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Bauxites and Fe laterites were formed on Neogene volcanics from Fongo-Tongo region in the highlands of western Cameroon, and are distributed on plateaus, slopes and downslope surfaces. Bauxitic profiles result from intense in-situ weathering of trachytes that implied depletion of silica and labile elements from the saprolite, while alumina relatively accumulated from parent minerals pseudomorphosis by primary gibbsite formation. During ongoing lateritization and bauxite maturation, important leaching and illuviation processes resulted in secondary gibbsite crystallizations. Late incision and dissection of upper bauxitic plateau resulted in degradation and dismantling of bauxitic duricrusts with Fe-depletion and increasing silica. Compared to trachyte, bauxitic duricrusts are relatively enriched in Nb, Zr, Ga, Ni, Cu, Co, V, Cr, As, Pb, Th, Hf, U and Ta, while Y, Sr, Rb, Ba and Zn are depleted. Trace elements contents depend on relative proportions of gibbsite, kaolinite, iron oxides and anatase and their affinity with these minerals across the weathering sequence. The overall REE composition and C1-Chondrite normalized REE patterns highlight significant fractionations with enrichment in the upslope profile and labile behavior in other profiles of the sequence. Our results document two major bauxitic phases in the Fongo-Tongo area, i.e., mid-Miocene primary in situ bauxitic weathering of trachyte and late Miocene secondary bauxitization of previously formed bauxitic profiles that led to alumina enrichment up to 53.50 wt.%. Combined together, the morphological distribution and geochemical composition of the studied bauxitic profiles constitute guides for bauxite exploration, and more generally document the dynamics and morphogenetic evolution of lateritic landforms in West Cameroon.

Introduction

The African tropical belt hosts the most widespread lateritic landforms on the earth surface from West to Central Africa [START_REF] Tardy | Petrology of Laterites and Tropical Soils[END_REF]. These landforms expose unconsolidated materials from basement rock to groundsurface resulting from lateritic weathering of a variety of parent materials. As so, tens of meters' thick regolith mantles were formed, and are relatively well preserved despite obvious landscape dissection [START_REF] Grandin | Aplanissements cuirassés et enrichissement des gisements de manganèse dans quelques régions d'Afrique de l'Ouest[END_REF][START_REF] Tardy | Dérive des continents, Paléoclimats et altérations tropicales[END_REF][START_REF] Taylor | Post-Paleozoic evolution of weathered landsurfaces in Uganda by tectonically controlled deep weathering and striping[END_REF][START_REF] Taylor | Regolith geology and geomorphology[END_REF]. The morphological structure of these lateritic surfaces, and mineralogical / geochemical features of their weathering soils and profiles reflect long and complex evolutions during successive morphoclimatic and geochemical changes over time [START_REF] Nahon | Evolution of iron crusts in tropical landscapes[END_REF][START_REF] Tardy | Petrology of Laterites and Tropical Soils[END_REF].

Past and recent studies of lateritic geosystems in West Africa emphasized their geomorphological distribution at various spatial and temporal scales (e.g., [START_REF] Beauvais | Modes, tempo, and spatial variability of Cenozoic cratonic denudation: The West African example[END_REF][START_REF] Beauvais | Petrological differentiation patterns and geomorphic distribution of ferricretes in Central Africa[END_REF][START_REF] Grimaud | Neogene cratonic erosion fluxes and landform evolution processes from regional regolith mapping (Burkina Faso, West Africa)[END_REF]; and their genetic and evolution processes were described in Central Africa [START_REF] Beauvais | Geochemical balance of lateritization processes and climatic signaturs in weathering profiles overlain by ferricretes in Central Africa[END_REF][START_REF] Beauvais | Ferricrete biochemical degradation on the rainforest savannas boundary of Central African Republic[END_REF]. Particular interest was also devoted to relict lateritic terrains of economic potential, formed by intense chemical rock weathering under warm and humid climates that has led to accumulation of metals among which Al, Fe, Mn, Ni, Cu, Cr, Ag, and Pt, and exportation of soluble elements [START_REF] Boulangé | Laterites and Bauxites[END_REF][START_REF] Colin | Les latérites en environnement tropical, source de métaux d'intérêt économique[END_REF][START_REF] Nahon | Introduction to the petrology of soils and chemical weathering[END_REF][START_REF] Tardy | Petrology of Laterites and Tropical Soils[END_REF]Traore et al., 2008a-b).

Most of these studies focused on steady cratonic landscapes (e.g., West Africa), but few studies have described the petrologic and geomorphic features of lateritic landsurfaces and associated regolith in epirogenic area such as that of the Western highlands in Cameroon (Fig. 1a). In this region, widespread lateritic landsurfaces bear various lateritic weathering mantles upon various lithologies, and under different climatic and tectonic regimes. A unique geormorphic sequence exhibits highly elevated bauxitic surfaces up to ca. 1900 m on successive Neogene volcanics, stepped with wide relicts of Fe-duricrusted surfaces [START_REF] Momo Nouazi | The lateritic surfaces on the Bamiléké Plateau (West Cameroon): bauxitic potential mapping, genetic processes, morphotectonic analysis and implication on landscape dynamics[END_REF]. In this environment, issues aimed mainly at providing geochemical and mineralogical data useful for bauxite exploration given the renewed interest in mineral resource assessment and inventory for this developing country (Cameroon Alumina LTD., 2008;Momo Nouazi et al., 2016;[START_REF] Tematio | Mapping bauxite indices using Landsat ETM+ imageries constrained with environmental factors in Foumban area (West Cameroon)[END_REF]. Few studies were devoted to the description and quantification of weathering processes of these bauxitic landsurfaces for highlighting the influence of combined lithotectonic and morphoclimatic factors. We describe the morphological, mineralogical and geochemical features of the lateritic weathering and bauxites developed on trachytes in the Fongo-Tongo area (West Cameroon; Fig. 1b), and we derive chemical indices of alteration and intensity of lateritization that document all together the formation and evolution processes of lateritic soil profiles and their bauxitization.

Morphogeological setting of the study area

The Fongo-Tongo laterites formed upon the so-called "upper lateritic surface" of the Bamiléké plateau, which is part of the Western Cameroon highland located at 05°10' to 05°56'N and 09°44' to 10°33'E, between the Bamoun plateau in the east, the Grassfields in the north and the Mbô plain in the southwest (Fig. 1a and1b). It covers a surface of ~ 4.52 km² between altitudes of 1580 m to ca. 1900 m on the southern flank of the Bambouto volcano (Momo Nouazi et al., 2016), which is the main morphogeological feature of the Bamiléké plateau culminating at the altitude of 2740 m (Fig. 1b), and the third most important volcano of the Cameroon Volcanic Line [START_REF] Déruelle | The Cameroon Line: a review[END_REF]. The region is subjected to a sub-equatorial climate, which is influenced by high altitudes (1500 to ≥ 2500 m) with ca. 1600 mm mean annual rainfall and ca. 18°C for the mean annual temperature [START_REF] Kengni | Rainfall Variability along the Southern Flank of the Bambouto Mountain (West-Cameroon)[END_REF].

The Cameroon Volcanic Line includes wide Cenozoic volcanic complexes and mafic and felsic plutons extruded through the Neoproterozoic granito-gneissic basement (Kwekam et al., 2010). The volcanic complex of the Bamiléké plateau is made up mainly of basalts, trachytes and ignimbrites (Fig. 1c). The 40 K-40 Ar geochronological data suggested three main periods of volcanic activity extending from the Miocene (ca. 19 Ma, Burdigalian) [START_REF] Nkouathio | Evolution of volcanism in graben and horst structures along the Cenozoic Cameroon Line (Africa): implications for tectonic evolution and mantle source composition[END_REF] up to ca. 0.5 Ma with uncommon lava flows [START_REF] Kagou Dongmo | The discovery of Late Quaternary basalt on Mount Bambouto: implications for recent widespread volcanic activity in the southern Cameroon Line[END_REF]. These periods refer to (i) the pre-caldera magmatism characterized by fissure-related basalts of strombolian activity [START_REF] Nono | Pyroclastic deposits of the Bambouto volcano (Cameroon Line, Central Africa): evidence of a strombolian initial phase[END_REF], (ii) the caldera formed by eruption (Burdigalian to Tortonian, 18.1±0.01 Ma to 11.1±0.02 Ma) with pyroclastic rocks as trachytes and scarce rhyolites [START_REF] Nkouathio | Evolution and tectonic control of volcanism along the Cameroon Volcanic Line: case study of graben and horst volcanoes. Implication on the nature of volcanic hazards[END_REF], and (iii) the post-caldera extrusive domes from 7.75±0.01 Ma to 4.52±0.28 Ma and late quaternary basalts flow at 0.480 ± 0.014 Ma [START_REF] Kagou Dongmo | The discovery of Late Quaternary basalt on Mount Bambouto: implications for recent widespread volcanic activity in the southern Cameroon Line[END_REF].

Bauxites formed upon trachytes are preserved in the southern part of the Bambouto volcano (Fig. 1b), which erupted at 16±0.39 Ma [START_REF] Nkouathio | Evolution and tectonic control of volcanism along the Cameroon Volcanic Line: case study of graben and horst volcanoes. Implication on the nature of volcanic hazards[END_REF]. Massif outcrops of trachytes occur on slope and in talwegs. These rocks are made up essentially of a microlithic assemblage of plagioclases (Pl), clinopyroxenes (cpx), Fe-Ti oxides, and scarce Pl and cpx phenocrysts (up to 1 mm; Fig. 1d and1e). According to [START_REF] Nkouathio | Evolution of volcanism in graben and horst structures along the Cenozoic Cameroon Line (Africa): implications for tectonic evolution and mantle source composition[END_REF] [START_REF] Nkouathio | Evolution of volcanism in graben and horst structures along the Cenozoic Cameroon Line (Africa): implications for tectonic evolution and mantle source composition[END_REF].

Materials and methods

We implemented detailed morphological description, X-ray Diffraction (XRD), ICP geochemistry, and we calculated chemical indices of weathering and lateritization to document the formation and evolution of the lateritic bauxitic profiles along a 300 m long topographical sequence. Four pits were bored through thick lateritic mantle, which depth reaches 6 to 12 m, respectively on the plateau (P1-FO), upslope (P2-FO), hillslope (P3-FO) and downslope (P4-FO) (Fig. 2a). These profiles exhibit various petrographic horizons. The lateral weathering sequence was reconstructed based on profile description including macromorphological description of petrographic structures using the reference works of [START_REF] Nahon | Introduction to the petrology of soils and chemical weathering[END_REF] and [START_REF] Tardy | Petrology of Laterites and Tropical Soils[END_REF]. Thirty-four samples were collected along each profile and prepared for micro-morphological observations, mineralogical and geochemical analysis. Polished thin sections of undisturbed collected samples were observed under optical microscope and described according to reference terms defined by [START_REF] Brewer | Soil Structure and Fabric[END_REF].

All samples were sorted and ground to produce powders with a sieve size < 63 µm, which were analyzed by XRD, using an X'Pert PANalytical diffractometer with CuKα radiation (1.79 Å) in the range of 2° to 78° 2θ and at a speed of 0.2°/min (0.033° for 10s counting time). Minerals were identified upon diffraction spectra using High Score X'Pert Plus software (Version 3.0) and compared with known standards (American Mineralogist Crystal Structure Database, 2016). A Rietveld Refinement process [START_REF] Rietveld | A profile refinement method for nuclear and magnetic structures[END_REF][START_REF] Ufer | Quantitive phase analysis of bentonites by the Rietveld method[END_REF] was also applied for semi-quantifying the proportion (%) of each mineral. Each Mineral proportion is obtained by the ratio between the surface areas of specific XRD peaks of each mineral to the total surface of the sample XRD pattern.

Geochemical analyses were obtained using ICP methods from pulverized samples fraction of the samples. Major and trace elements were analyzed by ICP-AES (Inductively coupled plasma-Atomic emission spectrometry), while rare earth elements (REE) were analyzed by ICP-MS (Inductively coupled plasma-Mass spectrometry). The resulting geochemical data were interpreted and discussed for highlighting the behavior of major elements, trace elements and REE during trachyte weathering that document key weathering factors.

The geochemical indices were calculated for better understanding and quantifying processes of weathering, bauxitization and late bauxite degradation/dismantling. The Chemical Index of Alteration (CIA), and the Mafic Index of Alteration (MIA) were used to quantify both mafic and felsic mineral components of rock weathering (Nesbit and Young, 1982;Babechuck et al., 2014). These indices are expressed as molecular ratios between mobile and immobile elements, and are thus suitable to define the weathering intensity (Durgoren-Aydin, 2002). The CIA was used to describe feldspar dissolution and the concomitant release of Ca, Na, and K relative to Al during the weathering. According to this approach:

CIA (%) = 100 x Al 2 O 3 /(Al 2 O 3 +CaO*+Na 2 O+K 2 O) (1)
CaO* being the amount of CaO incorporated in the silicate fraction of fresh rock.

The MIA includes Mg and Fe, thereby allowing characterization of weathering of mafic minerals as pyroxenes according to the formula:

MIA=100 x (Al 2 O 3 +Fe 2 O 3 )/(Al 2 O 3 +Fe 2 O 3 +MgO+CaO*+NaO+K 2 O) (2)
The Ki ratio (Ki=SiO 2 /Al2O 3 ) was also calculated to estimate the degree of chemical weathering of volcanic rocks [START_REF] Irfan | Characterisation of weathered volcanic rocks in Hong Kong[END_REF].

Finally, the different stages of chemical weathering were determined by the Index Of Lateritization (IOL), which considers the main major elements (Al-Si-Fe) involved in the dominant processes and the resulting residue. 

The computed IOL values are reported along with a ternary diagram (SiO 2 -Al 2 O 3 -Fe 2 O 3 ) for classification into kaolinized, weakly lateritized, moderately lateritized and strongly lateritized ferritic or bauxitic horizons [START_REF] Schellmann | Geochemical differentiation in laterite and bauxite formation[END_REF].

Results and Discussion

Field observations and morphological descriptions along the sequence of pits across two geomorphological segments (Fig. 2a) revealed six different weathering horizons. From bottom to top of profiles, we have identified and described a saprolite (C), a blocky bauxitic duricrust (B13), a massive bauxitic duricrust (B12) and a nodular bauxitic horizon (B11; see Fig. 3a) on the plateau; and, a bauxitic pebbly duricrust (B15), and a fine earthy horizon (B14) in downslope profile (Figs. 2a,2b). In this section, detailed petrological descriptions of weathering horizons highlights vertical and lateral morphologic changes along the sequence with reference to Fig. 3 and Fig. 4. Based on these descriptions, mineralogical and geochemical variations along a composite upslope profile (P2-FO and saprolite of P3-FO) document major patterns of lateritic bauxite evolution.

Major petrological features across the weathering profiles sequence

On the plateau, the saprolite (horizon C) overlying the parent rock is highly porous and composed of a greyish matrix with reddish to dark micrometric features preserving the porphyry structure of the trachyte. The blocky bauxite duricrust (B13) overlying the saprolite (Fig. 2a and2b) includes decimetric blocks of porous reddish bauxitic duricrust mixed with centimetric coarse nodules and loose matrix. It is overlained by a yellowish saprolite-like duricrusted matrix crossed by sub-horizontal centimeter size massive dark and elongated domains (Fig. 3b), marking the transition with the uppermost horizons. The massive bauxitic duricrust (B12; Fig. 2a and2b) is made up of a reddish to yellow brown matrix with interconnected voids coated by 1 to 2 mm thick yellowish cutans (Fig. 3c); higher in the horizon B12, the voids are filled with a crumbly reddish matrix (Fig. 3d). The surface horizon (B11) is continuous on the plateau (Fig. 3a); it is made up of a loose matrix embedding fragments of bauxitic duricrust and bauxitic nodules whose petrographic structure is quite similar to that of underlying massive bauxite.

The bauxitic pebbly duricrust of the downslope profile (B15; Figs. 2a and2b) is made up of a reddish massive matrix cementing coarse duricrust pebbles with compact and massive internal structure; voids of the matrix are filled by red to yellowish loose fine earth (Fig. 3e).

The heterogeneous structure of this horizon is suggestive of allochthonous materials, possibly imported from erosion of the uppermost lateritic plateau. The loose fine earth layer (B14) over the bauxitic pebbly duricrust is dark red and highly porous.

Under the microscope, saprolite is made up of two different weathering plasmas crossed by interconnected micrometer to millimeter-sized voids (Fig. 4a). Feldspars (mostly plagioclases) are weathered and replaced by grey brown crystic plasma composed of in-situ formed primary gibbsite and some relicts of clinopyroxene phenocrysts (Fig. 4a). The gibbsitic plasma is surrounded by grey argillic plasma with preserved trachytic features (Fig. 4a). Both mineralogical composition (See Fig. 5) and Rietveld refinement semi-quantification from XRD (hillside profile, P3-FO; Tab. 1) highlight the predominance of kaolinite (61%), gibbsite (16%), and goethite (7%). Anatase (8%) and maghemite (5%) are also identified (Fig. 6a and Tab. 1) with traces of florencite (Fig. 5c).

In the blocky bauxitic duricrust (B14), the microstructure of coarse features (bauxitic blocks and nodules) exhibits a predominance of reddish brown argillic plasma (Fig. 4b), probably made up of kaolinite coated with goethite; and a preservation of trachytic structure with clinopyroxene phenocrysts and dark micrometric anatase and maghemite. This plasma is also crossed by cracks filled with secondary gibbsite (Fig. 4b). The mineral composition (Fig. 5 and Tab. 1) indicates up to 56% of kaolinite in the loose matrix, which is close to the content of the underlying saprolite (P3-FO; Tab. 1). A decreasing trend with 16% in the bauxitic nodules and lowest content (< 5%) in the massive bauxitic blocks is noticed in the upslope profile (P2-FO) (Fig. 6a and Tab. 1). Gibbsite and goethite varies from 23% and 8%

in the loose matrix, to 57% and 29% in bauxitic blocks, respectively (Tab. 1).

The yellowish matrix at the bottom of the massive bauxite duricrust has a saprolitelike structure with grey argillic weathering plasma (Fig. 4c), composed of up to 68% gibbsite and 33% goethite (Tab. 1), and is locally preserved upward in the massive bauxite. The microstructure of the surrounding massive dark domains is made up of a dark brown argilic weathering plasma crossed by millimeter size interconnected cracks filled with secondary gibbsite crystals (Fig. 4d) resulting in 58% of goethite, 40% of gibbsite and up to 13% hematite (P2-FO; Tab. 1).

The micro-morphological organization of the massive bauxite duricrust (B12) is quite similar to that of the blocky bauxitic horizon and reveals abundant secondary gibbsite differentiated from the reddish-brown weathering plasma and thick clay Fe-rich cutans in interconnected voids (Fig. 4e); the secondary gibbsite crystals filling voids may derive from congruent dissolution of cpx (Fig. 4f). The resulting mineralogical composition along the plateau profiles (Fig. 5 and Tab. 1) highlights up to 66% of gibbsite, increasing content of goethite from 21% to 31% (Fig. 6a, and Tab. 1), and hematite content less than 9% despite local enrichment up to 22% on P1-FO profile (Tab. 1). The microstructure of cutans is composed of yellow brown argilic plasma of kaolinite and goethite, and also secondary crystals of gibbsite as "gibbsitans" (Fig. 4e) [START_REF] Boulangé | Les formations bauxitiques latéritiques de Côte d'Ivoire. Les faciès, leur transformation, leur distribution et l'évolution du modelé[END_REF][START_REF] Soares De Oliveira | Mineralogical, micromorphological and geochemical evolution of the facies from the bauxite deposit of Barro Alto, Central Brazil[END_REF].

Noticed that traces of florencite are detected in some XRD diagrams (ex: P2-FO.5, Fig. 5b).

In the surface nodular horizon (B11), the internal structure of coarse bauxitic fragments and nodules is similar to that of the underlying massive bauxite suggesting inheritance from this fragmented duricrust. The mineralogical composition displays an increasing trend from the lowest kaolinite content in the massive bauxitic blocks (< 5%), to 9% in the loose matrix as shown in the upslope profile (Fig. 6a and Tab. 1), and a maximum of 22% on top of the hillside profile (P3-FO; Tab. 1). A decreasing trend is noticed for gibbsite and goethite with 65% to 43% and 25% to 23%, in the massive blocks and the loose matrix, respectively (Fig. 6a and Tab. 1). A quartz amount up to 17% is also measured in the loose matrix.

In the downslope profile, in addition to the heterogeneous and polygenic structures of the horizons, other dissimilarities with the plateau profiles include higher proportions of kaolinite up to 28% in the porous duricrusted matrix and lesser goethite with a minimum of 7% with ca. 60 % gibbsite (Fig. 5d; Tab. 1). The coarse bauxitic pebbles clearly differentiates from the surrounding matrix with maximum gibbsite content (71%), lowest kaolinite content (7%), and highest goethite content (16%) suggesting that these duricrusted pebbles may be inherited from massive bauxites of the plateau. Finally, the loose fine earth at the surface has a mineralogical composition similar to that of the surface nodular horizon (B11) of the plateau profiles, with quartz content of 13% (Tab.1).

Geochemical differentiations across the weathering profiles sequence

Major elements contents and chemical weathering indices are given in table 2, wt.% and 2.82 wt.%, respectively (Table 2). The IOL varies from 74.6% in the loose matrix to 97.8% in the bauxitic blocks (Tab. 2) indicating moderate to strong lateritization (Fig. 7). The maximum IOL value implies a near-complete leaching of silica relative to Al 2 O 3 and Fe 2 O 3 , while the minimum IOL value correlates with higher silica content in the loose matrix (Fig. 7 and Tab. 2). The CIA and MIA values reaches maximum of 90.5% and 92.3%, respectively (Fig. 6c The IOL of 99.2% indicates complete silica leaching, depletion of labile elements and strong lateritization (Fig. 6c and Fig. 7) including also illuviation of clay ferruginous fine matter (Fig. 4e).

The surface nodular bauxitic horizon (B11) shows decreasing Al 2 O 3 content from 46.30 wt.% in the fragmented duricrust to 26.70 wt.% in the loose matrix, and Fe 2 O 3 content from 21.90 wt.% to 17.55 wt.% relative to the underlying massive bauxite (P2-FO; Fig. 6b and Tab. 2). An increasing trend is noticed for SiO 2 up to 19.25 wt.% in the loose matrix.

Consequently, IOL decreases to 69.7% with increasing SiO 2 and kaolinite (Figs. 6b and6c; and MIA (69.7%) at the surface of the weathering sequence (Tab. 2).

In the downslope profile (P4-FO), Al 2 O 3 contents are similar as those of the plateau profiles (Tab. 2), but SiO 2 contents are higher (up to 14.40 wt.% in the duricrusted matrix).

This corresponds to 28% of kaolinite (Tab. 1) and a Ki factor up to 0.37 (Tab. 2). The Fe 2 O 3 content is lower than that of the plateau profiles (~17%) with low goethite amounts (7% to 16%; Tab. 1). The massive bauxitic pebbles clearly differ from the cementing duricrusted matrix with the highest Al 2 O 3 content of the profile (53.50 wt.%) and lowest silica content (2.02 wt.%). The CIA and MIA values are similar to those of the plateau profiles while IOL is low in the porous bauxitic duricrust (79.8%) compared to the plateau profiles (Tab. 2). The surface horizon of this profile shows the same composition as that of the plateau profiles with possible allochthonous enrichment of quartz.

Trace elements distribution across the weathering profiles sequence

The concentrations of trace elements are presented in Table 3 and variations relative to the trachyte composition are shown in the figure 8. The vertical evolution of some elements (Fig. 6) is also shown in the upslope composite profile (P2-FO + saprolite of P3-FO). These data first evidence that Nb and Zr are the most abundant trace elements, followed by Ga, Cr and V. Two groups of elements are distinguished based on their relative behavior compared to parent rock composition and their distribution along the profiles of the weathering sequence.

The first group comprises Nb, Zr, Ga, Cu, Ni, Co, Cr, V, As, Pb, Th, Hf, U and Ta, which are all enriched relative to the trachyte composition (Fig. 8; Tab. 3). Among these elements, Nb, Zr, Ga, Th, Hf, Ta are highly correlated (Fig. 6d and Figs. 9a to 9f). Their highest contents are recorded in the saprolite, the massive and bauxitic pebbly duricrusts while the lowest contents are measured in the blocky and nodular bauxitic horizons (Figs. 6, 8

and Tab. 3). These compositions including high field strength elements (HFSE: Zr, Hf, Nb, Ga and Ta) suggest their relative stability during weathering and lateritization [START_REF] Zarasvandi | Geological, geochemical and mineralogical characteristics of the Deh-Now bauxite deposits, Zagros fold belt, Iran[END_REF] as commonly observed in bauxites developed from lateritic weathering of alkaline parent rocks [START_REF] Mordberg | Geochemistry of trace elements in Paleozoic bauxite profiles in northern Russia[END_REF]. Moreover, Nb, Zr, Ga, Th, Hf, U, and Ta are correlated to TiO 2 (Tab. 4 and Figs. 9e to 9g), suggesting anatase as potential mineral carrier. Significant positive correlations are also noticed between U, Ta and P 2 O 5 (Tab. 4; Fig. 9h) indicating possibly florencite as host mineral (Fig; 5). On the other hand, the poor correlation between Al 2 O 3 and some relatively enriched trace elements (Nb, Zr, Ga, Hf, Th, Ta; Tab. 4) indicates little gibbsite control in their distribution. This is explained by the low capacity of Al isomorphic replacement by trace elements in the structure of gibbsite (Mordberg, 1986).

Cu, Sc and Ni also exhibit similar behaviors and highest contents in the saprolite, the blocky bauxitic duricrust and the nodular bauxitic horizon, while the lowest contents are measured in the massive bauxitic duricrust (P2-FO; Figs. 6e and8, and Tab. 3). These elements originate from the alteration of plagioclases and pyroxenes [START_REF] Boski | Trace elements and their relation to the mineral phases in lateritic bauxites from Se Guinea Bissau[END_REF]. According to [START_REF] Sahoo | The mineralogy and geochemistry of nickeliferous laterite of Sukinda, Orissa, India[END_REF] and [START_REF] Trescases | L'évolution géochimique supergène des roches ultrabasiques en zone tropicale -Formation des gisements nickélifères de Nouvelle Calédonie[END_REF], their high enrichment in the lowermost horizons of the profiles owes to downward translocation followed by their trapping in neoformed minerals. The moderate positive Spearman correlation with SiO 2 (Tab. 4)

indicates little affinity with kaolinite [START_REF] Lopez | Factors controlling the trace element distribution in fine-grained rocks: the Albian kaolinite-rich deposits of the Oliete Basin (NE Spain)[END_REF].

Co, Cr, and V show their highest contents in the blocky bauxitic duricrust and the nodular bauxitic horizon, and their lowest contents in the saprolite and the massive bauxitic duricrust (P2-FO; Figs. 6e-f, and 8; Tab. 3). Their behavior is primarily linked to the weathering of plagioclases, pyroxenes and Ti-magnetite, and secondarily to potential trapping by iron oxides. For example, Co is possibly controlled by goethite as indicated by the Spearman correlation coefficient with Fe 2 O 3 (see e.g., [START_REF] Beauvais | Petrological differentiation patterns and geomorphic distribution of ferricretes in Central Africa[END_REF][START_REF] Moshood | Lithogenic concentrations of trace metals in soils and saprolites over crystalline basement rocks: A case study from SW Nigeria[END_REF].

The second group comprises Y, Sr, Rb, Ba, and Zn, which are all depleted relative to the trachyte (Fig. 8 and Tab. 3), showing a decreasing trend from the saprolite to the massive bauxitic ducricrust, and a slight increase toward the surface. Their highest content is noticed with important Zn at the bottom of the massive bauxitic duricrust (Figs. 6f and 8b, Tab. 3).

Their leaching along the sequence is due to the weathering of plagioclases (Babechuck et al, 2014;[START_REF] Calagari | Geochemistry on major, trace and rare earth elements in Biglar Permo-Triasic bauxite deposit, Northwest of Abgarm, Ghazvin Province, Iran[END_REF], as reflected by strong positive Spearman correlations between Rb and alkali and alkaline earth elements (Tab. 4). Sr, Ba and Zn are further enriched in the saprolite relative to the uppermost duricrusted horizons (Figs. 6f and8c) due to downward leaching [START_REF] Mordberg | Geochemistry of trace elements in Paleozoic bauxite profiles in northern Russia[END_REF] and their partial retention in kaolinite-rich horizons as indicated by the positive Spearman correlation with SiO 2 (Tab. 4; [START_REF] Plank | The chemical composition of subducting sediment and its consequences for the crust and mantle[END_REF]. Spearman rank correlations calculated between REE and major elements reflect potential host minerals [START_REF] Braun | Mobilization and redistribution of REEs and thorium in a syenitic lateritic profile: a mass balance study[END_REF]. The lack of correlation between REE and Al 2 O 3 or TiO 2 (Tab. 4) indicates no influence of gibbsite and anatase. REE are negatively correlated with Fe 2 O 3 and weakly correlated with SiO 2 (Tab. 4) suggesting little control from kaolinite (Babechuck et al., 2014;[START_REF] Zarasvandi | Geological, geochemical and mineralogical characteristics of the Deh-Now bauxite deposits, Zagros fold belt, Iran[END_REF]. Positive correlations between REE and P 2 O 5 (Tab. 4) suggest potential phosphates host minerals [START_REF] Putzolu | Geochemcial characterization of bauxite deposits from the Abruzzi mining district (Italy)[END_REF]. Although concentration < 5% is a limit for XRD identification, XRD peaks (d h,k,l ~ 5.71 Å, 2.93 Å and 2.17 The La/Y ratio varies from 1.50 to 9.12 along the sequence (Tab. 5; Fig. 11b) that characterizes REE fractionation during the weathering process. The highest values measured in the saprolite, the massive and bauxitic pebbly duricrusts correlate with the highest REE content, while the lowest values correlate with lowest REE content in the other horizons of the profiles sequence (Tab. 5). This behavior may suggest REE depletion with pH decrease [START_REF] Maksimovic | Contribution to the geochemistry of the rare earth elements in the karst-bauxite deposits of Yugoslavia and Greece[END_REF][START_REF] Zarasvandi | Geological, geochemical and mineralogical characteristics of the Deh-Now bauxite deposits, Zagros fold belt, Iran[END_REF] inferring potential effect of pH variations during bauxitic weathering. The (La/Yb) N ratio of saprolite is the highest (68.4), and varies in the profiles from 40.8 in the massive bauxite to lower values (7.8) in the surface nodular bauxitic and fine earthy horizon (Table 5). Despite the poor correlation between (La/Yb) N and CIA, the broad correlation in the massive bauxite (Fig. 11c) suggests increasing (La/Yb) N with the weathering intensity [START_REF] Ndjigui | Mobilization and redistribution of major and trace elements in two weathering profiles developed on serpentinites in the Lomié ultramafic complex, South-East Cameroon[END_REF]. This trend is confirmed in scatterplots (La/Yb) N vs. (Gd/Yb) N and (Eu/Eu*) vs. (Gd/Yb) N (Fig. 11d and11e), which also indicate REE fractionation with increasing lateritization. The overall REE composition is strongly correlated to that of trace elements (Fig. 11f) that suggests common host minerals and/or similar geochemical behaviors along the weathering sequence to some extent.

Major pattern of bauxite formation and evolution

Geochemical analyses and chondrite normalized REE spectra of weathering samples document that lateritic weathering profiles formed by in-situ weathering of trachyte. Saprolite formation consists in pseudomorphic weathering of parent rock minerals implying strong leaching of labile elements and in-situ formation of kaolinite, while plagioclases and cpx weathered into gibbsite and goethite, respectively. Low Ki value (0.77) indicates a kaoliniterich weathering, with noticeable amount of primary gibbsite both formed under humid climatic conditions [START_REF] Beauvais | Geochemical balance of lateritization processes and climatic signaturs in weathering profiles overlain by ferricretes in Central Africa[END_REF][START_REF] Beauvais | Ferricrete biochemical degradation on the rainforest savannas boundary of Central African Republic[END_REF][START_REF] Tardy | Dérive des continents, Paléoclimats et altérations tropicales[END_REF] and optimal drainage of the profiles sequence [START_REF] Bocquier | Transfers, accumulation modes, mineralogical transformation and complexity of historical development in lateritic profiles[END_REF]Yongué-Fouateu, 1986). The interconnected porosity observed in saprolite results from eluviation processes of its clayey matrices [START_REF] Nahon | Introduction to the petrology of soils and chemical weathering[END_REF][START_REF] Tardy | Geochemistry of laterites, stability of Al-goethite, Al-hematite, and Fe 3+ -kaolinite in bauxites and ferricretes : an approach to the mechanism of concretion formation[END_REF].

The structural, mineralogical and geochemical characteristics of the blocky bauxitc duricrust document the disaggregation process of the overlying massive duricrust, which is characterized by Fe-depletion from clayey matrices during seasonal changes of the water table level [START_REF] Ambrosi | Quantifying chemical intensity and trace element release from two contrasting profiles, Decan Traps, India[END_REF][START_REF] Boulangé | Les formations bauxitiques latéritiques de Côte d'Ivoire. Les faciès, leur transformation, leur distribution et l'évolution du modelé[END_REF][START_REF] Tardy | Petrology of Laterites and Tropical Soils[END_REF][START_REF] Tematio | Characterization of two phases of encrustment in a sequence of ferrallitic soils in the South Cameroon and its effects on landscape evolution[END_REF].

This results in less cohesiveness and more fragmentation and disaggregation of massive duricrust [START_REF] Beauvais | Degradation and dismantling of iron crusts under climatic changes in Central Africa[END_REF][START_REF] Beauvais | Ferricrete biochemical degradation on the rainforest savannas boundary of Central African Republic[END_REF][START_REF] Hieronymus | Evolução atual da cobertura laterítico-bauxítica da serra de Trucará, baixo rio Tocantins, Pará[END_REF][START_REF] Soares De Oliveira | Mineralogical, micromorphological and geochemical evolution of the facies from the bauxite deposit of Barro Alto, Central Brazil[END_REF]. The Ki value of 0.03 in the bauxitic blocks highlights intense bauxitization implying near-complete silica leaching under hot and very wet climatic weathering conditions [START_REF] Boulangé | Les formations bauxitiques latéritiques de Côte d'Ivoire. Les faciès, leur transformation, leur distribution et l'évolution du modelé[END_REF][START_REF] Tardy | Dérive des continents, Paléoclimats et altérations tropicales[END_REF]. However, highest value (0.54 in the loose matrix) indicates less leaching of the upper duricrusted horizons (Hieronymus, 1973;[START_REF] Soares De Oliveira | Mineralogical, micromorphological and geochemical evolution of the facies from the bauxite deposit of Barro Alto, Central Brazil[END_REF].

The massive bauxitic duricrust has the lowest Ki ratio of the sequence (0.01) typifying very strong bauxitization process with complete silica depletion and increasing chemical weathering intensity [START_REF] Hiéronymus | Etude minéralogique et géochimique des formations bauxitiques de l'Ouest Cameroun[END_REF][START_REF] Nyobe | A geological and geochemical study of the Fongo-Tongo and areally related bauxites deposits[END_REF][START_REF] Tematio | Mineral and geochemical characterization of a leptic aluandic soil and a thapto aluandic-ferralsol developed on trachytes in Mount Bambouto (Cameroon volcanic line)[END_REF]. Aluminum enrichment at this stage does not only result from relative accumulation after labile element depletion, but also from secondary illuviation process [START_REF] Eschenbrenner | Les glébules des sols de Côte d'Ivoire[END_REF][START_REF] Mutakyahwa | Geology and geochemistry of bauxite deposits in Lushoto District, Usambara Mountains, Tanzania[END_REF], which is illustrated by cutans and/or complete infilling of voids with secondary gibbsite crystallizations in the massive bauxite. The elongated dark brown domains at the bottom of this massive duricrusted horizon result from late pedogenetic process involving water table level variations, which preferentially mobilizes and concentrates iron into goethite (Hieronymus, 1973;[START_REF] Beauvais | Geochemical balance of lateritization processes and climatic signaturs in weathering profiles overlain by ferricretes in Central Africa[END_REF].

The duricrust disaggregation mechanism in the surface nodular bauxitic horizon is similar to that of the blocky bauxite, implying Fe mobility [START_REF] Beauvais | Ferricrete biochemical degradation on the rainforest savannas boundary of Central African Republic[END_REF], and potential downward Al enrichment and maturation of massive bauxite by secondary gibbsite crystallization. Silica enrichment on top of profile sequence may be assigned to possible aeolian inputs [START_REF] Brimhall | Quantitative geochemical approach to pedogenesis: importance of parent material reduction, volumetric expansion, and eolian influx in lateritization[END_REF].

The loose and heterogeneous structures of the lateritic materials from the downslope profile with lower IOL values than in the plateau profiles typify a reworked allochthonous formation resulting from erosion and redistribution of various sized fragments of bauxites and/or Fe lateritic crusts on gently sloping surfaces [START_REF] Beauvais | Testing etching hypothesis in shaping granite dome structures beneath lateritic weathering landsurfaces using ERT method[END_REF][START_REF] Boulangé | Les formations bauxitiques latéritiques de Côte d'Ivoire. Les faciès, leur transformation, leur distribution et l'évolution du modelé[END_REF][START_REF] Chardon | West African lateritic pediments: Landform-regolith evolution processes and mineral exploration pitfalls[END_REF][START_REF] Eno Belinga | L'altération des roches basaltiques et le processus de bauxitisation dans l'Adamaoua (Cameroun)[END_REF][START_REF] Grimaud | Neogene cratonic erosion fluxes and landform evolution processes from regional regolith mapping (Burkina Faso, West Africa)[END_REF][START_REF] Momo Nouazi | Multiscale organization of the Doumbouo-Fokoué Bauxites Ore Deposits (West Cameroun): Implication to the Landscape Lowering[END_REF].

Such an erosion feature may have occurred after incision of the initial bauxitic surface, which was potentially favored by combined Pliocene surface uplift [START_REF] Morin | Cuirasses et reliefs de l'ouest Cameroun[END_REF] and climate change from humid to drier conditions [START_REF] Ruddiman | Late Miocene to Pleistocene evolution of climate in Africa and the low-Iatitude Atlantic: overview of Leg 108 results[END_REF]) that triggered mechanical erosion of bauxite and redistribution of bauxitic elements in the landscape. Given that the Fongo-Tongo trachytes erupted during the Burdigalian ca. 16 Ma ago [START_REF] Nkouathio | Evolution and tectonic control of volcanism along the Cameroon Volcanic Line: case study of graben and horst volcanoes. Implication on the nature of volcanic hazards[END_REF], intense bauxitic weathering illustrated by primary gibbsite formed by weathering of plagioclase was first initiated in mid-Miocene under warm and humid climatic conditions correlated to high chemical marine sedimentation [START_REF] Davies | Estimates of cenozoic oceanic sedimentation rates[END_REF]. Then, former bauxitic weathering profiles possibly maturated by massive secondary gibbsite formation/crystallization in discontinuities and porosities in Late Miocene before their dismantling by mechanical erosion from Pliocene, which was also a period of continental dust fluxes and high clastic sedimentation in offshore basins [START_REF] Van Andel | Depositional history of the South-Atlantic Ocean during the last 125 million years[END_REF].

Conclusion

Neogene lateritic weathering of trachyte from the Bambouto volcanics led to the formation and differentiation of lateritic bauxitic profiles that preserved basically the trachytic 

  and their typical vertical changes are displayed in the composite profile of the plateau including the profile P2-FO and the saprolite of P3-FO (Fig.6b and 6c). The chemical composition of the saprolite C (Fig.6b) shows a decreasing SiO 2 content (26.40 wt.%) and increasing Al 2 O 3 (34.30 wt.%), Fe 2 O 3 (17.30 wt.%) and TiO 2 (3.33 wt.%) relative to trachyte. At this stage, the Ki ratio of 0.77 against 3.84 for the trachyte highlights Al 2 O 3 enrichment relative to SiO 2 (Tab. 2). The CIA value of 86.8% (Fig.6cand Tab. 2), attests to strong export of mobile elements (Ca, Na, and K) consequently to intense feldspar pseudomorphic alteration mostly into kaolinite, and gibbsite in a lesser measure. The MIA value of 91.7% compared to 53.1% in the trachyte further indicates intense dissolution of cpx and consecutive Mg removal. The calculated IOL value of 66.1% for the saprolite (Fig.6cand Tab. 2) against 28.7% for the trachyte indicates a weak lateritization (Fig.7) during the first stage of bauxitization.The geochemical composition of the blocky bauxitic duricrust (B13) is marked by maximum SiO 2 content (19.50 wt.%) measured in the loose matrix of P3-FO profile (Tab. 2), while minimum content of 1.59 wt.% is noticed in the massive bauxitic blocks of P2-FO profile (Fig.6band Tab. 2). An increasing trend is noticed for Al 2 O 3 contents from 35.50 wt.% in the loose matrix of the blocky bauxitic duricrust in the P3-FO profile, to 49.40 wt.% in the massive bauxitic blocks of the P2-FO profile (Fig.6band Tab. 2). The corresponding Ki ratios vary from 0.55 to 0.03 (Tab. 2). The amounts of Fe 2 O 3 and TiO 2 are also relatively enriched in the nodules of the blocky duricrust from the P2-FO profile, with maxima of 25.9

Fig. 7 )

 7 Fig. 7) relative to the underlying massive duricrust (Tabs. 1 and 2). The resulting weakly

Finally,

  Rb, Cu, Ni, Co, V and As are significantly enriched in the surface horizons (B11) compared to the underlying bauxites (Figs. 8a to 8c), which potentially reflect importation of bearing heavy minerals. The overall distribution of trace elements depends on secondary mineral formation (mainly kaolinite, goethite and anatase) and thus upon the intensity of lateritization, with no geomorphic control along the sequence.4.4. Rare earth elements fractionation across the weathering profiles sequenceREE abundance varies from 49 µg/g to 1790 µg/g (Tab. 5). Saprolite and massive bauxitic horizon exhibit maximum contents while minimum REE concentrations are mostly measured in the other horizons (e.g. upslope profile P2-FO; Fig.6g). Light rare earth elements (LREE) are the most abundant (∑LREE from 47 µg/g to 1746 µg/g) compared to heavy rare earth elements (HREE) (∑HREE from 2 µg/g to 44 µg/g; Tab. 5). Their overall behavior along the sequence evidence maximum contents in the upslope profile (P2-FO; ∑REE up to 1102 µg/g) compared to other profiles (Tab. 5).

  Å) suggest that florencite (Figs.5b-c; see P2-FO-5 and P3-FO-3) is a potential carrier of LREE (La and Nd).The C1 chondrite normalized REE[START_REF] Mc Donough | The composition of the Earth[END_REF] for trachyte and weathered samples are similar and evidence REE enrichment relative to Chondrite across the profiles sequence. LREE are strongly enriched compared to HREE (Fig.10). The normalized spectra further evidence REE depletion relative to trachyte along the sequence, except in the saprolite and the upslope profile P2-FO (Fig.10).Two anomalies, Eu and Ce, are highlighted. The positive Eu anomaly in the trachyte and the saprolite (Fig.10c) is linked to plagioclases, which bear Eu(Babechuck et al., 2014). However, negative Eu anomaly is noticed across the sequence from the bottom to the top of duricrusted lateritic horizons (Fig. 10) implying a progressive Eu leaching during lateritization, as previously shown in weathering profiles derived from basalts (Babechuck et al., 2014). Although a negative Ce anomaly is clearly defined in saprolite (Fig 10c), a positive anomaly is rather noticed across the sequence, except in the upslope profile P2-FO (Fig. 10b). Calculated Eu/Eu* and Ce/Ce* anomalies are in agreement with chondrite normalized patterns. Eu/Eu* values extend from a maximum of 1.28 in the trachyte, 1.09 in the saprolite, and 0.60 in duricrusted horizons of the plateau profiles (Tab. 5) due to the quick weathering of plagioclases; while the minimum value of 0.42 is noticed in bauxitic pebbles of the downslope profile (P4-FO; Tab. 5). Ce/Ce* values vary from 0.99 in the trachyte to a minimum of 0.53 in the saprolite (Tab. 5). Maximum values (up to 4.89) are further measured in the massive bauxitic duricrust indicating Ce enrichment relative to La and Pr. The scatterplot between Ce/Ce* and ∑REE (Fig. 11a) also indicates Ce enrichment during lateritization.
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  , these minerals include anorthoclase (An 25-11 Ab 70-54 Or 22-19 ) and alkali feldspar, i.e., sanidine to Nasanidine (Or 15-55 Ab 35-85 An 0-6 ), sodic cpx (En 3-4 Aeg 33-35 Fs 62-65 ) or hedenbergite (Wo 45-47 En 26-

	30 Fs 40-44 ) and titanomagnetite (94-25 mol% ulvöspinel). The chemical composition of
	trachytes comprises 58.74 to 62.73 wt.% SiO 2 , 14.26 to 18.84 wt.% Al 2 O 3 , 5.11 to 6.55 wt.%
	Fe 2 O 3 , 5 to 5.44 wt.% Na 2 O, and 2.99 to 5.58 wt.% K 2 O

  and Tab. 2) confirming a near-complete leaching of alkali and alkaline earth elements from plagioclases, and Mg from pyroxenes.

	The amounts of Al 2 O 3 and Fe 2 O 3 of the massive bauxite duricrust (B12) reach up to
	51.80 wt.% and 25.50 wt.%, respectively (Fig. 6b and Tab. 2). The corresponding
	mineralogical composition (Tab. 1) indicates highest contents of gibbsite (66%), followed by
	goethite (30%), and hematite (9%). The Ki factor decreases from the bottom to the surface of
	the horizon and reaches the lowest value (0.01) of the weathering sequence (Tab. 2). The CIA
	and MIA also show the highest values, 90.9% and 92.4%, respectively (Fig 6c and Tab. 2).

Table 1 .

 1 Mineralogical composition obtained by quantitative Rietveld Refinement on the weathering facies. (-)=mineral present but below calculation limits, i.e. <5%; Ka=kaolinite;

	TABLES CAPTION
	Bo=boehmite; Gi=gibbsite; Go=goethite; An=anatase; He=hematite; Ma=maghemite;
	Fl=Florencite; Qz=quartz. See Fig. 2 for description of horizons labels (B).

Table 2 .

 2 Major elements (wt.%) and major elements mass change (%) in the weathering

	sequence. LOI=Loss Of Ignition; CIA (%)=Chemical Index of Alteration; IOL (%)=Index of
	Lateritization; MIA (%)=Mafic Index of Lateritization; Ki= Silica to aluminium ratio
	(SiO 2 /Al2O 3 ); d.l.=Detection limits; (-)=Elements below detection limits. See Fig. 2 for
	description of horizons labels (B).

Table 3 .

 3 Trace elements content (µg/g) of the weathering facies and the fresh rock.

d.l.=Detection limits; (-)=Elements below detection limits. See Fig.

2

for description of horizons labels (B).

Table 4 .

 4 Spearman's correlation coefficients of major elements with trace elements and REE

	(n=33).

Table 5 .

 5 Rare earth elements content (µg/g) of the weathering facies and the fresh rock. d.l.=Detection limits. See Fig.2for description of horizons labels (B).Ce/Ce*= (Ce sample /Ce chondrite )/(La sample /La chondrite ) 1/2 (Pr sample /Pr chondrite ) 1/2 Eu/Eu* = (Eu sample /Eu chondrite )/(Sm sample /Sm chondrite ) 1/2 (Gd sample /Gd chondrite ) 1/2 (La/Yb) N = (La sample /La chondrite )/(Yb sample /Yb chondrite ) (Gd/Yb) N = (Gd sample /Gd chondrite )/(Yb sample /Yb chondrite )

Table 2 .

 2 

	Major oxides (%)

Table 3 .

 3 

	Trace elements (µg/g)

Table 4 .

 4 

		SiO 2	Al 2 O 3	Fe 2 O 3	TiO 2	CaO	MgO	Na 2 O	K 2 O	MnO	P 2 O 5
	Nb	-0.11	0.36	-0.20	0.86	-0.10	-0.50	-0.20	-0.28	-0.13	0.13
	Zr	-0.06	0.35	-0.24	0.83	-0.07	-0.54	-0.18	-0.27	-0.14	0.19
	Y	0.34	0.02	-0.28	0.75	0.11	-0.33	-0.03	-0.01	-0.22	0.49
	Sr	0.49	-0.14	-0.25	0.55	0.15	-0.13	0.06	0.03	-0.10	0.53
	Rb	0.74	-0.53	-0.35	0.00	0.78	0.57	0.71	0.99	-0.28	0.08
	Ba	0.32	-0.06	-0.14	0.40	-0.04	-0.25	-0.10	-0.18	0.02	0.62
	Ga	-0.04	0.34	-0.25	0.80	-0.05	-0.43	-0.18	-0.21	-0.11	0.00
	Zn	0.22	0.07	-0.17	0.18	-0.12	-0.20	-0.12	-0.23	0.02	0.32
	Cu	0.66	-0.67	-0.08	0.12	0.64	0.73	0.54	0.80	-0.18	0.14
	Ni	0.64	-0.61	-0.08	0.14	0.47	0.81	0.41	0.69	-0.21	0.15
	Co	-0.18	-0.27	0.42	0.37	-0.03	0.66	-0.01	-0.07	0.08	0.05
	Cr	0.06	-0.17	-0.01	-0.09	0.11	0.49	0.14	0.23	-0.05	-0.33
	V	0.04	-0.28	0.16	0.07	0.05	0.78	0.09	0.12	0.06	-0.16
	As	0.42	-0.32	-0.17	-0.36	0.35	0.37	0.29	0.51	0.04	-0.13
	Sc	0,20	-0,60	0,56	-0,02	-0,03	0,08	-0,05	-0,09	0,21	0,65
	Pb	0.12	-0.01	-0.11	0.11	0.05	-0.12	0.01	0.00	0.57	0.14
	Th	0.27	0.15	-0.43	0.79	0.20	-0.30	0.03	-0.29	-0.25	-0.04
	Hf	-0.10	0.36	-0.20	0.83	-0.09	-0.55	-0.21	-0.26	-0.14	0.19
	U	0.15	-0.18	0.12	0.58	0.10	-0.28	-0.07	0.01	-0.30	0.50
	Ta	-0.07	0.34	-0.24	0.87	-0.06	-0.45	-0.17	-022	-0.10	0.66
	La	0.25	0.04	-0.17	0.05	-0.05	-0.29	-0.13	-0.22	-0.08	0.57
	Ce	0.24	0.16	-0.32	-0.16	0.04	-0.32	-0.06	-0.05	-0.11	0.21
	Pr	0.24	0.02	-0.15	0.06	-0.03	-0.28	-0.11	-0.21	-0.14	0.60
	Nd	0.21	0.04	-0.14	0.06	-0.03	-0.29	-0.12	-0.22	-0.16	0.60
	Sm	0.21	0.04	-0.15	0.07	0.00	-0.29	-0.09	-0.20	-0.18	0.60
	Eu	0.24	-0.02	-0.10	0.09	0.00	-0.25	-0.10	-0.19	-0.17	0.62
	Gd	0.21	0.04	-0.17	0.05	0.01	-0.29	-0.08	-0.17	-0.16	0.59
	Tb	0.26	0.03	-0.22	0.03	0.03	-0.28	-0.06	-0.13	-0.19	0.57
	Dy	0.20	0.06	-0.18	0.00	0.04	-0.33	-0.08	-0.13	-0.20	0.55
	Ho	0.26	0.06	-0.23	-0.03	0.06	-0.34	-0.07	-0.09	-0.19	0.50
	Er	0.25	0.06	-0.22	-0.09	0.11	-0.37	-0.04	-0.05	-0.18	0.45
	Tm	0.31	0.00	-0.23	-0.13	0.16	-0.37	-0.03	0.04	-0.15	0.37
	Yb	0.26	0.04	-0.20	-0.18	0.13	-0.42	-0.05	0.02	-0.10	0.29
	Lu	0.31	-0.02	-0.18	-0.23	0.18	-0.39	-0.02	0.12	-0.14	0.21
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