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ABSTRACT 

Outcrop samples were collected from Dukku Sandstone here referred to as member of Gwandu Formation with 

the view towards determining the maturity and sandstone classification. Field lithological log description was 

noted by describing their textural characteristics, structures and post depositional effect such as diagenesis. The 

collected sandstone samples were subjected to geochemical analysis using atomic absorption spectrometry 

(AAS), petrographic and heavy mineral analyses. Field result shows that Gwandu sequence varies at the base 

from fine laminated herringbone structure sandstone, upward finning to claystone, intercalation of silty 

claystone and massive variegated heterolith claystone; capped by oolitic ironstone at the top. Geochemical 

analysis result of the sandstones revealed quantitative concentration of SiO2 and Al2O3 varying from 54.82-

57.35 and 29.02-31.23 respectively, while other heavy metals, trace and rare earth elements (REE) are very low 

in concentration. Relative high concentrations of Fe2O3 (4.06-4.94) indicated high ferromagnesian and iron 

minerals. CaO ranges from 1.44-1.96; reflected deposition in marine environment and due to dissolved 

diagenetic calcite cement. All other major oxides decrease with increase in SiO2 due to mineral dissolution with 

distance of deposition. Maturity of the sandstones was measured by SiO2/Al2O3 index, values range from 1.75-

1.94 indicative of amount of clay and mineralogical immaturity. Na2O+K2O (alkali content) values range from 

1.68 and 1.95 with an average value of 1.79, depictive of presence of feldspar and low chemical maturity. The 

Fe2O3/K2O ratio ranges from 4 to 5 is high, thus, low SiO2/Al2O3 ratio and a high Fe2O3/K2O ratio are described 

to be mineralogically less stable. The MMI values range between 1.80 and 2.91 classified in the Q=75-50% 

(F+RF) =25-50%; suggested that the sediments are immature. The cross plot of Log Fe2O3/K2O and Log 

SiO2/Al2O3 classified the sandstones to be mainly litharenite, relatively rich in ferrous content and rarely arkosic 

in nature, thus, mineralogically immature. The ZTR Index for the sandstone is 67.41%., suggestive of 

mineralogically immature sediments but the sub-rounded to rounded petrographic view suggested a texturally 

mature sediment deposited in a tidal flat of a marginal marine environment. 

 

Keywords: Dukku Sandstone, Type Section, mineralogical immature, Low chemical maturity, Litharenite, 

Tidal flat.  

   

INTRODUCTION 

The Sokoto Basin in northwestern Nigeria is 

underlain by sequences of semi consolidated 

sedimentary rocks, on their surfaces are undulating 

plains broken by hills, capped by resistant crusts of 

laterite or ironstone (Kogbe 1972, 1974 and 1979). 

Generally, the hills are less than 45 m high, but 

locally the relief between the stream valley floors 

(Fadamas) and the hilltops reaches 90 m. One 

conspicuous feature is the Dange scarp generally, 

elevations in the Sokoto Basin range from less than 

250 m to more than 363 m above sea level. Lowest 

elevations occur in the south near the River Niger, 

and the Dange scarp in the north. This plain is 

occasionally interrupted by low mesas. A low 

escarpment, known as the “Dange Scarp” is the 

most prominent feature in the basin and it is closely 

related to the geology (Adeleye, 1975, Okosum 

1989, and 1995). 

The sediments of the Sokoto Basin accumulated 

during four main phases of deposition. Overlying 

the Pre-Cambrian Basement unconformably, the 

Illo and Gundumi Formations, made up of grits and 

clays, constitute the Pre-Maastrichtian “Continental 

Interclaire” of West Africa. They are overlain 

unconformably by the Maastrichtian Rima group, 

consisting of mudstones and friable sandstone 

(Taloka and Wurno Formations), separated by the 

fossiliferous, shaly Dukamaje Formation. The 

Dange and Gamba Formations (mainly shales) 

separated by the calcareous Kalambaina Formation 

constitute the Paleocene Sokoto Group. The 

youngest sedimentary deposit in the basin is 

Gwandu Formation dated controversially as Eocene 

by earlier worker.  

The Gwandu Formation was described to be 

entirely deposited in a continental environment but 

this has been debunked and verified to be untrue, 
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rather, have the lower part constituting of 

carbonaceous shale and alternation of sandstone, 

claystone and silty claystone to have been 

deposited in marine environment while the upper 

part containing poorly sorted coarse sandstone and 

conglomerate facies deposited in continental 

environment (Ola-Buraimo et al., 2018, Ola-

Buraimo and Ologe, 2020). The study area is 

Dukku, located in the outskirt of Birnin Kebbi 

town, in Birnin Kebbi Local Government Area of 

Kebbi State, Nigeria.  The area studied lies between 

Longitude 12° 27′ 30″ to 12° 28′ 30″N and Latitude 

4° 10′ 0″ to 4° 11′ 0″E (Figure 1). Sandstone 

member of the Gwandu Formation with a type 

section at Dukku River is hereby referred to as 

Dukku Sandstone Member. It is here investigated 

for the first time for lithostratigraphy and 

geochemical studies in order to determine 

mineralogical maturity, sandstone classification 

and paleo-environment of deposition.

   

 

Figure 1: Location Map of the study area (This study) 

METHODOLOGY 

Method of Study and Sample Collection  

Geologic field mapping for this study entailed 

ground traversing along footpaths and stream 

channels. Careful observations were noted on the 

rock types and tectonic deformational structures 

encountered. The field study includes brief 

description of the rock types by noting the colour, 

grain size, roundness, sorting, fossil content, sand / 

shale ratio; structures, presence of calcites or 

evaporites, presence of accessory minerals, 

authigenic mineral such as glauconite or pyrite and 

other noticeable forms that might be important for 

stratigraphy interpretation. 

 Representative samples were collected and located 

on topographic map using the G.P.S. Samples 

collected were well labelled using masking tape for 

proper identification.  

Atomic Absorption Spectrometry (AAS) 

Analysis 

This is a very sensitive method of elemental 

analysis, allowing the determination of metals in a 

variety of samples at the pictogram level, it has 

been used for thousands of applications involving 

wide diversity of samples. The atomic absorption 

phenomenon involves a measurement of the 

intensity of optical radiation subsequent to its 

passage through a cell containing gaseous atoms. 

Modern instrumentation for AAS typically consists 

of a light source called a hollow cathode lamp 

(hydrochloric acid), which emits specific 

wavelengths of light that are ideally only 

absorbable by analyte; an atom cell which serves to 

convert the samples into gaseous atoms that can 

absorb light from the hydrochloric acid; a detection 
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system that serves to isolate and quantify the 

wavelengths of interest; and a computer system to 

control instrument operation, collect and process 

data. 

 

Procedure for Heavy Mineral Analysis 

The sandstone samples were evenly represented 

and carefully disaggregated with bare hands. 10 g 

of the sample weighed in duplicate. The sample 

was washed separately to remove clay-size fraction 

using BS test sieve of 63 µm aperture. The washed 

sample was then boiled with hydrochloric acid of 

37 % purity for about ten minutes (10 min) in a 

fume cupboard to remove any iron coating and 

cementing materials. The boiled sample was then 

washed and dried the second time and ready for 

heavy mineral separation by gravity method using 

bromoform with specific gravity of 2.89 gm/cc. 

The extracted minerals were rinsed and dried, then 

mounted on the glass slide for heavy minerals study 

through binocular microscope (OPTIKA 375 polar) 

with X400 magnification at high resolution 

 

RESULTS AND INTERPRETATION 

Location: Dukku area 

Coordinate: Longitude 12° 27′ 30″ to 12° 28′ 

30″N and Latitude 4° 10′ 0″ to 4° 11′ 0″E.  

Elevation: 192m 

Litho-description: The outcrop is composed of 

fine sandstone at the base, overlain by beds of 

mottled silty claystone, lying on these is light 

brown claystone; overlain by bed of variegated 

siltstone. The variegated siltstone is further 

overlain by the mottled yellowish bioturbated 

claystone. The outcrop is further characterized by 

laminated claystone which overlies the bioturbated 

claystone but intercalated at the top by massive 

yellowish brown bioturbated claystone. The 

thickness of the various clay members varies. 

However, above the bioturbated yellowish brown 

claystone is the fossiliferous silty claystone, 

indicating weathered surface of impregnated fossils 

of likely brachiopod type, suggestive of marginal 

marine environment of deposition. The 

fossiliferous silty claystone is overlain by 

laminated silty sand. The upper part contains light 

claystone, followed by the bioturbated mottled silty 

claystone. Bioturbated sandstone bed lies above the 

mottled clay, capped at the top by oolitic ironstone 

of about 2 m thick (Figure 2).  

Bioturbation: These are burrowed structures 

formed as a result of burrowing activities and other 

forms of activities such as trails, tracks that may 

indicate feeding, locomotion and dwelling habit of 

the organisms that lived in the environment (Plate 

1). 

 

 

Plate 1: Bioturbation (12ᵒ 28I 40II N and 4ᵒ 10I 18II E) 
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Figure 2:  Litho-log description of the study area Dukku 12ᵒ 28I 40II N and 4ᵒ 10I 18II  

Field Sedimentary Structures 
Lamination: it is a small-scale sequence of fine 

layers that occurs in sedimentary rocks of less than 

1cm in thickness (Plate 2). Lamination consists of 

small difference in the type of sediment that occurs 

throughout the rock. They are caused by cyclic 

changes in the supply of sediment. These changes 

can occur in grain size, clay percentage, 

microfossils content, organic material content or 

mineral and often result in pronounced difference 

in colour between the laminae. Lamination can 

occur as parallel structures (parallel lamination) or 

different sets that make an angle with each other 

(cross-lamination).  
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Plate 2. Lamination structure (12ᵒ 28I 40II N and 4ᵒ 10I 18II E). 

Fossil: These are fossils preserved in rocks that are 

big in size to see with eyes; bigger than 2cm in 

size. They are fossils of organisms that previously 

dwell in the environment of deposition, died and 

fossilized in the rock (Plate 3). The megafossils in 

the rock look like brachiopod with pronounced 

umbo suggestive of deposition in a marginal 

marine environment (Ola-Buraimo et al., 2018). 

 

 Plate 3. Fossil  (12ᵒ 28I 40II N and 4ᵒ 10I 18II E) 

 Herringbone Structure  
This is type of sedimentary structures formed in 

tidal areas, such as tidal flat, where the ebb and 

flood current periodically flows in the opposite 

direction (Plate 4). The fine sandstone facies is 

fairly rich in clay, therefore, it is genetically 

referred to as clayey fine sandstone suggested to 

have deposited in tidal marine environment. A 

further look under the microscope showed well 

rounded to sub-rounded shape of mature textural 

characteristic.  
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Plate 4: Herringbone structure (12ᵒ 28I 40II N and 4ᵒ 10I 18II E). 

 

Geochemistry of Dukku Sandstone 

Geochemical analysis was carried out on seven 

sandstone samples collected from the study 

location at Dukku. The samples were analysed for 

heavy metals and rare earth elements (REE); the 

geochemical result is presented in Table 1. 

 

The analysed samples are dominated by SiO2 which 

ranges from 57.35-54.82 % with an average value 

of 56.45 %, Silica enrichment indicates sandstone 

maturity and a reflection of the duration and 

propensity of weathering, abrasion, attrition and 

dissolution of other minerals during transportation. 

Silica enrichment also occurs by addition of silica 

cement, as quartz and opal (Lindsey, 1999). The 

variation of SiO2 content was probably due to 

variation in parent rock and post depositional 

diagenetic effects. Al2O3 ranges from 29.02-31.23 

% (av. 30.07 %) due to weathering and diagenesis 

effects. Fe2O3 concentration ranges from 4.06-4.9 

% (av. 4.5 %); though its concentration is a result 

of provenance and processes that concentrated and 

preserved detrital ferromagnesian and iron minerals 

such as amphibole, mica, illite, ilmenite, and 

magnetite and their alteration products like chlorite, 

hematite and some clays (Lindsey, 1999), 

Therefore, concentration of detrital ferromagnesian 

minerals reflects their abundance in source rocks 

and is increased by hydraulic sorting, decreased by 

chemical dissolution during weathering and 

diagenesis under oxidizing conditions (Lindsey, 

1999). CaO concentration values range from 1.44-

1.96 % (av. 1.67 %); this might be due to dissolved 

diagenetic calcite cement. The relatively high 

concentration of Ca in the samples might suggests 

their deposition in the marine environment. 

Decrease in the abundance of TiO2, Fe2O3, CaO, 

Na2O, MgO, MnO, K2O, and Al2O3 as SiO2 

increases was observed; this was suggested to 

result from mineral dissolution in the sediment 

assemblage with distance of deposition.  

 

The TiO2/A12O3 ratio is between 0.043 and 0.040 

% (av. 0.041 %, Table 2). However, Spears and 

Kanaris-Sotiriou (1975) showed that this ratio 

decreases as the grain size of the sediment 

decreases, but there is little or no decrease in the 

values because the grain size of the samples are 

similar. This low value indicates that the sandstone 

matrix is composed of clay minerals (Table 2). 

 

Maturity  

Sandstone maturity can be reflected in finer grain 

sizes; this is usually in relation to actual clay 

contents, whereby, moderately high amount is 

suggestive of lack of maturity. Maturity is reflected 

best in quartz, rock fragments, feldspars and grain 

size. As percentage of quartz increases the 

mineralogical maturity does too; sandstones usually 

contain clay minerals growing on the surface of the 

grains or lining and sometimes filling the pore 

space (Prothero, 2004). The maturity of Kuddu 

Sandstone shall emphatically be measured based on 

its mineralogical indices. 

Mineralogical Maturity 

Geochemical mineralogical maturity of the Dukku 

Sandstone was measured by considering the 

maturity parameters such as SiO2/Al2O3, 

Fe2O3/K2O ratiosNa2O+ K2O, mobile oxides 

Al2O3/(CaO+MgO+Na2O+K2O), determination of 

calcification CaO+MgO/Al2O3 and ICV defined as 

(Fe2O3+Na2O+CaO+MgO+TiO2)/Al2O3. The 

calculated indices were presented in Table 2.  
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Table 1: Geochemistry results of heavy metal and Rare Earth Elements (REE)  

 

 

 

 

 

‘ 

 

 

 

 

 

Elements D 1 D 2 D 3 D 4 D 5 D 6 D 7 Highest 

Value 

Lowest 

Value 

Average 

Value 

 

SiO2 56.39 56.46 54.82 57.35 56.70 56.50 57.99 57.35 54.82 56.45     

Al2O3 29.60 29.02 31.23 30.69 30.22 30.42 29.37 31.23 29.02 30.07  

Fe2O3 4.66 4.75 4.98 4.69 4.06 4.23 4.36 4.98 4.06 4.53  

MnO 0.07 0.08 0.08 0.07 0.07 0.09 0.05 0.09 0.05 0.07  

MgO 4.69 4.75 4.29 4.49 5.08 5.03 4.65 5.08 4.29 4.71  

CaO 1.66 1.75 1.61 1.64 1.66 1.44 1.96 1.96 1.44 1.67  

Na2O 0.87 0.90 0.83 0.85 0.87 0.92 0.84 0.92 0.83 0.86  

K2O 0.89 0.98 0.85 0.84 1.01 1.03 0.89 1.03 0.84 0.92  

TiO2 1.13 1.25 1.23 1.14 1.23 1.25 1.15 1.25 1.14 1.19  

P2O5 - 0.04 0.04 - 0.05 0.05 - 0.05 0.04 -  

LOI 0.04 0.02 0.04 0.04 0.05 0.05 0.04 0.05 0.02 0.04  

As 0.026 0.432 0.079 0.028 0.021 0.078 1.520 1.520 0.021 0.312  

Ba 2.153 2.260 2.269 1.260 1.154 2.284 2.210 2.284 1.154 1.941  

Ce 0.010 0.020 0.006 0.025 0.008 0.010 0.012 0.025 0.006 0.013  

Co 3.220 3.420 3.650 3.230 1.440 1.220 2.530 3.650 1.220 2.672  

Cu 1.18 1.20 1.19 1.18 1.40 1.22 1.10 1.40 1.10 1.21  

Nb 0.025 0.032 0.018 0.015 0.025 0.020 0.023 0.032 0.015 0.022  

Ni 1.015 1.018 1.080 1.020 1.020 1.030 1.020 1.080 1.015 1.029  

Pb 2.140 1.500 2.220 2.420 0.864 0.779 0.140 2.420 0.140 1.437  

Rb 0.035 0.042 0.029 0.044 0.038 0.050 0.033 0.044 0.029 0.038  

Sr 0.014 0.010 0.006 0.008 0.004 0.006 0.004 0.014 0.004 0.007  

Y 0.070 0.082 0.069 0.088 0.085 0.090 0.083 0.090 0.069 0.081  

Zn 0.150 0.600 0.070 0.120 0.140 0.430 0.400 0.600 0.120 0.272  

Zr 0.008 0.024 0.014 0.013 0.015 0.015 0.013 0.024 0.008 0.014  
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Table 2: Mineralogical maturity Parameters of Dukku Sandstone samples 

 ELEMENTS D 1 D 2 D 3 D 4 D 5 D 6 D 7 Highest 

Value 

Lowest 

Value 

Average 

Value 

SiO2/Al2O3 

Ratio 

1.90 1.94 1.75 1.86 1.87 1.85 1.94 1.94 1.75 1.87 

Fe2O3/K2O 

Ratio 

5.23 4.84 5.85 5.58 4.01 4.10 4.89 5.85 4.01 4.92 

Na2O +K2O 

 

1.76 1.88 1.68 1.69 1.88 1.95 1.73 1.95 1.68 1.79 

Mobile Oxides 

Al2O3/ 

(CaO+MgO+ 

Na2O+K2O) 

Ratio 

0.27 0.28 0.24 0.25 0.28 0.27 0.28 0.28 0.24 0.26 

Determination of 

Calcification 

CaO+MgO/Al2O3 

0.21 0.22 0.18 0.19 0.22 0.21 0.22 0.22 0.18 0.20 

ICV for maturity 

Fe2O+Na2O+CaO

+MgO+TiO2/ 

Al2O3 

0.43 0.41 0.41 0.41 0.42 0.42 0.44 0.44 0.41 0.42 

TiO2/Al2O3 0.03 0.04 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.03 

 

The association of clay minerals dispersed in 

sandstones is a strong measure to understanding the 

amount of porosity and permeability possessed by 

an aquifer or reservoir rocks. The low values given 

from the ratio of SiO2/Al2O3 indicated that all the 

samples have relatively high degree of clay content, 

which suggests mineralogical immaturity. 

Therefore, maturity of Dukku Sandstones was 

reflected by the amount of SiO2/Al2O3 index. The 

SiO2/Al2O3 ratios vary from 1.75-1.94 with an 

average value of 1.87 (Table 2); thus, suggests a 

low ratio. However, low ratio recorded here 

represents chemically immature sandstones (Potter, 

1978). SiO2/Al2O3 ratio in clastic rocks is 

proportional to sediment recycling and weathering 

processes, thus, it can be used as an indicator of 

sediment maturity. With increasing sediment 

maturity, quartz survives preferentially to feldspars, 

mafic minerals and lithics (Roser and Korsch, 

1986; Roser et al., 1996). This is usually due to its 

hydrous chemical earth surface stability than 

feldspar and mafic minerals. 

Na2O+K2O (alkali content) index measures the 

amount of feldspar content and it is a reflection of 

chemical maturity. The alkali content is between 

1.68 and 1.95 with an average of 1.79 suggestive 

presence of feldspar and low chemical maturity 

(Table 2). The Dukku Sandstone Fe2O3/K2O ratio 

ranges from 4 to 5 with average value of 4.9; 

sandstones with low SiO2/Al2O3 ratio and a higher 

Fe2O3/K2O ratio as presented in Table 2 are 

mineralogically immature and more prone to 

reactivity during supercritical CO2 exposure 

(Farquhar et al., 2014). The colours exhibited by 

Dukku Sandstones was suggested to be due to the 

presence of varying mixtures of mobile oxides such 

as haematite and limonite. Depletion of these 

oxides is mostly caused by weathering processes 

(Muhs et al., 1987); insitu chemical dissolution and 

precipitation. Therefore, relatively high Fe2O with 

an average value of 4.9 shows that the samples are 

slightly coloured as a result of the heamatite.    

Al2O3/(CaO+MgO+Na2O+K2O) ratio was used in 

determining the stability of mobile oxides as 

proposed by Gill and Yamane (1996). In Table 2, 

positive values obtained vary from 0.28 to 0.24 

while relative quantitative values of MgO and CaO 

were presented in Table 1. The result corroborated 

the facts that mobile oxides are relatively high in 

Dukku Sandstones. The presence of the CaO 

(calcite) is the most common cement in the 

sandstones, which occurs as patchy cement and 

often dissolved as a result of chemical weathering 

of the rock. (Hendry and Trewin, 1993). 

CaO+MgO/Al2O3 molecular weight ratio values 

range from 0.18-0.22 and an average value of 0.20 

was used to determine calcification in the Dukku 

Sandstone facies as proposed by Gills and Yamane 

(1996). The values obtained are low, therefore, the 

sediment grains are poorly cemented; relative 

occurrence of CaO in the sandstone samples 

suggests that the Dukku Sandstone deposition was 

in marginal marine environment. 

 In assessing detrital mineralogy of the sandstone 

samples, use of Index of Compositional Variation 
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(ICV) and ratio of K2O/Al2O3 was adopted after the 

work of Cox et al. (1995). ICV was defined as 

(Fe2O3+Na2O+CaO+MgO+TiO2)/Al2O3. The ICV 

values obtained range from 0.41-0.44 with an 

average of 0.42 (Table 2). However, less matured 

sandstones mostly with clay minerals display lower 

ICV values that are less than 1.0 and such 

sandstones were described to have been derived 

from cratonic environment (Cox et al., 1995). The 

results of the Index of Compositional Variation 

(ICV) of the Dukku Sandstones have values less 

than 1.0, thus, suggested that the sandstones are 

mineralogically immature. 

Mineralogical Maturity Index (MMI) of the 

sandstone samples are contained in Table 3. This 

was obtained by petrographic point count of quartz, 

feldspar and rock fragments (Plates 1 and 2). MMI 

index was calculated using the parameters in Table 

3 proposed by Nwajide and Hoque (1985). The 

mineralogical maturity index was determined using 

the expression: 

MMI              =      Proportion of quartz   

                          Proportion of Fsp + proportion of R.F 

 

MMI   =      67/18+5  

            =     67/23  

           =      2.91 

The MMI values range between 1.80 to 2.91 with 

an average value of 2.35. This indicated that the 

sediments are immature (Table 3). These values 

when compared with indices in Table 4, the 

analyzed sandstones are classified in the Q=75-      

50% (F+RF) =25-50% with MMI equivalent 3.0-

1.0 interpreted to be immature (Nwajide and 

Hoque,1985). 

 

 
Plates 1 and 2: Point count of Quartz, Feldspar and Rock Fragments of the studied samples. 

 

 

Geochemical sandstone classification 

The geochemical sandstone classification diagram 

was based on the work of Herron (1988); adopted 

for this study (Figure 3). The Dukku Sandstone 

facies were classified as litharenite and litharkosic 

sandstones based on Log (Fe2O3/K2O) vs Log 

(SiO2/Al2O3), which indicated that they are slightly 

mineralogically immature (Table 5). The data 

obtained is presented in Table 5. The values for Log 

Fe2O3/K2O for the 7 samples range from 0.388-

0.766 while, the values for Log SiO2/Al2O3 range 

from 0.559-0.662. The samples plotted mainly in 

litharenite, two samples plotted in arkose sandstone 

segment and one in ferromagnesian potassic 

sandstone portion (see Fig. 3). Lithic arenites are 

described to contain clay particles with varying 

amount which may contain higher concentrations 

of Fe and Mg (Henry and Romanus (2016). 
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Table 3: The Composition of the sandstone facies studied and the mineralogical Maturity Index 

Sample 

No.     

Quartz 

(Qtz) 

Feldspar 

(Fsp) 

Rock (lithic)  

fragment(RF) 

Fsp+Rf %Qtz %Fsp+Rf Mineralogical 

Maturity 

Index (MMI) 

Dukku 1A 67 18 5 23 74.4 25.6 2.91 

Dukku 1B 56 27 4 31 64.4 35.6 1.80 

Average 61.5 22.5 4.5 27 69.4 30.6 2.35 

 

Table 4: Maturity scale of sandstone: Limiting % of Q and (F+RF) MI and maturity stage (After Nwajide and 

Hoque, 1985). 

Q = 95% (F + RF) = 50%   

 

MI = ≥ 19 Super mature 

Q = 95-90% (F + RF) = 5-10% MI = 19 - 9.0 Sub mature 

Q = 90-75% (F + RF) = 10-25% MI = 9.0-3.0 Sub mature 

Q =75-50% (F + RF) = 25-50% MI = 3.0-1.0 Immature 

Q = < 50% MI ≤ 1  

(F + RF) > 50% Extremely immature  

 

 

Table 5: Chemical classification of Dukku sandstone based on log (SiO2/Al2O3) Vs log (SiO2 /Al2O3) diagram 

of Heron (1988). 

Sample 

I,D 

DUKKU 1 DUKKU 2 DUKKU 3 DUKKU 4 DUKKU 5 DUKKU 6 DUKKU 7 

Fe2O3/K2O 5.23 4.84 5.85 5.58 4.01 4.10 4.89 

Log 

Fe2O3/K2O 

0.635 0.576 0.766 0.719 0.388 1.411 0.587 

SiO2/Al2O3 1.905 1.945 1.755 1.868 1.876 1.857 1.940 

Log 

SiO2/Al2O3 

0.641 0.662 0.559 0.620 0.625 0.615 0.662 

 

Harkers Diagram 

Harker diagram for major elements plotted in 

Figures 4-9 for Al2O3, Fe2O3, Na2O, K2O, MnO and 

TiO2 against SiO3 do not show a particular trend; 

however, some major element oxides such as Al2O3 

and Na2O against SiO2 did not show particular 

trend, rather, they are scattered as shown in Figures 

4 and 6. The plots of   Fe2O3, K2O, and MnO 

against SiO3 did not show scattered trend, but 

rather clustered in nature (Figs. 5, 7 and 8) while 

TiO2 against SiO3 shows scattered and clustered of 

close ranges (Figure 9).     
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Figure 3: Chemical classification of Dukku Sandstone based on log (SiO2/Al2O3) Vs log (SiO2 /Al2O3) (After 

Heron, 1988). 

 

 Figure 4:  Plot of Al2O3 against SiO2 for the Dukku Sandstone  
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Figure 5: Plot of Fe2O3 against SiO3 for Dukku Sandstone 

 

Figure 6: Plot of Na2O against SiO3 
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Figure 7:  Plot of K2O against SiO3 for Dukku Sandstone 

 

Figure 8: Plot of MnO against SiO3 for Dukku Sandstone 

 

Figure 9: Plot of TiO2 against SiO3 for Dukku Sandstone 

Spider Diagrams. 

Spider diagrams were plotted for trace and rare 

earth elements (REE) to reflects elements with 

relatively high signature. Figure 10 shows 

significant reflection of element signatures for 

Dukku Sandstone at Dukku-1 location. Here, Ba, 

Cu and Pb show pronounced peaks compared to 

others. The same phenomenon is exhibited in 

Figures 11, 12 and 13 for combined locations 1, 2, 

3, 4 and 1, 2, 3, 4, 5, 6 and 7 respectively. 
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 Figure 11: Spidergraph concentration of trace and rare elements in Dukku 1 

 

Figure 12: Spidergraph concentration of trace and rare elements in 3 samples 

 

 Figure 13: Spidergraph concentration of trace and rare elements in all samples. 

Heavy Mineral Analysis 

Heavy mineral analysis was carried out to further 

determine mineralogical maturity of the Dukku 

Sandstones. Therefore, ZTR index was calculated 

by using the percentage ratio proportion of Zircon, 

Tourmaline and Rutile to Total number of non-

opaque minerals. The ZTR index measures the 

degree of dissolution that has occurred (Hubert, 

1962).  

 

𝑍𝑇𝑅 𝑖𝑛𝑑𝑒𝑥 =
𝑍𝑖𝑟𝑐𝑜𝑛 + 𝑇𝑜𝑢𝑟𝑚𝑎𝑙𝑖𝑛𝑒 + 𝑅𝑢𝑡𝑙𝑖𝑒

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑁𝑜𝑛 − 𝑜𝑝𝑎𝑞𝑢𝑒 𝑀𝑖𝑛𝑖𝑟𝑎𝑙𝑠
 

 
26 + 24 + 10 𝑥 100

89
  = 67% 

This index is expressed in percentage and is a 

measure of the maturity of heavy mineral suite 

(Pettijohn et al., 1972). The ZTR index for arkose 

and greywackes is between 2-39 %, and usually 

exceeds 90 % in quartz arenites (Mange and 

Maurer, 1992). Therefore, ZTR index <75% 

implies immature to sub mature sediments and 

ZTR >75 % indicates mineralogical mature 

sediments.  

Mange and Maurer (1992), described ZTR index 

values between 75 and 88% as characteristics of 

mature sediments. The ZTR Index for the selected 

Dukku sandstone is 67.41%., indicative of 

0

0.5

1

1.5

2

2.5

3

3.5

4

LOI As Ba Ce Co Cu Nb Ni Pb Rb Sr Y Zn

DUKKU 1 56.39 29.6 4.66 0.07
4.69 1.66 0.87 0.89 1.13 -

DUKKU 2 56.46 29.02 4.75
0.08 4.75 1.75 0.9 0.98 1.25
0.04

DUKKU 3 54.82 31.23 4.98
0.08 4.29 1.61 0.83 0.85 1.23
0.04

0

0.5

1

1.5

2

2.5

3

3.5

4

LOI As Ba Ce Co Cu Nb Ni Pb Rb Sr Y Zn Zr

DUKKU 1 56.39 29.6 4.66 0.07
4.69 1.66 0.87 0.89 1.13 -

DUKKU 2 56.46 29.02 4.75
0.08 4.75 1.75 0.9 0.98 1.25
0.04

DUKKU 3 54.82 31.23 4.98
0.08 4.29 1.61 0.83 0.85 1.23
0.04

DUKKU 4 57.35 30.69 4.69
0.07 4.49 1.64 0.85 0.84 1.14 -



Geochemistry, Textural and Mineralogical…  Savanna Journal of Basic and Applied Sciences 

15 
 

mineralogically immature tending towards sub-

mature sediment. However, the subrounded to 

rounded petrographic view of the Dukku Sandstone 

suggested a texturally mature sediment deposited in 

a tidal flat of a marginal marine environment

Conclusion 

Field result shows that Gwandu Formation 

sequence varies at the base from fine laminated 

herringbone structure sandstone, fines upward to 

claystone, intercalation of silty claystone and 

massive variegated heterolith claystone; capped by 

oolitic ironstone at the top. Geochemical analysis 

result of the sandstones revealed quantitative 

concentration of SiO2 and Al2O3 varying from 

54.82-57.35 % and 29.02-31.23 % respectively. 

The other heavy metals, trace and rare earth 

elements (REE) are very low in concentration. 

Relative high concentrations of Fe2O3 (4.06-4.94 

%) indicated high ferromagnesian and iron 

minerals. CaO ranges from 1.44-1.96 %; indicated 

deposition in marine environment due to dissolved 

diagenetic calcite cement. All other major oxides 

decrease with increase in SiO2 due to mineral 

dissolution with distance of deposition. 

 Maturity of the sandstones was measured by 

SiO2/Al2O3 index; values range from 1.75-1.94, 

indicative of amount of clay and mineralogical 

immaturity. Na2O+K2O (alkali content) values 

range from 1.68 and 1.95 with an average value of 

1.79, depictive of presence of feldspar and low 

chemical maturity. The Fe2O3/K2O value ratio 

ranges from 4 to 5, is high, thus, low SiO2/Al2O3 

ratio and a high Fe2O3/K2O ratio were described to 

be mineralogically less stable. The MMI values 

range between 1.80 and 2.91, classified in the Q = 

75-50 % (F+RF) = 25-50 %; suggested that the 

sediments are immature. The cross plot of Log 

Fe2O3/K2O and Log SiO2/Al2O3 classified the 

Dukku Sandstones to be mainly litharenite and 

rarely arkosic in nature; thus, mineralogically 

immature. The ZTR Index for the sandstone is 

67.41 %., suggestive of mineralogically immature 

sediments but the subrounded to rounded 

petrographic view suggested a texturally mature 

sediment deposited in a tidal flat of a marginal 

marine environment. 
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