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Fig. 3. Microscopic images (XPL) of the studied samples a) plagioclase and remnant of olivine b) amygdale filled with calcite in 

amygdaloidal basalt c) plagioclase phenocryst and mafic mineral replaced by chlorite in basalt with porphyry texture d) plagioclase 

and clinopyroxene in basaltic andesite with porphyry texture, c) Seriate texture in andesite c) Quartz with corrosion gulf in dacite with 

felsitic porphyry texture c) Plagioclase, sanidine, quartz and amphibole in rhyolite with hyaloporphyry texture. h) Altered plagioclase 

in the groundmass of fine grain feldspar and actinolite in rhyolitic tuff. Qtz: quartz, Bt: biotite, Pl: plagioclase, Sa: sanidine, Cpx: 

clinopyroxene, Amph: amphibole, Act: actinolite, Ol: olivine, Cal: calcite. 
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Fig. 4. Shape factors of minerals 
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Table 1. Values of mineral modal percentages, physical-mechanical characteristics and textural indices measured for 
the studied samples 
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Fig. 5. Image processing steps with Photoshop software to measure textural parameters (samples S1 to S5) 
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Fig. 6. Image processing steps with Photoshop software to measure textural parameters (samples S5 to S7) 
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Fig. 7. An example of thin section images processed in ImageJ software 
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Fig. 8. A view of thin section image processing in JmicroVision software 
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Table 2. Calculation of parameters and texture coefficient values of the studied samples 

 ����� ����� AW N0 N1 FF0 AR1 

 

AF1 
 

  m��n

) �����TC( 

S1 1 73 13 32 /1 15 /3 5/0 88 /0 

S2 1 32 20 49 /1 65/2 5/0 92 /0 

S3 1 46 25 48 /1 80 /2 5/0 93 /0 

S4 1 2 3 49 /1 15 /2 5/0 91 /0 

S5 1 10 2 10 /1 23 /2 5/0 94 /0 

S6 1 16 6 58 /1 85 /2 5/0 85 /0 

S7 1 16 7 41 /1 75 /2 5/0 87 /0 
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Fig. 9. Histogram diagram for the texture coefficient values of the studied samples 
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Fig. 10. Relationship between mineralogical and physical-mechanical characteristics 
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Fig. 11. The washed sample S7 after the Los Angeles test, where the surface holes represent the separation of weak 
minerals such as mafic minerals 
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Fig. 12. Relationship between textural indices and mineralogical composition  
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Fig. 13. Relationship between physical-mechanical characteristics and textural indices 
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Abstract 

Abrasion and chemical durability of ballast aggregates are considered to be essential characteristics that 

affect the performance of structures such as railway. Los Angeles abrasion index and weight loss in 

magnesium sulfate solution are among the most important parameters of rocks that are usually used in 

engineering designs. These parameters are largely influenced by the texture characteristics of rocks. In 

this research, seven types of extrusive igneous rocks were investigated in order to evaluate the 

correlation of textural indices with mineralogical, physical and mechanical characteristics. Engineering 

characteristics including density, porosity, point load strength, Los Angeles abrasion index and weight 

loss of magnesium sulfate were measured in the laboratory for the samples. Also, the thin section 

photographs of the samples were analyzed in ImageJ and JMicroVision image analyzer softwares. 

Textural indices (texture coefficient, elongation index, circularity index, solidity index and ferret 

diameter index) were calculated based on the image analysis for all the samples. Finally, the 

relationships between these indices with mineralogical and physical-mechanical characteristics of the 

rocks were evaluated. The results showed that non-dimensional minerals such as feldspar and mafic 
minerals (amphibole, pyroxene and biotite) have a relatively significant relationship with elongation 

index. Also, very strong linear relationships were observed between Los Angeles abrasion index (R2 = 

0.90) and weight loss of magnesium sulfate (R2 = 0.877) with texture coefficient. Finally, based on the 

results, it is inferred that textural indices such as textural coefficient can be used in estimating the 

durability characteristics of aggregates with high reliability. 
 

Keywords: Mechanical characteristics, Mineralogy, Textural indices, Igneous rock ballast 
 
Introduction 

Previous studies on rock engineering behavior 

have shown that microstructural, crystal sizes 

and mineralogical characteristics of rocks 

control their behavior under applied stresses. 
The effects of textural properties on the 

physical and mechanical properties of rocks 

have been investigated from different aspects. 

The geometric relationships between minerals 

define texture of a rock that Itcan be extracted 

through study of rock thin sectiosn together 

with various automated and combined 

analytical image processing methods (Scholz 

et al., 2020). Many researches have used 

textural indicators to estimate the strength and 

durability characteristics of rocks (e. g. Zorlu 

et al. 2004; Alber and Kahraman 2009; Ersoy 

and Acar 2016; Aligholi et al. 2017; Ghobadi 

et al. 2011; Kolay and Baser 2017; Ghobadi et 

al. 2019; Fereidooni and Sousa 2022). In this 

study, the relationship between textural 

characteristics with resistance characteristics 

(such as Los Angeles abrasion index, weight 

loss of magnesium sulfate and point load 

strength), physical (effective porosity and 
density) and mineralogical characteristics 

(modal percentage of minerals) are 

investigated for 7 different types of extrusive 

igneous rocks used in railway ballast.  The 

textural indices of the aggregate shamples were 

determined using the mineralogical and 

textural features (including the mineral shapes 

and the groundmass volume percent). Also 

their relationship with the above mentioned 

parameters were evaluated. 
 

Materials & Methods 

With the aim of evaluating the potential of 

using igneous rocks in railway ballast, a variety 
of extrusive igneous rocks including lavas, sills 
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and basic to intermediate dikes (Cretaceous 

and younger than Cretaceous) and acidic 

volcanic rocks from Neogene to Pliocene were 

selected and sampled from 6 locations. A 

number of the rock blocks were extracted from 

each location to prepare laboratory samples. 

Also, 15 to 20 kg of the rocks was prepared to 

carry out durability tests in the engineering 

geology laboratory of Yazd University. 

Detailed petrographic properties of the samples 
were determined to investigate the relationship 

between the durability of the rocks and their 

mineralogy and textural characteristics. Some 

common physical tests, including effective 

porosity (ne) and unit weight (γ) measurements 

were performed with ISRM standard method 

on the samples. For point load testing, irregular 

block samples were tested by ISRM standard 

method (Franklin, 1985). The Los Angeles 

abrasion (LAA) test was performed on the 

samples using the ASTM-C131 (2008) 

standard method. The rock soundness test was 

also done using magnesium sulfate solution 

with ASTM C88 (2005) standard. 
 

Discussion of Results 

The relationship between mineralogical and 

physical-mechanical characteristics was 

investigated by the Minitab software. The 

results showed that among the rock minerals, 

only mafic minerals have relatively significant 

relationship with Los Angeles abrasion index 

(R2 = 0.433) and effective porosity (R2 = 

0.436). Since mafic minerals are unstable in 

surface conditions, they are more likely to be 

weathered and can increase porosity. The 

significant relationship between the percentage 

of mafic minerals and the loss of Los Angeles 

index confirms this issue. Because of that these 

minerals are usually weaker than the other rock 

minerals, they easily separated from the rock 

during abrasion and/or exposure to corrosive 

solution. Based on the results, two textural 

indices of elongation and textural coefficient 

(TC) show an almost significant relationship 

with the percentage of feldspar and mafic 

minerals. On the other hand, the groundmass 

(Gm.) has no correlation with the mentioned 

indicators. Due to the non-equidimensional 

shape of the feldspars and mafic minerals 

(amphibole, pyroxene and biotite), their 

significant relationship with elongation index 

can be justified. Among the textural indices, 

only the texture coefficient (TC) has a strong 

significant linear relationship with durability 

characteristics such as Los Angeles abrasion 

index (R2 = 0.90) and weight loss of 

magnesium sulfate (R2 = 0.877). Although this 

index has a significant relationship with point 

load strength index (R2 = 0.407). It seems that 

variation in mineralogy and concentrated load 

application in point load test, causes variation 

in point load index values even for the same 

type of rock. Therefore, it can be concluded 

that the use of textural indices to estimate the 
strength characteristics should be done with 

caution. However, in the case of rock durability 

indices such as LAA and weight loss of 

magnesium sulfate, textural parameters such as 

TC can be used as reliable indicators to 

estimate durability characteristics. 
 

Conclusions 

The most important findings of this research 

are summarized as follows:  

- The results of the Los Angeles and the 

magnesium sulfate tests on the studied samples 

show that the andesite samples have lower 

abrasion and weight loss values than the dacite 
samples.  

- Among the minerals forming the studied 

rocks, the mafic minerals show relatively 

significant relationship with Los Angeles index 

(R2 = 0.433) and effective porosity (R2 = 

0.436). These minerals are usually affected by 

weathering in surface conditions and separate 

easily from the rock under abrasion. Therefore, 

the amount of such minerals can play an 

important role in determining the abrasion 

resistance of rocks. The feldspar and mafic 

minerals (amphibole, pyroxene and biotite) 

represent a relatively significant relationship 

with elongation index.  

- Texture coefficient (TC) has a strong 

significant linear relationship with durability 

characteristics such as Los Angeles abrasion 

index (R2 = 0.90) and magnesium sulfate 

weight loss (R2 = 0.877). Also, it shows a 

significant relationship with point load strength 

index (R2 = 0.407). According to the obtained 

results, textural indices such as TC (including 

the shape, size and arrangement of particles), 

can estimate the durability properties of 

aggregates with high reliability. 
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