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ABSTRCT:  The Ajali Sandstone, South-western, Anambra Basin, was studied for Rare Earth Elements (REEs), using 
a Phillips 45 channel Inductively Coupled Plasma (ICP) Emission Spectrometer. The standard deviation of the REEs (Dy, 
Er, Eu, Y, Yb, La and Nd) averages 3.5 mg/L, 0.34 mg/L, 0.32 mg/L, 3.93 mg/L, 1.96 mg/L, 4.02 mg/L and 2.24 mg/L 
respectively for each of the sampled locations. The REEs concentrations showed both positive and negative concentration 
anomalies. The enrichment or depletion of the REEs is generally attributed to their tendency to be incorporated into 
plagioclase preferentially over other minerals. The Ajali Formation is predominantly sand/sandstone, with clay occurring 
only as intercalations/thin beds of clay drapes with the increasing particle size of the sand grains, makes the rate of 
adsorption and distribution of REEs in the soil low, and explains the low values of REEs concentration. Soil organic 
matter (SOC) plays an important role in the adsorption and migration of REEs in the Ecosystems. The SOC is linearly 
associated with REEs Concentration as it increases with increasing content of SOC. The Ajali Sandstone studied falls in 
the vicinity of abandoned cropland to cropland in a lower/gentle slope region, correspondingly low in soil organic matter 
content and as such slow rate of distribution and migration of REEs concentrations in the Ajali Sandstone. The 
sesquioxides such as Fe oxides increases as REEs contents increases. The 0.46 mean value of Fe2O3 in the Sandstone of 
the area studied implies a low REEs adsorption rate and subsequently the very low REEs concentrations of the soils. The 
distribution of REEs within the Ajali Formation soils were grossly affected by the factors that influenced the adsorption 
and migration rate of the minerals during magmatic fractionation process, hence the low REEs concentration of the 
Sediments. 
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Rare earth elements (REEs) include a series of 
lanthanide elements, and they have similar electronic 
structures and chemical properties. Two to three 
groups of REEs are generally distinguished into light 
rare earth elements (LREEs), heavy rare earth 
elements (HREEs), and sometimes middle rare earth 
elements (MREEs) based on their atomic mass and 
effective ion radius (Henderson, 1984; Laveuf and 
Cornu, 2009). REEs generally occur as trivalent ions, 
Ce can be also in tetravalent state, and Eu is in divalent 
state. REEs are widely used to investigate soil 
environmental change and weathering processes, and 
they are the powerful indicators of geochemical 
processes and soil development, (Mao, et al., 2009; 
Taylor and McLennan, 1985). The REE’s from La to 
Lu (Z = 57-71) have been the basis of many 
geochemical studies. Most of these have considered 
hard rock problems but several studies have also been 
carried out on sediments and sedimentary rocks. 
Sedimentary deposits often seem to have REE 
distribution reflecting the different source rocks, 
sedimentary processes and grain size variation (Dyprik 
and Brunfelt, 1976; Dyprik and Brunfelt, 1979 and 

Haskin, et al., 1966). Goldschmidt (1954) suggested 
that during the processes of weathering soil formation 
and sedimentation, all REEs are concentrated in the 
hydrolysate minerals (clays, and shale components, 
bauxite minerals and oxidates of iron and manganese). 
It is generally considered that weathering and erosion 
results in only minor amounts of REE going into 
solution for only a few percent of the REE entering the 
ocean are dissolved (Fleet, 1984; Fleet et al., 1976; 
Martin et al., 1976). The bulk of the REE is eroded 
material is contained in clays and Roaldset and 
Rosengvist (1979) believe that much of the REE hold 
on loosely in the clays and are therefore available to 
take part in exchange reactions. Haskin et al., (1966) 
have indicated that sandstones have lower REE 
contents than shale. However if detrital apatite and 
zircon are present in abundance in the sandstone, the 
REEs may be a typically enriched. The overwhelming 
concentrations of the REE in the detrital fraction of 
transported material rather than the dissolved portion 
suggest that the REE pass from weathering to 
deposition almost exclusive without taking part 
enroute in any significant chemical processes (Fleet, 
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1984). This low solubility coupled with the very 
similar chemical properties of the REE and their 
resistance to fractionation in supercrustal environment 
(Nance and Taylor, 1977) has resulted in the use of the 
REE distribution patterns to identify parental materials 
of supercrustally altered rocks and sediments (Nance 
and Taylor, 1977; Taylor and Hallberg, 1977 and 
Willerman and Condie, 1973).  
 
However mobilization and fractionation of the REE 
can occur during surface alteration of rocks 
(Balashove et al., 1964; Willerman and Haskin, 1973). 

In humid tropical environment, chemical 
decomposition plays an important role in weathering 
and diagenetic processes, which affect redistribution 
of REE in the elastic sediments (Runov et al., 1967). 
 
Location of Study Area: The study area and its 
environs are situated in Fugar, Ayogwuiri, Auchi and 
Uzebba all enclosed within the Ajali Formation. The 
area is highly accessible with major and minor roads, 
together with other adjoining roots. The location map 
(figure 1) was generated using the GPS coordinates 
obtained from the field studies.  

 

 
                                       Fig. 1: Location map of study Area 
Sample collection: A total of 51 samples were 
collected at an interval of 0.6m in 5 different locations 
(Fugar, Fugar II, Ayogwuiri, Auchi and Uzebba) in the 
South West, Ajali Formation, Anambra Basin. 10 
samples were analyzed for Rare Earth Elements 
(REE). 
 
Sample Treatment: Microwave assisted digestion. A 
mixture of 1.0 g of honey, 2.0 mL of concentrated 
HNO3, 2.0 mL of 30% v/v H2O2, with 0.5 ml of yttrium 
(100.0 mg L-1) as internal standard was submitted to a 
heating program in a closed microwave oven 
(Provecto Analitica – DGT 100; Campinas, Brazil) 
following the steps: 1 min at 320 W, 2 min at 0 W, 5 
min at 320 W, 5 min at 520 W and 5 min at 740 W. 
The resulting solution was diluted with deionized 
water to 25.0 ml in a volumetric flask before to be 
analyzed by ICP OES. 
 
Sample Analysis: The samples were analysed for REE 
using a Phillips 45 channel Inductively Coupled 
Plasma (ICP) Emission Spectrometer by method 
described in Wash et al., (1981). All reagents used in 

the experiments were of analytical grade. Deionised 
water (18.2 MW cm) obtained from a Milli-Q water 
system (Bedford, MA, USA) was used throughout. 
Stock solutions of all evaluated species were prepared 
with concentrations of 1000 mg L-1 in 2% v/v HNO3, 
except for K, which was directly diluted in the 
multielementar standard solution.  
 
Analytical calibration curves were prepared with 
Yttrium, as an internal standard, was used at a 
concentration of 2 mg L-1. Only a total of 7 (Dy, Er, 
Eu, Y, Yb, La, Nd) REEs were determined. 
 

RESULTS AND DISCUSSION 
The results of the geochemical analyses of the REEs 
are sequentially presented.  
 
Table 1, shows the standard deviation of the REEs 
(Dy, Er, Eu, Y, Yb, La and Nd) averages 3.5 mg/L, 
0.34 mg/L, 0.32 mg/L, 3.93 mg/L, 1.96 mg/L, 4.02 
mg/L and 2.24 mg/L respectively for each of the 
sampled locations (at Fugar, Fugar II, Ayogwuiri, 
Auchi and Uzebba).  
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Table 1: Mean Standard deviation of Rare Earth Elements. 
 Sample 
ID 

Analyte 

 Mean standard deviation  in (mg/L) 
 Dy Er Eu Y Yb La Nd 
FG6  2.00 0.20 0.45 3.40 1.90 4.25 12.50 
FG15   1.50 0.40 0.45 4.00 2.00 4.00 1.10 
FGB6  7.00 0.30 0.10 4.50 2.50 4.50 1.00 
FGB11   2.50 0.30 0.25 3.80 1.80 3.80 1.30 
AY1 1.50 0.70 0.30 3.50 1.75 3.50 1.25 
AY7 6.50 0.20 0.30 4.15 1.65 4.15 1.15 
AU6 3.00 0.40 0.25 4.40 2.20 4.40 0.75 
AU7 3.00 0.10 0.30 4.00 2.25 4.00 1.20 
UZ2   1.00 0.50 0.45 4.10 2.10 4.10 1.60 
UZ5 3.50 0.30 0.30 3.45 1.45 3.45 0.90 

Key: Dy – Dysprosium;  Er – Erbium;  Eu – Europium; Y – 
Yttrium; Yb – Ytterbium; La – Lantanum;  Nd - Neodynium 

 
Figures 2-6 displays a positive concentration anomaly 
for Dysprosium (Dy), Yttrium (Y) and Latunium (La) 
and a negative concentration anomaly for Erbium (Er), 
Europium (Eu) and Ytterbium (Yb).  
 
The enrichment or depletion of the REEs is generally 
attributed to their tendency to be incorporated into 
plagioclase preferentially over other minerals. If 
magma crystallises stable plagioclase, most of the Dy, 
Y, and La will be incorporated into the mineral, 
causing a higher than expected concentration, with 
respect to the other REE in that mineral.  
 

 
Fig. 2. REE concentrations of Ajali Sandstone at Fugar 

 

The rest of the magma will then be depleted with the 
concentration of Eu, Er and Yb been lower than 
expected with respect to the other REEs in the magma 
(negative concentration anomally).  
 
This explain the extremely low concentrations of Eu, 
Er, and Yb and the fairly high to high concentrations 
of Dy, Y, La as seen in the REE concentration plots 
(Figure 2-6).  

 
 

Fig. 3. REE concentration of Ajali Sandstone at Fugar II 
 

 
Fig. 4. REE Concentration of Ajali Sandstone at Ayogwuiri 

 

Furthermore, this REE concentration anomaly is an 
indication of the provenance of the Ajali Sandstone in 
the area studied is likely sourced from a mafic-igneous 
source. Also, the formation of similar patterns of REEs 
concentration anomalies indicates that the Sandstone 
is mature, well mixed and most probably from a 
similar/common paleo - depositional environment. 
This finding corroborates with the findings of Imasuen 
and Imeokparia, (1992) and also in a related study on 
the Maturity of sediments and Ancient environment of 
deposition by Ilevbare and Imasuen, (2020); Ilevbare 
and Omodolor, (2020) respectively, the Ajali 
Sandstone in the study locality was reported as 
matured, moderate to well sort and from a fluvial paleo 
- environment of deposition. One main factor that 
influences REEs distributions in soils is clay minerals, 
which can adsorb the REEs (Laveuf and Cornu, 2009).  
Generally, REEs content increase with decreasing 
particle size and with increasing proportion of clay 
content (Rao et al., (2011); Kimoto et al., (2006). 
Ilevbare and Imasuen, (2020) ; Ilevbare and 
Omodolor, (2020) from their study revealed that the 
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textural parameters show that the Ajali Sandstone are 
medium sand, poorly to moderately sorted, coarse to 
strongly coarse skewed with mesokurtic to leptokurtic 
grains shows a coarsening upward sequence, with 
dispersed intercalations of clay, been predominately 
sand/sandstone. 
 

 
Fig. 5. REE Concentration of Ajali Sandstone at Auchi 

 

 
Fig 6. REE Concentration of Ajali Sandstone at Uzebba 

 
The little or no clay within the Ajali Sandstone 
together with the increasing particle size of the grains, 
explains why the REEs of the Formation are very low, 
which is consistent with the already established trend 
by Rao et al., (2011) ; Kimoto et al., (2006). Soil 
organic matter (SOC) plays an important role in the 
adsorption and migration of REEs in ecosystems. The 
SOC contents in topsoil tends to decrease in the 
following order: secondary forest > shrub land > 
grassland > abandoned cropland > cropland, and SOC 
content decreases as the decreasing slope positions as 
follows: upper slope > middle slope >lower slope. The 
SOC contents were the highest in secondary forest 
soils, because the surface soils were covered by plant 

residues such as leaves and branches, and the original 
soil contains substantial humus, plant roots, and 
debris, (Wu, et al., 2001; Tang et al., 2003). 
 
The SOC was positively and linearly associated with 
REEs Concentration as it increases with increasing 
content of SOC and vis-versa (Zhang, et al., 2019). 
The Ajali Sandstone studied falls in the vicinity of 
abandoned cropland to cropland in a lower/gentle 
slope region, which from the findings of (Zhang, et al., 
2019), should be very low in soil organic matter 
content and as such correspondingly low REEs 
concentrations as evident from the results of table 1. 
This implies that, the SOC played a significant role in 
controlling REEs distribution within the Ajali 
Formation.  
 
Another important factor influencing REEs 
distributions is the adsorption of REEs onto 
sesquioxides such as Fe oxides. Mihajlovic et al., 
(2018), reported that REEs contents increases with 
increasing Fe oxide content (and vis-versa) and 
decreases with surface soils in this order: lower slope 
> middle slope >upper slope. Ilevbare and Imasuen, 
(2020), in a related study on the Ajali Sandstone, 
showed that the mean value of Fe2O3 from their table 
of weathering indices to be 0.46, which is extremely 
low, hence, low REEs adsorption rate and 
subsequently the very low Concentrations of the REEs 
within the Ajali Formation.  
   
Conclusion: This study demonstrates the distribution 
and influencing factors of REEs in the Ajali 
Formation, SW, Anambra Basin. The REE 
concentration anomaly is an indication of the 
provenance of the Ajali Sandstone in the area studied 
is likely sourced from a mafic-igneous source. Also, 
the similar patterns of REEs concentration anomalies 
indicates that the Sandstone is mature, well mixed and 
most probably from a similar/common paleo - 
depositional environment. All three factors (clay 
minerals, soil organic matter and sesquioxides) were 
all found to be low, indicating a low adsorption rate for 
the REEs minerals during magmatic fractionalization 
which account for the very low concentrations of the 
REEs in the studied area. 
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