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Abstract 22	

Bauxites and Fe laterites were formed on Neogene volcanics from Fongo-Tongo 23	

region in the highlands of western Cameroon, and are distributed on plateaus, slopes and 24	

downslope surfaces. Bauxitic profiles result from intense in-situ weathering of trachytes that 25	

implied depletion of silica and labile elements from the saprolite, while alumina relatively 26	

accumulated from parent minerals pseudomorphosis by primary gibbsite formation. During 27	

ongoing lateritization and bauxite maturation, important leaching and illuviation processes 28	

resulted in secondary gibbsite crystallizations. Late incision and dissection of upper bauxitic 29	

plateau resulted in degradation and dismantling of bauxitic duricrusts with Fe-depletion and 30	

increasing silica. Compared to trachyte, bauxitic duricrusts are relatively enriched in Nb, Zr, 31	

Ga, Ni, Cu, Co, V, Cr, As, Pb, Th, Hf, U and Ta, while Y, Sr, Rb, Ba and Zn are depleted. 32	

Trace elements contents depend on relative proportions of gibbsite, kaolinite, iron oxides and 33	

anatase and their affinity with these minerals across the weathering sequence. The overall 34	

REE composition and C1-Chondrite normalized REE patterns highlight significant 35	

fractionations with enrichment in the upslope profile and labile behavior in other profiles of 36	

the sequence. Our results document two major bauxitic phases in the Fongo-Tongo area, i.e., 37	

mid-Miocene primary in situ bauxitic weathering of trachyte and late Miocene secondary 38	

bauxitization of previously formed bauxitic profiles that led to alumina enrichment up to 39	

53.50 wt.%. Combined together, the morphological distribution and geochemical composition 40	

of the studied bauxitic profiles constitute guides for bauxite exploration, and more generally 41	

document the dynamics and morphogenetic evolution of lateritic landforms in West 42	

Cameroon. 43	

 44	
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1. Introduction 47	

The African tropical belt hosts the most widespread lateritic landforms on the earth 48	

surface from West to Central Africa (Tardy, 1997). These landforms expose unconsolidated 49	

materials from basement rock to groundsurface resulting from lateritic weathering of a variety 50	

of parent materials. As so, tens of meters’ thick regolith mantles were formed, and are 51	

relatively well preserved despite obvious landscape dissection (Grandin, 1976; Tardy and 52	

Roquin, 1998; Taylor and Howard, 1998; Taylor and Eggleton, 2001). The morphological 53	

structure of these lateritic surfaces, and mineralogical / geochemical features of their 54	

weathering soils and profiles reflect long and complex evolutions during successive 55	

morphoclimatic and geochemical changes over time (Nahon, 1986; Tardy, 1997). 56	

Past and recent studies of lateritic geosystems in West Africa emphasized their 57	

geomorphological distribution at various spatial and temporal scales (e.g., Beauvais and 58	

Chardon, 2013; Beauvais and Roquin, 1996; Grimaud et al., 2015); and their genetic and 59	

evolution processes were described in Central Africa (Beauvais, 1999, 2009). Particular 60	

interest was also devoted to relict lateritic terrains of economic potential, formed by intense 61	

chemical rock weathering under warm and humid climates that has led to accumulation of 62	

metals among which Al, Fe, Mn, Ni, Cu, Cr, Ag, and Pt, and exportation of soluble elements 63	

(Boulangé et al, 1997; Colin et al., 2004; Nahon, 1991; Tardy, 1997; Traore et al., 2008a-b). 64	

Most of these studies focused on steady cratonic landscapes (e.g., West Africa), but few 65	

studies have described the petrologic and geomorphic features of lateritic landsurfaces and 66	

associated regolith in epirogenic area such as that of the Western highlands in Cameroon (Fig. 67	

1a). In this region, widespread lateritic landsurfaces bear various lateritic weathering mantles 68	

upon various lithologies, and under different climatic and tectonic regimes. A unique 69	

geormorphic sequence exhibits highly elevated bauxitic surfaces up to ca. 1900 m on 70	
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successive Neogene volcanics, stepped with wide relicts of Fe-duricrusted surfaces (Momo 71	

Nouazi, 2016). In this environment, issues aimed mainly at providing geochemical and 72	

mineralogical data useful for bauxite exploration given the renewed interest in mineral 73	

resource assessment and inventory for this developing country (Cameroon Alumina LTD., 74	

2008; Momo Nouazi et al., 2016; Tematio et al., 2015). Few studies were devoted to the 75	

description and quantification of weathering processes of these bauxitic landsurfaces for 76	

highlighting the influence of combined lithotectonic and morphoclimatic factors. We describe 77	

the morphological, mineralogical and geochemical features of the lateritic weathering and 78	

bauxites developed on trachytes in the Fongo-Tongo area (West Cameroon; Fig. 1b), and we 79	

derive chemical indices of alteration and intensity of lateritization that document all together 80	

the formation and evolution processes of lateritic soil profiles and their bauxitization. 81	

 82	

2. Morphogeological setting of the study area 83	

The Fongo-Tongo laterites formed upon the so-called “upper lateritic surface” of the 84	

Bamiléké plateau, which is part of the Western Cameroon highland located at 05°10’ to 85	

05°56’N and 09°44’ to 10°33’E, between the Bamoun plateau in the east, the Grassfields in 86	

the north and the Mbô plain in the southwest (Fig. 1a and 1b). It covers a surface of ~ 4.52 87	

km² between altitudes of 1580 m to ca. 1900 m on the southern flank of the Bambouto 88	

volcano (Momo Nouazi et al., 2016), which is the main morphogeological feature of the 89	

Bamiléké plateau culminating at the altitude of 2740 m (Fig. 1b), and the third most important 90	

volcano of the Cameroon Volcanic Line (Déruelle et al., 1991). The region is subjected to a 91	

sub-equatorial climate, which is influenced by high altitudes (1500 to ≥ 2500 m) with ca. 92	

1600 mm mean annual rainfall and ca. 18°C for the mean annual temperature (Kengni et al., 93	

2009).  94	
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The Cameroon Volcanic Line includes wide Cenozoic volcanic complexes and mafic 95	

and felsic plutons extruded through the Neoproterozoic granito-gneissic basement (Kwekam 96	

et al., 2010). The volcanic complex of the Bamiléké plateau is made up mainly of basalts, 97	

trachytes and ignimbrites (Fig. 1c). The 40K-40Ar geochronological data suggested three main 98	

periods of volcanic activity extending from the Miocene (ca. 19 Ma, Burdigalian) (Nkouathio 99	

et al., 2008) up to ca. 0.5 Ma with uncommon lava flows (Kagou Dongmo et al., 2010). These 100	

periods refer to (i) the pre-caldera magmatism characterized by fissure-related basalts of 101	

strombolian activity (Nono et al., 2004), (ii) the caldera formed by eruption (Burdigalian to 102	

Tortonian, 18.1±0.01 Ma to 11.1±0.02 Ma) with pyroclastic rocks as trachytes and scarce 103	

rhyolites (Nkouathio et al., 2006), and (iii) the post-caldera extrusive domes from 7.75±0.01 104	

Ma to 4.52±0.28 Ma and late quaternary basalts flow at 0.480 ± 0.014 Ma (Kagou Dongmo et 105	

al., 2010). 106	

Bauxites formed upon trachytes are preserved in the southern part of the Bambouto 107	

volcano (Fig. 1b), which erupted at 16±0.39 Ma (Nkouathio et al., 2006). Massif outcrops of 108	

trachytes occur on slope and in talwegs. These rocks are made up essentially of a microlithic 109	

assemblage of plagioclases (Pl), clinopyroxenes (cpx), Fe-Ti oxides, and scarce Pl and cpx 110	

phenocrysts (up to 1 mm; Fig. 1d and 1e). According to Nkouathio et al. (2008), these 111	

minerals include anorthoclase (An25–11 Ab70–54 Or22–19) and alkali feldspar, i.e., sanidine to Na-112	

sanidine (Or15–55Ab35–85An0–6), sodic cpx (En3–4Aeg33–35Fs62–65) or hedenbergite (Wo45–47En26–113	

30Fs40–44) and titanomagnetite (94-25 mol% ulvöspinel). The chemical composition of 114	

trachytes comprises 58.74 to 62.73 wt.% SiO2, 14.26 to 18.84 wt.% Al2O3, 5.11 to 6.55 wt.% 115	

Fe2O3, 5 to 5.44 wt.% Na2O, and 2.99 to 5.58 wt.% K2O (Nkouathio et al., 2008). 116	

 117	
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3. Materials and methods  118	

We implemented detailed morphological description, X-ray Diffraction (XRD), ICP 119	

geochemistry, and we calculated chemical indices of weathering and lateritization to 120	

document the formation and evolution of the lateritic bauxitic profiles along a 300 m long 121	

topographical sequence. Four pits were bored through thick lateritic mantle, which depth 122	

reaches 6 to 12 m, respectively on the plateau (P1-FO), upslope (P2-FO), hillslope (P3-FO) 123	

and downslope (P4-FO) (Fig. 2a). These profiles exhibit various petrographic horizons. The 124	

lateral weathering sequence was reconstructed based on profile description including macro-125	

morphological description of petrographic structures using the reference works of Nahon 126	

(1991) and Tardy (1997). Thirty-four samples were collected along each profile and prepared 127	

for micro-morphological observations, mineralogical and geochemical analysis. Polished thin 128	

sections of undisturbed collected samples were observed under optical microscope and 129	

described according to reference terms defined by Brewer and Sleeman (1988). 130	

All samples were sorted and ground to produce powders with a sieve size < 63 µm, 131	

which were analyzed by XRD, using an X'Pert PANalytical diffractometer with CuKα 132	

radiation (1.79 Å) in the range of 2° to 78° 2θ and at a speed of 0.2°/min (0.033° for 10s 133	

counting time). Minerals were identified upon diffraction spectra using High Score X'Pert 134	

Plus software (Version 3.0) and compared with known standards (American Mineralogist 135	

Crystal Structure Database, 2016). A Rietveld Refinement process (Rietveld, 1969; Ufer et 136	

al., 2008) was also applied for semi-quantifying the proportion (%) of each mineral. Each 137	

Mineral proportion is obtained by the ratio between the surface areas of specific XRD peaks 138	

of each mineral to the total surface of the sample XRD pattern. 139	

Geochemical analyses were obtained using ICP methods from pulverized samples 140	

fraction of the samples. Major and trace elements were analyzed by ICP-AES (Inductively 141	
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coupled plasma-Atomic emission spectrometry), while rare earth elements (REE) were 142	

analyzed by ICP-MS (Inductively coupled plasma-Mass spectrometry). The resulting 143	

geochemical data were interpreted and discussed for highlighting the behavior of major 144	

elements, trace elements and REE during trachyte weathering that document key weathering 145	

factors.  146	

The geochemical indices were calculated for better understanding and quantifying 147	

processes of weathering, bauxitization and late bauxite degradation/dismantling. The 148	

Chemical Index of Alteration (CIA), and the Mafic Index of Alteration (MIA) were used to 149	

quantify both mafic and felsic mineral components of rock weathering (Nesbit and Young, 150	

1982; Babechuck et al., 2014). These indices are expressed as molecular ratios between 151	

mobile and immobile elements, and are thus suitable to define the weathering intensity 152	

(Durgoren-Aydin, 2002). The CIA was used to describe feldspar dissolution and the 153	

concomitant release of Ca, Na, and K relative to Al during the weathering. According to this 154	

approach: 155	

CIA (%) = 100 x Al2O3/(Al2O3+CaO*+Na2O+K2O)              (1) 156	

CaO* being the amount of CaO incorporated in the silicate fraction of fresh rock. 157	

The MIA includes Mg and Fe, thereby allowing characterization of weathering of 158	

mafic minerals as pyroxenes according to the formula: 159	

MIA=100 x (Al2O3+Fe2O3)/(Al2O3+Fe2O3+MgO+CaO*+NaO+K2O)        (2) 160	

The Ki ratio (Ki=SiO2/Al2O3) was also calculated to estimate the degree of chemical 161	

weathering of volcanic rocks (Irfan, 1999). 162	

Finally, the different stages of chemical weathering were determined by the Index Of 163	

Lateritization (IOL), which considers the main major elements (Al-Si-Fe) involved in the 164	
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dominant processes and the resulting residue. The IOL was estimated according to a method 165	

used by Babechuck et al. (2014), i.e.:  166	

IOL = 100 x (Al2O3+Fe2O3)/ (SiO2+Al2O3+Fe2O)    (3) 167	

The computed IOL values are reported along with a ternary diagram (SiO2-Al2O3-168	

Fe2O3) for classification into kaolinized, weakly lateritized, moderately lateritized and 169	

strongly lateritized ferritic or bauxitic horizons (Schellmann, 1994).  170	

 171	

4. Results and Discussion 172	

Field observations and morphological descriptions along the sequence of pits across 173	

two geomorphological segments (Fig. 2a) revealed six different weathering horizons. From 174	

bottom to top of profiles, we have identified and described a saprolite (C), a blocky bauxitic 175	

duricrust (B13), a massive bauxitic duricrust (B12) and a nodular bauxitic horizon (B11; see 176	

Fig. 3a) on the plateau; and, a bauxitic pebbly duricrust (B15), and a fine earthy horizon 177	

(B14) in downslope profile (Figs. 2a, 2b). In this section, detailed petrological descriptions of 178	

weathering horizons highlights vertical and lateral morphologic changes along the sequence 179	

with reference to Fig. 3 and Fig. 4. Based on these descriptions, mineralogical and 180	

geochemical variations along a composite upslope profile (P2-FO and saprolite of P3-FO) 181	

document major patterns of lateritic bauxite evolution.  182	

4.1. Major petrological features across the weathering profiles sequence 183	

On the plateau, the saprolite (horizon C) overlying the parent rock is highly porous 184	

and composed of a greyish matrix with reddish to dark micrometric features preserving the 185	

porphyry structure of the trachyte. The blocky bauxite duricrust (B13) overlying the saprolite 186	

(Fig. 2a and 2b) includes decimetric blocks of porous reddish bauxitic duricrust mixed with 187	

centimetric coarse nodules and loose matrix. It is overlained by a yellowish saprolite-like 188	
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duricrusted matrix crossed by sub-horizontal centimeter size massive dark and elongated 189	

domains (Fig. 3b), marking the transition with the uppermost horizons. The massive bauxitic 190	

duricrust (B12; Fig. 2a and 2b) is made up of a reddish to yellow brown matrix with 191	

interconnected voids coated by 1 to 2 mm thick yellowish cutans (Fig. 3c); higher in the 192	

horizon B12, the voids are filled with a crumbly reddish matrix (Fig. 3d). The surface horizon 193	

(B11) is continuous on the plateau (Fig. 3a); it is made up of a loose matrix embedding 194	

fragments of bauxitic duricrust and bauxitic nodules whose petrographic structure is quite 195	

similar to that of underlying massive bauxite. 196	

The bauxitic pebbly duricrust of the downslope profile (B15; Figs. 2a and 2b) is made 197	

up of a reddish massive matrix cementing coarse duricrust pebbles with compact and massive 198	

internal structure; voids of the matrix are filled by red to yellowish loose fine earth (Fig. 3e). 199	

The heterogeneous structure of this horizon is suggestive of allochthonous materials, possibly 200	

imported from erosion of the uppermost lateritic plateau. The loose fine earth layer (B14) 201	

over the bauxitic pebbly duricrust is dark red and highly porous. 202	

Under the microscope, saprolite is made up of two different weathering plasmas 203	

crossed by interconnected micrometer to millimeter-sized voids (Fig. 4a). Feldspars (mostly 204	

plagioclases) are weathered and replaced by grey brown crystic plasma composed of in-situ 205	

formed primary gibbsite and some relicts of clinopyroxene phenocrysts (Fig. 4a). The 206	

gibbsitic plasma is surrounded by grey argillic plasma with preserved trachytic features (Fig. 207	

4a). Both mineralogical composition (See Fig. 5) and Rietveld refinement semi-quantification 208	

from XRD (hillside profile, P3-FO; Tab. 1) highlight the predominance of kaolinite (61%), 209	

gibbsite (16%), and goethite (7%). Anatase (8%) and maghemite (5%) are also identified (Fig. 210	

6a and Tab. 1) with traces of florencite (Fig. 5c). 211	
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In the blocky bauxitic duricrust (B14), the microstructure of coarse features (bauxitic 212	

blocks and nodules) exhibits a predominance of reddish brown argillic plasma (Fig. 4b), 213	

probably made up of kaolinite coated with goethite; and a preservation of trachytic structure 214	

with clinopyroxene phenocrysts and dark micrometric anatase and maghemite. This plasma is 215	

also crossed by cracks filled with secondary gibbsite (Fig.4b). The mineral composition (Fig. 216	

5 and Tab. 1) indicates up to 56% of kaolinite in the loose matrix, which is close to the 217	

content of the underlying saprolite (P3-FO; Tab. 1). A decreasing trend with 16% in the 218	

bauxitic nodules and lowest content (< 5%) in the massive bauxitic blocks is noticed in the 219	

upslope profile (P2-FO) (Fig. 6a and Tab. 1). Gibbsite and goethite varies from 23% and 8% 220	

in the loose matrix, to 57% and 29% in bauxitic blocks, respectively (Tab. 1). 221	

The yellowish matrix at the bottom of the massive bauxite duricrust has a saprolite-222	

like structure with grey argillic weathering plasma (Fig. 4c), composed of up to 68% gibbsite 223	

and 33% goethite (Tab. 1), and is locally preserved upward in the massive bauxite. The 224	

microstructure of the surrounding massive dark domains is made up of a dark brown argilic 225	

weathering plasma crossed by millimeter size interconnected cracks filled with secondary 226	

gibbsite crystals (Fig. 4d) resulting in 58% of goethite, 40% of gibbsite and up to 13% 227	

hematite (P2-FO; Tab. 1). 228	

The micro-morphological organization of the massive bauxite duricrust (B12) is quite 229	

similar to that of the blocky bauxitic horizon and reveals abundant secondary gibbsite 230	

differentiated from the reddish-brown weathering plasma and thick clay Fe-rich cutans in 231	

interconnected voids (Fig. 4e); the secondary gibbsite crystals filling voids may derive from 232	

congruent dissolution of cpx (Fig. 4f). The resulting mineralogical composition along the 233	

plateau profiles (Fig. 5 and Tab. 1) highlights up to 66% of gibbsite, increasing content of 234	

goethite from 21% to 31% (Fig.6a, and Tab. 1), and hematite content less than 9% despite 235	
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local enrichment up to 22% on P1-FO profile (Tab. 1). The microstructure of cutans is 236	

composed of yellow brown argilic plasma of kaolinite and goethite, and also secondary 237	

crystals of gibbsite as “gibbsitans” (Fig. 4e) (Boulangé, 1984; Soares de Oliveira et al., 2013). 238	

Noticed that traces of florencite are detected in some XRD diagrams (ex: P2-FO.5, Fig. 5b). 239	

In the surface nodular horizon (B11), the internal structure of coarse bauxitic 240	

fragments and nodules is similar to that of the underlying massive bauxite suggesting 241	

inheritance from this fragmented duricrust. The mineralogical composition displays an 242	

increasing trend from the lowest kaolinite content in the massive bauxitic blocks (< 5%), to 243	

9% in the loose matrix as shown in the upslope profile (Fig. 6a and Tab. 1), and a maximum 244	

of 22% on top of the hillside profile (P3-FO; Tab. 1). A decreasing trend is noticed for 245	

gibbsite and goethite with 65% to 43% and 25% to 23%, in the massive blocks and the loose 246	

matrix, respectively (Fig. 6a and Tab. 1). A quartz amount up to 17% is also measured in the 247	

loose matrix.  248	

In the downslope profile, in addition to the heterogeneous and polygenic structures of 249	

the horizons, other dissimilarities with the plateau profiles include higher proportions of 250	

kaolinite up to 28% in the porous duricrusted matrix and lesser goethite with a minimum of 251	

7% with ca. 60 % gibbsite (Fig. 5d; Tab. 1). The coarse bauxitic pebbles clearly differentiates 252	

from the surrounding matrix with maximum gibbsite content (71%), lowest kaolinite content 253	

(7%), and highest goethite content (16%) suggesting that these duricrusted pebbles may be 254	

inherited from massive bauxites of the plateau. Finally, the loose fine earth at the surface has 255	

a mineralogical composition similar to that of the surface nodular horizon (B11) of the plateau 256	

profiles, with quartz content of 13% (Tab.1). 257	
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4.2. Geochemical differentiations across the weathering profiles sequence 258	

Major elements contents and chemical weathering indices are given in table 2, and 259	

their typical vertical changes are displayed in the composite profile of the plateau including 260	

the profile P2-FO and the saprolite of P3-FO (Fig. 6b and 6c). The chemical composition of 261	

the saprolite C (Fig. 6b) shows a decreasing SiO2 content (26.40 wt.%) and increasing Al2O3 262	

(34.30 wt.%), Fe2O3 (17.30 wt.%) and TiO2 (3.33 wt.%) relative to trachyte. At this stage, the 263	

Ki ratio of 0.77 against 3.84 for the trachyte highlights Al2O3 enrichment relative to SiO2 264	

(Tab. 2). The CIA value of 86.8% (Fig. 6c and Tab. 2), attests to strong export of mobile 265	

elements (Ca, Na, and K) consequently to intense feldspar pseudomorphic alteration mostly 266	

into kaolinite, and gibbsite in a lesser measure. The MIA value of 91.7% compared to 53.1% 267	

in the trachyte further indicates intense dissolution of cpx and consecutive Mg removal. The 268	

calculated IOL value of 66.1% for the saprolite (Fig. 6c and Tab. 2) against 28.7% for the 269	

trachyte indicates a weak lateritization (Fig. 7) during the first stage of bauxitization. 270	

The geochemical composition of the blocky bauxitic duricrust (B13) is marked by 271	

maximum SiO2 content (19.50 wt.%) measured in the loose matrix of P3-FO profile (Tab. 2), 272	

while minimum content of 1.59 wt.% is noticed in the massive bauxitic blocks of P2-FO 273	

profile (Fig. 6b and Tab. 2). An increasing trend is noticed for Al2O3 contents from 35.50 274	

wt.% in the loose matrix of the blocky bauxitic duricrust in the P3-FO profile, to 49.40 wt.% 275	

in the massive bauxitic blocks of the P2-FO profile (Fig. 6b and Tab. 2). The corresponding 276	

Ki ratios vary from 0.55 to 0.03 (Tab. 2). The amounts of Fe2O3 and TiO2 are also relatively 277	

enriched in the nodules of the blocky duricrust from the P2-FO profile, with maxima of 25.9 278	

wt.% and 2.82 wt.%, respectively (Table 2). The IOL varies from 74.6% in the loose matrix to 279	

97.8% in the bauxitic blocks (Tab. 2) indicating moderate to strong lateritization (Fig. 7). The 280	

maximum IOL value implies a near-complete leaching of silica relative to Al2O3 and Fe2O3, 281	

while the minimum IOL value correlates with higher silica content in the loose matrix (Fig. 7 282	
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and Tab. 2). The CIA and MIA values reaches maximum of 90.5% and 92.3%, respectively 283	

(Fig. 6c and Tab. 2) confirming a near-complete leaching of alkali and alkaline earth elements 284	

from plagioclases, and Mg from pyroxenes. 285	

The amounts of Al2O3 and Fe2O3 of the massive bauxite duricrust (B12) reach up to 286	

51.80 wt.% and 25.50 wt.%, respectively (Fig. 6b and Tab. 2). The corresponding 287	

mineralogical composition (Tab. 1) indicates highest contents of gibbsite (66%), followed by 288	

goethite (30%), and hematite (9%). The Ki factor decreases from the bottom to the surface of 289	

the horizon and reaches the lowest value (0.01) of the weathering sequence (Tab. 2). The CIA 290	

and MIA also show the highest values, 90.9% and 92.4%, respectively (Fig 6c and Tab. 2). 291	

The IOL of 99.2% indicates complete silica leaching, depletion of labile elements and strong 292	

lateritization (Fig. 6c and Fig. 7) including also illuviation of clay ferruginous fine matter 293	

(Fig. 4e). 294	

The surface nodular bauxitic horizon (B11) shows decreasing Al2O3 content from 295	

46.30 wt.% in the fragmented duricrust to 26.70 wt.% in the loose matrix, and Fe2O3 content 296	

from 21.90 wt.% to 17.55 wt.% relative to the underlying massive bauxite (P2-FO; Fig. 6b 297	

and Tab. 2). An increasing trend is noticed for SiO2 up to 19.25 wt.% in the loose matrix. 298	

Consequently, IOL decreases to 69.7% with increasing SiO2 and kaolinite (Figs. 6b and 6c; 299	

Fig. 7) relative to the underlying massive duricrust (Tabs. 1 and 2). The resulting weakly 300	

lateritized loose matrix may enrich in SiO2 at the surface of profiles (ex: P2-FO) by quartz 301	

allochthonous input. This results in a Ki factor up to 0.72 and slight decreases of CIA (82.6%) 302	

and MIA (69.7%) at the surface of the weathering sequence (Tab. 2). 303	

In the downslope profile (P4-FO), Al2O3 contents are similar as those of the plateau 304	

profiles (Tab. 2), but SiO2 contents are higher (up to 14.40 wt.% in the duricrusted matrix). 305	

This corresponds to 28% of kaolinite (Tab. 1) and a Ki factor up to 0.37 (Tab. 2). The Fe2O3 306	
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content is lower than that of the plateau profiles (~17%) with low goethite amounts (7% to 307	

16%; Tab. 1). The massive bauxitic pebbles clearly differ from the cementing duricrusted 308	

matrix with the highest Al2O3 content of the profile (53.50 wt.%) and lowest silica content 309	

(2.02 wt.%). The CIA and MIA values are similar to those of the plateau profiles while IOL is 310	

low in the porous bauxitic duricrust (79.8%) compared to the plateau profiles (Tab. 2). The 311	

surface horizon of this profile shows the same composition as that of the plateau profiles with 312	

possible allochthonous enrichment of quartz. 313	

 314	

4.3. Trace elements distribution across the weathering profiles sequence 315	

The concentrations of trace elements are presented in Table 3 and variations relative to 316	

the trachyte composition are shown in the figure 8. The vertical evolution of some elements 317	

(Fig. 6) is also shown in the upslope composite profile (P2-FO + saprolite of P3-FO). These 318	

data first evidence that Nb and Zr are the most abundant trace elements, followed by Ga, Cr 319	

and V. Two groups of elements are distinguished based on their relative behavior compared to 320	

parent rock composition and their distribution along the profiles of the weathering sequence. 321	

The first group comprises Nb, Zr, Ga, Cu, Ni, Co, Cr, V, As, Pb, Th, Hf, U and Ta, 322	

which are all enriched relative to the trachyte composition (Fig. 8; Tab. 3). Among these 323	

elements, Nb, Zr, Ga, Th, Hf, Ta are highly correlated (Fig. 6d and Figs. 9a to 9f). Their 324	

highest contents are recorded in the saprolite, the massive and bauxitic pebbly duricrusts 325	

while the lowest contents are measured in the blocky and nodular bauxitic horizons (Figs. 6, 8 326	

and Tab. 3). These compositions including high field strength elements (HFSE: Zr, Hf, Nb, 327	

Ga and Ta) suggest their relative stability during weathering and lateritization (Zarasvandi et 328	

al., 2012) as commonly observed in bauxites developed from lateritic weathering of alkaline 329	

parent rocks (Mordberg, 1996). Moreover, Nb, Zr, Ga, Th, Hf, U, and Ta are correlated to 330	

TiO2 (Tab. 4 and Figs. 9e to 9g), suggesting anatase as potential mineral carrier. Significant 331	
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positive correlations are also noticed between U, Ta and P2O5 (Tab. 4; Fig. 9h) indicating 332	

possibly florencite as host mineral (Fig; 5). On the other hand, the poor correlation between 333	

Al2O3 and some relatively enriched trace elements (Nb, Zr, Ga, Hf, Th, Ta; Tab. 4) indicates 334	

little gibbsite control in their distribution. This is explained by the low capacity of Al 335	

isomorphic replacement by trace elements in the structure of gibbsite (Mordberg, 1986).  336	

Cu, Sc and Ni also exhibit similar behaviors and highest contents in the saprolite, the 337	

blocky bauxitic duricrust and the nodular bauxitic horizon, while the lowest contents are 338	

measured in the massive bauxitic duricrust (P2-FO; Figs. 6e and 8, and Tab. 3). These 339	

elements originate from the alteration of plagioclases and pyroxenes (Boski and Herbosch, 340	

1990). According to Sahoo et al. (1980) and Trescases (1973), their high enrichment in the 341	

lowermost horizons of the profiles owes to downward translocation followed by their trapping 342	

in neoformed minerals. The moderate positive Spearman correlation with SiO2 (Tab. 4) 343	

indicates little affinity with kaolinite (Lopez et al., 2005). 344	

Co, Cr, and V show their highest contents in the blocky bauxitic duricrust and the 345	

nodular bauxitic horizon, and their lowest contents in the saprolite and the massive bauxitic 346	

duricrust (P2-FO; Figs. 6e-f, and 8; Tab. 3). Their behavior is primarily linked to the 347	

weathering of plagioclases, pyroxenes and Ti-magnetite, and secondarily to potential trapping 348	

by iron oxides. For example, Co is possibly controlled by goethite as indicated by the 349	

Spearman correlation coefficient with Fe2O3 (see e.g., Beauvais and Roquin, 1996; Moshood 350	

et al., 2006).   351	

The second group comprises Y, Sr, Rb, Ba, and Zn, which are all depleted relative to 352	

the trachyte (Fig. 8 and Tab. 3), showing a decreasing trend from the saprolite to the massive 353	

bauxitic ducricrust, and a slight increase toward the surface. Their highest content is noticed 354	

with important Zn at the bottom of the massive bauxitic duricrust (Figs. 6f and 8b, Tab. 3). 355	
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Their leaching along the sequence is due to the weathering of plagioclases (Babechuck et al, 356	

2014; Calagari et al., 2010), as reflected by strong positive Spearman correlations between Rb 357	

and alkali and alkaline earth elements (Tab. 4). Sr, Ba and Zn are further enriched in the 358	

saprolite relative to the uppermost duricrusted horizons (Figs. 6f and 8c) due to downward 359	

leaching (Mordberg, 1996) and their partial retention in kaolinite-rich horizons as indicated 360	

by the positive Spearman correlation with SiO2 (Tab. 4; Plank and Langmuir, 1988). 361	

Finally, Rb, Cu, Ni, Co, V and As are significantly enriched in the surface horizons 362	

(B11) compared to the underlying bauxites (Figs. 8a to 8c), which potentially reflect 363	

importation of bearing heavy minerals. The overall distribution of trace elements depends on 364	

secondary mineral formation (mainly kaolinite, goethite and anatase) and thus upon the 365	

intensity of lateritization, with no geomorphic control along the sequence. 366	

4.4. Rare earth elements fractionation across the weathering profiles sequence 367	

REE abundance varies from 49 µg/g to 1790 µg/g (Tab. 5). Saprolite and massive 368	

bauxitic horizon exhibit maximum contents while minimum REE concentrations are mostly 369	

measured in the other horizons (e.g. upslope profile P2-FO; Fig. 6g). Light rare earth elements 370	

(LREE) are the most abundant (∑LREE from 47 µg/g to 1746 µg/g) compared to heavy rare 371	

earth elements (HREE) (∑HREE from 2 µg/g to 44 µg/g; Tab. 5). Their overall behavior 372	

along the sequence evidence maximum contents in the upslope profile (P2-FO; ∑REE up to 373	

1102 µg/g) compared to other profiles (Tab. 5). 374	

Spearman rank correlations calculated between REE and major elements reflect 375	

potential host minerals (Braun et al., 1993). The lack of correlation between REE and Al2O3 376	

or TiO2 (Tab. 4) indicates no influence of gibbsite and anatase. REE are negatively correlated 377	

with Fe2O3 and weakly correlated with SiO2 (Tab. 4) suggesting little control from kaolinite 378	

(Babechuck et al., 2014; Zarasvandi et al., 2012). Positive correlations between REE and P2O5 379	
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(Tab. 4) suggest potential phosphates host minerals (Putzolu et al., 2018). Although 380	

concentration < 5% is a limit for XRD identification, XRD peaks (dh,k,l ~ 5.71 Å, 2.93 Å and 381	

2.17 Å) suggest that florencite (Figs. 5b-c; see P2-FO-5 and P3-FO-3) is a potential carrier of 382	

LREE (La and Nd). 383	

The C1 chondrite normalized REE (Mc Donough and Sun, 1995) for trachyte and 384	

weathered samples are similar and evidence REE enrichment relative to Chondrite across the 385	

profiles sequence. LREE are strongly enriched compared to HREE (Fig. 10). The normalized 386	

spectra further evidence REE depletion relative to trachyte along the sequence, except in the 387	

saprolite and the upslope profile P2-FO (Fig. 10). 388	

Two anomalies, Eu and Ce, are highlighted. The positive Eu anomaly in the trachyte 389	

and the saprolite (Fig. 10c) is linked to plagioclases, which bear Eu (Babechuck et al., 2014). 390	

However, negative Eu anomaly is noticed across the sequence from the bottom to the top of 391	

duricrusted lateritic horizons (Fig. 10) implying a progressive Eu leaching during 392	

lateritization, as previously shown in weathering profiles derived from basalts (Babechuck et 393	

al., 2014). Although a negative Ce anomaly is clearly defined in saprolite (Fig 10c), a positive 394	

anomaly is rather noticed across the sequence, except in the upslope profile P2-FO (Fig. 10b). 395	

Calculated Eu/Eu* and Ce/Ce* anomalies are in agreement with chondrite normalized 396	

patterns. Eu/Eu* values extend from a maximum of 1.28 in the trachyte, 1.09 in the saprolite, 397	

and 0.60 in duricrusted horizons of the plateau profiles (Tab. 5) due to the quick weathering 398	

of plagioclases; while the minimum value of 0.42 is noticed in bauxitic pebbles of the 399	

downslope profile (P4-FO; Tab. 5). Ce/Ce* values vary from 0.99 in the trachyte to a 400	

minimum of 0.53 in the saprolite (Tab. 5). Maximum values (up to 4.89) are further measured 401	

in the massive bauxitic duricrust indicating Ce enrichment relative to La and Pr. The 402	
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scatterplot between Ce/Ce* and ∑REE (Fig. 11a) also indicates Ce enrichment during 403	

lateritization. 404	

The La/Y ratio varies from 1.50 to 9.12 along the sequence (Tab. 5; Fig. 11b) that 405	

characterizes REE fractionation during the weathering process. The highest values measured 406	

in the saprolite, the massive and bauxitic pebbly duricrusts correlate with the highest REE 407	

content, while the lowest values correlate with lowest REE content in the other horizons of 408	

the profiles sequence (Tab. 5). This behavior may suggest REE depletion with pH decrease 409	

(Maksimovic and Panto, 1991; Zarasvandi et al., 2012) inferring potential effect of pH 410	

variations during bauxitic weathering. The (La/Yb)N ratio of saprolite is the highest (68.4), 411	

and varies in the profiles from 40.8 in the massive bauxite to lower values (7.8) in the surface 412	

nodular bauxitic and fine earthy horizon (Table 5). Despite the poor correlation between 413	

(La/Yb)N and CIA, the broad correlation in the massive bauxite (Fig. 11c) suggests increasing 414	

(La/Yb)N with the weathering intensity (Ndjigui et al., 2008). This trend is confirmed in 415	

scatterplots (La/Yb)N vs. (Gd/Yb)N and (Eu/Eu*) vs. (Gd/Yb)N (Fig. 11d and 11e), which also 416	

indicate REE fractionation with increasing lateritization. The overall REE composition is 417	

strongly correlated to that of trace elements (Fig. 11f) that suggests common host minerals 418	

and/or similar geochemical behaviors along the weathering sequence to some extent. 419	

 420	

4.5. Major pattern of bauxite formation and evolution  421	

Geochemical analyses and chondrite normalized REE spectra of weathering samples 422	

document that lateritic weathering profiles formed by in-situ weathering of trachyte. Saprolite 423	

formation consists in pseudomorphic weathering of parent rock minerals implying strong 424	

leaching of labile elements and in-situ formation of kaolinite, while plagioclases and cpx 425	

weathered into gibbsite and goethite, respectively. Low Ki value (0.77) indicates a kaolinite-426	

rich weathering, with noticeable amount of primary gibbsite both formed under humid 427	
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climatic conditions (Beauvais, 1999, 2009; Tardy and Roquin, 1998) and optimal drainage of 428	

the profiles sequence (Bocquier et al., 1983; Yongué-Fouateu, 1986). The interconnected 429	

porosity observed in saprolite results from eluviation processes of its clayey matrices (Nahon, 430	

1991; Tardy and Nahon, 1985). 431	

The structural, mineralogical and geochemical characteristics of the blocky bauxitc 432	

duricrust document the disaggregation process of the overlying massive duricrust, which is 433	

characterized by Fe-depletion from clayey matrices during seasonal changes of the water table 434	

level (Ambrosi and Nahon, 1986; Boulangé, 1984; Tardy, 1997; Tematio and Olson, 1997). 435	

This results in less cohesiveness and more fragmentation and disaggregation of massive 436	

duricrust (Beauvais and Tardy, 1993; Beauvais, 2009; Hieronymus et al., 1999; Soares de 437	

Oliveira et al., 2013). The Ki value of 0.03 in the bauxitic blocks highlights intense 438	

bauxitization implying near-complete silica leaching under hot and very wet climatic 439	

weathering conditions (Boulangé, 1984; Tardy and Roquin, 1998). However, highest value 440	

(0.54 in the loose matrix) indicates less leaching of the upper duricrusted horizons 441	

(Hieronymus, 1973; Soares de Oliveira et al., 2013).  442	

The massive bauxitic duricrust has the lowest Ki ratio of the sequence (0.01) typifying 443	

very strong bauxitization process with complete silica depletion and increasing chemical 444	

weathering intensity (Hiéronymus, 1973; Nyobe, 1987; Tematio et al., 2009). Aluminum 445	

enrichment at this stage does not only result from relative accumulation after labile element 446	

depletion, but also from secondary illuviation process (Eschenbrenner, 1987; Mutakyahwa et 447	

al., 2003), which is illustrated by cutans and/or complete infilling of voids with secondary 448	

gibbsite crystallizations in the massive bauxite. The elongated dark brown domains at the 449	

bottom of this massive duricrusted horizon result from late pedogenetic process involving 450	



	

	

20	

water table level variations, which preferentially mobilizes and concentrates iron into goethite 451	

(Hieronymus, 1973; Beauvais, 1999).  452	

The duricrust disaggregation mechanism in the surface nodular bauxitic horizon is 453	

similar to that of the blocky bauxite, implying Fe mobility (Beauvais, 2009), and potential 454	

downward Al enrichment and maturation of massive bauxite by secondary gibbsite 455	

crystallization. Silica enrichment on top of profile sequence may be assigned to possible 456	

aeolian inputs (Brimhall et al., 1991). 457	

The loose and heterogeneous structures of the lateritic materials from the downslope 458	

profile with lower IOL values than in the plateau profiles typify a reworked allochthonous 459	

formation resulting from erosion and redistribution of various sized fragments of bauxites 460	

and/or Fe lateritic crusts on gently sloping surfaces (Beauvais et al., 2003; Boulangé, 1984; 461	

Chardon et al., 2018; Eno Belinga, 1972; Grimaud et al., 2015; Momo Nouazi et al., 2012). 462	

Such an erosion feature may have occurred after incision of the initial bauxitic surface, which 463	

was potentially favored by combined Pliocene surface uplift (Morin, 1985) and climate 464	

change from humid to drier conditions (Ruddiman et al., 1989) that triggered mechanical 465	

erosion of bauxite and redistribution of bauxitic elements in the landscape. Given that the 466	

Fongo-Tongo trachytes erupted during the Burdigalian ca. 16 Ma ago (Nkouathio et al., 467	

2006), intense bauxitic weathering illustrated by primary gibbsite formed by weathering of 468	

plagioclase was first initiated in mid-Miocene under warm and humid climatic conditions 469	

correlated to high chemical marine sedimentation (Davies et al., 1977). Then, former bauxitic 470	

weathering profiles possibly maturated by massive secondary gibbsite 471	

formation/crystallization in discontinuities and porosities in Late Miocene before their 472	

dismantling by mechanical erosion from Pliocene, which was also a period of continental dust 473	

fluxes and high clastic sedimentation in offshore basins (Van Andel et al., 1977). 474	
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 475	

5. Conclusion 476	

Neogene lateritic weathering of trachyte from the Bambouto volcanics led to the 477	

formation and differentiation of lateritic bauxitic profiles that preserved basically the trachytic 478	

structure from the saprolites to the top of profiles. Weathering of parent minerals results in 479	

strong leaching of labile elements, relative or absolute enrichment of alumina from 34.3 wt% 480	

up to 53.5 wt.% in the saprolite and duricrusted horizons, respectively, and consecutive 481	

formation of gibbsite and goethite with lesser kaolinite. During lateritic bauxitization, both 482	

mineralogical and geochemical differentiations control the trace elements behavior and REE 483	

fractionation across the weathering profiles, with major contents upslope in the sequence. 484	

Pliocene degradation of the bauxite and/or dissection or dismantling of bauxitic landscapes 485	

previously formed during mid- to upper Miocene resulted in Fe-depletion, and allochthonous 486	

silica enrichment on top of lateritic profiles. Accounting for major geochemical and 487	

morphological differentiation of the Fongo-Tongo bauxitic weathering landscapes usefully 488	

document the evolving dynamics of lateritic regolith and landsurfaces in Cameroon. 489	
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FIGURES CAPTION 706	

Fig. 1. a) Location and structure of the Cameroon Volcanic Line (from Ballentine et al., 1997; 707	

and Ngako et al., 2006).  b) Morphology and distribution of lateritic landsurfaces on the 708	

Bamiléké plateau; c) Geological map of the Bamiléké plateau, Adapted from Kagou Dongmo 709	

et al. (2010) and Nkouathio et al. (2008) (framed in Fig. 1b); d) Optical microscope 710	

photomicrographs (crossed polarised light) of the porphyric trachyte highlighting a microlitic 711	

assemblage of plagioclases (Pl), titanomagnetite (Tit) and large clinopyroxene (Cpx) 712	

phenocrysts; e) Microlitic assemblage of Pl, Tit, and large phenocrysts of Cpx.  713	

 714	

Fig. 2. Petrographical structure of the lateritic sequence (a), and the weathering profiles (b) 715	

highlighting the key features of structural changes.  716	

Fig. 3. Petrographical structure of a field section and duricrusted samples. a) Vertical and 717	

lateral view of upper profile. The dashed line is a limit between the bauxitic pebble horizon 718	

(B11) at the top, and the massive bauxite duricrust (B12); b) Saprolitic duricrust and dark 719	

brown domains (B12); c) and d) Massive bauxite duricrust (B12); e) Porous bauxite duricrust 720	

(B15). 1= saprolitic matrix, 2= dark brown domain, 3= reddish to yellow brown matrix, 4= 721	

void coated with yellowish cutans, 5= reddish matrix, 6= reddish crumbly infill, 7= fine earth 722	

infill. 723	

Fig. 4. Micromorphology of the weathering structures. a) Saprolite; b) Blocky bauxite 724	

duricrust; c) and d) Saprolitic duricrust with dark brown domains; e) and f) Massive bauxite 725	

duricrust. 1= grey brown crystic fabric with primary gibbsite crystallization; 2= voids; 3=grey 726	

argilic plasma; 4=reddish brown plasma; 5=grey crystic fabric with secondary gibbsite 727	

crystallization; 6=grey argilic plasma; 7=dark brown argillic plasma; 8= Clay Fe-rich cutans. 728	
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Fig. 5. Mineralogical compositions from X-ray diffraction analyses. a) Plateau profile, b) 729	

Upslope profile, c) Hillside profile, d) Downslope profile. San= sanidine; Aug= augite; an= 730	

anorthite, Mi= microcline; Tit= Titanomagnetitte. 731	

Fig. 6. Mineralogical and geochemical variations along the composite upslope profile (P2-FO 732	

+ saprolite). a) Mineralogical profile; b) Major oxides; c) Geochemical indices; d), e) and f) 733	

Trace elements; g) Rare Earth elements. See figure 2 for the explanation of horizons in the 734	

composite profile. 735	

Fig. 7. SiO2-Al2O3-Fe2O3 ternary plot illustrating the different degrees of lateritization in the 736	

weathering sequence (after Schellman, 1994). 737	

Fig. 8. Trachyte normalized trace elements spider diagrams of the weathering samples. 738	

Fig. 9. Trace elements geochemical scattergrams. a) Th vs. Hf; b) Ta vs. Nb; c) Ta vs. Zr; d) 739	

Ga vs. Hf; e) TiO2 vs. Zr; f) TiO2 vs. Hf; g) TiO2 vs. ∑Trace elements; h) P2O5 vs. U. 740	

Fig. 10. Chondrite normalized REE spider diagrams of the weathering samples and the 741	

trachyte 742	

Fig. 11. REE geochemical scattergrams. a) ∑REE vs. Ce/Ce*; b) ∑REE vs. La/Y; c) 743	

(La/Yb)N vs. CIA; d) (La/Yb)N vs. (Gd/Yb)N; e) Eu/Eu* vs. (Gd/Yb)N; f) ∑Trace elements vs. 744	

∑REE. 745	

746	
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TABLES CAPTION 747	

Table 1. Mineralogical composition obtained by quantitative Rietveld Refinement on the 748	

weathering facies. (-)=mineral present but below calculation limits, i.e. <5%; Ka=kaolinite; 749	

Bo=boehmite; Gi=gibbsite; Go=goethite; An=anatase; He=hematite; Ma=maghemite; 750	

Fl=Florencite; Qz=quartz.  See Fig. 2 for description of horizons labels (B). 751	

Table 2. Major elements (wt.%) and major elements mass change (%) in the weathering 752	

sequence. LOI=Loss Of Ignition; CIA (%)=Chemical Index of Alteration; IOL (%)=Index of 753	

Lateritization; MIA (%)=Mafic Index of Lateritization; Ki= Silica to aluminium ratio 754	

(SiO2/Al2O3); d.l.=Detection limits; (-)=Elements below detection limits. See Fig. 2 for 755	

description of horizons labels (B). 756	

Table 3. Trace elements content (µg/g) of the weathering facies and the fresh rock. 757	

d.l.=Detection limits; (-)=Elements below detection limits. See Fig. 2 for description of 758	

horizons labels (B). 759	

Table 4. Spearman’s correlation coefficients of major elements with trace elements and REE 760	

(n=33). 761	

Table 5. Rare earth elements content (µg/g) of the weathering facies and the fresh rock. 762	

d.l.=Detection limits. See Fig. 2 for description of horizons labels (B). 763	

Ce/Ce*= (Cesample/Cechondrite)/(Lasample/Lachondrite)1/2 (Prsample/Prchondrite)1/2 764	

Eu/Eu* = (Eusample/Euchondrite)/(Smsample/Smchondrite)1/2 (Gdsample/Gdchondrite)1/2 765	

(La/Yb)N = (Lasample/Lachondrite)/(Ybsample/Ybchondrite) 766	

 (Gd/Yb)N = (Gdsample/Gdchondrite)/(Ybsample/Ybchondrite) 767	

 768	
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Table 1. 

   Horizon Description Depth (m)   Mineralogical composition (%) 
Plateau      

 
Ka Bo Gi Go An He Ma Fl Qz 

P1-FO-1.2 B11 Loose matrix  0.5  10  43 18 5 5 -  18 
P1-FO-1.1 B11 Nodules  0.5  6 - 54 22 - - -  11 
P1-FO-1 B11 Bauxitic blocks  0.5  -  70 20 - 5 -  

 
P1-FO-2 B12 Massive bauxite  2.8  -  67 21 - 9 -  

 
P1-FO-3.1 B12 Saprolitic bauxite  3.0  6  51 33 - 7 -  

 
P1-FO-3 B12 Massive bauxite  4.8  -  55 19 - 22 - -  
P1-FO-4 B12 Massive bauxite  6.0  -  72 16 - 6 -   
P1-FO-4.1 B12 Saprolitic bauxite  6.0  -  54 33 - 5 5                 
Upslope              
P2-FO-1.2 B11 Loose matrix  0.5  9  43 23 - - -  17 
P2-FO-1.1 B11 Nodules 0.5  -  63 29 - - -   
P2-FO-1 B11 Bauxitic blocks 1.0    65 25 - - 5   
P2-FO-2 B12 Massive bauxite  2.5  -  55 24 6 5 8 -  
P2-FO-3.1 B12 Saprolitic bauxite  4.0  -  68 29 - -    
P2-FO-3 B12 Massive bauxite  4.5    55 30 6 7 - -  
P2-FO-4 B12 Massive bauxite  6.0    59 26 - 7 - -  
P2-FO-5.1 B12 Saprolitic bauxite  7.5  3  48 25 - 9 9   
P2-FO-5 B12 Massive bauxite 8.0    52 31 5 9 - -  
P2-FO-6 B12 Massive bauxite  9.0  8  61 18 - 5 6   
P2-FO-7 B12 Massive bauxite  10.0  -  66 21 - - 6 -  
P2-FO-7.1 B12 Dark brown domains  10.0     40 58 -  -   
P2-FO-8 B13 Bauxitic blocks  11.0  -  57 29 - 6 -   
P2-FO-8.1 B13 Nodules  11.0  16  49 22 - 7 -                 
Hillside  

          
 

 
P3-FO-1.2 B11 Loose matrix  1.0 

 
22 

 
31 23 - - -  15 

P3-FO-1.1 B11 Nodules  1.0 
 

7 - 60 21 - - -  
 

P3-FO-1 B11 Bauxitic blocks  1.0 
 

6 - 65 16 - 7 -  
 

P3-FO-2 B13 Loose matrix  5.0 
 

56 
 

23 8 5 - -  - 
P3-FO-2.1 B13 Nodules 5.0 

 
10 

 
49 19 7 13 

 
 

 
P3-FO-3 C Saprolite  10.5 

 
61 

 
16 7 8 - 5 - 

 
              
Downslope  

          
 

 
P4-FO-1 B14 Loose fine earth 0.5 

 
26 

 
34 13 3 6 5  13 

P4-FO-2 B15 Massive matrix 1.5 
 

12 
 

63 12 2 10 -  
 

P4-FO-2.1 B15 Coarse massive 
pebbles 

1.7 
 

7 
 

71 16 3 - -  
 

P4-FO-3 B15 Massive matrix 4.0 
 

24 
 

57 7 2 9 -  
 

P4-FO-4 B15 Massive matrix  5.0 
 

28 
 

54 9 3 - -  
 



1	

	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. 

     Major oxides (%) Weathering chemical indices 

 
Plateau 

Horizon Description Depth  (m)  SiO2 
 
 

Al2O3 

 
 

Fe2O3 

 
 

TiO2 

 
 

CaO 
 
 

MgO 
 
 

Na2O 
 
 

K2O 
 
 

MnO 
 
 

P2O5 

 
 

LOI Total CIA IOL MIA Ki 
d.l. 0.01	 0.01	 0.01	 0.01	 0.01	 0.01	 0.01	 0.01	 0.01	 0.01 

P1-FO-1.2 B11 Loose matrix  0.5  18.75 31.50 17.65 2.48 0.16 0.34 0.05 0.25 0.05 0.31 28.0 99.58 85.1 72.4 87.0 0.60 
P1-FO-1.1 B11 Nodules  0.5  7.31 42.10 18.65 2.21 0.06 0.11 - 0.10 0.05 0.20 27.7 98.53 88.8 89.3 90.8 0.17 
P1-FO-1 B11 Bauxitic blocks  0.5  2.34 48.40 18.45 1.97 0.03 0.02 - 0.03 0.04 0.16 28.2 99.68 90.3 96.6 92.0 0.05 
P1-FO-2 B12 Massive bauxite  2.8  0.60 44.90 25.90 2.9 0.04 0.01 - 0.01 0.16 0.14 25.5 100.20 89.6 99.16 92.2 0.01 
P1-FO-3.1 B12 Saprolitic bauxite  3.0  2.56 40.30 29.80 2.48 0.04 0.02 - 0.02 0.12 0.22 24.4 99.99 88.6 96.5 91.9 0.06 
P1-FO-3 B12 Massive bauxite  4.8  0.80 41.60 29.60 3.14 0.04 0.03 - 0.01 0.18 0.2 23.9 99.54 88.9 98.9 92.0 0.02 
P1-FO-4 B12 Massive bauxite  6.0  1.07 44.50 27.50 3.39 0.05 0.01 - 0.02 0.09 0.17 24.8 101.65 89.5 98.5 92.2 0.02 
P1-FO-4.1 B12 Saprolitic bauxite  6.0  1.68 41.40 29.80 1.45 0.04 0.02 - 0.02 0.13 0.13 25.8 100.50 88.8 97.7 92.0 0.04 
                     Upslope                     
P2-FO-1.2 B11 Loose matrix  0.5  19.25 26.70 17.55 2.36 0.28 0.47 0.08 0.28 0.08 0.38 31.3 98.77 82.6 69.7 84.8 0.72 
P2-FO-1.1 B11 Nodules 0.5  3.92 44.00 22.70 2.05 0.05 0.07 - 0.05 0.15 0.23 27.6 100.86 89.4 94.5 91.5 0.09 
P2-FO-1 B11 Bauxitic blocks 1.0  2.27 46.30 21.90 1.93 0.03 0.03 - 0.02 0.08 0.2 27.6 100.39 89.9 96.8 92.0 0.05 
P2-FO-2 B12 Massive bauxite  2.5  1.97 50.70 14.25 2.29 0.02 0.01 - 0.03 0.06 0.33 28.9 98.68 90.7 97.1 91.9 0.04 
P2-FO-3.1 B12 Saprolitic bauxite  4.0  2.29 38.10 34.50 1.71 0.08 0.01 - 0.02 0.06 0.34 23.9 101.03 88.0 96.9 92.0 0.06 
P2-FO-3 B12 Massive bauxite  4.5  1.10 43.90 25.10 3.39 0.04 - - 0.01 0.06 0.35 25.6 99.61 89.4 98.4 92.0 0.03 
P2-FO-4 B12 Massive bauxite  6.0  0.73 49.20 20.50 2.17 0.02 - - 0.01 0.05 0.26 27.4 100.39 90.5 99.0 92.3 0.01 
P2-FO-5.1 B12 Saprolitic bauxite  7.5  2.16 35.00 32.80 8.00 0.02 0.64 - 0.01 0.12 0.24 20.9 99.92 87.1 96.9 89.2 0.06 
P2-FO-5 B12 Massive bauxite 8.0  0.79 44.90 25.50 3.39 0.08 - - 0.01 0.06 0.39 25.7 100.89 89.6 98.9 92.2 0.02 
P2-FO-6 B12 Massive bauxite  9.0  1.80 51.50 17.45 2.12 0.02 - - 0.01 0.09 0.16 27.2 100.37 90.8 97.5 92.4 0.03 
P2-FO-7 B12 Massive bauxite  10.0  1.32 51.80 17.45 2.03 0.02 - - 0.01 0.08 0.27 27.6 100.61 90.9 98.1 92.4 0.03 
P2-FO-7.1 B12 Dark brown domains  10.0  1.66 23.90 52.70 1.11 0.01 - - 0.01 0.17 0.54 20.4 100.53 82.2 97.9 91.7 0.07 
P2-FO-8 B13 Bauxitic blocks  11.0  1.59 49.40 20.20 2.58 - - - 0.02 0.07 0.25 27 101.15 90.5 97.8 92.3 0.03 
P2-FO-8.1 B13 Nodules  11.0  5.89 39.10 25.90 2.82 0.07 0.06 - 0.06 0.11 0.41 24.5 98.99 88.2 91.7 91.2 0.15 
                     Hillside                     
P3-FO-1.2 B11 Loose matrix  1.0  19.45 33.60 17.00 2.32 0.10 0.21 0.01 0.19 0.06 0.30 26.3 99.58 86.2 72.2 88.2 0.58 
P3-FO-1.1 B11 Nodules  1.0  4.61 47.60 17.35 1.72 0.03 0.03 - 0.04 0.12 0.21 27.3 99.05 90.1 93.4 91.7 0.10 
P3-FO-1 B11 Bauxitic blocks  1.0  2.99 49.90 17.00 1.81 0.03 0.02 - 0.02 0.24 0.18 28.1 100.35 90.6 95.7 92.0 0.06 
P3-FO-2 B13 Loose matrix  5.0  19.50 35.50 21.90 2.08 0.05 0.03 - 0.06 0.07 0.25 19.7 99.19 87.1 74.6 90.3 0.55 
P3-FO-2.1 B13 Nodules 5.0  3.50 39.70 27.50 5.84 0.03 0.15 - 0.02 0.09 0.23 23.1 100.23 88.4 95.1 91.1 0.09 
P3-FO-3 C Saprolite  10.5  26.40 34.30 17.30 3.33 0.05 0.01 - 0.02 0.08 0.55 16.5 98.79 86.8 66.1 89.7 0.77 
                     Downslope                     
P4-FO-1 B14 Loose fine earth 0.5  19.25 35.70 17.55 2.59 0.07 0.16 - 0.22 0.05 0.21 24.4 100.23 86.8 73.5 89.0 0.54 
P4-FO-2 B15 Massive matrix 1.5  4.29 49.30 16.95 1.87 0.03 0.02 - 0.04 0.08 0.15 26.8 99.56 90.4 93.9 91.9 0.09 
P4-FO-2.1 B15 Coarse massive pebbles 1.7  2.02 53.50 10.65 2.22 0.01 - - 0.02 0.03 0.15 29.6 98.22 89.2 97.0 91.1 0.26 
P4-FO-3 B15 Massive matrix 4.0  14.40 39.30 17.50 2.39 0.07 0.11 - 0.16 0.08 0.24 24.9 99.19 91.1 79.8 92.1 0.04 
P4-FO-4 B15 Massive matrix  5.0  11.25 43.70 18.90 2.71 0.04 0.06 - 0.09 0.07 0.18 23.7 100.74 88.0 84.8 90.0 0.37 
Parent rock   -  59.50 15.50 8.40 0.62 2.85 0.22 4.36 5.08 0.39 0.16 1.59 98.97 46.5 28.7 53.1 3.84 
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Table 3. 

      
     Trace elements (µg/g) 

 Horizon Description Depth (m)  Nb 
 
 

Zr 
 
 

Y 
 
 

Sr 
 
 

Rb 
 
 

Ba 
 
 

Ga 
 
 

Zn 
 
 

Cu 
 
 

Ni 
 
 

Co 
 
 

Cr 
 
 

V 
 
 

As 
 
 

Sc 
 
 

Pb 
 
 

Th 
 
 

Hf 
 
 

U 
 
 

Ta 
 
 Plateau    d.l. 0.2 2 0.5 0.1 0.2 0.5 0.1 2 1 1 1 10 5 0.1 1 2 0.05 0.2 0.05 0.1 

P1-FO-1.2 B11 Loose matrix  0.5  179 1240 28.6 38 17.3 134 65.2 47 19 24 5 220 211 5.1 16 29 35 28 7.7 12 
P1-FO-1.1 B11 Nodules  0.5  211 1450 24.1 24.7 5.6 93.1 67.1 39 9 11 4 240 165 4.6 15 34 39 34 7.4 14 
P1-FO-1 B11 Bauxitic blocks  0.5  223 1640 21.4 21.2 1.3 95.1 65.4 41 5 5 2 200 125 5.2 9 32 36 36 6.4 14 
P1-FO-2 B12 Massive bauxite  2.8  272 1830 29.2 35.8 0.3 302 79.9 63 5 3 5 130 139 1 17 56 37 41 7.5 18 
P1-FO-3 .1 B12 Saprolitic bauxite  3.0  226 1610 25.5 30.8 1.3 113 78.2 78 8 10 6 110 132 3.7 21 30 35 39 7.3 13 
P1-FO-3 B12 Massive bauxite  4.8  292 2020 31.6 34.7 0.4 231 81.6 102 7 4 3 100 92 1.5 24 45 37 45 7.6 19 
P1-FO-4 B12 Massive bauxite  6.0  330 2120 33.8 39.7 0.6 252 87.1 57 6 6 11 100 116 1.4 9 33 39 49 8.2 19 
P1-FO-4. 1 B12 Saprolitic bauxite  6.0  143 1040 15.0 15.7 0.7 130.5 74.2 90 10 5 7 110 80 5.8 22 21 22 25 6.8 8.3 
                         Upslope                         
P2-FO-1.2 B11 Loose matrix  0.5  156 1180 25.5 43.6 17 191 55.2 90 20 24 5 130 154 5.4 21 37 29 25 6.6 10 
P2-FO-1.1 B11 Nodules 0.5  185 1480 18.1 20.3 3.3 221 63.2 122 7 4 3 130 107 6.2 25 56 27 31 6.6 11 
P2-FO-1 B11 Bauxitic blocks 1.0  175 1320 16.2 16.7 1.7 103 57.3 121 5 3 2 110 88 4.6 21 26 24 28 6.2 11 
P2-FO-2 B12 Massive bauxite  2.5  228 1730 35.1 50.9 0.7 939 72.5 108 4 2 3 40 49 2.9 28 51 30 40 8.1 14 
P2-FO-3 .1 B12 Saprolitic bauxite  4.0  157 1140 16.0 16.1 0.8 111 52.2 76 6 7 4 60 73 2.7 16 7 21 27 8.8 9.5 
P2-FO-3 B12 Massive bauxite  4.5  341 2500 47.4 43.5 0.6 482 90.8 87 7 5 4 20 45 2 42 48 43 58 11 22 
P2-FO-4 B12 Massive bauxite  6.0  244 1800 38.2 38.8 0.2 380 71.2 72 5 5 5 10 25 1.9 11 19 28 41 6.4 14 
P2-FO-5. 1 B12 Saprolitic bauxite  7.5  82.8 414 3.1 4.0 1.0 8.4 45 93 15 35 33 270 784 3.5 30 18 9.3 9.5 5.6 5.8 
P2-FO-5 B12 Massive bauxite 8.0  366 2660 53.8 65.8 - 669 104 125 8 7 9 10 20 0.6 19 41 42 63 9.9 21 
P2-FO-6 B12 Massive bauxite  9.0  230 1680 27.4 12.5 - 155 72.3 400 5 6 5 10 26 1.9 13 13 29 40 6.6 13 
P2-FO-7 B12 Massive bauxite  10.0  226 1530 27.8 22.3 - 269 62.2 140 6 7 3 0 17 1.4 15 21 24 36 6.2 12 
P2-FO-7. 1 B12 Dark brown domains  10.0  114 813 14.7 10.4 0.2 293 37.1 81 6 6 7 10 20 2 53 42 14 20 8.4 6.4 
P2-FO-8 B13 Bauxitic blocks  11.0  245 1650 26.0 26 0.6 242 71.2 108 5 10 6 50 57 2.7 13 9 28 40 6.5 14 
P2-FO-8.1 B13 Nodules  11.0  272 1850 42.2 44.1 2.7 518 76.2 207 9 10 8 40 51 5.1 30 23 32 46 7.9 15 
                         Hillside                         
P3-FO-1.2 B11 Loose matrix  1.0  180 1330 31 39.2 13.8 236 66.6 82 21 27 5 140 162 4.5 21 42 34 29 7.7 11 
P3-FO-1.1 B11 Nodules  1.0  179 1350 23.7 31.1 5.8 289 68.9 85 7 8 1 110 107 3.4 15 47 28 30 6 11 
P3-FO-1 B11 Bauxitc blocks  1.0  187 1440 24 38 1.4 521 62.5 104 6 5 - 70 87 5 13 102 28 32 5.6 13 
P3-FO-2 B13 Loose matrix  5.0  193 1500 30.9 35.1 4.5 338 68.3 145 10 12 1 60 81 4.3 34 31 29 31 7.2 12 
P3-FO-2 .1 B13 Nodules 5.0  123 729 11.9 35.3 0.9 103 46.1 35 18 17 11 520 494 4.9 24 17 16 17 5.1 8.1 
P3-FO-3 C Saprolite  10.5  329 2460 73.6 172 1.4 2090 88.6 414 9 15 2 20 51 2.6 34 62 41 54 9.5 20 
                         Downslope                         
P4-FO-1 B14 Loose fine earth 0.5  164 1180 25.7 29.2 13.6 112 58 54 21 28 4 130 180 4.4 23 39 38 30 8.2 12 
P4-FO-2 B15 Massive matrix 1.5  236 1440 26.4 45.4 2.7 127.5 66.8 52 5 7 1 170 96 3 13 38 38 37 7.1 14 
P4-FO-2.1 B15 Coarse massive pebbles 1.7  203 1500 20 15.6 1.2 65.8 65.6 137 4 2 - 90 61 1.4 10 16 35 35 8 13 
P4-FO-3 B15 Massive matrix 4.0  205 1270 31 36.1 10.3 142 65.9 57 13 24 7 150 158 5.1 13 18 26 32 8.5 12 
P4-FO-4 B15 Massive matrix  5.0  227 1530 30.6 38.4 6.6 230 73.5 99 11 18 7 150 148 4.7 12 26 36 33 7.3 12 
Parent rock   -  83 617 46.8 119.5 79.8 2630 29 189 3 - 2 10 - 0.1 16 3 9.5 14 22 4,9 
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Table 4.

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO Na2O K2O MnO P2O5

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



1	

	

Table 5. 

    REE (µg/g) 
Horizon Depth (m)  La 

 
 

Ce 
 
 

Pr 
 
 

Nd 
 
 

Sm 
 
 

Eu 
 
 

Gd 
 
 

Tb 
 
 

Dy 
 
 

Ho 
 
 

Er 
 
 

Tm 
 
 

Yb 
 
 

Lu 
 
 

∑REE ∑LREE ∑HREE  La/Y Ce/Ce* Eu/Eu* (La/Yb)N (Gd/Yb)N 

Plateau     0.5 0.5 0.03 0.1 0.03 0.03 0.05 0.01 0.05 0.01 0.03 0.01 0.03 0.01          d.l. 

P1-FO-1.2 B11 0.5  44.6 207.0 8.4 31.3 6.9 1.3 5.0 0.9 5.6 1.2 3.4 0.5 3.7 0.6 320 304 16  1.56 2.58 0.62 8.1 1.1 
P1-FO-1.1 B11 0.5  42.9 199.0 7.0 24.3 4.4 1.2 4.5 0.8 4.9 1.2 3.1 0.5 3.6 0.6 298 283 15  1.78 2.77 0.80 8.0 1.0 
P1-FO-1 B11 0.5  48.1 242.0 7.2 25.3 4.4 1.1 3.8 0.7 4.5 1.0 2.9 0.5 3.1 0.5 345 332 13  2.25 3.14 0.77 10.5 1.0 
P1-FO-2 B12 2.8  70.9 284.0 11.6 41.7 8.0 1.7 6.5 1.1 6.6 1.4 3.8 0.6 4.3 0.6 443 424 18  2.43 2.39 0.66 11.0 1.2 
P1-FO-3.1 B12 3.0  66.8 148.0 10.4 36.8 6.4 1.3 4.5 0.7 5.5 1.1 3.3 0.5 3.9 0.6 290 274 16  2.62 1.35 0.69 11.4 0.9 
P1-FO-3 B12 4.8  132.0 252.0 16.2 51.3 8.6 1.6 7.3 1.1 6.9 1.5 4.1 0.7 4.7 0.7 489 469 20  4.18 1.31 0.58 18.8 1.3 
P1-FO-4 B12 6.0  97.0 183.0 15.1 52.4 9.5 1.8 6.7 1.0 7.3 1.5 4.7 0.7 4.9 0.8 386 365 21  2.87 1.15 0.64 13.2 1.1 
P1-FO-4.1 B12 6.0  37.6 236.0 6.2 21.1 4.1 0.9 2.9 0.5 3.7 0.7 2.3 0.3 2.5 0.4 319 309 10  2.51 3.72 0.74 10.0 0.9 
Upslope                           
P2-FO-1.2 B11 0.5  64.3 209.0 11.3 37.3 7.3 1.6 5.9 0.9 5.5 1.1 3.2 0.5 3.1 0.5 351 337 15  2.52 1.87 0.68 13.8 1.5 
P2-FO-1.1 B11 0.5  53.3 177.5 7.7 23.8 4.3 0.8 3.6 0.6 3.7 0.9 2.4 0.4 2.6 0.4 282 271 11  2.94 2.11 0.62 13.9 1.1 
P2-FO-1 B11 1.0  49.3 118.0 6.6 20.8 4.0 0.8 3.1 0.5 3.3 0.7 2.4 0.3 2.4 0.4 213 203 10  3.04 1.58 0.62 13.9 1.1 
P2-FO-2 B12 2.5  202.0 296.0 28.8 98.0 16.3 3.1 13.8 1.9 10.3 1.7 4.1 0.5 3.3 0.4 680 658 22  5.75 0.94 0.60 40.6 3.3 
P2-FO-3.1 B12 4.0  50.7 192.0 7.7 25.7 4.5 0.9 3.4 0.5 3.8 0.8 2.4 0.4 2.8 0.5 296 285 11  3.17 2.35 0.65 12.0 1.0 
P2-FO-3 B12 4.5  320.0 320.0 52.3 169.5 26.2 7.9 20.1 2.8 14.8 2.6 6.0 0.8 5.2 0.8 949 916 33  6.75 0.60 0.99 40.8 3.1 
P2-FO-4 B12 6.0  208.0 300.0 37.0 127.5 19.4 5.5 13.1 1.7 10.7 1.9 4.7 0.6 3.8 0.6 734 710 24  5.45 0.82 0.99 36.1 2.7 
P2-FO-5.1 B12 7.5  5.2 33.1 1.2 4.7 1.3 0.3 1.0 0.2 0.9 0.2 0.5 0.1 0.6 0.1 49 47 2  1.68 3.23 0.86 6.3 1.5 
P2-FO-5 B12 8.0  326.0 408.0 61.9 207.0 33.7 9.3 20.0 2.6 16.5 2.8 6.9 0.9 5.5 0.8 1102 1066 36  6.06 0.69 1.03 39.4 2.9 
P2-FO-6 B12 9.0   60.4 579.0 13.5 50.1 8.8 1.4 5.8 0.9 5.9 1.2 3.3 0.5 3.3 0.5 734 719 15  2.20 4.89 0.58 12.2 1.4 
P2-FO-7 B12 10.0  133.5 159.0 26.1 88.7 15.2 3.7 8.4 1.2 7.5 1.3 3.4 0.5 3.1 0.5 452 435 17  4.80 0.65 0.95 28.8 2.2 
P2-FO-7.1 B12 10.0  41.7 94.9 8.2 29.3 5.0 1.3 3.6 0.5 3.6 0.7 2.0 0.3 2.3 0.4 194 184 10  2.84 1.23 0.91 12.2 1.3 
P2-FO-8 B13 11.0  100.5 170.0 15.9 55.5 9.3 2.0 6.4 0.9 6.3 1.2 3.1 0.5 3.4 0.5 375 360 16  3.87 1.03 0.75 19.6 1.5 
P2-FO-8.1 B13 11.0  189.0 250.0 32.9 115.0 17.4 5.0 12.6 1.7 11.4 2.0 4.8 0.7 4.5 0.7 648 622 26  4.48 0.76 0.98 28.1 2.2 
Hillside                           
P3-FO-1.2 B11 1.0  90.7 247.0 16.1 53.2 9.1 2.3 7.0 1.1 6.5 1.3 3.6 0.6 3.3 0.6 442 425 17  2.93 1.56 0.81 18.4 1.7 
P3-FO-1.1 B11 1.0  106.0 222.0 15.3 47.5 7.5 1.7 5.4 0.9 5.1 1.1 2.8 0.5 2.9 0.4 419 405 14  4.47 1.33 0.78 24.1 1.5 
P3-FO-1 B11 1.0  158.5 238.0 19.9 59.8 9.3 2.1 7.6 1.0 6.0 1.3 3.2 0.5 3.4 0.5 511 495 16  6.6 1.02 0.72 30.8 1.8 
P3-FO-2 B13 5.0  116.5 222.0 20.5 67.2 11.3 2.9 7.9 1.2 6.8 1.4 3.4 0.6 3.6 0.6 466 448 17  3.77 1.09 0.89 21.8 1.8 
P3-FO-2.1 B13 5.0  31.1 122.5 6.7 24.8 4.9 1.1 3.3 0.5 3.0 0.6 1.5 0.3 1.7 0.2 202 194 8  2.61 2.05 0.76 12.6 1.6 
P3-FO-3 C 10.5  671.0 578.0 103.0 308.0 44.0 13.4 28.6 4.0 19.6 3.6 8.3 1.0 6.5 0.9 1790 1746 44  9.12 0.53 1.09 68.4 3.5 
Downslope                           
P4-FO-1 B14 0.5  42.3 240.0 7.9 29.2 5.9 1.4 5.0 0.9 5.5 1.2 3.2 0.5 3.6 0.6 347 332 15  1.65 3.16 0.76 7.8 1.1 
P4-FO-2 B15 1.5  136.5 292.0 16.1 48.2 7.0 1.5 5.5 0.9 5.7 1.2 3.3 0.5 3.9 0.6 523 507 16  5.17 1.50 0.68 23.6 1.1 
P4-FO-2.1 B15 1.7  45.9 81.6 8.0 27.7 5.2 0.7 3.9 0.7 3.9 0.9 2.2 0.4 2.3 0.4 184 173 11  1.50 1.03 0.42 13.1 1.3 
P4-FO-3 B15 4.0  60.6 259.0 9.8 34.1 6.3 1.5 4.6 0.8 6.2 1.3 3.9 0.7 4.3 0.7 394 376 18  3.03 2.56 0.78 9.5 0.9 
P4-FO-4 B15 5.0  99.2 262.0 14.6 50.9 8.7 1.8 5.8 0.9 6.5 1.4 3.6 0.5 4.0 0.6 460 443 18  3.2 1.66 0.72 16.4 1.2 
Parent rock  -  84.0 169.0 20.1 78.1 14.5 5.8 12.0 1.8 9.1 1.7 4.7 0.6 4.8 0.6 407 383 23  1.79 0.99 1.28 11.8 2.0 




