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Abstract 

Latosols are deeply weathered soils characteristic of the most Tropics. These soils represent 1/3 of the 

Brazilian National Territory and occupy about 40% of the Brazilian Central Plateau. The objective of this 

study was to discuss the distribution of the Latosols on the geomorphic surfaces from Brazilian Central 

Plateau based on geochemical process. Ten Latosols (L) developed in different parent materials were 

selected along an approximately 350km long regional toposequence across the South American Surface (L1 

to L4) and Velhas Surface (L5 to L10) from Brazilian Central Plateau. The main conclusion is that there is a 

close relation between the occurrence of gibbsite(Gb), kaolinite (K) and hydroxy-Al interlayered vermiculite 

(HIV) in the soil-solution phase versus their presence in the equilibrium soil-solid phase for these Latosols 

independently of the geomorphic surface. The presence of HIV is not consistent with the weathering process in 

the tropical areas where the tendency is the progressive loss of Si and the enrichment of Al consequently Gb. 
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Introduction 

The Latosols represent 1/3 of the Brazilian National Territory and occupy about 40% of the Brazilian Central 

Plateau surface area. These soils correspond to the end of a geochemical sequence of weathering (Pédro 

1968). Most Latosols in the Brazilian Taxonomy (Embrapa 2006) correspond to Oxisols in the Soil 

Taxonomy (Soil Survey Staff 2006) and Ferralsols in the World Reference Base (IUSS Working Group 

WRB 2006). The Latosols are defined in Brazilian Taxonomy by the presence of a diagnostic Bw horizon 

somewhere between the top surface and 200-cm depth (Embrapa 2006). The main geochemical process 

occurring in Latosols is hydrolysis (Melfi and Pédro 1977, 1978) causing a release of cations from the 

primary minerals thus resulting in the formation of minerals depleted of silica such as 1:1 clay minerals or 

without silica such as iron oxyhydroxides and aluminum hydroxide. Thus, the clay fraction of the Bw 

horizon is characterized by the presence of kaolinite, gibbsite, goethite, and hematite in variable proportions, 

according to the parental material, geomorphic position, and prevailing moisture conditions (Curi and 

Franzmeier 1984; Macedo and Bryant 1987; Ker 1998; Schaefer et al. 2008; Reatto et al. 2008). The 

objective of this study was to discuss the distribution of the Latosols on the geomorphic surfaces from 

Brazilian Central Plateau based on geochemical process, such as chemical and mineralogical characteristics 

of the solid phase (soil and parent material) and chemical composition of the soil-solution phase equilibrium. 

 

Methods 

Soil selection  

Ten Latosols (L) were selected along an approximately 350-km long regional toposequence across the 

Brazilian Central Plateau, thus enabling to explore a large range of mineralogical soil composition. They 

were located either on the South American Surface (SAS), (Latosols L1 to L4) or on the Velhas Surface (VS) 

(Latosols L5 to L10) as shown in Figure 1.  

 

Soil characterization 

Samples were collected in the diagnostic horizon (Bw) for every Latosol selected in this study. Physico-
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chemical analysis were performed on the air-dried <2-mm material according to the Brazilian standard 

procedures (Embrapa 1997) which in general follow the international procedures (Klute, 1986; Page et al. 

1982). X-ray diffractions (XRD) patterns were performed using oriented samples of the < 2-µm fraction 

using Thermo Electron ARL`XTRA diffractometer. Oriented samples were studied after Mg
2+

 saturation (i) 

at room temperature, (ii) after heating at 110°C, 220°C, 350°C and 550°C, (iii) and at room temperature after 

glycerol solvatation (Robert and Tessier, 1974). X-ray diffractions patterns were also recorded as 

transmission for samples collected in the saprolite, which corresponds to the parent materials of the Latosols, 

using an INEL XR3000 diffractometer. Every sample was grinded and installed within a capillary tube 0.5-

mm in diameter. Soil solution extracts were obtained in triplicate for every Bw horizon following the 

saturation extract method (Embrapa 1997; Sparks 2003). The concentrations of Si, Al, Ca, Mg, Fe and K 

were determined using ICP-AES.  

 

 
 
Figure 1.  Spatial distribution of the Latosols (L) on the geomorphic surfaces from Brazilian Central Plateau: 

South American Surface (> 900-m high) represented by L1 to L4, and Velhas Surface (< 900-m high) 

represented by L5 to L10. 

 

Results 
General physical and chemical properties  

The Bw horizons of the Latosols studied showed a variation of clay content ranging from 300 to 780 g/kg, 

smallest for L4 from quartzite parent material. The pHw ranged from 4.8 to 5.3 and the pHKCl from 4.00 to 

6.20. The pHw and pHKCl of Latosols was greater on the SAS (5.2 ≤ pHw ≤ 5.3 and 5.7 ≤ pHKCl ≤ 6.2) for the 

Latosols (L1, L2, L3, and L4) than on the VS (4.8 ≤ pHw ≤ 5.2 and 4.0 ≤ pHKCl ≤ 5.5) for the Latosols (L5, 

L6, L7, L8, L9, and L10). The organic carbon content ranged from 0.01 to 0.62 g/kg. The cation exchange 

capacity (CEC) ranged from 1.73 to 10.60 cmolc/kg and the high values of CEC were correlated with high 

(H
+
 + Al

3+
) content as observed in L2, L6, and L8. The Al2O3 content removable by H2SO4 in the Bw 

horizons was greater in the Latosols on the SAS (528 to 651 g/kg) than in those on the VS (440 to 514 g/kg). 

On the other hand, the SiO2 content removable by H2SO4 in the Bw horizons was smaller in the Latosols on 

the SAS (112 to 239 g/kg) than in those on the VS (226 to 341 g/kg). In general the Fe2O3 and TiO2 content 

removable by H2SO4 in the Bw horizons were greater in the Bw horizons on the SAS than in those on the VS 

with exceptions. 
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Mineralogical properties 

The Table 1 summarizes the main minerals found in the Bw horizons (in different fractions; < 2 mm and 

< 2 µm) as well as in the saprolite-rocks of the Latosols investigated. In general, the minerals identified were 

kaolinite (K), gibbsite (Gb), goethite (Gt), and hematite (Hm) in all Bw horizons in the two soil-fractions 

analyzed, except for L4 concerning to Hm. Quartz (Q) was also found, except in the < 2 – µm fraction 

(oriented sample). Hydroxy-Al interlayered vermiculite (HIV) and muscovite (M) were observed respectively 

in the < 2 µm fraction (oriented sample) and the saprolite-rocks for Latosols L5, L7, L8, L9, and L10. 

 
Table 1.  Clay mineralogy of the Latosols (L) studied. 

Minerals identification Latosol Samples identification 

K Gb Gt Hm Q HIV M 

L1 saprolite granulite (powder) x - - - x - - 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - - - 

L2 saprolite sandy metarithimite (powder) x - - - x - - 

  lateritic crusts (powder) x x x x x - - 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - - - 

L3 saprolite sandy metarithimite (powder) x - - - x - - 

  lateritic crusts (powder) x x x x x - - 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - - - 

L4 saprolite quartzite (powder) - - - - x - - 

  lateritic crusts (powder) x x x x x - - 

 soil < 2 – mm fraction (powder) x x x - x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x x - 

  < 2 – µm fraction (oriented) x x x x - x - 

L5 saprolite clayed metarithimite (powder) x - - - x - x 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x x - 

  < 2 – µm fraction (oriented) x x x x - x - 

L6 saprolite metapelite (powder) x - - - x - x 

 soil lateritic crusts (powder) x x x x x - - 

  < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - - - 

L7 saprolite metapelite (powder) x - - - x - x 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - x - 

L8 saprolite metapelite (powder) x - - - x - x 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - x - 

L9 saprolite metapelite (powder) x - - x x - x 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

  < 2 – µm fraction (oriented) x x x x - x - 

L10 saprolite limestone (powder) - - - x x - x 

 soil < 2 – mm fraction (powder) x x x x x - - 

  < 2 – µm fraction (powder)
1/

 x x x x x - - 

    < 2 – µm fraction (oriented) x x x x - x - 
1
/ Reatto et al. (2008), saprolite-rocks = parent material, soil = Bw horizon of the Latosols, (x) = presence 

of the minerals and (-) absence of the minerals, K = Kaolinite, Gb = Gibbsite, Gt = Goethite, Hm = 

Hematite, Q = Quartz, HIV = Hydroxy-Al interlayered vermiculite, M = Muscovite. 
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Soil-solution composition 

The values of soil-solution pH (pHs-s) ranged from 4.28 to 6.42. These values of pHs-s for the Latosols on 

the SAS presented higher values (pH 5.16 to 6.42) than in those on the VS (4.28 to 4.84). The activities of 

the major ionic species (pCa, pMg, pK, pAl and pH4SiO4) in the soil-solution composition for these Latosols 

ranged from: 4.91 to 5.12 (pCa); 5.15 to 6.03 (pMg); 4.78 to 5.49 (pK); 6.14 to 6.55 (pFe); 5.34 to 5.71 (pAl) 

and 4.21 to 4.73 (pH4SiO4). The ion-activity product for the minerals gibbsite (pQGb), kaolinite (pQK) and 

hydroxy-Al interlayered vermiculite (pQHIV) in the soil-solution composition for almost all Bw horizons 

investigated were more negative than the thermodynamic equilibrium constant of these minerals. These 

findings indicate supersaturation or precipitation conditions before equilibrium is reached, except for the L7, 

L9, and L10, in which undersaturation or dissolution condition prevailed. 

 

Conclusions 
There is close relation between the occurrence of Gb, K, and HIV in the soil-solution phase versus its 

presence the equilibrium soil-solid phase in a short-time scale for the Latosols studied. The presence of HIV 

in these Latosols is not consistent with the weathering process in the tropical areas where the tendency is the 

progressive loss of Si and the enrichment of Al, consequently Gb (pedogenesis time). 
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