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Abstract: An assessment of the petrographic 

and geo-mechanical properties of some 

exposed Cretaceous sandstones in parts of 

south-eastern Nigeria was carried out to 

determine the relationship between these two 

intrinsic properties of the sandstones. 

Routinely, petrographic analyses of rocks are 

often carried out as an easy procedure used 

to assess the mineralogical composition and 

therefore mechanical quality of rocks for 

construction purposes. Calcareous 

sandstones from four localities (Ngbo, 

Akpegu, Ezillo, and Abini) were tested for 

their petrographic, aggregate degradation 

(AD), and mechanical properties. The 

aggregate degradation was determined using 

the Los Angeles abrasion value (LAAV), 

aggregate impact value (AIV), and aggregate 

crushing value (ACV) tests.Petrographic 

analysis revealed two end-member textural 

characteristics for the sandstones: grain-

supported and matrix- supported, and theyare 

composed of quartz grains, feldspar 

(plagioclase), fossil fragments and 

microcrystalline calcite (micrite). The rocks' 

ACVs and AIVs ranged from 16.34 to 26.29 

% and 15.87 to 22.52 %, respectively, while 

the LAAVs varied from 38.62 to 53.1 %. The 

slake durability index is within the range of 

91.1 to 96.7 % and the strength values of the 

studied rocks fall within the moderately 

strong category (25-50 MPa) except for the 

Ezillo and Abini sandstones (<25 MPa).The 

statistical relationship using a regression line 

between the mineralogical components and 

mechanical properties shows that the quartz 

content, micrite, and micrite plus fossil 

fragments have a significant correlation with 

strength, LAAV, ACV, and the slake durability 

index. The strong correlation between 

aggregate crushing value and micrite content 

shows that the proportion of micrite observed 

in a rock is of great importance, especially 

when subjected to applications where 

crushing forces is significant.It was also 

observed that the grain-supported samples 

exhibited better mechanical properties when 

compared with those that were matrix-

supported.   
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1.0 Introduction 
 

The rapid growth of urbanization and 

infrastructure development worldwide has 

resulted in an unprecedented demand for 

construction materials, particularly rock 

aggregates used in road construction, 

foundations, concrete production, and other 

civil engineering applications. Consequently, 

the identification and characterization of 

locally available geological materials have 

become increasingly important for 

sustainable and cost-effective construction 

practices. This has become necessary because 

the failure to characterize the strength 

properties of rocks leads to engineering 

failures that may have been avoided if 

professional attention were placed on the 

choice of materials before their use (Kanji, 

2014; Kamani & Ajalloeian, 2018; Ismail & 

Abdulwahid, 2021).Additionally, non-testing 

and evaluation of the available geological 

materials may hinder the use of some 

competent materials due to the failure of the 

less competent ones after the event of 

structural failures. Since it is an established 

fact that geological materials are 

inhomogeneous and non-consistent, that is, 

they vary greatly in their physical and 

mechanical properties within the same site or 

even the same geological formation; it 

becomes challenging to draw broad 

conclusions about the entire geological unit 

(Rodrigues, 1988; Edet, 2018). Thus, a 

thorough investigation including the 

physical, mechanical, and mineralogical 

characteristics is necessary for a strategic 

assessment of locally or regional distributed 

sedimentary rock resources (Kanji, 2014). 

Moreover, where deposits of adequate 

strength exist near construction sites, the high 

haulage costs for importing igneous or 

metamorphic aggregates from distant sources 

can be reduced drastically (Teme, 1991).  

In addition to reducing transportation costs, 

the utilization of locally sourced aggregates 

requires a comprehensive understanding of 

their mineralogical and textural 

characteristics because these attributes exert 

significant control on their engineering 

performance. Petrographic investigations can 

therefore serve as an effective preliminary 

tool for predicting the durability and strength 

of rock materials before extensive laboratory 

testing is undertaken. 

In situations where sufficient quantities of 

rock cores and aggregates cannot be easily 

extracted for sampling and testing, especially 

at the planning stage of a rock aggregate or 

quarry project, the relationships between rock 

mechanical properties and petrographic 

properties can be particularly useful. 

Furthermore, during the design stage, the 

petrographic features of these rocks can be 

used to forecast and evaluate the rock’s 

quality for construction purposes. The 

petrographic analysis of rock offers 

significant insights into its mechanical 

behaviour under stress by studying its grain 

size, grain shape, fabric, grain boundaries, 

mineralogical composition and weathering 

(Irfan, 1996, Ademeso, 2024). As such, 

petrographic studies can most often provide a 

quick and reliable prediction of these rocks’ 

strength properties (Pomonis et al., 2007; 

Yasir et al., 2018).  

The relationship between petrographic 

characteristics and the physicomechanical 

behaviour of rocks has attracted considerable 

research attention because mineral 

composition, grain characteristics, 

cementation, pore structure, and textural 

relationships collectively influence rock 

strength and durability. Consequently, 

numerous studies have attempted to establish 

predictive relationships between petrographic 

parameters and engineering properties (Okon 

et al., 2023; Ademeso, 2024). Kamran et al., 

(2022) observed that the densely packed and 

compacted character of the investigated 

Pakistan limestone resulted in high strength 
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and resistance to aggregate degradation. 

Additionally, they found that the strength of 

the rock is strongly correlated with the 

content of ooids and peloids, but the bioclast 

has an opposite relationship. In their study, 

Yusof & Zabidi, (2016), found weak 

connections between mineral composition 

and strength parameters in granitic rocks; 

these they suggested is of particular concern 

in the use of these materials for engineering 

purposes. Makani, 2014 opined that 

mineralogical composition, especially the 

proportion of quartz content, is one of the 

main properties controlling the rock strength 

of granitic aggregates. According to Pomonis 

et al., (2007), the mechanical characteristics 

of the dolerites under study were positively 

impacted by the abundance of secondary 

quartz content, whereas plagioclase content 

harmed the mechanical properties. In contrast 

to the influence of their mineralogical 

composition, Tamrakar et al., (2007) found 

that the textural characteristics of the Siwalik 

sandstones significantly affect their 

mechanical capabilities. According to the 

correlation study, the sandstones are highly 

influenced by the ratio of strong cement to 

total cement, packing density, grain to void 

contact, strong over weak contacts, void 

content, and concavo-convex contact. 

However, Yusof and Zabidi, (2016) noted that 

there are no specific mineralogical properties 

that can be relied on to determine the strength 

of rocks for the three types of rocks (igneous, 

sedimentary and metamorphic) since they 

have different mineral contents and 

discontinuities. Therefore, the correlations 

are best suited for local geology. Although 

several studies have investigated the 

relationship between petrographic attributes 

and mechanical properties in different 

lithologies worldwide, such relationships are 

highly dependent on geological setting, 

depositional environment, diagenetic history, 

and mineralogical composition. 

Consequently, empirical correlations 

developed for one geological terrain may not 

be applicable elsewhere. In southeastern 

Nigeria, particularly within the Southern 

Benue Trough, studies integrating detailed 

petrographic characterization with aggregate 

degradation and strength properties of 

calcareous sandstones remain scarce. This 

knowledge gap limits the development of 

reliable predictive models for assessing the 

engineering suitability of these widely 

utilized rock resources. 

Southeastern Nigeria is underlain by 

extensive Cretaceous sandstone deposits that 

constitute one of the most important sources 

of construction aggregates in the region 

(Edet, 2018). These sandstones are employed 

in most building projects in southeastern 

Nigeria, particularly in Afikpo and 

surrounding areas, and are occasionally 

transported to neighbouring states such as 

Imo, Abia, and Enugu, where they are mostly 

used as foundation, floor finishing, and 

concrete components (Nwimo et al, 2021). 

Edet, (2018) demonstrated that these rocks 

have characteristics ranging from appropriate 

to unsuitable. Understanding the relationship 

between petrographic characteristics and 

mechanical behaviour would facilitate the 

rapid identification of suitable construction 

materials during preliminary site 

investigations and reduce the time and cost 

associated with extensive laboratory testing. 

Despite the widespread utilization of these 

sandstones in engineering projects, integrated 

studies that quantitatively relate their 

petrographic characteristics to aggregate 

degradation and strength properties are 

limited. As a result, the influence of 

mineralogical composition and textural 

attributes on their engineering performance 

remains inadequately understood.The aim of 

this study is to evaluate the relationship 

between petrographic characteristics and 

physicomechanical properties of selected 

calcareous sandstones from the Southern 

Benue Trough, southeastern Nigeria. 

Specifically, the study investigates how 

mineralogical composition, texture, and 

fabric influence aggregate degradation, 

durability, and strength characteristics. By 

integrating petrographic observations with 

standard geomechanical testing, the study 

provides locally derived empirical 

relationships that may serve as a basis for the 
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preliminary assessment of sandstone quality 

for engineering and construction purposes. 

Physicomechanical testing and standard 

petrographic examination of thin sections 

using a polarizing microscope were carried 

out. Unlike previous investigations that 

primarily focused on either petrographic 

characterization or engineering properties 

independently, the present study combines 

quantitative petrographic analysis with 

aggregate degradation and strength testing to 

establish relationships that can be directly 

applied to engineering decision-making 

within the Southern Benue Trough. This 

study is intended to help engineers make 

preliminary engineering decisions during site 

investigations. 
 

1.1 Geological Settings 
 

The Benue Trough is a major NE–SW 

trending intracontinental sedimentary basin 

in Nigeria, extending for approximately 1000 

km in length and 130 km in width. It contains 

a thick succession of Cretaceous sediments 

deposited during the evolution of the West 

and Central African Rift System (Ibe & Okon, 

2021). (Ibe & Okon, 2021). It is sub-divided 

into the Northern Benue, Central Benue and 

Southern Benue Trough. This study considers 

sediments within the Southern Benue Trough. 

Sedimentation within the Southern Benue 

Trough commenced during the Albian with 

the deposition of the Asu River Group, which 

is locally intruded by mafic volcanic rocks 

(Uzuakpunwa, 1974). The Asu River Group 

is made up of shales, sandstones and 

siltstones and has a thickness of 

approximately 2000m (Adighije, 1981). It is 

laterally correlatable with the Awi Formation 

of the Calabar Flank (Okon et al 2023, 2026a; 

Kudamnya et al. 2026).The Eze-Aku Group 

overlies the Asu River Group and is 

composed predominantly of shales with 

subordinate sandstone interbeds.  Although 

they are widely considered to be non-

conformable, their precise relationship to the 

Asu River Group is unclear. The thickness of 

the Eze-Aku Group is approximately 1000m 

in subsurface continuation; represented by 

calcareous shales, siltstones, sandstones and 

thin beds of shelly limestone (Ojong et al 

2018; Ibe and Okon 2021; Okon et al., 

2026b). It has been dated Turonian (Adighije, 

1981; Cratchley & Jones, 1965), with 

deposition beginning in the latest 

Cenomanian (Offodile & Reyment, 1977). 

The Awgu Formation, located 

stratigraphically above the Eze-Aku 

Formation, is composed of marine 

fossiliferous, grey bluish shales, limestones, 

and calcareous sandstone, most likely of Late 

Turonian to Coniacian age (Offodile & 

Reyment, 1977). It comprises of a limited 

band of fine to medium-grain, moderately 

cemented sandstone known as the Agbani 

Sandstone and the Akpoha Sandstone (Petters 

1978; Agagu &Adighije, 1983; Ojoh, 1990). 

In the Northern Benue Trough, the Turonian-

Coniacian depositional cycle includes the 

transitional marine Yolde Formations, as well 

as the marine Pindiga Formations, which 

reflect the aulacogens' downwarping stage 

(Obaje, 2009; Abubakar et al., 2010; Aminu 

et al., 2017; Ogunmola et al., 2020; Adebayo 

et al., 2022). The Turonian-Coniacian 

depositional cycle was terminated by a phase 

of deformation and compressional folding 

that was evidently developed during the 

Santonian. Intense and widespread anticlines 

and synclines, such as the Abakaliki 

anticlinorium, were the outcome of this event 

(Burke et al., 1972). The Nkporo Shale 

consists of Campanian sediments that 

unconformably overlie the Awgu Formation. 

The stratigraphic succession of the Southern 

Benue Trough is depicted in Fig.  1. 

The Nkporo Shales is characterized by 

carbonaceous sediments and unconformably 

overlain by sandstone, carbonaceous shales, 

sandy shales and local coal seams which, 

together form the Mamu Formation 

(Cratchley & Jones, 1965; Kogbe, 1981) of 

the Anambra Basin.The Mamu Formation is 

about 400 m thick and is overlain by 330 m 

of coarse-grained, typically current-bedded 

sandstones known as the Ajali Formation 

(Offodile, 1976). Above the Ajali Formation, 

a thin layer of what is generally regarded as 

the most recent sediments of the Southern 

Benue area was deposited; the Nsukka 
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Formation which is composed of 

carbonaceous shales, sandstones, and coal 

seams. It dates from the Late Maastrichtian to 

the Early Palaeocene. 

 
Fig 1: Stratigraphy of the Southern Benue Trough showing the lithofacies successions and 

distribution of lateral equivalents from the northern reaches of the basin southwards 

(Modified after Ibe & Okon, 2021) 
 

Rock samples investigated in this study were 

collected from outcrops of the Asu River 

Group and the Amasiri Sandstone Member. of 

the Eze-Aku Group within the Southern 

Benue Trough (Fig. 2). The rock sequence of 

the Asu River Group consists of sandstones 

and mudstones, while the Amasiri Sandstone 

is composed of shale, calcareous shale and 

sandstone (Ekwueme et al., 1995). The study 

area lies between latitudes 5°57′21″N and 

6°30′39″N and longitude 7°47′55″E and 

8°22′52″E. 
 

 

2.0 Methodology 
 

Bulk samples of the calcareous sandstones 

were collected from the field and were 

subjected to petrography (thin section), 

physical, and mechanical tests. The rock's of 

mineralogy and texture were examined by 

preparing thin sections, examining them 

under a polarizing microscope.The modal 

composition was analyzed by studying the 

photomicrographs with ImageJ (ImajeJ, 

2008). 

The present study focuses on calcareous 

sandstones belonging to the Asu River Group 

and the Amasiri Sandstone Member of the 

Eze-Aku Group, both of which are widely 

exposed within the southeastern segment of 

the Southern Benue Trough. These units 

constitute important sources of construction 

materials in the region and therefore warrant 

detailed petrographic and geomechanical 

evaluation. 

The study area is characterized by extensive 

exposures of calcareous sandstones that 

exhibit variations in texture, mineralogical 

composition, and degree of cementation. 

These variations are expected to influence 

their engineering behaviour and aggregate 

quality, thereby providing an appropriate 

geological setting for investigating the 

relationship between petrographic and 

geomechanical properties. 
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Fig.  2: Geological map of parts of southeastern Nigeria showing the study area 

The dry density (ρdry) and porosity were 

evaluated using the Archimedes method and 

saturation technique (ISRM, 1979). A weigh 

balance with an accuracy of 0.01 was used 

toestimate the dry weight (after oven drying 

at 110oC for 24 hours and 30 minutes of 

cooling) and the saturated surface dry mass 

(after 24hours of immersion inwater)of the 

sample. The sample’s dry weight was divided 

by the sample volume to get the unit volume 

weight of each aggregate. The weight 

difference between the sample's dry weight 

and its saturated surface dry weight was used 

to compute the sample's water absorption as a 

percentage of its dry weight. The effective 

porosity value was derived as the ratio of the 

pore volume to the bulk volume of the 

sample. The pore volume of the sample was 

estimated using the weight difference 

between the saturated weight (surface dry) 

and the dry sample weight. Bulk density 

(ρbulk), dry density (ρdry), saturated density 

(ρsat), specific gravity (GS), porosity (n), and 

water absorption capacity (WAC) were 

calculated using the following relation in 

Eqn. 1-6: 

ρbulk = 𝑀𝑏/𝑉    (1) 

ρdry = 𝑀𝑠/𝑉    (2) 

ρsat = 𝑀𝑠𝑎𝑡/𝑉   (3) 

GS = 
𝑀𝑠

𝑀𝑠𝑎𝑡−𝑀𝑠𝑤
    (4) 

n = (𝑀𝑠𝑎𝑡 − 𝑀𝑠)/ρw/V *100 %      (5) 

WAC = (𝑀𝑠𝑎𝑡 − 𝑀𝑠)/𝑀𝑠 * 100 %     (6) 

where Ms is the solid mass of the specimen, 

Msat is the surface-dry saturated mass, 𝑀𝑠𝑤 is 

the mass of solid in water, Mb is the bulk mass 

of the specimen, V is the bulk volume andρw 

is the density of water. 

Cylindrical core samples with a diameter of 

40mm were prepared and used for the 

determination of the mechanical properties of 

the rocks. During the unconfined 

compressive strength (UCS) test, a length-to-

diameter ratio of 2.5:1 was maintained. The 

core samples were taken using a core drilling 

machine, and each sample was examined to 

make sure it was free of macroscopic defects 

and weathering. Additionally, to ensure 

accuracy due to instrumental drift, each test 

as carried out in triplicate for each particular 

property and the average value of the 

measured results was then set to represent the 

UCS of each sample. 

For the aggregate degradation test, a jaw 

crusher was used to produce the irregular 

samples. The LAAV test was performed 

following the method prescribed by ASTM-

C131 (2006). Aggregate Grade B was 
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employed because it was similar in size to the 

aggregate used for ACV and AIV. Each 

sample had an aggregate mass of 5000 ± 10g. 

The LAAV was estimated as a percentage of 

the original mass of the tested sample after 

500 revolutions using Eqn. 7 below: 

LAAV 

=
Initial mass −Final mass (after 500 revolutions) 

Initial mass 
 * 

100%                             (7) 

In the AIV test, a hammer with a mass of 

approximately 14kg (13.5–14kg) is dropped 

15 times from a height of approximately 

381mm (381±6.5mm) in accordance with 

(BS, 1990a). Continuous loading was applied 

progressively in the ACV test until a total load 

of about 40 tons was reached in 10 minutes 

(BS, 1990b). 

The AIV or ACV value represents the mass of 

fine material that passes through the #8 (2.36 

mm) sieve as a percentage of the sample's 

initial weight. It is calculated using  equation  

8 

ACV or AIV = 
A − B 

A
  *100%   (8)  

where A represent the initial mass of rock 

aggregates, and B represents the final mass 

remaining on the #8 sieve after impact load 

for AIV test or crushing load for ACV test. 

Slake durability testing was standardized 

according to (ASTM, 2013). The slake 

durability test consists of placing an oven-

dried sample, consisting of 10–12 pieces, 

each weighing 40–60g with a total weight of 

about 450–500g, in a 2 mm-meshed drum and 

rotating the drum through water for 10min at 

a fixed speed. The sample that remains in the 

drum was oven-dried and weighed. The slake 

durability index (Id) is computed as the 

weight of the remaining sample divided by 

the initial weight multiplied by 100. To 

determine the second-cycle slake durability 

index (Id2), the test was repeated on the 

remaining sample. 
 

3.0  Results and Discussions 

3.1.1 Petrographic Analysis 
 

The modal composition of the examined 

samples is presented in Table 1, while the 

photomicrographs are shown in Fig.  3a–f. 

The framework composition reveals that the 

quartz content ranges from 30 to 68%, 

feldspar ranges from 2 to 5%, fossil 

fragments vary from 8 to 32%, opaque 

mineral ranges from 1% to 2%, and matrix 

(micrite) ranges from 10% to 38% (Table 1). 

Quartz was found to be the dominating 

mineral in all of the studied samples and it 

occurs mostly as monocrystalline quartz 

grains. The predominance of quartz suggests 

a relatively mature sediment source and is 

expected to contribute positively to the 

strength and abrasion resistance of the studied 

rocks because quartz is mechanically stable 

and highly resistant to weathering and 

deformation. 

The fabric of the calcareous sandstones from  

Ezillo, Abini, and Akpegu 1 appeared matrix 

supported, as shown in the photomicrographs. 

The micritic matrix separates and floats the 

quartz and plagioclase grains from one 

another. The occurrence of abundant micrite 

may be partly attributed to the disintegration 

of carbonate skeletal materials and fossil 

fragments during deposition and subsequent 

diagenesis. The grains are mostly fine to 

medium grained, but coarser grain sizes were 

found in the Abini samples.  
 

Table 1: Modal composition of the studied calcareous sandstones in parts of the Southern 

Benue Trough 
 

Sample Location Quartz 

(%) 

Feldspar 

(%) 

Sparite 

(%) 

Micrite 

(%) 

Fossil 

Fragment 

(%) 

Opaque 

(%) 

Calcareous 

sandstone 

Ezillo 45 4 _ 25 25 1 

Calcareous 

sandstone 

Abini 30 4 _ 38 27 1 
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Calcareous 

sandstone 

Akpegu 1 30 2 8 27 32 2 

Calcareous 

sandstone 

Akpegu 2 68 5 _ 17 8 2 

Calcareous 

sandstone 

Ngbo 1 64 4 _ 13 18 1 

Calcareous 

sandstone 

Ngbo 2 65 3 _ 10 20 2 

 

 
Fig. 3:(a) Photomicrograph of Ezillo calcareous sandstone under plane polarized light; 

(b) Photomicrograph of Abini calcareous sandstone under plane polarized light; (c) 

Photomicrograph of Akpegu 1 calcareous sandstone under plane polarized light; (d) 

Photomicrograph of Akpegu 2 calcareous sandstone under crossed polarized light (e) 

Photomicrograph of Ngbo 1 calcareous sandstone under crossed polarized light (f) 

Photomicrograph of Ngbo 2 calcareous sandstone under crossed polarized light 
 

Meanwhile, photomicrographs of calcareous 

sandstones from Ngbo 1, Ngbo 2 and Akpegu 

2 revealed that the samples fabrics are clast-

supported. The samples are characterized by low 

micrite content, close grain packing, and well-

developed carbonate cement within the 

intergranular pores. The grain sizes observed 

in the samples are fine to medium-grained. 
 

3.1.2 Physical Properties 
 

The result of the test for physical of the 

sandstones is presented in Table 2. The result 

shows that the specific gravity for the 

sandstones range from 2.36 to 2.69g/cm3. The 

specific gravity of the calcareous sandstone 

from Ngbo 1 has the highest value with an 

average of 2.61g/cm3 followed by Akpegu 1 

and Akpegu 2 with an average of 2.57 g/cm3 

each, Ngbo 2 calcareous sandstone with an 

average of 2.49g/cm3, Abini calcareous 
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sandstone with an average of 2.46g/cm3, and 

Ezillo calcareous siltstone with an average of 

2.36g/cm3.  

The observed variation in density, porosity, 

and water absorption is largely controlled by 

differences in grain packing, matrix content, 

and degree of cementation. Samples 

characterized by clast-supported fabrics 

generally exhibit lower porosity and water 

absorption due to tighter grain packing and 

more effective pore filling by cementing 

materials. In contrast, matrix-supported 

samples contain higher proportions of micrite 

and exhibit relatively higher pore volumes, 

resulting in greater water absorption capacity. 

 

 

Table 2: Physical properties of calcareous sandstones from parts of Southern Benue 

Trough 

Sample 

 

Location 
Specific 

Gravity 

Dry   Density 

(g/cm3) 

Porosity 

(%) 

WA 

(%) 

Calcareous Sandstone AKPEGU 2 2.57 2.50 5.20 2.10 

Calcareous Sandstone NGBO 1 2.61 2.53 3.20 1.30 

Calcareous Sandstone NGBO 2 2.49 2.54 5.70 2.30 

Calcareous Sandstone AKPEGU 1 2.57 2.55 5.00 2.00 

Calcareous Sandstone ABINI 2.46 2.39 7.10 3.00 

Calcareous Siltstone EZILLO 2.36 2.31 11.80 5.10 

The dry density values range between 

2.31g/cm3 (Ezillo calcareous siltstone) and 

2.55g/cm3 (Akpegu 1 calcareous sandstone). 

According to (IQS, 1989), the calcareous 

sandstones are classified as having medium 

dry density (Fig. 4). This range falls within 

the typical density category for aggregates 

(NF, 1983). The porosity and water 

absorption (WA) values varied from 3.2 to 

11.8% and 1.3 to 5.1%, respectively. As 

shown in Fig.  5, the samples from Ngbo 1, 

Akpegu 1, and Akpegu 2 have the least 

porosity and are classed as low porosity, 

whereas the remaining samples are of 

medium porosity (Blyth & De Freitas, 1974). 

Ngbo 1 and Akpegu 1 samples likewise 

exhibit low WAC, with values below 2%. The 

highest porosity and water absorption values 

were found in the calcareous sandstones from 

Abini and Ezillo. 
 

3.1.3 Mechanical properties 
 

The result of mechanical properties of the 

studied sandstones is presented in Table 3. 

The aggregate impact value (AIV) of the 

tested rocks ranged from 15.87% to 22.52% 

(Table 3). The test provides a relative measure 

of the resistance of aggregates to sudden 

shock or impact and granulation or 

pulverization (Al-Harthi, 2001). The 

relatively low AIV values obtained for most 

samples indicate good resistance to impact 

loading and suggest suitability for use as 

construction aggregates subjected to dynamic 

stresses. Higher aggregate resistance during 

the AIV test is indicated by a numerically 

lower result. According to (BS, 1990b), AIV 

should be less than 20%, so only the samples 

from the Abini and Ezillo study areas fall 

outside the recommended limits for 

construction activities. The aggregate 

crushing value (ACV) test recorded values 

that ranged from 16.34% to 26.29%. This text 

presents a relative assessment of an 

aggregate's resistance to crushing under a 

gradually applied compressive load.   
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Fig.  4: Dry density and specific gravity properties of the studied 

samples 

 
Fig.  5: Porosity and water absorption properties of the studied samples 

 

Therefore, a material with a high crushing 

value is weak and might not be durable. Thus, 

the smaller the ACV, the greater the 

aggregate's ability to withstand crushing. All 

the samples should function satisfactorily in 

engineering applications where crushing 

forces predominate since they fall within the 

recommended limit of 30% (BS, 1990b). 

The Los Angeles abrasion value (LAAV) of 

the aggregates tested ranged from 38.62 to 
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53.10 %. The Los Angeles test exposes the 

materials to both impact and attrition, with 

the latter likely having a greater effect. 

Harrison and Bloodworth (1994), state that 

aggregates with LAAV less than 50% can be 

used for base course, and aggregates with 

LAAV less than 40% can be used for wearing 

course.  

The rock samples had unconfined 

compressive strength (UCS) ranging from 20 

to 41 MPa. They have UCS values that fall 

within the weak and moderately strong 

classification categories (ISRM, 1981).  

The slake durability index ranged from 91.1 

obtained in the Akpegu 1 calcareous 

sandstone to 97.6% recorded in the Akpegu2 

calcareous sandstone. The variation in slake 

durability results is dependent on the 

deployed test method and the rock sample 

being studied (Ersoz & Dursun, 2026).The 

slake durability index test results revealed 

that Akpegu2 calcareous sandstone, Hasan 

average value of 97.6 %; Ngbo 1 calcareous 

sandstone, has an average value of 96.4 %; 

Ngbo 2 calcareous sandstone, has an average 

of 96.7 %; Abini calcareous sandstone, has an 

average of 93.4 %; Ezillo calcareous 

sandstone, has an average of 91.6 % and 

Akpegu1 calcareous sandstone, with an 

average of 91.1 %. The conventional slake 

durability results suggests that the calcareous 

sandstones obtained from Akpegu 1, Abini 

and Ezillo areas are of medium durability 

while the samples obtained from Akpegu 2, 

Ngbo 1, Ngbo 2 and are of medium to high 

durability category according to ISRM, 

(1981) classification. 
 

Table 3: Mechanical properties of some calcareous sandstones in parts of the Southern 

Benue Trough 

Rock Type Location UCS 

(MPa) 

AIV 

(%) 

ACV 

(%) 

LAAV 

(%) 

Slake 

Durability (%) 

Calcareous 

Sandstone 

Akpegu 

2 

41.0 19.50 16.34 39.36 97.6 

Calcareous 

Sandstone 

Ngbo 1 38.0 15.87 16.35 38.62 96.4 

Calcareous 

Sandstone 

Ngbo 2 35.0 16.32 17.07 39.64 96.7 

Calcareous 

Sandstone 

Akpegu 

1 

28.0 18.10 20.09 42.70 91.1 

Calcareous 

Sandstone 

Abini 24.0 21.86 26.29 53.10 93.4 

Calcareous 

Siltstone 

Ezillo 20.0 22.52 23.90 49.28 91.6 

**UCS = Uniaxial Compressive Strength; AIV = Aggregate Impact Value; ACV = 

Aggregate Crushing Value; LAAV = Los Angeles Abrasion Value 
 

3.2 Discussions  

3.2.1 Relationship between petrographical 

properties and mechanical properties 
 

The examined rocks can be grouped into two 

groups on the basis of their textural 

properties: matrix-supported and clast-

supported rocks. The examined calcareous 

sandstones with matrix-supported fabric 

showed low mechanical quality. The results 

of this study revealed that when these rock 

groups are subjected to aggregate degradation 

tests, they produced a notable loss. When 

subjected to the impact and crushing test, the 

samples from Ezillo and Abini showed the 

greatest loss, which exceeded the specified 

recommended limit of 20% for construction-

related activities. The matrix-supported 

samples similarly lose more than 40% after 

passing the Los Angeles test. The strength 

qualities were classified as weak (20 - 28 

MPa), with a medium resistance to slaking. 
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Conversely, samples made of clast-supported 

fabric had superior mechanical properties. 

They exhibited moderate strength, high to 

medium resistance to slaking, and superior 

resistance to aggregate degradation. 

The impact of the mineralogical composition 

on the mechanical properties of the 

calcareous sandstone rocks under 

investigation was estimated using correlation 

analysis. To determine the mechanical 

behaviours of the various characteristic from 

one another, the selected mechanical and 

petrographic properties were plotted against 

one another. The scatter plots illustrating the 

correlation between the mechanical 

properties and mineral contents of the 

samples under study are displayed in Fig. s 6 

- 8. The unconfined compressive strength and 

slake durability showed a significant positive 

correlation with the quartz content (Figs. 6a 

and 6b), whereas the aggregate degradation 

(AIV and LAAV) test values showed a 

significant inverse relationship with the 

quartz content (Figs. 6c and 6d). Quartz 

grains possess no cleavage and are highly 

resistant to abrasion; therefore its abundance 

in a rock often leads to higher strength, which 

can boost the rock's resistance to wear and 

fragmentation. This explains why samples 

with more quartz had noticeably higher 

strength, whereas those with less quartz had 

lower strength and higher aggregate 

deterioration.  

Plotting the micrite concentration against the 

unconfined compressive strength and slake 

durability values, however, reveals a notable 

inverse connection (Fig. 7a). This indicates 

that the micrite concentration contributes 

negatively to the strength and durability 

values observed in the studied rocks. The 

percentage of micrite and the aggregate 

degradation metrics also showed a strong 

positive association (Figs. 7b – 7d). This 

same pattern emerged when the aggregate 

degradation parameters were plotted against 

the total micrite and fossil content (Figs. 8a – 

8b). This demonstrates that a rising content of 

micritic percentage in the tested samples 

reduces their capacity to resist wear and 

fragmentation when subjected to impact and 

crushing stresses. The substantial relationship 

observed in Fig.  8cb between aggregate 

crushing value and micrite content indicates 

that the micrite content present in calcareous 

sandstones is crucial, especially when 

considered in engineering applications where 

crushing forces are significant. 

 
Fig.  6 Relationship between mechanical parameters against quartz (a) UCS vs Quartz; 

(b) Slake durability vs Quartz; (c) ACV vs Quartz; (d) LAAV vs Quartz 
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Fig 7: (a) Relationship between UCS and micrite content (b) Relationship between AIV 

and micrite content (c) Relationship between ACV and micrite content (d) Relationship 

between LAAV and micrite content 

 
Fig 8: (a) Relationship between UCS and micrite + FF content (b) Relationship between 

slake durability and micrite + FF content (c) Relationship between ACV and micrite + FF 

content (d) Relationship between LAAV and micrite + FF content 
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3.2.2  Relationship between physical and 

mechanical properties 

Additionally, there was a correlation between 

several physico-mechanical properties. There 

was a notable positive correlation found 

between the UCS and slake durability, dry 

density, and specific gravity.  

The correlation between uniaxial 

compressive strength and the specific gravity 

(GS) was significant (r2 = 0.6306). The 

relationship is related by Eqn. 9. 

UCS = 71.362 GS – 148.12   (10)  

 

Fig.  9b illustrates the relationship between 

the dry density (ƿd) and the uniaxial 

compressive strength. The Fig.  shows that 

when the dry density increased, UCS 

increased as well (r2 = 0.5769). The relating 

equation between them is presented in Eqn. 

10 

UCS = 64.435 ƿd– 128.15        (10) 

The positive relationship between dry density 

and compressive strength indicates that 

denser rocks possess fewer void spaces and 

stronger intergranular contacts, resulting in 

improved load-bearing capacity. Results of 

the tests between the UCS and Slake 

durability index (SD) values showed that 

there was a good positive linear relationship 

as shown in Fig. 10 with the following 

equation: 

UCS = 2.6228 SD– 216.76  (11)  

The strong relationship between UCS and 

slake durability indicates that both parameters 

are influenced by similar intrinsic 

characteristics, including cementation, 

porosity, grain packing, and mineralogical 

composition. The comparative relationship 

between the aggregate degradation and the 

compressive strength was also examined and 

it showed a significant negative linear 

relationship between them (Figs 11a-c). The 

same relationship was noticed when the 

porosity of the samples was plotted against 

the compressive strength (Fig 12)  

 

Fig. 10: Plot of UCS against slake durability 

  
Fig 9: (a) Relationship between UCS and 

specific gravity 

Fig. 9b: Relationship between UCS and 

dry density 
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Fig. 11 (a): Relationship between UCS and 

ACV 
Fig. 11 (b): Relationship between UCS and 

AIV 

 
 

Fig. 11: (c) Relationship between UCS and 

LAAV 
Fig. 12: Relationship between UCS and 

Porosity 
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A good positive linear correlation was observed 

between the Los Angeles abrasion, aggregate 

impact, and aggregate crushing values, 

according to the test results (Figs 13 a-c). The 

analysis revealed that the LAAV increased 

linearly as AIV and ACV increases.  
 

 

4.0 Conclusion 

Regression analysis was used to assess the 

correlation between petrographic features and 

physico-mechanical parameters of calcareous 

sandstones in the southern Benue Trough. The 

materials analyzed are calcareous sandstones 

from four different locations. The findings of 

this study can be stated as follows: 

• The petrographic analysis reveals that the 

quartz content ranges from 30 to 68%, feldspar 

ranges from 2 to 5%, fossil fragments vary 

from 8 to 32%, opaque mineral ranges from 1 

to 2%, and matrix (micrite) ranges from 10 to 

38%. Additionally, the samples from Ezillo, 

Abini, and Akpegu 1 were matrix-supported, as 

revealed by the photomicrographs, while those 

from Ngbo 1, Ngbo 2, and Akpegu 2 samples 

are clast-supported. 

• The rock's strength falls within the weak and 

moderately strong classification categories. 

The aggregate degradation properties were 

within the recommended limit apart from those 

from the Abini and Ezillo areas. 

• The examined calcareous sandstones with 

matrix-supported fabric showed low quality 

and it was observed that they yielded a notable 

aggregate degradation loss. Conversely, 

samples made of clast-supported fabric had 

superior mechanical properties. 

• The unconfined compressive strength and 

slake durability index showed a significant 

positive correlation with the quartz content, 

whereas the aggregate degradation (AIV and 

LAA) test values showed a significant inverse 

relationship with the quartz content. Notable 

inverse connections were observed between the 

micrite concentration and the unconfined 

compressive strength and slake durability 

values. An increase in the percentage of micrite 

in the tested samples reduced their capacity to 

resist wear and fragmentation when subjected 

to impact and crushing stresses. 

• The substantial relationship between 

aggregate crushing value and micrite content 

indicates that the amount of micrite present in 

a rock is crucial, especially in applications 

where crushing forces are significant. 

• Conclusively, the mineralogical components 

significantly impact the strength, LAAV, ACV 

and slake durability index of the studied rocks. 

Overall, the study demonstrates that 

petrographic characteristics, particularly 

mineralogical composition and fabric type, 

exert a strong control on the physico-

mechanical behaviour of calcareous sandstones 

in the Southern Benue Trough. These findings 

highlight the importance of petrographic 

analysis as a reliable tool for predicting 

aggregate performance in engineering 

applications. 
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