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Abstract  

This study investigates the reservoir quality of sandstones in the Oti Group of the Volta Basin of Ghana. Geological field mapping, 

petrographic, petrophysical, mineralogical, and geochemical techniques are used to investigate the reservoir parameters of the 

sandstones by evaluating the fluid holding and transmission capabilities of the rocks. Results from the comprehensive study 

identified two sandstone formations of interest; viz. the Bimbila Sandstone and Yabraso Sandstone. Both sandstones were found to 

be quartz sandstones (sub-arkose and quartz arenites). The Bimbila Sandstones proved to have better porosity and permeability as 

compared to the Yabraso Sandstones. The Yabraso Sandstone showed porosity between 7-22 % with an average porosity of 13 % 

(helium gas) and permeability of 63.41 mD, which may be linked to intense cementation and intermediate compaction as well as 

grain size, shape and arrangement. The Bimbila Sandstones showed better porosity and permeability with a porosity range of 6-24 

%, an average porosity of 14 % (helium gas) and 131.80 mD permeability. This is seen to be due to lower compaction supported 

by framework-stable quartz resulting in a well-connected pore system with high permeability. Further mineralogical data show that 

the clay minerals present are in minor concentrations. Also, the position of the Yabraso and Bimbila Sandstones in the project area 

as plotted on the geological map show that there is a close proximity relationship between these sandstones and the limestones; 

hence forming a conducive system such that if hydrocarbons are produced by the possible source rocks (limestones), they can be 

housed by the sandstones. 
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Introduction  

Among the four sedimentary basins in Ghana (Tano Basin, 

Keta-Accra Basin, Saltpond Basin and Volta Basin), the least 

probed into for information on its hydrocarbon prospectivity is 

the Volta Basin. Unlike the Volta Basin, hydrocarbon explora-

tion efforts were intensified on the other basins and their hydro-

carbon prospectivity studied (Chudasama et al., 2016; Eisenlohr 

and Hirdes, 1992; Koffi et al., 2016; Leube et al., 1990; Milési 

et al., 1991; Smith et al., 2016). 

 The Volta Basin develops contact with the Birimian Super-

group of Ghana containing sediments dating from the Precam-

brian and Palaeozoic age (Affaton et al., 1991; Affaton et al., 

1980; Anani, 1999; Kesse, 1984). A clearly defined petroleum 

system has not yet been established for the basin though studies 

on the basin have heightened in recent times especially as a 

result of the Ghana National Petroleum Cooperation’s pioneer-

ing exploration activities in the basin called the Voltain Basin 

Project (VBP). Under this 5-year project (from 2015-2019), 2D 

seismic data was acquired, environmental assessments made 

and two conventional wells drilled with the objective of estab-

lishing prospectivity and enhancing the knowledge base of the 

basin (The Voltaian Basin Project, 2016). This was quite lauda-

ble and has made a frontier area available for increased explora-

tory activity. However, a huge gap in information pertaining to 

the rock types and their characteristics as source and reservoir 

rocks still remains to be studied. This will help infer the pres-

ence of a petroleum system suitable for hydrocarbon explora-

tion and exploration work subsequently commenced to achieve 

the broader vision of the Volta Basin Project (VBP), which is to 

increase the hydrocarbon reserve base of the country.  It is im-

portant to study the source and reservoir rock characteristic of 

the Volta Basin because the characteristics of the sedimentary 

rocks as source and reservoir is an indicator for determining the 

presence of petroleum (Adenutsi et al., 2019; Quaye et al., 

2023; Quaye et al., 2022; Sun et al., 2022; Toro et al., 2018; Yu 

et al., 2023; Zobah et al., 2022). 

 Romanian and Soviet geologist survey team, while drilling 

in the Volta Basin encountered viscous oily bitumen and oil 

sips in the drilled boreholes from the sandstone and the car-

bonate rocks of the basin especially at Nasia, Buipe and Yendi 

within the Oti member of the Volta Basin in the Northern parts 

of the country (Bozhko, 2008). This suggests that hydrocarbons 

may be present in the basin. This was not the only case of oil 

spills observed. During research by Boamah (2017), bitumen 

was also found in the quartz veins and carbonate rocks of the 

Buipe quarry (Boamah, 2017). Analysis by Abu et al. (2021) 

further confirmed that the limestones in the north-eastern region 

of the country are dolomitic and barite bearing due to hydro-

thermal mineralization of the carbonates (Abu et al., 2021). It is 

therefore necessary to study the porosities and permeabilities of 

the rocks within the Volta Basin to ascertain their potential as 

petroleum reservoir rocks. 

 In this study, the petrophysical properties of two sandstone 

formations namely the Yabraso and Bimbila Sandstones are 

studied. Furthermore, petrographic studies were also carried out 

on the microscopic scale to explain the observed petrophysical 

properties.  

   

Materials and Methods 

The study employed the application of field and laboratory 

techniques to investigate reservoir rocks characteristics. The 
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field method used in the study is the geological mapping of 

outcrops with a representative sub-surface sampling. The labor-

atory techniques employed are the petrographic, petrophysical, 

and mineralogical analysis. The field sheet of the study area 

(Field sheets 1002D1 and part of 1002D3) encompassing the 

North East and Upper East Regions of Ghana, specifically the 

Mamprugu-Moagduri District and Builsa South District were 

obtained from the Geological Survey Department of Ghana. 

The field sheets cover Ghana's latitudes 9°55'N and 10°35'N 

and longitudes 0°35' W and 1°45' W.  

 

Field mapping 

A thirty-day field mapping exercise was conducted in the Mam-

prugu-Moagduri District. Each day involved traversing over the 

pre-determined traverse route, noting the geology on the way 

and picking samples where necessary. Where rivers and streams 

were encountered, mapping was possible by crossing or finding 

another route to access the geological information needed.  

Locality names and sample names were given on the field 

to identify the different samples taken. Attitudes (strike and dip) 

of rocks, observed mineralogy and textures and physical fea-

tures were also noted.  

 

Geology of the study area 

The rock types observed in the filed were noted to be some si-

lexites, sandstones, siltstones, mudstones, limestones, volcani-

clastics and some granitoids (see Figure 1). It is however note-

worthy that only the sandstones are considered in detail in this 

study hence the other rock types encountered are not discussed. 

Two main formations necessary to this study as identified in the 

field were the Yabraso Formation observed mainly at the edge 

of the basin and the Bimbila Formation observed at the core of 

the Basin.  

Silexites, sandstones, weakly micaceous siltstones and 

mudstones as well as carbonate rocks constituted the Bimbila 

Formation. Volcaniclastics, metasediments, and granitoids of 

the Birimian Supergroup were observed to underlie the sedi-

mentary units of the Volta Basin during the mapping exercise. 

Volcaniclastics were seen from the Brahmahabofuo river 

through to Fumbisi Bachisa and also mainly at Nangruma (gold 

mining community). They were seen as dipping NW and highly 

sheared but not weathered like the observed metasediments. 

They are less dense/hard and foliated with strike of foliation 

being 045º. 

 

Petrophysical analysis 

Petrophysical analysis was conducted to determine the porosity 

of the Yabraso Sandstone and the Bimbila Sandstone. The po-

rosity values where then used in correlation to compute the per-

meability values. The samples were cored using a manual drill 

press and some of the Bimbila sandstone  samples showed frac-

tures upon coring (see Figure 2). The drilling bit used was the 

diamond drill and the core diameter was 1.5 inches. After drill-

ing, the drill bit was dismounted and the core retrieved. A total 

of twenty-two (22) retrieved cores were trimmed to smooth and 

even surfaces and the desired sizes, using the Single Trim Saw. 

Ten of the samples where Bimbila Sandstones and the remain-

ing twelve where Yabraso Sandstones. The dimensions of the 

samples were measured and the dry weight of the samples was 

determined with an electronic balance before the porosity test 

was conducted. 

 Effective porosity determination was done by the use of the 

Helium Porosimetry method. The Timur’s (Timur, 1968) and 

Figure 2 Core samples of (a) Yabraso sandstones and (b) Bimbila sandstones 

 

Figure 1 Geological map of the project area  
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Morris-Bigg’s  (Ahmed, 2018; Dayanım et al., 2017) correla-

tions were used in estimating permeability. Fluid productive 

sandstones typically have porosity values of 5 % to 40 % (Guo 

et al., 2014) and permeability range of 100 to 500 mD with 

fractures having infinite permeability (Magoon, 2004; Satter 

and Iqbal, 2015; Tiab and Donaldson, 2015).  

Per the qualitative assessment of porosity (Becker et al., 

2017; Timur, 1968), average porosities of 0-5 % is negligible,  

5-10 % (poor), 10-20 % (good), 20-30 % (very good) and above 

30 % (excellent) and the quality of a reservoir as determined by 

permeability, in mD, may be judged as poor if 

k<1, fair if 1<k<10, moderate if 10<k<50, good if 50<k<250, 

and very good if k>250 mD (Tiab and Donaldson, 2015). 

Twelve (12) Yabraso sandstone plugs and Ten (10) Bimbi-

la sandstone plugs were analyzed for effective porosity using 

helium gas. The corresponding bulk volume (Vb) and effective 

porosity (Øϵ) of the sandstones using helium gas were also de-

termined using equations 1 and 2, respectively. 

Where Vb is the bulk volume, d is the diameter of core plug, h is 

height of core plug, Øϵ  is the effective (interconnected) porosi-

ty of the core plug and vg is the grain volume. The correspond-

ing permeability values of the sandstones were determined 

through correlation using the Eqn (3) by Timur (1968) whereas 

Morris-Biggs correlation (Eqn. (4)) used to cross check the per-

meability values (Ahmed, 2018).  

Where, k is permeability and C  is 80 for gas and 250 for oil and 

Swe is connate water saturation. A connate water value of  0.2 

was assumed and Helium gas was used for the permeability 

measurement hence the C  value used is 80. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Petrographic analysis 

This entailed the description and naming of the sedimentary 

rocks following protocols of Schnurrenberger et al.

(2003),  sample preparation, observation of thin sections pre-

pared to 30 microns under a petrographic microscope and de-

scription of the physical (grain size, texture, arrangement, sort-

ing, pleochroism, relief, birefringence, opaque minerals etc.) 

and mineralogical properties of the samples (Reineck and 

Singh, 2012; Schnurrenberger et al., 2003). Samples were ex-

amined using cross hairs or crossed polarized light (XPL) and 

plane polarized light (PPL).  

A total of thirty (30) samples were prepared for petrograph-

ic analysis. The Hillquist Slab Saw and Trim Saw were used to 

cut slabs out of the field sample. The slabs were further 

trimmed using the Trim saw to ensure that no cut face was pro-

truding and there was uniformity and evenness.  

Thin section preparation was done in two stages. The 

coarse grinding and the fine grinding. During the coarse grind-

ing, the slabs were smoothened on abrasives silicon carbide 

paper from the 400 paper (roughest) through to the 1200 paper 

(smoothest). The glass slides were prepared for bonding by 

frosting using the 220 microns silicon carbide powder. The 

frosted glass slide was washed, dried and set up for bonding. 

The best face of the rock slab was carefully selected and lapped.  

After bonding, fine grinding was then done by first grinding the 

bonded slabs with the Hillquist Trim to about 60 microns and 

then further reducing it to 30 microns during finishing using the 

Hillquist Polishing Grinder. The 30-micron mark was achieved 

by observing the slide under a microscope during grinding till 

no interference colour is spotted. EpoResin was used for bond-

ing the best face of the slab to the frosted glass slide using the 

ratio, 15 ml of epofix resin is to 2 mils of epofix hardener. After 

48 hours, the slide was well bonded, and finishing was done. 

Ten samples were separately prepared through cutting to 

trimming. They were then bonded and stained with blue dye for 

24 hours before grinding to 30microns and finishing. These 

stained sandstones were observed for porosity and permeability 

interpretations under the petrographic microscope. The samples 

were mounted on the Leica DM 750P and Leica DM 4P trans-

mitted light petrographic microscope and observed for their 

physical and mineralogical properties. Various minerals are 

identified using the Michel-Levy Birefringence Chart and its 

corresponding mineral classes. 

 

Mineralogical analysis 

The method for mineralogical analysis employed was the X-ray 

diffraction. The samples were crushed to sixty-three (63) mi-

crons. In this method, a material is radiated with an incident x-

ray to measure its intensity by scattering angles of the x-ray 

leaving the material. This helps to determine the crystallograph-

ic structure of the material and hence determine the minerals 

present. The minerals present are determined when the crystals 

scatter the incident x-ray through interaction with atoms’ elec-

trons. The scatter produces an array of spherical waves and 

show a specific direction to determine the intensity of the min-

eral present through Bragg’s law (Bunaciu et al., 2015; Zhang 

et al., 2019). 

Figure 3 Examples of (a) Yabraso Sandstones and (b) Bimbilla Sandstones observed in the study 

a b 

 (1) 

(2) 

 (3) 

(4) 
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Results and Discussion 

Field Observation 

The Yabraso Sandstones (see Figure 3a) were yellowish/

brownish in colour, fine to medium grained, flaggy, quartzose, 

and cross-bedded. They outcrop in and around Yezizi, Yezibizi, 

and the outskirts of Nandem with general strike values of 075º. 

The Bimbila Sandstones were observed as grayish to dark col-

ored, slightly massive rocks occurring as pockets in limestone 

areas and reacting with dilute HCl (see Figure 3b).  

 

The porosity values range from 7 to 24 %  ( poor to very good) 

with an average  porosity of 13 % (Good) shows that the Yabra-

so Sandstone has a good porosity (Guo et al., 2014). A permea-

bility of 63.41mD and 49.17mD imply that the Yabraso sand-

stone has a moderate to good permeability range since sand-

stones are moderate if 10<k<50 and good if 50<k<250 (Tiab 

and Donaldson, 2015). 

The corresponding poro-perm plots for Timur (see Figure 

4a) and Morris-Biggs (see Figure 4b) show that permeability 

increases with porosity. The porosity and permeability values 

(see Table 1) are represented in bar graphs (see Figures 5, 6a 

and 6b). Porosity range for Yabraso sandstone samples (see 

Figure 5) show that three (3) samples fall within the range of 

poor porosity (5-10%), seven (7) samples have good porosity 

(10-20%) and only two (2) samples have very good porosities 

(20-30%). 

Permeability range of the Yabraso Sandstone samples for 

Timur correlation (see Figure 6a)  show that three (3) samples 

have fair permeability (1-10 mD), six (6) samples have moder-

ate permeability (10-50 mD), one (1) sample has good permea-

bility (50-250 mD) and two (2) samples have very good perme-

ability (above 250 mD) and for Morris-Biggs correlation (see 

Figure 6b), three (3) samples have poor permeability (Below 1 

mD), four (4) samples have fair permeability (1-10 mD), two 

(2) samples have moderate permeability (10-50 mD), two (2) 

samples have good permeability (50-250 mD) and one (1) sam-

 

Table 1 Bulk volume, permeability (k) and effective porosity of Yabraso sandstone core plugs under helium gas 

Core ID Diameter 

(cm) 

Length 

(cm) 

Bulk 

Volume 

(cm3) 

Grain 

Volume 

(cm3) 

Effective 

Porosity (%) 

  
k (Timur), 

mD 
k (Morris-

Biggs), mD 

Y1 3.77 1.92 21.43 16.70 22   
274.24 177.15 

Y2 3.79 3.26 36.77 31.44 14   
37.53 11.76 

Y3 3.76 3.26 36.19 31.44 13   
27.09 7.54 

Y4 3.77 2.73 30.47 24.49 19   
143.87 73.50 

Y5 3.78 4.65 52.18 45.99 11   
12.98 2.76 

Y6 3.79 2.90 32.71 24.65 24   
402.16 298.59 

Y7 3.79 3.92 44.22 40.72 7   
1.77 0.18 

Y8 3.77 3.97 44.31 37.83 14   
37.53 11.76 

Y9 3.78 5.04 56.55 51.05 9   
5.37 0.83 

Y10 3.73 5.28 57.69 51.05 11   
12.98 2.76 

Y11 3.71 5.85 63.24 57.71 8   
3.19 0.40 

Y12 3.75 6.35 70.13 61.73 11 

  

  

12.98 2.76 
Arithmetic 

Mean 
          

13 

  

63.41 49.17 

Figure 4 (a) Timur and (b) Morris-Biggs porosity-permeability plots for Yabraso Sandstones 
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Figure 5 Porosity range for Yabraso sandstone samples  

Figure 6 Permeability range of Yabraso Sandstones for (a) Timur and (b) Morris-Biggs correlations 

Table 2 Bulk volume, permeability (k) and effective porosity of Bimbila sandstone core plugs under helium gas 

Core ID Diameter 

(cm) 

Length 

(cm) 

Bulk Volume 

(cm3) 

Grain Volume 

(cm3) 

Effective Porosity

(%)  (Timur), mD 
 (Morris-

Biggs), mD 

B1 3.79 4.85 54.71 50.93 6 
0.90 0.07 

B2 3.80 5.24 59.42 55.46 6 
0.90 0.07 

B3 3.80 4.48 50.80 45.99 9 
5.37 0.83 

B4 3.85 3.30 38.41 34.85 9 
5.37 0.83 

B5 3.80 2.25 25.51 21.07 17 
88.19 37.71 

B6 3.78 2.89 32.43 24.80 23 
333.48 231.30 

B7 3.77 4.73 52.79 40.73 22 
274.24 177.15 

B8 3.86 4.68 54.76 43.46 20 
180.30 100.00 

B9 3.87 5.19 61.04 46.07 24 
402.16 298.59 

B10 3.78 1.33 14.92 12.89 13 

  27.09 7.54 

Arithmetic 

Mean 

          

14 131.80 85.41 
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ple has very good permeability (above 250 mD). 

The porosity values range from 6 % (poor) to 24 % (very 

good) with an average porosity of 14 % (Good) which indicates 

that the Bimbila Sandstone has good porosity (Guo et al., 

2014). The corresponding permeability values (see Table 2) of 

the Bimbila sandstones were determined through correlation 

using Timur and Morris-Biggs equations. A permeability of 

131.80 mD imply that the Bimbila sandstone has a good perme-

ability since sandstones should have a permeability of 100 to 

500 mD (Tiab and Donaldson, 2015). 

The corresponding poro-perm plots for Timur (see Figure 

7a) and Morris-Biggs (see Figure 7b) show that permeability 

increases with porosity. The porosity and permeability values 

(see Table 2) are represented in bar graphs (see Figures 8, 9a 

and 9b). Porosity range for Bimbila sandstone samples (see 

Figure 8) show that four (4) samples fall within the range of 

poor porosity (5-10 %), two (2) samples have good porosity (10

-20 %) and four (4) samples have very good porosities (20-30 

%).  

Figure 7 (a) Timur and (b) Morris-Biggs porosity-permeability plots for Bimbila Sandstones 

Figure 8 Porosity range for Bimbila sandstones  

Figure 9 Permeability range of the Bimbila sandstones for (a) Timur and (b) Morris-Biggs correlations  
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Permeability range of the Bimbila Sandstone samples for 

Timur correlation (see Figure 9a) show that two (2) samples 

have poor permeability (Below 1 mD), two (2) samples have 

fair permeability (1-10 mD), one (1) sample has moderate per-

meability (10-50 mD), two (2) samples have good permeability 

(50-250 mD) and three (3) samples have very good permeabil-

ity (above 250 mD) and for Morris-Biggs correlation (see Fig-

ure 9a), four (4) samples have poor permeability (Below 1 

mD), one (1) sample has fair permeability (1-10 mD), one (1) 

sample has moderate permeability (10-50 mD), three (3) sam-

ples have good permeability (50-250 mD) and one (1) sample 

has very good permeability (above 250 mD). 

 

Petrographic Analysis 

Petrographic analysis of the Yabraso Sandstones 

The Yabraso Sandstone observed under the petrographic micro-

scope (xpl, x4) are composed of quartz (Qz), muscovite (Ms), 

biotite (Bt), limonite (Lim)  and lithic fragments (see Figure 

10) making up the framework grains. There are little to zero 

matrix content, with ferroan cement as the main cementing 

material (See Figure 10). The quartz grains are medium 

grained, and subangular to subrounded (see Figure 10c) and 

moderately to poorly sorted. The Yabraso Sandstones occur as 

both monocrystalline and polycrystalline types. 

The polycrystalline grains suggest that the rocks after be-

ing under some stress (either tectonic or metamorphic) encoun-

tered strain which partitioned the crystal framework thereby 

distorting the crystal lattice causing the once monocrystalline 

quartz to become polycrystalline. The quartz grains in most 

cases are conchoidally fractured and display a general undula-

tory extinction with some of the quartz grains having sutured 

boundaries (see Figure 10b and d). The suturing among quartz 

grains indicates incipient metamorphism asserting that meta-

morphism is just about taking place in the rock. Muscovite and 

biotite occur as random tiny fragments and/or elongated flakes, 

that are in some cases bent (see Figure 10). They are, however, 

mostly interstitial between quartz grains (see Figure 10). 

These Yabraso sandstones may be considered texturally 

mature due to the presence of little or no matrix, dominance of 

rounded grains and the moderate sorting (see Figure 10). The 

mean modal analysis by visual estimation (see Table 3a) further 

confirmed the average percentage of quartz as 75 %, iron ce-

ment as 15 %, mica as 3 % and lithic fragments as 2 % based 

on relations thereby confirming that the rock is a sedimentary 

rock and a sandstone (Terry and Chilingar, 1955).  

The Yabraso Sandstones stained with blue dye and ob-

served under plane polarized light showed the pores (voids in 

the rocks) being filed with the blue dye (see Figure 11). The 

flow of the blue dye from pore to pore also shows the connec-

tivity of the pore hence inferring the extent of permeability of 

the samples. Intraparticle pores (intraP) and interparticle pores 

(interP) are the pore systems observed for the Yabraso Sand-

stones under the microscope (see Figure 11a and b). They ac-

count for about 70% and 30% of the total porosity, respective-

ly. Slit and wedge-shaped pores (see Figure 11c) are the major 

pore shapes observed. 

These pores are seen to have good openness that can facili-

tate the storage of hydrocarbons and are also observed to be 

interconnected to each other by flow of the blue dye from pore 

to pore (see Figures 11d, e and f) thereby suggesting that they 

can be ease of flow/migration of hydrocarbons if any. Pore size 

diameters are mainly distributed in ranges of 100-500 µm.  

 

Petrographic analysis of the Bimbila sandstones 

The Bimbila Sandstones contain lithic fragments, iron oxides, 

muscovite, quartz (Qz), plagioclase, and K-feldspar. The rock's 

framework grains are made up of quartz, plagioclase, musco-

vite, K-feldspar, and lithic fragments (see Figures 12 and 13). 

There are little to zero matrix content, with ferroan cement as 

the main cementing material (see Figure 12). The rock may be 

considered texturally mature due to the presence of little or no 

matrix, dominance of rounded grains and moderate sorting. 

The quartz grains (see Figure 13a, d, f and e) are coarse to 

medium grained, and subangular to subrounded. They occur as 

30 

Figure 10 Medium to fine grained, moderately to poorly sorted Yabraso Sandstone (Y2)  
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both monocrystalline and polycrystalline types. The quartz 

grains typically exhibit conchoidal fractures and an overall un-

dulatory extinction. There are quartz overgrowths on some of 

the quartz grains (see Figure 13b). With poorly preserved twin 

lamellae, the medium-grained plagioclase grains are subangular 

to subrounded. They are mainly the oligoclase type plagioclase. 

The K-feldspar grains are medium grained and subangular to 

subrounded, with the occurrence of both orthoclase and micro-

cline types (see Figure 13b). 

Muscovite occurs as random tiny fragments and/or elon-

gated flakes. They are however, mostly interstitial between 

quartz grains. The lithic fragments occur as ironic cherts and 

volcanic rocks (see Figure 12a). Suturing among quartz grains 

indicate incipient metamorphism. The mean modal analysis by 

visual estimation is shown in Table 3b based on Terry & Chil-

ingar (1955), confirming that the rock is a sedimentary rock 

and a sandstone (Terry and Chilingar, 1955).  

The Bimbila Sandstones stained with a blue dye and ob-

served under plane polarized light show the pores (voids in the 

rocks) as those filled with the blue dye (see Figure 14). The 

flow of the blue dye from pore to pore also shows the connec-

tivity of the pore hence inferring the extent of permeability of 

the samples. Two pore systems are observed, intraparticle pores 

(intraP) and interparticle pores (interP) slit and wedge-shaped 

pores are the major pore shapes observed (see Figure 14b and 

c). 

These pores have good openness that can facilitate the stor-

age of hydrocarbons. Furthermore, the pores are seen to be in-

terconnected to each other (see Figure 14a and b) thereby facili-

tating ease of flow/migration of hydrocarbons if any. Pore size 

diameters are mainly distributed in ranges of 200-500 µm. 

 

QFL Ternary plots 

To classify the Yabraso and Bimbila Sandstones, the minerals 

present are grouped into three (Q being the quartz, F being the 

Feldspars and L being the lithic fragments (Folk, 1974). The 

ternary plots (see Figures 15a and 15b) show that both Sand-

stones are sub-arkose to quartz arenites, 

 

Mineralogical analysis 

The coupled two theta x-ray diffractometer tests on the Yabraso 

Sandstone samples revealed that the only clay mineral present 

is Kaolinite and it occurs in minor concentration level of 1.7%. 

Table 3 Mean modal composition of (a) Yabraso and (b) Bimbila sandstones via visual estimation based on Terry & Chilingar (1955)  

(a)  Yabraso Sandstone 

Mineral Modal Composition % 

Quartz 75 

Iron cement 5 

Feldspar 17 

Muscovite + Biotite 3 

(b)  Bimbila Sandstone 

Mineral Modal Composition % 

Quartz 71 

Iron oxide 20 

Plagioclase 2 

K-feldspar 3 

Muscovite 2 

Lithic fragment 2 

a b 

c d 

Figure 11 Stained Yabraso sandstones (Y2) under ppl (x4); (a-d) showing pore filling of blue dye 
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Figure 12 Medium to fine well sorted Bimbila Sandstones (B4) showing (a-f): iron cement, quartz overgrowth and well-rounded grains 

Figure 13 Bimbila Sandstone (B5) showing (a-d): minerals and chert lithic fragments  
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The other minerals present were Quartz (35.4 %), Lepidote (0.5 

%), Mica (27.7 %), Microcline (16.2 %), Orthoclase (18.1 %) 

and Burkeite (0.4 %) as represented in Figure16a. Since the 

clay mineral present is not in major quantities, it may not be of 

negative effect to the reservoir rock quality, thus suggesting the 

Yabraso Sandstone may be a good reservoir rock. 

For the Bimbila Sandstone samples, it  revealed that the 

only clay mineral present is Kaolinite and it occurs in minor 

concentration level of 3.0 % which may not be of negative ef-

fect to the reservoir rock quality, thus suggesting the Bimbila 

Sandstone may be a good reservoir rock. The other minerals 

present are Quartz (68.8 %), Fourmarierite (0.3 %) and Micro-

cline (27.9 %) as presented in Figure 16b. 

The Yabraso sandstones as observed under the microscope 

have finer subangular to angular grains (see Figure 10) as com-

pared to the Bimbila Sandstones which shows more medium 

subrounded to rounded grains (see Figure 12, 13 and 17). It is 

presumed that these grain shapes in the Yabraso and Bimbila 

Sandstones constitute a driving force behind the smaller quartz 

abundances in the rock samples. Following discussions by 

Heap et al. (2016), higher permeability is induced by larger 

grain size (Heap et al., 2017). This is evident in the studied 

stained Bimbila Sandstones as the more medium to fine grain 

structures showed more ease of spread of the blue dye through 

the pores (see Figure 14) and their connectivity from pore to 

pore (permeability), as compared to the Yabraso Sandstones 

(see Figure 11).  

Grain sorting sorting improves reservoir quality since it 

results in larger packing-induced porosities (McKinley et al., 

2011). The samples studied under the microscope showed a 

33 

Figure 14 Stained Bimbila sandstone a-d showing pore filling and pore connectivity (ppl, x5). 

a b 

c d 

Figure 15 Ternary plot generated for the (a) Yabraso and (b) Bimbila sandstones  
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better sorting for the Bimbila sandstones (see Figure 18b); 

hence, it can be inferred that there is a packing induced porosity 

for the Bimbila rocks, which leads to the observation of a high-

er porosity of 14 % in the Bimbila rocks during petrophysical 

evaluation (see Figure 12, 13 and 14). 

The examined samples showed coats of iron oxide and clay 

minerals (see Figure 10 and 12). This may have originated as a 

result of iron-bearing sediments reddening during weathering 

by minerals such as hornblende and biotite (Walker and Honea, 

1969). Grain migration may be the root cause of the sandstones' 

varying grain coatings and clay mineral distribution 

(Ajdukiewicz et al., 2010), where the clay coatings could only 

be retained by the smaller grains. This agrees with the observa-

tions made under the microscope for the Yabraso sandstones, 

which shows clay coats mostly preserved on smaller grains (see 

Figure 10). 

Due to the fact that feldspar is not stable under the pH val-

ues present in meteoric waters (Yuan et al., 2015), feldspar 

dissolution may have created the intragranular feldspar porosity 

in the sandstone samples (see Figure 10 and 12) which may 

have started pre-deposition. It must have developed in these 

samples prior to illitization, most likely during early diagenesis 

(Becker et al., 2017). 

Illite grain coatings (see Figure 10) observed at grain con-

tacts must have existed before mechanical compaction. In ac-

tive eolian depositional systems, illite clays as grain coatings 

have also been reported as a detrital to diagenetic component 

(Busch, 2020). 

Compaction reduce porosity and permeability because it 

causes grain rearrangement and plastic deformation of ductile 

grains which will fill the pores and pore throats (Dos Anjos et 

al., 2000; Griffiths et al., 2018; Morad et al., 2010; Worden et 

al., 2000). Cementation due to the precipitation of authigenic 

minerals reduces reservoir quality (Monsees et al., 2021; Rossi 

et al., 2002). However, some authigenic minerals can retain 

their initial porosity during early deformation by preventing the 

rock from deteriorating due to compaction or cementation 

(Grier and Marschall, 1992). Cementation due to the precipita-

tion of authigenic minerals (limonite) was observed in the 

Yabraso sandstone samples studied because the authigenic min-

eral (limonite) was seen to be deforming thus, subrounded to 

subangular (see Figure 10). Pore-filling illite and quartz in 

Sandstones being abundant (see Figure 10) may be interpreted 

as being due to the unconformity between the Birimian Rocks 

and the Volta Basin (see Figure 1). A similar phenomenon is 

identified in the Northern German Basin (Legler et al., 2011). 

In the sample set under study, effective helium porosity 

shows porosity range of 7-22 % with an average value of 13 % 

in the Yabraso sandstones and a range of 6-24 % with an aver-

age porosity of 14 % for the Bimbila Sandstones and permea-

bility values of 63.41 mD and 131.80 mD respectively. Though 

the porosity values of 13 % and 14 % shows that the rocks have 

a good fluid holding capacity (porosity), the permeability (fluid 

transmission) values show clearly the Bimbila Sandstones have 

more fluid transmissivity capability than the Yabraso Sand-

stones which has a fluid transmissivity (permeability) value of 

Figure 16 XRD mineral concentrations of (a) Yabraso and (b) Bimbila sandstones  

Table 4 Summary of petrographic analysis conducted on Yabraso and Bimbila sandstones 

 Yabraso Bimbila 

1. Grain size Medium-Fine Medium-fine 

2. Sorting Moderately sorted Moderately-well sorted 

3. Roundness Subangular to angular showing sharp terminations and straight edges Well-rounded to subrounded 

4. Packing Packed Loosely packed 

5. Structures Intergranular pores, quartz overgrowth quartz overgrowth 

6. Cement Fe cement Fe cement 

7. Classification Sub-arkose to quartz arenites Sub-arkose to quartz arenites 
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63.41 mD. Though the porosity difference is not much, the 

clear difference in permeability values shows that the Bimbila 

Sandstone has better fluid transmission capabilities than the 

Yabraso as the permeability indicates a more ease of flow in 

the rock further confirmed by the photomicrograph of the 

stained Bimbila Sandstone (see Figure 14). Studies conducted 

on both the Bimbila and Yabraso Sandstones show that they 

have parameters making them suitable for fluid holding and 

transmission based on the porosity and permeability values 

recorded. However, the Bimbila Sandstones proved to have 

better porosity and permeability through grain sizes, shape, 

sorting and arrangement, grain coating, petrographic staining 

and petrophysical interpretations. 

 

Conclusions 

Petrophysical and petrographic techniques were used in this 

study to analyze the fluid holding and transmission capabilities 

of the Yabraso and Bimbila sandstone core samples. The voids 

(porosity), and their connectivity (permeability) were deter-

mined. Furthermore, the mineralogy was also studied and re-

ported. The porosities of ten (10) Bimbila and  twelve (12) 

Yabraso sandstone samples were determined in the laboratory 

using helium porosimetry.  The porosity values where then 

used to estimate permeability using the Timur and Morris-

Biggs correlations. 

The Bimbila Sandstones showed better fluid holding and 

transmission capabilities with an average porosity of 14 % and 

permeability of 131.80 mD. Porosity range for Bimbila sand-

stone samples showed that 4 samples fall within the range of 

poor porosity (5-10 %), 2 samples have good porosity (10-20 

%) and 4 samples have very good porosities (20-30 %). Perme-

ability range of the Bimbila Sandstone samples for Timur cor-

relation showed that 2 samples have poor permeability (Below 

1 mD), 2 samples have fair permeability (1-10 mD), 1 sample 

has moderate permeability (10-50 mD), 2 samples have good 

permeability (50-250 mD) and 3 samples have very good per-

meability (above 250 mD) and for Morris-Biggs, 4 samples 

have poor permeability (Below 1 mD), 1 sample has fair per-

meability (1-10 mD), 1 sample has moderate permeability (10-

50 mD), 3 samples have good permeability (50-250 mD) and 1 

sample has very good permeability (above 250 mD). This is 

induced by less compaction, which is supported by framework-

stable quartz cements, resulting in a sizable, interconnected 

pore structure with high permeability. 

The Yabraso sandstones on the other hand showed that for 

Timur correlation, 3 samples have fair permeability (1-10 mD), 

6 samples have moderate permeability (10-50 mD), 1 sample 

has good permeability (50-250 mD) and 2 samples have very 

good permeability (above 250 mD) and for Morris-Biggs corre-

lation, 3 samples have poor permeability (Below 1 mD), 4 sam-

ples have fair permeability (1-10 mD), 2 samples have moder-

ate permeability (10-50 mD), 2 samples have good permeabil-

ity (50-250 mD) and 1 sample has very good permeability 

(above 250 mD). And the porosity range for the Yabraso 

showed that 3 samples fall within the range of poor porosity (5-

10 %), 7 samples have good porosity (10-20 %) and only 2 

samples have very good porosities (20-30 %). These differ-

ences between the Yabraso and Bimbila porosities and permea-

bilities are considered to be the result of diagenesis, which is 

influenced by the combined effect of the depositional environ-

ment and composition. 

The position of the Yabraso and Bimbila Sandstones in the 

project area as plotted on the geological map show that there is 

a proximity relationship between these sandstones and the lime-

stones (source rocks) hence forming a conducive system such 

that if hydrocarbons are produced by the possible source rocks 

(limestones), they can be housed by the sandstones showing 

good porosities and permeabilities. 

In future research works on the basin, statistical constrain-

ing of horizontal and vertical permeability in the sandstones 

may be improved with more research using a larger data set. 

Also, more detailed field work like pitting and trenching should 

be conducted in the project area to deduce the thickness of the 

rocks.  
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