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ABSTRACT 

 

In this study, the chemical compositions, intensity of weathering, and paleo climatic conditions 

of the soils around dumpsites at Ibadan, Oyo State, Nigeria were studied. Ten soil samples were 

analyzed using the Laser ablation microprobe inductively coupled plasma- mass spectrometry 

(La ICP-MS) for the trace and rare earth elements and X-ray fluorescence (XRF) methods for 

the major oxides at the Central laboratory of the Stellenbosch University, South Africa. The results 

showed that the chemical compositions indicated a relatively enriched SiO2 (44.56-67.48) Wt. 

%, Al2O3 (13.54-27.70) and Fe2O3 (4.90-11.62) and strongly depleted K2O (0.57-2.45). Low 

concentrations (values less than one) of MgO, MnO and Na2O reflected chemical destruction 

under oxidizing condition during weathering. Al2O3 with Fe2O3 and TiO2 correlated positively 

suggesting their occurrence in clay minerals formed from the weathering of granite. High 

ranges of chemical index of alteration (CIA: 81.47-96.91) and chemical index of weathering 

(CIW: 91.67-99.36) in the study area indicated an intensive weathering of the parent materials. 

Supporting high intensity of weathering are plots of CIA against Al2O3, high range of PIA 

(90.61- 99.32%) and the low contents of CaO, K2O and Na2O. Low concentrations of K2O (K-

feldspar), Na2O (Na-feldspars) and an enriched aluminous clay mineral implied serious 

exposure of the parent rocks to an increased chemical weathering. In the area of provenance, 

the plot of Na2O versus K2O indicated a quartz-rich zone that suggested a mixed source origin 

whereas a plot of TiO2 versus Zr showed samples that plotted in both the felsic and intermediate 

zones, suggesting provenance from more than one source. Reconstructed paleo-climate 

findings based on the climofunctions indicated that during the formation of Ibadan soils, the 

climate was humid and warm. The low ranges of Ca (0.08-1.67) and Mn (0.05-0.2) values 

indicated a warm and humid climate while the average Sr/Cu ratios (1.02) showed a warm 

humid weather during its deposition.  

 

Keywords: Geochemistry, K-Na feldspar, weathering intensity, provenance, paleo-climate.   

 

INTRODUCTION  

 

The study area lies between longitudes 3°49`E and 3°57`E and latitudes 7°20`N and 7°27`N in 

the South-western Nigeria. The topography of Ibadan is generally rugged with undulating 

landforms characterized by ridges, hills and valleys and underlain by crystalline rocks that are 

resistant to mechanical weathering. Ibadan has a mean temperature range of 21.42-26.42°C 

yearly and mean annual rainfall of approximately 1,420 mm. The vegetation is tropical 

rainforest while the drainage is dendritic and characterized with unmodified stream channels 

flowing in the southward and east-west directions. The area is well drained during the rainy season but 

the tributaries dry up during the dry season. The area is usually well drained during the rainy season but 
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the tributaries dry up during the dry season. The main rock types underlying the dumpsite belong to the 

Migmatite-gneiss-quartzite complex (Rahaman, 1976, 1988) consisting of quartz, schist and migmatite 

gneiss, while pegmatite and quartz occur as veins in the major rocks (Figure 1). The geology of the 

area is generally of the basement complex rock and sedimentary rock, with rock types 

consisting of quartzites of metasedimentary series and migmatites complex. Amphibole and 

quartz schist occur in association with migmatite gneiss, granitic gneiss and Pan African Older 

Granite bodies around Ibadan area (Okunlola, et al., 2009). The migmatite gneiss occurs mainly 

as low-lying outcrops while the quartz schist forms ridges. 

 

 
Figure 1: Map showing the geology of study area (present work). 

 

The composition of sediments is affected by several factors such as hydraulic sizing, 

diagenesis, weathering and transportation processes (Taylor and Mclennan 1985). The 

composition also depends on the primary chemical composition of the source rock materials 

and the tectonic setting of the depositional basins (Bhathia and Crook, 1986). 

 

MATERIALS AND METHODS 

Sample Collection  

A map showing the location of the sampling points in the study area is shown in Figure 2. 

Ten (10) soil samples were collected with the aid of a hand auger at a depth of 0-30cm. at 

regular intervals. Each sample was properly immediately sealed to avoid contamination from 

environment and transportation. 
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Figure 2:  Map of Study Area showing the sampling points 

Sample analysis 

The ten soil samples were analyzed using the Laser ablation microprobe inductively coupled 

plasma mass spectrometry (La ICP-MS) for the trace and rare earth elements and X-ray 

fluorescence (XRF) methods for the major oxides (Jackson et al, 1992) at the Central laboratory 

of the Stellenbosch University, South Africa. The ICP-MS instrument is Perkin-Elma Sciex 

ELAN 5100 coupled with a UV (266 µm) laser. The laser was operated with 1 mJ/Pulse energy 

and 4 Hz frequency for carbonates and silicate glass. Spot diameter for these analyses is 30-50 

m. NIST 610 glass was used as a calibration standard for all the samples with 44Ca as an internal 

standard. The analytical precision is 5% at the ppm level. Details of ICP-MS and laser operating 

conditions have been published by Norman et al. (1996) and Norman (1998). The results of the 

chemical compositions of the samples are presented in Table1.  
 

RESULTS AND DISCUSSIONS 

The chemical compositions of the samples under study in Table 1 showed a relatively enriched 

SiO2 (44.56-67.48) Wt. %, Al2O3 (13.54-27.70) and Fe2O3 (4.90-11.62) with low contents of 

TiO2 (0.80-1.23) and strongly depleted K2O (0.57-2.45). The other oxides such as MgO, MnO, 

and Na2O have low concentrations that are less than one (1). The low contents of these oxides 

may be attributed to chemical destruction under oxidizing condition during weathering. The 

ratio of SiO2/Al2O3 (1.65-4.98) shows lows silica to alumina content. K2O/AL2O3 ratio is low 

(0.02-0.18), an indication of low K-bearing mineral contents in relation to alumina. The low 

chemical ratios of Na2O/K2O in the samples may be as a result of high degree of weathering of 

Na2O rich (plagioclase) rock either at the source and/or in transit to the depositional basin 

(Obasi et al. 2019). 
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Table 1: Major oxide geochemical composition and some ratios of dumpsite soil samples 
Oxides    D1 D2 D3 D4  D5 D6 D7 D8 D9 D10   

SiO2  60.18 67.48 56.43 63.43 44.56 47.47 63.92 49.74 45.38 52.62 

Al2O3  16.73 13.54 24.00 18.85 27.70 26.49 16.93 25.42 27.56 25.49 

Fe2O3  6.98 5.06 4.90 5.86 11.62 9.99 7.66 9.98 11.56 7.45 

CaO  1.37 0.43 0.31 0.18 0.15 0.08 0.13 0.13 0.15 0.23 

K2O  2.07 2.40 2.45 1.87 1.20 1.72 2.08 1.18 0.57 1.35 

MgO  0.27 0.32 0.22 0.26 0.35 0.81 1.11 0.40 0.05 0.30 

Mno  0.11 0.20 0.05 0.17 0.13 0.11 0.05 0.10 0.05 0.11 

Na2O  0.15 0.25 0.15 0.10 0.14 0.09 0.09 0.06 0.16 0.08 

P2O5  0.21 0.14 0.07 0.09 0.07 0.07 0.08 0.09 0.08 0.09 

TiO2  0.80 0.79 0.78 0.97 1.21 1.19 1.09 1.23 1.11 1.01 

SiO2/AL2O3 3.59 4.98 2.35 3.36 1.61 1.79 3.78 1.96 1.65 2.06 

K2O/AL2O3 0.12 0.18 0.10 0.10 0.04 0.06 0.12 0.05 0.02 0.05 

Na2O/K2O 0.07 0.10 0.06 0.05 0.12 0.05 0.04 0.05 0.28 0.06 

PIA                    90.61    94.25    97.91 98.38 98.92 99.32 98.54 99.22 98.90 98.73 

CIA                    82.33 81.47    89.19    89.76    94.90     93.34    88.04    94.89    96.91    93.89  

CIW                   91.67    95.22    98.12    98.54    98.96     99.36    98.72    99.26    98.89    98.80 

MIA                   64.67    62.94    78.37    79.52    89.79     86.68    76.08    89.77    93.81    87.70 

Figure 3 shows that Al2O3 correlates positively with TiO2 indicating that TiO2 is an essential 

major constituent of illitic clay mineral. The positive correlation between Al2O3 and Fe2O3 

shows their occurrence in clay minerals resulting from weathering of the parent rock. However, 

Al2O3 and Fe2O3 showed negative corrections with SiO2.  This negative trend between Al2O3 

and SiO2 implies that the major element composition of the samples is controlled majorly by 

the relative amount of quartz and aluminum clay minerals. The positive linear trend correlation 

between Al2O3 with Fe2O3 and TiO2 suggest that they occur in clay minerals formed from the 

weathering of granite.    
 

Weathering intensity 

Nesbitt and Young (1982) and Harnois, (1988) evaluated the degree of chemical 

weathering/alteration of sediment source rocks and suggested that it can be determined by 

calculating the chemical index of alteration (CIA) in molar values is (Al2O3 

/[Al2O3+CaO+Na2+K2O]) x 100. As the intensity of weathering increases so will Ca, Na and K 

decrease and work well in the index. 

 
Figure 3: Cross-plots of major oxides against SiO2 and Al2O3 showing the correlations 
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As the intensity of weathering increases so will Ca, Na and K decrease and work well in the 

index. McLennan, 1993 suggested the use of chemical index of weathering (CIW) which is very 

similar to the CIA except that it has no K2O in the equation. The CIW = molar (Al2O3 

/[Al2O3+CaO+Na2O]) x 100. The CIA and CIW have the same interpretation such that values 

of 50 are taken for unweathered upper continental crust while roughly 100 is taken for highly 

weathered materials with complete removal of alkali and alkaline-earth elements as proposed 

by Mclennan et al.1983; Mclennan 1993; Fedo et al.1995; Mongelli et al.1996. When CIAs are 

low with 50 or less values, they imply cool and / or arid conditions (Potter et al.1980). The 

ranges of CIA and CIW of the study area are 81.47-96.91 and 91.67-99.36 respectively 

indicating an intensive weathering of the parent materials. The intensity of chemical weathering 

can also be assessed by using the plagioclase index of alteration (PIA) given in molar proportion 

as PIA= (Al2O3- K2O) /[Al2O3+CaO+ Na2O-K2O]) x 100 where CaO* is the CaO residing in 

the silicate fraction (Mclennan et al.1990;Fedo et al. 1995).  

 

Figure 4 shows a plot of CIA against Al2O3 indicating a high intensity of weathering in the study 

area. The PIA in this study area ranges between 90.61 and 99.32% indicating high degree of 

weathering. The high value of PIA indicated that the plagioclase in the parent rock displayed 

high weathering condition that resulted in low CaO, K2O and Na2O contents. The relatively low 

concentrations of K2O (K-feldspar) and Na2O (Na-feldspars) imply that the parent rocks have 

been exposed to weathering. The increase in the chemical weathering eventually leads to a 

depletion of the plagioclase in the parent rocks and enriched in aluminous clay minerals (Bauluz 

et al.2000).  

 

A plot of K2O against Al2O3 in Figure 5 indicates vividly the clay minerals, Illite and muscovite 

that are susceptible to chemical weathering. This assertion played out in the increased value of 

Al2O3 (13.54-27.70) in contrast to CaO (0.43-1.37). The mineralogical index of alteration (MIA) 

is another weathering parameter proposed by (Voicu et al. (1997) and which is calculated as: 

MIA= 2*(MIA -50). When the MIA values are between 0 and 20 % it is assumed the weathering 

is just starting; 20-40 % (weak); 40-60 % (moderate), and 60-100 % intense to extreme degree 

of weathering. 

 

 
Figure 4:  Plot of CIA against Al2O3 (Nesbitt and Young, 1982) 
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Figure 5: A plot of K2O against Al2O (Cox et al., 1995).   

The extreme value of 100% indicates complete weathering of the primary materials. The values 

of MIA in the study area varies from 62.94 to 93.81 % indicating that the source materials have 

been subjected to an intensive weathering thus affirming to the earlier results of CIW, CIA and 

PIA that indicated an intensive weathering of the parent materials. Table 2 is the data for trace 

and rare earth elements of the dumpsite soil from Ibadan, some ratios and paleoclimate indices. 

The ratio of SiO2 /Al2O3 in the study area is low (1.61-4.98) indicating that the samples have 

high degree of clay contents. Kaolinite clays are non-expansive and they are characterized by 

hot wet climate. Clay assemblages resulting from weathering reflect the pedoclimatic 

conditions of temperature, rainfall, vegetation, composition of the parent rock being weathered 

and the length of time of weathering occurrence. It is also known that the degree of weathering 

increases with temperature and exposure time to water and other agents of weathering. Table 

1 shows that the highly mobile elements Na, K, Mg and Ca are depleted due to their leaching 

during the formation of clay minerals during increased chemical weathering.  

 

Table 2:  Some trace and rare earth element ratios and paleoclimate indices of the dumpsite 

soil from Ibadan.   
Elements       D1             D2        D3        D4        D5         D6       D7         D8        D9 D10   

Ba/Sr        6.35 8.16 6.60 6.99 6.00 7.92 9.61 7.52 3.36 6.60  

Th/Co        1.57 1.18 2.06 2.59 0.53 1.17 2.03 1.19 2.24 1.52 

La/Sc           6.57            3.91      6.55        8.61      1.64      2.52     3.99      3.09       2.64     4.37          

Rb/Sr         1.28 1.61 2.21 1.99 3.44 4.91 6.22 3.7 0.87 2.93 

Sr/Cu        0.11 3.64 0.86 1.82 0.67 0.79 0.51 0.76 0.76 0.28 

C-value      1.81          1.52     1.56 2.45 6.30 3.70 2.24 5.61 12.35 3.78 

 

Potter (1978) stated in the case of mineralogical maturity that low ratio of SiO2/Al2O3 

represents chemically immature samples. SiO2 (quartz) contents in the soil is used in reference 

to the increasing sediment maturity since quartz survives preferentially to feldspar, mafic 

minerals and lithics (Roser and Korsch, 1986). The ratio of K2O/ Na2O in the study area ranges 

from 0.02 to 0.18. Low values of SiO2/ Al2O3   ratios and low values of   K2O/Na2O together 

indicate mineralogically immature sediment showing that the samples under study are 

immature. The A-CN-K ternary diagram (fig. 6) indicated the clustering of the samples at the 

A end suggesting high contents of aluminous clay minerals and intensive chemical weathering 

and transportation of the weathered materials. The samples plotted in the kaolinite, gibbsite 

and chlorite zone an indication of the weathered products or alteration of aluminosilicate 

minerals. Gibbsite is a kandite clay with a structure similar to kaolinite.  

The molar proportions of Al2O3 (A), CaO + Na2O + K2O (CNK) and FeOtot + MgO (FM) is 

shown in Figure 7; the diagram shows virtually all of the samples close to the A–FM line 
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towards the A apex, implying that there is Al enrichment and alteration of feldspars. Figure 8 

shows the “kaolinisation” of the Ibadan soil samples; they are in the kaolinic and kaolinite area 

of the diagram, which indicates that the samples are altered to kaolinic degree. Figure 9 also 

shows that weathering was intense with all the samples plotting towards the SiO2 area, which 

may also suggest leaching of some elements.   

 

Kaolinite is associated with tropical soils, particularly on stable cratonic areas. This is because 

the intensity of weathering to form kaolinite from granite rock is greater than for other clays. 

Kaolinite formed through transformation reaction is less common but the existence of 

kaolinite interstratified with other clays suggests that these reactions can occur. Soil-formed 

kaolinite differs from diagenetic kaolinite in having some Fe substitution for Al, being less well 

ordered, and having a smaller particle size. Commercial deposits of kaolinite (china clay) have 

formed through metasomatic alteration of granite instead of through weathering. 
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Figure 6: Ternary diagram showing the weathering trend of soil (Al2O3-Cao+Na2O-K2O) (A- 

CN-K) (fields from Gu et al., (2002). 
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Figure 7: A–CNK–FM (Al2O3—CaO+Na2+K2O—Fe2O3+MgO) Ternary diagram of the bulk 

chemical composition of the Ibadan soils (after Nesbitt and Young, 1989). 

Fe2O3

SiO2Al2O3

Kaolinitic

Ba 

Fe

Kaolinite

 
Figure 8:  F–A–S (Fe2O3, Al2O3, SiO2) ternary diagram, Ba = bauxitic, Fe = ferritic, Ka = 

kaolinite (after Schellmann, 1983). 
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Figure 9:  Extent of lateritization and weathering trend of soil samples from Ibadan (Modified 

after Schellmann, 1986). 

Provenance 

Geochemical data and their applications are important for provenance studies (Taylor and 

McLennan, 1985; Condie et al., 1992; Cullers, 1995). Major elements provide information on 

both the rock composition of the provenance and the effects of sedimentary processes, such as 

weathering and sorting (McLennan et al., 1993). Figure 10A, 10B and 10C are protolith 

discrimination diagrams utilised for the samples under investigation. Most of the samples 

appeared in the sedimentary/metasedimentary zone. Amphibole and quartz schist occur in 

association with migmatite gneiss, granitic gneiss and Pan African Older Granite bodies around 

Ibadan area (Okunlola, et al., 2009). The sedimentary/metasedimentary progenitor may be 

ascribed to these rocks. Also, the sedimentary signature may as a result of a second cycle of 

erosion and deposition of sediments from first cycle sediments from weathered basement rocks. 
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Figure 10A: TiO2 – SiO2 protolith discrimination diagram (After Tarney, 1977). B: K2O/Al2O3 and 

Na2O/Al2O3 (after Garrels and Mackenzie, 1971). C: Na2O+ K2O versus 100 x K2O/ Na2O+ K2O 

(after Honkamo, 1987). 

Figure 11 shows that most of the samples plotted close to the granite area and towards the silica 

region, thus suggesting derivation from felsic sources. The plot of Na2O versus K2O of Figure 

12 shows that most of the samples plotted in the quartz-rich zone suggesting a mixed source 

origin. 

 

 
Figure 11:  Plot of Na2O + K2O, SiO2/10 and CaO + MgO to illustrate possible affinities of the 

samples to felsic, mafic or ultramafic rocks (after Taylor and McLennan, 1985). 
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Figure 12: A bivariate plot of Na2O versus K2O showing quartz contents, after Crook (1974).   

 

Zircon concentration can be applied to typify the nature and composition of source rocks and 

the TiO2/Zr ratios could be used to classify source rocks as either felsic; intermediate or mafic 

(Hayashi, et al. (1997). The TiO2 versus Zr plot in Figure 13 indicated that the samples analysed 

plotted in both the felsic and intermediate zones, suggesting provenance from more than one 

source. In figure 14 all the samples plotted in the silicic area indicating that the samples are 

rich in silica, which also suggests a felsic source rock. A plot of K2O against Rb in Figure 15 

indicated that the studied samples are of acid/intermediate composition and they point to a 

source rich in felsic minerals. 

 

  
Figure 13: TiO2-Zr plot for the sediments (Hayashi et al., 1997). 
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Figure 14:  Th/Co versus La/Sc diagram for the samples of Nanka sandstone (Fields after Cullers, 

2000). 

 

 
Figure 15:  K2O vs. Rb plot. Fields after Floyd and Leveridge (1987). 

 

Paleoclimate 

The degree of chemical weathering in soils increases with mean annual precipitation and mean 

annual temperature (Kovács et al., 2013). Using a database of major element of modern soils 

from Marbut (1935), Sheldon et al. (2002) developed expressions to deduce palaeo-

precipitation and palaeo-temperature. Mean annual precipitation (MAP) can be connected to 

the chemical index of alteration without potassium (CIA–K) and is calibrated for precipitation 

values between 200 and 1600 mm/year (Sheldon et al. (2002): 

                          MAP (mm/year) = 14.265(CIA-K) – 37.632                                                        

(1) 

where CIA–K = 100 × [Al2O3/(Al2O3 + CaO + Na2O)]. Results obtained with this method are 

consistent with unconnected assessments from other proxies, such as plant fossils (Sheldon & 

Retallack, 2004). Kovács et al (2013) said that a climofunction by Sheldon (2006) applied to 

inceptisols allows mean annual temperature (MAT) to be calculated using the expression: 

                          MAT (°C) = 46.94C + 3.99                                                                                 

(2) 

where C = mAl/mSi (m is the molar ratio). 

The results of the palaeo-precipitation and palaeo-temperature are shown in the Table 3.  
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Table 3: Paleoclimate data of the Ibadan soil samples. 

Functions D1 D2 D3 D4  D5 D6 D7 D8 D9 D10  Average 

MAP 

(mm/year) 

1275 1354 1366 1393 1384 1395 1398 1400 1386 1388 1374 

MAT (°C)  12.7 10.3 17.3 13.3 23.5 21.5 12.3 20.0 23.0 19.2 17 
MAP, after Sheldon et al. (2002), MAT, after Sheldon (2006). 

 

The MAP results obtained from Equation 1 range between 1275 and 1400 ± 182 mm/year and 

an average of 1374 mm/year. The MAT values from Equation 2 ranged from 10.3 to 25.5 °C, 

with an average of 17 °C. Reconstructed paleoclimate findings based on the climofunctions 

(Table 3) indicate that during the formation of Ibadan soils, the climate was humid and warm. 

Figure 16 shows that there is correlation between MAT, MAP and CIA, suggesting that both 

parameters were important factors in the formation of the soil under investigation; hydrolysis 

appears to have greatly influenced the weathering process. We must take into consideration the 

impact of other effects (e.g., tectonic rejuvenation and the role of surface uplift) on the 

mineralogy and the CIA values (Kuhlemann et al., 2008; Varga et al., 2011). 

 

Figures 17 and 18 are graphical paleoclimate discriminant plots based on the C-value parameter 

that some researchers (e.g. Zhao et al., 2007; Fu et al., 2016; Wang et al., 2017; Vd’ačný et al., 

2019) have used as a proxy for climate changes. The C-value for the soil samples range between 

0.41 and 3.57 with an average of 1.15. It can be deduced on the average that the paleoclimatic 

condition was humid. When rainfall exceeds evaporation, the ion concentrations of Ca and Mn 

are low enough for the elements to be deposited in low amounts, denoting a warm and humid 

climate, while high concentrations of Ca and Mn indicates a hot and arid climate (Cao et al., 

2015). The Ca and Mn values of the soil samples are low (between 0.08-1.67 and 0.05-0.2 

respectively), indicating a warm and humid climate.  

 

The Rb/Sr ratio is a coefficient based on the differences in the resistance to weathering of micas 

and potassium feldspars, with which Rb is associated, and carbonates, with which Sr is 

associated (Gallagher and Sheldon, 2013). The Sr/Cu ratio has been applied to paleoclimatic 

analyses (Meng et al., 2012; Jia et al., 2013; Hu et al., 2017). Low Sr/Cu ratios indicate a warm 

humid climate, while high Sr/Cu ratios indicate a hot climate (Jia et al., 2013). Sr/Cu ratios 

between 1.3 and 5.0 denotes a warm humid climate, while Sr/Cu ratio >5.0 suggests a hot arid 

climate (Lerman, 1978). The Sr/Cu ratios of the soil samples range from 0.11 to 3.64 (average 

= 1.02) indicating that the weather was warm and humid during its deposition. According to 

Lerman, et al (1995), sediments with high Rb/Sr and low Sr/Cu ratios typifies warm and humid 

climatic conditions, while low Rb/Sr and high Sr/Cu ratios suggests hot, arid and low 

weathering rate climatic conditions. Data from the soils studied indicate high Rb/Sr (0.87-6.22) 

and low Sr/Cu (0.11-3.64) ratios, implying warm and humid climate with high weathering rate. 

The Ba/Sr ratio characterizes hydrothermal conditions of sedimentation, including, in 

particular, the leaching process (Sheldon, and Tabor, 2009; Sheldon et al., 2002). Ba is 

associated with potassium feldspars and is removed from the soil weaker than Sr associated 

with carbonates (Alekseev et al., 2019). In their work, Alekseev et al (2019) stated that the 

maximum Ba/Sr values (6.71 to 7.34) are characteristic of soils developed under relatively 

humid conditions. The Ba/Sr ratios for the soils analysed ranged between 3.36 and 9.61 

(average = 6.91; maximum values from 6.99 to 9.61), which suggests a humid climatic 

condition  
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Figure 16:  Relationship between mean annual temperature (MAT) and mean annual 

precipitation (MAP) of the studied soils. 
 

 
Figure 17: The C-value (Σ(Fe+Mn+Cr+Ni+V+Co)/Σ(Ca+Mg+Sr+Ba+K+Na)) of the soil samples, 

reflecting paleoclimate. The discriminating criteria are after Cao et al. (2012) from Hu, et al. 2016). 

 
Figure 18: C-value (Σ(Fe + Mn + Cr + Ni + V + Co)/Σ(Ca + Mg + Sr + Ba + K + Na)) reflecting 

paleoclimate (modified by Liang et al., 2020 from Zhao et al., 2007). 
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CONCLUSION 

 

The geochemistry, intensity of weathering, and paleo climatic conditions of the soils around 

the dumpsites at Ibadan, Oyo State, Nigeria were studied. The chemical compositions of the 

samples showed a relatively enriched SiO2 (44.56-67.48) Wt. %, Al2O3 (13.54-27.70) and 

Fe2O3 (4.90-11.62) and strongly depleted K2O (0.57-2.45). The oxides MgO, MnO, and Na2O 

have low concentrations that are less than one (1). The low contents of these oxides are 

attributed to chemical destruction under oxidizing condition during weathering.  

 

The positive correlation between Al2O3 and TiO2 indicated that TiO2 is an essential major 

constituent of illitic clay mineral. The positive correlation between Al2O3 and Fe2O3 shows 

their occurrence in clay minerals resulting from weathering of the parent rock. The positive 

linear trend correlation between Al2O3 with Fe2O3 and TiO2 suggest that they occur in clay 

minerals formed from the weathering of granite. The ranges of CIA (81.47-96.91) and CIW 

(91.67-99.36) are high in the study area an indication of an intensive weathering of the parent 

materials. Other evidences in support of high intensity of weathering in the study area are 

derived from a plot of CIA against Al2O3, high range of PIA (90.61- 99.32%) and the resulting 

low contents of CaO, K2O and Na2O. The relatively low concentrations of K2O (K-feldspar), 

Na2O (Na-feldspars) and an enriched aluminous clay mineral implied that the parent rocks have 

been exposed to an increased chemical weathering. In the area of provenance, the plot of Na2O 

versus K2O indicated a quartz-rich zone suggesting a mixed source origin whereas the TiO2 

versus Zr plot showed that the samples plotted in both the felsic and intermediate zones, 

suggesting provenance from more than one source. A plot of K2O against Rb indicated that the 

studied samples are of acid/intermediate composition and they point to a source rich in felsic 

minerals. Reconstructed palaeoclimate findings based on the climofunctions indicated that 

during the formation of Ibadan soils, the climate was humid and warm. The Ca and Mn values 

of the soil samples are low (between 0.08-1.67 and 0.05-0.2 respectively), indicating a warm 

and humid climate. The Sr/Cu ratios of the soil samples range from 0.11 to 3.64 (average = 

1.02) indicating that the weather was warm humid during its deposition. Data from the soils 

studied indicate high Rb/Sr (0.87-6.22) and low Sr/Cu (0.11-3.64) ratios, implying warm and 

humid climate with high weathering rate; the high average Ba/Sr ratio ≈ 7 also suggests a humid 

climatic condition. 
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