C
horizon Feg: Fetratio.
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Figure 4. Landscape of the Llano de la Perdiz and characteristic profile .

Figure 6. Profile COL and detail of the micromorphology of BCtk horizon

Figure 5. Landscape of Nig tielas, sequence of buried soils and detail of the micromorphology

Discussion

All soils have a Bt horizon, characterized by ared colour (25 YR-10R), a well-d evdoped structure (angular blocky) and well-develo ped clay skins. The soils develop ed o nstable surfaces have similar degr ees of develop ment,
estimated by the increase in Feyandthe clay content in the B horizon in relation to the C horizon. On the contrary, the soils d eveloped on the ustable surface have different degrees of d evelopment. The oldest and deepest soils
(NIG-1and NIG 2) have similarintermediated develop ment whereas NIG-3 is the most developed and NIG-4, dose to the surface, the least develo ped (Figure 2).

By comparing our clay-accumulation indices with those of Levine and Ciolkosz (1983) for soils of northeastern Pennsylvania, we estimate soils on the stable surfaces to be between 275,000 and 235,000 years old. In the
unstable surface, the oldest and deepest soil (NIG-1) is around 130,000 years old. The second soil (NIG-2), abo ve the former, is similar in age. The next soil NIG-3) is a ound 280,000 years old and the to pone (NIG-4)is around 70,000

earsold Figure 3).
Y This(Fsgg geszs that soils formedon th e stable surfaces d eveloped over aserie of step ped episod es and that they reached amaximum in their evolution in the episo de more conducive to soil development This episo de wo uld
correspond to the NIG-3 pedog enic episo de. Later processes less conduciveto soil develop ment that affected soil NIG 4 did not &fect the soils develop ed on th e stable surfaces; so that, these former soils should have reached a
steady state.Thus, it is very difficult to esimate the age of a surface based onthe degrees of development of theirsoils because soils with similar d egrees of develop ment canbe differentin age.



