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ABSTRACT 

Dukku outcrop was investigated for lithostratigraphic succession and granulometric study on sandstones 

facies to determine textural attributes, paleoenvironment and textural maturity. Field study includes 

textural properties, fossil content, structures, colour, and diagenetic effect. Granulometric analysis was 

carried out on selected samples, mass of particles in the sieves were measured, input in software to 

generate textural statistical measures. Mineralogical and grains roundness was determined for sandstone 

classification, mineralogical and textural maturity. Lithostratigraphic succession is characterized by 

laminated herringbone structure, fine sand deposited by tidal current and fossiliferous silty claystone of 

shallow marine deposit. Mean grain size indicated that samples are fine grain in size except sample O5 

that has medium grain size (1.643). Sorting values range from well sorted (O2 and O7 = 0.48-0.492), 

moderately well sorted (O1 and O6 = 0.599-0.624), through moderately sorted (O3 and O4 = 0.811-

0.964) to poorly sorted (O5 = 1.045). The sorting ability progression is mainly of well sorted to rare 

poorly sorted, in proportion to proximity to shoreline in response to winnowing from low-high tidal 

effects of multidirectional current deposit in tidal shelf to intertidal. All the samples are coarse skewed (-

0.200 to -0.116) except Sample O4 that is fine skewed (0.116). Kurtosis are mainly mesokurtic (O1, O3, 

O6 and O7 = 0.961-1.030) and leptokurtic (O2, O4 and O5 = 1.121-1.203). Sorting agents had better 

consistent capacity in transportation and deposition in mesokurtic sediments than leptokurtic deposits 

while all sediments are unimodal, indicative one source. Paleoenvironment indices with sorting data 

values < 0.7 (O1, O2, O6 and O7) were deposited within the beach by tidal current in tidal zone while 

samples O3, O4 and O5 with > 0.7 values were deposited by higher tidal magnitude in the intertidal zone. 

Multivariate values < -7.36 are intertidal while values > -7.36 were deposited in tidal zone of marginal 

marine system. Mineral grain composition classifies the samples as subarkose; grain shapes are mostly 

rounded suggestive of mature textural property indicative of good porosity and permeability. 

Keywords: Herringbone structure, Fossiliferous, Tidal, Intertidal, Shallow marine, Marginal marine 

 

INTRODUCTION 

The study of Sokoto Basin is gaining more attention from researchers of recent due to efforts in 

complementing search of hydrocarbon in inland basins apart from discovered reservoir in coastal basins 

in Nigeria. Therefore, understanding the geology and in particular sedimentology of the reservoir and 

aquifer rocks in Sokoto Basin is imperative. Ozumba et al., (2017) work is among few documented 

research work on the sandstone facies of Gwandu Formation. Recent available works on the Gwandu 

Formation sandstone are those of Ola-Buraimo et al., (2018) and that of Ola-Buraimo and Usman (2022) 

on the geochemistry, textural and mineralogical maturity indices of Dukku Sandstone member. However, 
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there is need to further evaluate the Dukku Sandstone Member from granulometric and petrographic 

perspective apart from geochemistry approach. This serves as basis for this research work, to classify and 

reconstruct the paleoenvironment of deposition of the Dukku Sandstone. 

The location of the study area is between Longitude 120 27l 30ll to 280 28l 30ll N and Latitude 40 10l 0ll to 

40 11l 0ll E (Fig. 1). The biostratigraphy of Gwandu Formation has been extensively investigated; these 

include Dukku Clay Type Locality Member, dated Early Miocene, paleoenvironmentally classified as 

marginal marine setting (Ola-Buraimo and Adamu, 2022). The work of Ola-Buraimo and Haidara 

dwelled on the pollen and spore’s recovery from the Tunga Buzu Carbonaceous Shale Type Location 

Member, dated Early Miocene; paleoenvironment of the clay and carbonaceous shale ranged from 

continental to marginal marine. Ola-Buraimo et al., (2022) significantly compare the palynology, 

paleoenvironment and stratigraphic relationship of the Tunga Buzu Hill and the adjacent valley, whereby 

the Tunga Buzu Hill and the Tunga Buzu Valley have same geologic evolution belonging to Early 

Miocene age; paleoenvironment variation, where the hill claystones facies range from marginal to deeper 

marginal marine and the valley lithofacies vary from continental to marginal marine. Field relationship 

between the Tunga Buzu Hill and the Tunga Buzu Valley suggests that the hill section is structurally a 

footwall while the valley sits in the hanging wall of the normal structural fault (Ola-Buraimo et al., 2022). 

The understanding of the Gwandu Formation is very important to inhabitants in Birnin Kebbi and more 

importantly to hydrogeologists in establishing greater insight on the sedimentological characteristics of 

the aquifers that serve the metropolis. 

The geologic evolution of the Sokoto Basin was described by several authors. Generally, the 

sedimentation in the basin was ascribed to be as a result of rifting which happened as a result of 

separation of the South American landmass from the African landmass (Gondwana land). There was 

incursion of Mediterranean and Gulf of Guinea seas from the north and south respectively (Ola-Buraimo 

et al., 2022). The Sokoto Basin went through different phases of sedimentation that resulted into oldest 

formation deposited on the Basement Complex crystalline rocks dated broadly as Cretaceous age, 

comprising of Illo and Gundumi Formations. They are overlain by broadly dated Maastrichtian 

formations like Taloka, Wurno and Dukamaje of Rima Group. The third evolution phase was 

characterized by deposition of broadly dated Paleocene age formations like Dange, Gamba and Kalabaina 

of Sokoto Group. Gwandu Formation is the youngest, now dated as Early Miocene age on the basis of 

recovery of palynomorph marker forms such as Retibrevitricolporites obodoensis, Peregrinipollis 

nigericus and Belskipollis elegans (Ola-Buraimo and Adamu, 2022; Ola-Buraimo and Haidara, 2022; 

Ola-Buraimo et al. 2022) 

The geology of Sokoto Basin was studied by earlier researchers such as Reyment (1965), Kogbe (1972, 

1974, 1976 and 1989), Adeleye (1975), Kogbe and Sowunmi (1975), Okosun (1989, 1995) and Obiosio et 

al. (1998), Among the recent researchers are Offodile (2002), Nwajide (2013) and Okon et al., (2020, 

2021). The fine grain of Gwandu Formation such as claystone and carbonaceous shale have been 

extensively investigated compared to the sandstone facies. This necessitated further study on the 

sandstone deposit at the Dukku outcrop situated close to the Dukku River Bridge. The investigation 

involved lithostratigraphic logging of the outcrop, granulometric analysis to determine textural 

characteristics, sediment transportation history, paleoenvironment of deposition, textural and 

mineralogical properties of the sandstone from petrography study. 
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Figure 2. Litho-log section of the Dukku outcrop 

 
Plate 1. Herringbone structure at Dukku Hill near Dukku Bridge 
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Plate 2. Laminated fine sandstone 

 

 
Plate 3. Yellowish to brownish bioturbated, loadcast structure claystone 
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Plate 4. Fossiliferous silty claystone 

 
METHODOLOGY AND MATERIALS 

Field mapping was carried out by using materials such geological hammer, field note, pencil, marker pen, 

hand-lens, base map, compass, clinometer, GPS, measuring tape, masking tape, ruler, 10 % dilute 

hydrochloric acid and camera. Field study and logging of the bed succession was noted by taking 

cognizance of colour, rock type, mineral content, textural parameters, structure, fossil content, accessory 

minerals and diagenetic effect as detailed in the works of Ola-Buraimo (2020), Oladimeji and Ola-

Buraimo (2022b), Ola-Buraimo and Usman (2022).   

 Sieve analysis was carried out on dry disaggregated 100 g samples weighed by chemical balance. Set of 

sieves of various sizes, stacked, arranged from coarsest 2mm mesh at the top to 63µ mesh with attached 

base pan. The set of sieves were tightly covered, fastened on the sieve shaker, agitated for 10 minutes. 

After shaking, the grains retained in each sieve were weighed and recorded. These procedures were 

carried out for each of the seven samples. Basic data, weighed or mass of the sediment each in a set of 

sieves were input in Microsoft Excel format in order to generate spreadsheet, graphical output (Blott, 

2000). Statistics of the samples were calculated from the software, whereby, mean, sorting (standard 

deviation), skewness and kurtosis were derived in logarithmatic using phi scale of Krumben and Pettijohn 

(1938). The software also utilized linear interpolation to calculate statistical parameters by Folk and Ward 

(1959) which gave resultant physical descriptions of textural attributes like moderately sorted, fine to 

medium grain sizes after Folk (1954). Grain size categorization into size fraction were generated, 

modified after Udden (1914) and Wentworth (1922). Sample grain sizes were produced on triangular 

diagram to classify the sediments into sandstone classes (Blott, 2000). 

Petrography Preparation Procedure 

100g of sandstone sample was weighed and washed under running tap water in a 63µm mesh in order to 

remove clay particles present. After thorough washing, the sample was dried in an oven at high 

temperature. The sample was later mounted on a glass slide with Canada basal, grinded to standard 

thickness before viewing under petrographic microscope for mineralogical content and grain roundness. 

 

RESULT AND DISCUSSION 

Field Lithological Description 

Outcrop study of the litho-succession of Dukku Hill besides the Dukku River is composed of various 

layers characterized by different features. The lowermost layer is composed of laminated fine grained 

sandstone with distinctive horringbone structure (Fig. 2; Plates 1 and 2). The bed with herringbone 

structure, fine grain laminated sandstone is also characterized by unconsolidated particles similar to that 
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of Ajali Sandstone in Anambra Basin, southeastern Nigeria and Fugar Sandstone on the Benin Flank of 

the Anambra Basin; described to belong to tidal shelf of a marginal marine paleoenvironment of 

deposition (Ladipo, 1985; Kogbe, 1989a; Adeigbe et al., 2014; Plates 1 and 2). The herringbone structure 

resulted from tidal current flow in opposite direction at different times (Plate 1). Such circumstance of 

bipolar cross-stratification usually forms in a single vertical section as a result of directional migration of 

ripples or dunes produced by tidal current (Dalrymple and Choi, 2007; Adeigbe et al., 2014).    This is 

overlain by mottled silty claystone; deposited over this is a light brown claystone bed distinguished from 

an overlying variegated siltstone having gradational contact with mottled bioturbated claystone. The 

facies was distinguished from the overlying mottled claystone, followed upward by massive yellowish to 

brownish, bioturbated claystone (Fig. 2, Plate 3). At about the mid of the stratigraphic section is 

distinctively apparent fosilliferous silty claystone. The occurrence of the fossiliferous facies negate 

continental paleoenvironment of deposition associated with exclusively with Gwandu Formation by 

earlier workers (Fig. 2; Plate 4). However, Ola-Buraimo et al., (2018) first documented that Gwandu 

Formation is not restricted to fluviatile paleoenvironment but also included marginal marine setting. This 

assertion was later documented through recovery of relatively moderate to abundant dinoflagellate 

assemblages recovered from the Gwandu Formation indicative of continental, marginal and deeper 

marginal marine paleoenvironment of depositions (Ola-Buraimo and Adamu, 2022; Ola-Buraimo and 

Haidara, 2022 and Ola-Buraimo et al., 2022).  

The fossiliferous silty claystone is overlain by light brown claystone followed by structure less (mottled) 

silty claystone characterized by moderate bioturbation; overlain by mudstone, then finally capped by 

ferruginous ironstone (Fig. 2). The uppermost part containing the mudstone and oolitic ferruginous 

ironstone are suggested to be deposited by fluviatile processes in a continental environment 

 
Sieve analysis result 

Weighted samples data from the analyzed seven samples was presented in Table 1. Granulometric result 

computed from the presented data in Table 1 was input into the software on sample by sample basis. The 

comprehensive result is presented in Table 2 showing details on the mean value, the mean description, 

sorting value, sorting description, skewness value, skewness description, kurtosis value, kurtosis 

description, sample type and sediment name respectively. 

The software indicated 0.4-0.8 % errors for the analyzed samples which are allowable for the textural, 

transportation processes and paleoenvironment of deposition interpretations. The data obtained were used 

to plot cumulative frequency curves, whereby cumulative mass retained % was plotted against particle 

diameter (in phi) and their respective histogram of grain size distributions (Figs. 3-16). Statistical 

parameter data such as mean (grain size), standard deviation (sorting), skewness and kurtosis were 

deduced from the cumulative frequency curves as presented in Figures 3-16. Data obtained were in 

logarithmic according to the work of Folk and Ward (1957); their respective descriptions, sample type 

and sediment name were presented Table 2.  

         

 

 

 

 

 

 

 

 

 

 

Ola-Buraimo et al. …..  Int. J.  Innovative Environ. Studies Res. 10(3):39-55, 2022  

 



45 

 

Table 1. Sieve analysis result; mass of samples. 
S/N SIEVE 

MM/ 

µ 

PHI 
(Φ) 

Wt. of 
Sample 

A1 

Wt. of 
Sample 

A2 

Wt. of 
Sample 

A3 

Wt. of 
Sample 

A4 

Wt. of 
Sample 

A5 

Wt. of 
Sample 

A6 

Wt. of 
Sample 

A7 

1 2000 -1.0 0 0 0.13 0.16 0.06 0 0 

2 1000 0.0 0 0 0.88 1.61 2.75 0.09 0.02 

3 425µ 1.25 1.14 0.07 4.54 13.40 29.19 0.59 0.17 

4 212µ 2.25 10.86 3.16 14.65 31.69 37.96 12.53 4.71 

5 150µ 2.75 31.91 28.62 22.68 22.65 14.71 32.68 28.67 

6 75µ 3.75 43.00 56.83 37.38 17.37 10.31 43.76 57.28 

7 63µ 4.0 10.12 8.75 14.35 12.38 2.85 8.67 7.73 

8 Pan 4.5 2.57 1.67 4.45 0.18 1.25 0.9 0.61 

Total   99.6 99.10 99.06 99.44 99.08 99.22 99.19 

 

           
   Figure 3. Cumulative % vs Particle size (phi), Sample O1                           Figure 4. Histogram of particle size distribution of Sample O1 
                                                                    

        
      Figure 5. Cumulative % vs Particle size (phi), Sample O2                 Figure 6. Histogram of particle size distribution of Sample O2 
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            Figure 7. Cumulative % vs Particle size (phi), Sample O3           Figure 8. Histogram of particle size distribution of Sample O3 
 

           
                  Figure 9. Cumulative % vs Particle size (phi), Sample O4            Figure 10. Histogram of particle size distribution of Sample O4  

 
    Figure 11. Cumulative % vs Particle size (phi), Sample O5                Figure 12. Histogram of particle size distribution of Sample O5   
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Figure 13. Cumulative % vs Particle size (phi), Sample O6                        Figure 14. Histogram of particle size distribution of Sample O6    

                      

   
     Figure 15. Cumulative % vs Particle size (phi), Sample O7           Figure 16. Histogram of particle size distribution of Sample O7                            
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Table 2. Textural logarithmic data, sample and sediment type description   

Sample 

Name/Statistical 

parameters 

O1 O2 O3 O4 05 06 O7 

Mean value (π) 2.729  2.837  2.717 2.269  1.643 

  

2.695 2.809 

Mean description Fine Sand Fine Sand

  

Fine Sand Fine Sand Medium 

Sand  

Fine Sand Fine Sand 

Sorting (Ϭ) 0.624  0.492  0.811 0.964  1.045  0.599 0.485 

  

Sorting description Moderately 

Well Sorted

  

 Well Sorted Moderately 

Sorted  

Moderately 

Sorted  

Poorly 

Sorted 

Moderately 

Well 

Sorted  

Well 

Sorted  

Skewness value (SK) -0.142 

  

-0.148  -0.199 

  

0.116  -0.103  -0.174 -0.200 

Skewness 

description 

Coarse 

Skewed  

Coarse 

Skewed  

Coarse 

Skewed  

Fine 

Skewed 

Coarse 

Skewed  

Coarse 

Skewed  

Coarse 

Skewed  

Kurtosis value (K) 1.030  1.121  1.024 1.157  1.203  0.961 1.028 

  

Kurtosis description Mesokurtic Leptokurtic Mesokurtic Leptokurtic Leptokurtic Mesokurtic Mesokurtic

  

Sample type Unimodal, 

Moderately 

Well Sorted 

Unimodal, 

Moderately 

Well Sorted 

Unimodal, 

Moderately 

Sorted  

Unimodal 

Moderately 

Sorted  

Unimodal, 

Poorly 

Sorted  

Unimodal, 

Moderately 

Well 

Sorted  

Unimodal, 

Well 

Sorted 

  

Sediment name Moderately 

Well Sorted 

Fine Sand 

Moderately 

Well Sorted 

Fine Sand 

Slightly 

Very Fine 

Gravelly 

Fine Sand 

Slightly 

Very Fine 

Gravelly 

Medium 

Sand 

 

 

 

 

  

Slightly 

Very Fine 

Gravelly 

Medium 

Sand 

Moderately 

well sorted 

Slightly 

Very Fine 

Gravelly 

Fine Sand 

Slightly 

Very Fine 

Gravelly 

Fine Sand 

 

 

The mean values obtained from logarithmic scale of cumulative frequency curves in Figures 3-16 were 

deduced after the work of Folk and Wards (1957); values range from 1.643-2.837. The various mean data 

obtained show that all the samples except sample O5 are fine grain in size while Sample O5 is medium 

grain in size with value of 1.643 (Tab. 2). The mean values obtained suggest that the Dukku Sandstone 

Member of Gwandu Formation grain size ranges from fine sand to medium grain sizes. The variation in 

size was a response to energy of transportation, rate of deposition and progressive landward deposition of 

the sediments with the medium grain particles having lowest proximity to the shoreline while the fine 

grains have greater proximity to the marine shoreline. 

The standard deviation, otherwise referred to as sorting (Ϭ) is a measure of the extent of degrees of grains 

of similar sizes or having small range of grain sizes being deposited together under the influence of same 

depositional condition. The sorting can as well be described as a measure of the range of grain sizes 

present in the rock and the magnitude of the spread or scatter of these sizes around the mean size (Folk, 

1980). Moreover, the sorting depends on size range of the material supply to the environment, type of 

deposition, current energy and time-rate of supply of detritus in comparison with the efficiency of the 

sorting agent (Folk, 1980). 

Therefore, the sorting values range from 0.485-1.045 (Tab. 2). Samples O2 and O7 are well sorted with 

sorting values ranging from 0.485-0.492; Samples O1 and O6 are moderately well sorted (0.599-0.624); 

Samples O3 and O4 are moderately sorted (0.811-0.964) and Sample O5 is poorly sorted (1.045) in the 

order of decrease in sorting capacity (Tab. 2). Samples O2 and O7 are well sorted, have greatest 

Ola-Buraimo et al. …..  Int. J.  Innovative Environ. Studies Res. 10(3):39-55, 2022  

 



49 

 

proximity to the beach, influenced by well winnowed tidal effect of multidirectional tidal current at 

relatively low tide within a tidal zone regime. The moderately well sorted samples O1 and O6 had 

relatively higher tidal altitude and relatively lower winnowing effect, deposited farer landward in a tidal 

zone setting.  

Landward shift in sedimentation was characterized by moderately sorted Sample O3 and O4 (0.811-

0.964) while the most landward shifted deposited sediment is O5 (1.045) (Tab. 2). Samples O3 and O4 

were transported and deposited by relatively greater higher tidal magnitude and little effect of winnowing, 

deposited in an intertidal zone. Sample O5 was most landward deposited sediment from the coastline, 

characterized by poorly sorted medium size particles, transported by high tidal current into the intertidal 

zone of a marginal marine system. Therefore, the Gwandu Sandstones were retrogradational in 

transportation style. 

 Skewness (SK) is a measure of spread of grains at the tail of deposition of the sandstone. All the samples 

except Sample O4 are coarsely skewed (-0.200 to – 0.103) (Tab. 2). Only Sample O4 is finely skewed 

(0.116). The coarse skewed samples are characterized by coarse particles at the tail of the deposit.  

The coarse skewed deposits suggest relatively low energy of transportation and deposition; coarse grains 

at the tail with bulk of fine grains transported, the fine grains were transported and deposited closer to the 

shoreline relative to the coarse particles. In terms of porosity and permeability they have high reservoir 

and aquifer properties but lower than fine skewed sediment like Sample O4.  The textural indices 

exhibited by the Dukku Sandstone Type Section is similar and in tandem with Ozumba et al., (2017) 

assertion in describing the Gwandu Formation sandstone as having good porosity and permeability. 

Kurtosis values generated by the software in Table 2 shows that the Dukku Sandstones are defined by 

different types of kurtosis classification such as mesokurtic belonging to Samples O1, O3, O6 and O7 

while Samples O2, O4 and O7 are leptokurtic. The kurtosis indicates the sharpness or peakness of the 

grains in particle size frequency curve. It suggests the ratio between the degree of sorting in the tail and 

the sorting in the central portion of the curve. Mesokurtic samples are more frequent than others with 

values ranging from 0.961-1.030 suggestive that the sorting agents were more consistent in terms of 

transportation and deposition, whereby the entire grain distribution was uniform (Table 2). The sediment 

packs are good as hydrocarbon reservoir and aquifer in properties. However, Samples O2, O4 and O5 

(1.121-1.203) are leptikurtic, indicative that the central portion is better sorted than the tails (Bogg, 2009). 

All the analyzed samples were further described and classified as unimodal in source (Tab. 2). The 

unimodal descriptive term implies that the Kuddu Sandstones Type Section of Gwandu Formation were 

derived from one source but were subjected to different transportation and deposition regimes in terms of 

current energy and proximity to the shoreline.  Samples sediments O1 and O2 and are described as 

moderately well sorted fine sand; Sample O6 as moderately well sorted, slightly very fine gravelly fine 

sand.  Sample O3 and O7 are slightly very fine gravelly fine sand while Samples O4 and O5 are defined 

as slightly very fine gravelly medium sand (Tab. 2).  

Paleoenvironment of deposition of the samples was determined by cross examination of the mean, sorting 

and skewness. The main controlling factor is the sorting values where sorting values less than 0.7 (< 0.7) 

is described to be deposited in beach environment while sorting values greater than 0.7 (> 0.7) is 

considered to have been deposited in fluviatile setting (Friedman, 1967; Adeigbe et al., 2014). Table 3 

comprises of 3 parameters vis-a vis the mean, sorting and skewness. Therefore, Samples O1, O2, O6 and 

O7 were deposited within the beach by tidal current deposited in tidal shelf of a marginal marine system. 

Samples O3, O4 and O5 were classified as fluviatile but with strong proximity to the beach setting; 

transported by higher tidal magnitude, deposited in intertidal setting of a marginal marine system (Tab. 3).  
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 Table 3. Paleoenvironment variates (after Friedman 1967)                      
Sample Mean Sorting Skewness Paleoenvironment  Depositional 

setting 

Depositional 

system 

O1 2.945 0.624 -0.142 Beach Tidal shelf  

 

 

Marginal 

marine 

O2 3.049 0.492 -0.148 Beach Tidal shelf 

O3 2.881 0.811 -0.199 Fluvial Intertidal 

O4 2.368 0.964 0.116 Fluvial Intertidal 

O5 1.643 1.045 -0.103 Fluvial Intertidal 

O6 2.695 0.599 -0.174 Beach Tidal shelf 

O7 2.809 0.485 -0.200 Beach Tidal shelf 

 

Sediment depositional environment was further determined by calculating the multivariate values of the 

samples in accordance to Sahu (1964) using a formula: 

MV = 0.2852Mz-8.76045-4.8932SKI+0.0482KG 

Where Mz = Grain size value 

           SKI = Skewness value 

           KG = Kurtosis value 

The results obtained from the calculation of the multivariate values for the analyzed samples are 

presented in Table 4. 

           Table 4. Multivariate values for paleoenvironment of deposition (after Sahu (1964) 

Sample 

No. 

Grain 

size 

(Mz) 

Skewness 

(SKI) 

Kurtosis 

(KG) 

Multivariante 

value (MV) 

Depositoional 

setting 

Depositional 

system 

O1 2.945 0.029 0.946 -7.18325 Tidal shelf  

 
Marginal 

marine 

O2 3.049 0.021 0.765 -7.11871 Tidal shelf 

O3 2.881 -0.161 0.962 -6.90805 Tidal shelf 

O4 2.368 -0.014 0.991 -8.57077 Intertidal 

O5 1.643 -0.103 1.203 -7.67548 Intertidal 

O6 2.695 -0.174 0.961 -7.03969 Tidal shelf 

O7 2.809 -0.200 1.028 -6.87673 Tidal shelf 

 

The result shows that the multivariate values vary from -8.57077 to -6.87673. Multivariate values less 

than -7.36 belong to the intertidal zone while samples greater than -7.36 were deposited within the tidal 

zone of marginal marine system (Tab. 4).  

Petrography Study         

Petrographic analysis was carried out on two samples O1 and O6. Mineralogical content point count was 

carried out. The result shows that the mineralogical composition of Sample O1 is dominated by quartz 

representing 75 %, feldspar of 20 %, minor rock fragment of 5 %; Sample O6 is dominated by quartz of 

66%, with feldspar of 30% and rock fragment of 4 % (Tab. 5).  
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Table 5. Percentage of Quartz, Feldspar and Rock Fragment in sample suite 

Samples Quartz% Feldspar% Rock Fragment% 

A1 75 20 5 

A6 64 30 4 

A ternary diagram of the quartz, feldspar and rock fragment plot shows that the samples plotted in the 

subarkose class (Fig. 17). This may suggest that there is little effect of chemical dissolution on the 

sediments. The fine grain size achieved and the well sorted to rare poorly sorted nature attained were as a 

result of multi-current, winnowing and tidal transportation along with moderate chemical dissolution on 

the mineral grains.  
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                       Figure 17. Ternary diagram Dukku Sandstone showing sediment classification 

 

Petrograpic study for determination of roundness and angularity of Dukku Sandstone fine grain particles 

show that the sand grains vary in shape from subrounded to rounded (Fig. 18). The shape exhibited by the 

fine to medium sand grains suggests they were subjected to conditions of multiple marine current actions 

such as tidal, longitudinal, flood and ebb currents. Therefore, these factors impacted corrosion, attrition 

and abrasion with little chemical dissolution effect on the grains towards achieving rounded to 

subrounded nature (Fig. 18). Therefore, this study further substantiate and corroborate the fact that the 

Dukku Sandstone Type Section was deposited in tidal to intertidal zones of a marginal marine system. In 

terms of maturity the sediments vary from predominantly mature to rare submature based on their grains 

angularities.  
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Figure 18. Microphotograph of the Dukku Sandstone section (Mag. ×400) 

 

Textural Maturity 

Textural maturity tends to provide insight into how active the environment was in terms of slope gradient, 

density of transporting medium, energy of the medium, singular or multidirectional current source, 

winnowing, sorting, abrasion, dissolution and any other processes or factors that might have taken place 

or influence both transportation and deposition of the sediment. 

Therefore, sorting values for textural maturity of clastic sediments according to Folk, (1980) was used to 

compare with the sorting values obtained in the analyzed sandstone samples. The values of respective 

sample, their description and interpreted maturity are tabulated in the Table 6 below. The matured 

samples are O1, O2, O6 and O7 with sorting values less than 0.7 (<0.7) while submature sediments are 

Samples O3, O4 and O5 with greater than 0.7 (.0.7) values (Tab. 6).    

                       Table 6. Sediment textural maturity measure (After Folk, 1980) 

Sample No. Sorting 

value 

Sorting description Maturity 

O1 0.624 Moderately well 

sorted 

Mature 

O2 0.492 Well sorted Matured 

O3 0.811 Moderately sorted Submature 

O4 0.964 Moderately sorted Submature 

O5 1.045 Poorly sorted Submature 

O6 0.599 Moderately well 

sorted 

Mature 

O7 0.485 Well sorted Mature 

 
CONCLUSION 

Litho-log section indicated at the base laminated herringbone structured fine sand deposited by tidal 

current, overlain by intercalated clay and siltstone, then by fossiliferous silty claystone bed of shallow 

marine deposit; at the top are mudstone and oolitic ferruginous ironstone of continental deposit. The mean 

grain size shows that all samples are fine grain in size except sample O5 that is medium grain in size. 

Samples O2 and O7 are well sorted, Samples O1 and O6 are moderately well sorted, Samples O3 and O4 
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are moderately sorted while Sample O5 is poorly sorted. The sorting ability progression from well sorted 

to poorly sorted is in proportion with proximity to shoreline in response to winnowing from low-high 

tidal effects of multidirectional current deposit in a tidal shelf and intertidal environment. All the samples 

are coarse skewed except Sample O4. Samples O1, O3, O6 and O7 are mesokurtic while Samples O2, O4 

and O5 are leptokurtic. Sorting agents had better consistent capacity in transportation and deposition in 

mesokurtic sediments than leptokurtic deposits. The seven samples are unimodal, suggestive the 

sediments were derived from one source. 

Paleoenvironment indices of the sorting data shows that Samples O1, O2, O6 and O7 were deposited 

within the beach by tidal current in tidal zone while samples O3, O4 and O5 were deposited by higher 

tidal magnitude in the intertidal zone. Multivariate values < -7.36 are intertidal while values > -7.36 were 

deposited in tidal zone of marginal marine system. Mineral grain composition classifies the samples as 

subarkose; grain shapes are mostly rounded suggestive of textural maturity that is mostly mature. The 

Dukku Sandstones Type Section are fine grained, well sorted, rounded grains deposit in tidal to intertidal 

zones characterized by good porosity and permeability.    
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