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Abstract

The thesis presents series of laboratory studies of aggregates containing mica 
minerals obtained from aggregate producers located throughout Sweden. The main 
idea of the research was to study physical properties and behaviour of free mica 
particles in unbound granular products of crushed rock materials. Another 
objective was to highlight the detrimental properties of mica occurrence in 
aggregates used for road construction industry and determine the applicable 
methods for quantitative determination of mica minerals presence. Due to the lack 
of previous investigations looking at this or similar subject, the current research 
can have international importance, especially for countries with crystalline, mica 
rich bedrock and temperate, subarctic climates. 

Recently a number of cases involving road construction failures and 
decrease in service life have been observed in northern parts of Sweden. One of the 
major reasons for the structural deterioration was enrichment of free mica particles 
in aggregates and their interaction with water. Due to this reason first paper of this 
thesis represents a study of the behaviour of free mica grains in crushed rock 
aggregates of metamorphic origin and recognition of any typical trends of 
enrichment in concern of the grain size. As a result two general trends of 
enrichment of mica were obtained: Type I (isotropic source rock) and Type A 
(anisotropic source rock). Type I is exemplified by a general increase of free mica 
towards finer grain fractions, with or without a peak for “coarser” grain fractions. 
Type A is associated with an increase in free mica up to a certain grain fraction, 
after which there is a decrease with progressively smaller grain size. 

Second part of the thesis focuses on the determination of the possible 
analytical methods which are susceptible to mica content and could be used as 
indicating technique for quantitative determination of free mica particles in 
unbound granular materials. Two standard methods: Sand equivalent test and 
Methylene blue test were assumed as the most sensitive to mica presence. Both 
methods showed susceptibility to mica content and gave strong correlation in terms 
of mica content. 

The third paper enhances knowledge of the behaviour of mica rich 
aggregates in interaction with water in terms of fraction sizes and free mica 
content. During the experiment several aggregates with different content of free 
mica and pure mica material consisting of commercial biotite were studied. Two 
major parameters were investigated during the research: water storage capacity and 
specific water saturation value. With the aid of consecutive analytical and 
statistical analyses a more precise mica presence threshold value for certain 
unbound applications was indicated, resulting in recommendations for industry, 
authorities and for future experiments. 

Key words: quality of fines, free mica, crushed rock aggregates, sand equivalent 
test, methylene blue test, moisture damage, water retaining capacity, specific water 
saturation.
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1. Scope of the thesis 

The main objective of current work was to study physical properties and 
behaviour of free mica particles in fine fractions of granular rock materials.  
Other important objectives were to highlight the detrimental properties of mica 
occurrence in aggregates used for road construction industry and determine the 
applicable methods for quantitative determination of mica minerals presence. 

2. Introduction 

Considering the importance of roads and highways and the investments spent on 
them, there is almost perpetual need for maintaining and possibly advancing the 
knowledge of granular materials, as such materials generally constitutes an 
important structural component in many civil engineering constructions, not the 
least in roads (Ekblad 2007). According to this reason the knowledge of physical 
properties and hydraulic behaviour of fine granular materials is of the great 
significance.

Recently a number of cases involving road construction failures and 
decrease in service life have been observed in northern parts of Sweden. According 
to a number of modern investigations one of the major reasons for the structural 
deterioration of pavement was enrichment of free mica particles in fine fractions of 
aggregates and their interaction with water, as well as seasonal temperature cycles. 
The impact of mica on structural deterioration of roads is considered as being 
negative and causes critical structural deterioration of pavement, significantly 
reducing the lifetime of roads. This negative influence is of importance especially 
in regions of temperate, subarctic climates and mica rich source rock (Höbeda 
1987, Miskovsky 2004). 

The consecutive investigations performed at the Swedish National Road and 
Transport Research Institute (VTI) and the Swedish Road Administration (SRA) 
confirm that high amounts of free mica content in aggregates have a negative 
influence on the quality of both bound and unbound applications, e.g. asphalt mass 
and aggregates for unbound applications (Hakim 2003; Arm 2004; Loorents 2007). 
The results pointed out the necessity of reducing the quantity of free mica in 
several crushed rock products. In order to diminish the negative influence of free 
mica on road construction the SRA proposed a 30 to 50 per cent threshold value 
for mica content for certain unbound applications. However, according to 
Miskovsky (2004), there is still a great demand for detailed investigations 
concerning the mica problem with consecutive determination of a strict threshold 
value of free mica content in both bound and unbound applications. 

One of the major questions which should be studied thoroughly is the 
enrichment of free mica particles in fine fractions of aggregates. The aim of the 
first paper is to provide complementary understanding on how the amount of free 
mica varies within aggregates obtained from crushed rocks of metamorphic origin. 
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Despite the awareness of micas potential harmful effect, the absence of 
properly adapted analytical methods is noticeable (Loorents 2007). Modern test 
methods for aggregate properties, related to moisture damage, generally fall into 
two categories: tests that evaluate the surface properties of the aggregate related to 
the adhesion of the binder to the aggregate and tests to identify clay-like fines 
(Brian D 2005). None of those takes into consideration the mineral composition of 
mica fines in particular. Second paper improves the knowledge on applicable test 
methods for quantitative determination of mica minerals presence. Methylene blue 
test and sand equivalent test are considered as the most sensitive methods to mica 
content. However, no previous researches have been made according to this topic. 

Another important aspect is the behaviour of mica when interacted with 
water. Previous studies have identified the free mica-water interaction as one of the 
critical parameters for structural deterioration (Uthus 2006, Ekblad 2007). 
Accumulation of water in mica rich aggregates is the main reason for road heaving, 
rutting and reduction of bearing capacity during seasonal climate variation. 
However, evaluation of micas’ water storage capacity, properties concerning the 
time of water absorption, quantity and volume changes, as well as water saturation 
capacity compared to the bulk aggregate have not been investigated. This 
knowledge is an urgent need to improve the understanding of behaviour of mica 
minerals in contact with water for consecutive analysis of the threshold values 
regarding acceptable amount of free mica grains in road constructions aggregates.
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3. Literature review 

According to Williams (1989), micas are widespread and often abundant in both 
igneous and metamorphic rocks. They are certainly to be expected as detrital 
grains, but the distribution of detrital mica is primarily a function of sorting and is 
determined largely by the hydraulic behaviour of mica flakes. They tend to 
accumulate with clay, silt, and fine sand. Both muscovite and biotite are common 
as detrital grains, i.e. mica minerals (Williams 1989, Loberg 1999). 

Micas have structures similar to the clays and therefore form flat pseudo 
hexagonal sheets. This ability to form layered structure (Figure 1) is the reason 
why mica minerals have typical ability to stratify in only direction and to form thin 
elastic flakes (Loberg 1999). This ability significantly influences the quality of 
aggregates.

Figure 1. Images of biotite particles with apparent layered structure, fraction 0.5-

1.0 (magnification x1200, x600) 
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Influence of mica content on the quality of base-course aggregates and 
bituminous materials 

The influence of mica content on the aggregates and bituminous materials is 
considered by most of researchers as detrimental and it is recommended to avoid 
the handling of mica rich aggregates for constructional needs. 

During the production crushing of mica rich rocks the enrichment of mica 
takes place in fine fractions. This phenomenon was studied in detail by Miskovsky 
(2004) and Loorents (2007). Ekblad (2007) states that elevated fractions of free 
mica particles in unbound granular materials, used in road constructions, are 
believed to reduce bearing capacity and influence the hydraulic behaviour of the 
road structure.

The research performed by Arm (2004) reveals that mica minerals influence 
the deformation properties of unbound materials. High mica occurrence in 
combination with wet conditions results in large permanent deformation or 
fracture. Dry conditions provide in the other hand less permanent and resilient 
deformations. High content of mica in material fraction 0.125-0.125 mm provides 
the maximal effect. However, the quantity of mica is not the only parameter that 
influences the range of deformations, type of mica as well as size of mica grains 
and orientation are of interest. Other important parameters for assessment are grain 
size distribution of materials and water content in combination with load extent. 
The congruous investigation of Ekblad (2007) confirmed that increase in mica 
content in combination with water results in deterioration of resilient modulus. 

In coherence, Uthus (2007) performed the series of studies of unbound 
granular aggregates and the deformation behavior. The author consider that 
material properties like grain size distribution, grain shape, mineralogy and 
mechanical strength are important for the deformation properties of unbound 
granular materials when subjected to cyclic loading. In the other hand the 
properties of the fines, like specific surface area, mineralogy and grading, are 
important for the material behaviour because of the interaction with water. Some of 
the conclusions state that mica is a very soft and mechanically weak material, 
which may reduce the stiffness and strength of aggregates, known to interact with 
water.

One of the main problems of usage the mica rich aggregates in road 
construction industry is the ability of mica to absorb liquids (Uthus 2007, Arm 
2004). This problem makes sense for both base-course and bituminous materials. 
Arand (1982) claims that mica rich minerals have the ability to absorb bitumen 
selectively, i.e. only components with low molecular mass. This results in 
enrichment of bitumen in asphalt and the increased hardness of bitumen. He points 
out that mica minerals can have a catalytic effect and speed up ageing of bitumen. 

According to Miskovsky (2004) the qualitative tests of bituminous masses 
with increased content of free mica in fine fractions showed significant 
deterioration of the mechanical properties of asphalt mass. This depends on the 
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ability of mica to absorb bitumen and produce weak zones in asphalt mass. 
Microscope studies showed that deterioration in mechanical properties of asphalt 
can be associated with orientation of mica particles (foliation) around the coarser 
rock fragments.

In the case of base-course aggregates with high content of mica the 
accumulation of water will occur. This occasion may result in road heaving, rutting 
and reduction of bearing capacity.

Höbeda and Bunsow (1974) have studied the packing properties of mica 
minerals and found that it deteriorates with the increase in mica content. This 
elastic mineral has preferred grain orientation at right angles to packing burden, 
overlay the other corns and to produce voids.  

Rogers (1995) has examined the relation between mica content and 
permeability and found out that mica particles have the ability to retain water. This 
ability explains by the flat shape of the grains which provides the large specific 
surface per unit weight.

Selmer-Olsen (1971) has studied relation between mica content and frost 
risk. Artificially created mixtures of quarts sand and mica were examined taking 
into consideration capillarity and porosity. Capillarity gains with admixing of fine 
fractions of mica and decreases with admixing of coarse mica. Porosity got 
increase in both cases whereupon coarse mica gave occasion to the greatest effect. 
Webster and Tubey (1978) have made congruous study with Selmer-Olsens 
investigation. The frost heave study of sand with certain content of mica showed 
that fine fractions of mica increase in frost heave greatly while coarse fractions got 
reduced capacity. According to Nieminen and Uusinoka (1986) the specific surface 
of fine fractions is of the great importance for characteristics of frost heave. Mica 
minerals have the ability to stratify in thin flakes causing the increase in specific 
surface and to retain water in material. In coherence, Höbeda (1987) with the aid of 
frost heave investigation concluded that light mica mineral is the most predisposed 
to the frost risk. 

Woodward (2002) performed a study of clay-like materials, including 
muscovite. The work describes some standard and non-standard methods that have 
been developed to determine the presence of clay minerals and assess their effect 
on aggregate and asphalt properties. The author emphasized several very 
distinctive characteristics that are important when considering their effect on 
aggregates and bituminous materials:  

1. Forming of microscopic to sub microscopic sized crystals explaining a 
large surface area. Even relatively small amounts of free mica particles in fine 
fraction can have a significant detrimental effect on aggregate or bituminous mix 
properties.  
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2. Water absorption or water loses can cause unexpected aggregate mass loss 
or gain. 

3. When mixed with limited amounts of water the mica particles can become 
plastic. This phenomenon can have serious consequences on the performance of 
unbound layers within the highway structure. 

4. The mica particles that absorbed water may expand as the water fills the 
spaces between the stacked silicate layers. This can have a number of effects on 
performance, such as continued repetitive wetting / drying processes can affect the 
aggregate / bitumen adhesion. Expansion of the aggregate particles could cause the 
asphalt material to swell affecting its stiffness and fatigue characteristics 
(Woodward D 2002).
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4. Materials and methods 

Materials

Material preparation of performed tests had some common features, which are: 
Tested aggregates were chosen to give a wide range of mineralogical 
compositions. 
The materials used in tests are all commercially available crushed rock 
aggregates from material producers throughout Sweden.
The experimental procedure has been based on narrow grain size fractions 
derived from crushed rock aggregates.  
The main material variable of interest has been the amount of free mica grains 
in the crushed rock aggregate.
Mica content has been determined both for the aggregate source rock as 
volume % of the rock’s mineralogical composition, and for each narrow grain 
size fraction as particle % of the grain size fraction particle composition. 
The experimental procedure has been based on narrow grain size fractions 
derived from crushed rock aggregates.  

The Enrichment of free mica 

The idea of this experiment implies the estimation of trends of mica content’s 
enrichment in specific grain size fractions in crushed aggregates from metamorphic 
source rocks. Current study is the continuation of the previous similar research 
which was presenting a complementary study of isotropic rocks (Loorents 2007). 

Grain size fractions obtained from crushed aggregates were thoroughly 
analyzed with the aid of standard procedures RILEM AAR-1 (Technique 1) and 
RILEM AAR-1 (Technique 2). These techniques implicate a standard petrographic 
examination of the aggregate particles followed by the use of a detailed 
microscopical examination of thin-sections which incorporate point-counting. 
Resulting trends of enrichment of free mica in anisotropic crushed rock aggregates 
are presented in the figure 3 - 4. 

Sand equivalent test 

The objective of the sand equivalent test is determination of the relative 
proportions of plastic fines or clay-like materials in fine aggregates (Kandhal 
1998). The experiment was performed according to Swedish standard SS EN 933-
8.

Fine aggregate was placed in a graduated, transparent cylinder which was 
filled with a mixture of water and a flocculating agent. After agitation and 20 
minutes of settling, the sand particles separate from the clay fraction, and the 
heights of sand and sand plus clay fraction were measured. The sand equivalent is 
the ratio of the height of the sand to the height of sand plus clay times 100.
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Where: h1 is the total height of flocculated material plus suspension, in 
millimetres; 

             h2 is the height of flocculated material, in millimetres. 

Higher sand equivalent will be obtained in case of a cleaner fine aggregate, 
i.e. aggregates containing less clay-like materials. 

Methylene blue test 

This test method was developed to quantify the amount of harmful clay minerals 
present in fine aggregate. The test principle comprises the adding quantities of a 
standard aqueous solution of the dye (methylene blue) to a sample until adsorption 
of the dye ceases. 

The experiment was performed according to Swedish standard SS EN 933-9. 
Investigated materials of dried fine aggregates were screened through 2.0 mm 
sieve in accordance with SS-EN 932-2. Obtained portions of the materials were 
tested for methylene blue value (MBV). At least 200 grams of the material were 
dispersed in 500 grams of distilled water in a beaker. Ten gram of methylene blue 
(MB) was dissolved in distilled water, to produce one litre of solution, so that 1 ml 
of solution contains 10 mg of methylene blue. This MB solution was titrated 
stepwise in 5 ml aliquots from the burette into the continually stirred fine aggregate 
suspension. After each addition of MB solution and stirring for one minute, a small 
drop of the aggregate suspension was removed with a glass rod and placed on a 
filter paper. Successive additions of MB solution were repeated until the end point 
was reached - a permanent light blue coloration or “halo” was observed in the ring 
of clear water (figure 2).

Figure 2. Acquisition of light blue halo. 

8



The MB value of a specific fine aggregate fraction is defined as grams of 
methylene blue per kilogram of fine aggregate fraction and calculated by the 
following equation: 

10VMB
M

Where: M is the mass of the test portion, in grams; 
 V is the total volume of dye solution injected, in millilitres. 

The MBV expresses the quantity of MB required to cover the total surface 
of the clay fraction of the sample with a monomolecular layer of the MB. 
Therefore, the MBV is proportional to the product of the content of clay particles 
times the specific surface of the clay (Kandhal 1998). 

Water storage capacity 

The experimental procedure was designed to estimate the ability of mica-rich 
materials to retain water due to specific grain orientation, capillary effects and 
structural features of mica particles in comparison with mica-poor ones. The 
approach taken during the study was to measure water weight losses driven by 
evaporation in terms of time. The experimental set up:

1. Samples were stored in leak-proof containers with open top to provide 
required evaporation 

2. Initially all samples were fully immersed in water
3. Test was conducted at room temperature and humidity 
To remove in-situ moisture content, the materials were dried at a 

temperature of 1040C, selected and placed, according to mica content and fraction, 
in plastic containers. Sample preparation was done by pouring the dry materials 
into the container to a height of 44 mm and then weighting. The samples were then 
immersed in water and stored for 3 days to attain soaked or as close as possible 
saturated conditions. After storage any excessive water over the material surface 
was removed and the weight and volume of saturated samples were measured. 
Volume changes were registered as a difference between initial height of the dry 
sample in the container and the height of the sample after soaking. The samples 
were left to dry at room humidity and temperature. The decrease in weight of the 
samples was measured daily until the samples reached constant dry weight i.e. all 
water content was evaporated and the sample weights remained unvaried. 
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Specific water saturation 

The basic idea of the experiment was to compare the ability of materials with 
different mica content to absorb water. In other word the objective was to identify 
the quantity of water absorbed per unit weight of granular material. Sample 
preparation procedures were identical to the Water storage capacity test. 
Accordingly the weights of water-soaked samples have been measured and the 
specific water saturation values calculated using the following formula: 

Volume of added water, mlSpecific water saturation = 
Weight of dry material, g

10



5. Results and discussion 

Results of current thesis work can be arranged into three different groups in 
accordance with attached papers. Results of the each part of the work are presented 
below:

The Enrichment of free mica 

Miskovsky (2004) and Lagerblad (2005) proposed that enrichment of mica in 
crushed rock aggregates generally follows two trends. The first is a general trend 
of enrichment of micas towards finer grain size fraction. The second trend is 
characterised by an increase in the amount of free mica in the crushed aggregate to 
a certain narrow grain size fraction, thereafter towards finer grain sizes, no 
enrichment of mica is noticed. 

The previous similar research presented a complementary study of isotropic 
rocks (Loorents 2007); the conclusion stated that there is a general trend towards 
the enrichment of mica in the finer fractions of the fine grained rocks. In the case 
of medium and coarse grained rocks, the amount of free mica generally peaks 
within the fraction 0.125–0.25 mm. Thus, both confirming the two above 
mentioned trends of enrichment but also refining the trend for isotropic rocks. 

Current work has focused on the enrichment of free mica in anisotropic 
crushed rock aggregate. Figure 3 characterises the trend of the samples content of 
free mica for each collected and analysed grain size fraction. In figure 3 the trends 
of enrichment for free mica in crushed rock aggregates suggested by Miskovsky 
(2004) and Lagerblad (2005) finds support, the first trend is exemplified by 
Samples 3, 5 and the second by Samples 1, 2, 4.  
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Figure 3. The content of free mica for the collected grain fractions 

The mechanism behind the enrichment of free mica in crushed rock 
aggregates is understood to relate to the obvious availability of mica to produce 
monomineralic grains, but also to the breakage of the rock fragments and the 
continuous breakage of monomineralic mica into smaller grains or the production 
of thinner mica stacks. Thus, for the enrichment of mica grains, the broken 
aggregate must contain mica on the freshly fractured surface, and/or the free mica 
is continuously broken into progressively smaller grains. Thus, the microstructural 
characteristics (i.e. grain size, foliation, spatial arrangement of mica grains, micro 
fractures) together with the breakage of the rock aggregate (e.g. along grain 
boundaries or across monomineralic grains) is understood to be the main 
controlling factors for the release of free monomineralic grains. 

Isotropic rocks will in general terms have no plane of preferred fracturing 
due to mineral assemblage or orientation due to spatial arrangement of mineral 
assemblages. During breakage of the aggregate a “linear” release of free mica 
grains is to be expected. The peak that may occur with the breakage of medium to 
coarse grained rocks is understood to correlate with a bimodal enrichment of free 
mica, i.e. an enrichment of released monomineralic grains together with a breakage 
of present free grains. Where the peak occurs seem to be controlled by the rocks 
grain size (Loorents 2007).

It is suggested that the trend of release of free mica in schistose or rocks 
displaying compositional layering are controlled by the breakage of microlithons 
and cleavage domains. A cleavage domain will function as a “feeder” for the 
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release of free mica particles, assuming the cleavage domain is primarily made up 
of mica. When breakage mainly moves from cleavage domains (i.e. plane of 
fracturing) to the bulk rock, i.e. cleavage domains, microlithons and 
monomineralic grains the feed of free mica will diminish as other mineral phases 
will commence. Such a functional breakage will explain the change in amounts of 
free mica for grains smaller and larger than the 0.063-0.125 mm grain size. 

Based on the information in figure 3 and previous work on the behaviour of 
free mica in crushed rock aggregates, i.e. Miskovsky 2004, Lagerblad 2005, and 
Loorents 2007 two general enrichment trends are presented: Type I (Isotropic) 
trend and Type A (Anisotropic) trend. Type I trend is exemplified by a general 
increase of free mica towards finer grain fractions, with or without a peak for 
“coarser” grain fractions (i.e. >0.125 mm). Type A involves an increase of free 
mica to a certain grain fraction (i.e. >0.125 mm) and thereafter a decrease with
progressively finer grain fractions (Fig. 4). 

Type I Type A

Figure 4. Illustrated general trends of enrichment of mica in crushed rock 
aggregates; Type I and Type A 
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Test methods sensitive to free mica content in aggregate fine fraction 

Conducted investigation revealed expected results. Both methods, i.e. Sand 
equivalent test and Methylene blue test, showed susceptibility to mica content and 
gave direct correlations.

The sand equivalent test gave negative correlation. Figure 5 summarizes the 
results of the performed sand equivalent test. The increase of mica content led to 
decrease in sand equivalent values. Negative correlation between the content of 
free mica particles and SE values can be explained by the feature of the sand 
equivalent test. The higher SE value gives the less quantity of phyllosilicate fines 
due to their flake formed particles.

Sand Equivalent Test
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Figure 5. Relation between Sand Equivalent values and an increasing content of 
free mica. Trendlines are polynomial, second order.

According the formula for calculation of sand equivalent value, the greater 
suspension heights give lower SE values. The obtained results showed that mica-
rich materials have the lowest SE value, which indicates that mica particles 
appeared to be suspended rather than flocculated. Despite the fact that mica 
particles have relatively high density (3.0-3.2), in comparison with similar particles 
of quarts and feldspar (2.6), the flocculation rate of mica is much lower. This 
phenomenon can be justified by the geometrical parameters of mica particles. The 
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flake shaped mica minerals can remain suspended in liquids, while round shaped 
grains of quarts and feldspar flocculate immediately. 

The performed methylene blue test showed positive non-linear correlation. 
Figure 6 summarizes the results of the performed methylene blue test and is treated 
further below. Analyzing the obtained data showed that increased content of free 
mica in samples gave significant increases in methylene blue values. This points out 
directly on the increased specific surface area of mica particles and the ability of 
mica minerals to absorb liquids. Due to the high reaction surface of mica particles 
the increase in specific surface area of the sample is noticeable; consequently a 
greater amount of methylene blue solution is required to cover the total surface of 
the sample with a monomolecular layer of the methylene blue. Hence, the 
methylene blue value is directly proportional to the content of mica particles. 
Another factor that increases the absorption of methylene blue is the micas inter 
space structure. 

Metylen blue test
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Figure 6. Relation between Methylene Blue values and an increasing content of 
free mica.  Trendlines are polynomial, second order. 

Water absorption and retaining capacity of mica 

The experimental program shows that fine fractions with relatively high mica 
content (more than 30 vol. %) can absorb greater amounts of water and retain it for 
longer time in comparison with mica poor rock types (less than 20 vol. %). 

The water storage capacity test revealed expected results, i.e. samples with 
increased content of free mica (more than 30 vol. %) gave a significant difference 
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in dry out time in comparison to the reference material (Figure 7). This can be 
interpreted as the ability of mica-rich materials to store water for a longer period of 
time, in comparison with materials having lower amounts of free mica. 

Figure 7. Relationship between the free mica content and drying time. 

All materials showed an increase in drying time with a decrease in grain size 
fraction. The behaviour of samples was as expected and was caused by the 
enrichment of free mica particles in the finer fractions, i.e. with reducing grain size 
fraction the amounts of free mica particles significantly increases and therefore 
causes longer dry-out time. The main possible reason for such behaviour can be the 
increase of specific reaction surface with decreasing fraction size. Hence, it is 
possible to conclude that water retaining capacity is a function of grain size 
fraction and mica content. 

In addition, samples 1, 2 and 3 of finer fractions (less than 0.125mm) 
changed the loose consistency into a cemented one after completion of the test 
while sample 4 (pure mica) remained loose. The result of the cohesion test 
indicates that the cohesion depends only on the fraction size and consequently on 
the fines content without any relation to mica content.  

In order to secure the results of the first experiment (water storage capacity) 
the second experimental step was carried out. It was assumed that one of the most 
important factors for increased water storage capacity of the mica-rich materials is 
the ability of mica to absorb water to “high” amounts. To characterize this ability, 
the specific water saturation was chosen as the most appropriate parameter 
representing the proper amount of water required for full water saturation for a 
certain mass of the material. The resulting plot of the specific water saturation test 
is presented further below (Figure 8). 
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Figure 8. Relationship between the free mica content and specific water saturation. 

The result of the experiment showed that sample 4 consisting of 100% mica 
exhibited the highest water sorption value (742 ml/g, fraction 0.125-0.25 mm) and 
sample 1 containing the smallest amount of mica indicated the lowest value (321 
ml/g, fraction 0.125-0.25 mm). Hence, there is a positive correlation between mica 
content in aggregates and water sorption capacity, i.e. increase in amount of mica 
leads to increased water saturation. 
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6. Conclusions 

As a result, performed studies enhanced understanding of physical 
properties and behaviour of free mica particles in fine fraction of granular rock 
materials. This investigation revealed the detrimental properties of mica 
occurrence in the aggregates used for road construction industry, such as water 
absorbing and retaining ability, and determined the applicable methods for 
quantitative determination of mica minerals presence. 

The first part of the current thesis proves two general trends of enrichment of 
mica in crushed rock fine aggregates: Type I (isotropic source rock) and Type A 
(anisotropic source rock). Type I is exemplified by a general increase in free 
mica towards the finer grain fractions, with or without a peak for “coarser” 
grain fractions. Type A represents an increase of free mica up to a certain grain 
fraction after which there is a decrease in the free mica content. 

The work has shown that in some rock the maximum free mica occurs in 
the finer fraction (0.024 to 0.042 mm) while in others, it will occur in the fraction 
0.125-0.25 mm.  Which trend will apply depends on the microstructural 
characteristics such as kind of foliation, shape of grain boundaries, grain size and 
shape and micro fracturing.  

The second part of the study revealed the lack of laboratory methods for 
estimation of free mica in aggregates. With the aid of performed experimental 
study the following statements can be concluded; both methods showed 
susceptibility to content of free mica in fine fraction and gave strong correlation 
in terms of mica content. The receptiveness of the methylene blue test to mica 
can be explained by the schistose structure of mica particles and the pronounced 
ability of mica to absorb liquids. Results of the sand equivalent test can be caused 
by relatively high (2.9 – 3.0) density of mica. 

The methods tested point out the possibility to be used as indicating 
technique for quantitative determination of free mica particles in fine fraction of 
unbound granular materials. 

For the final estimation the further tests are required. Due to the reason that 
investigated samples presented fine grained rocks along with medium to coarse 
grained rocks, it can be recommended to make additional study of each type of 
rock separately. 

The final part of the study emphasizes the behaviour of mica rich aggregates 
in interaction with water in terms of fraction sizes and free mica content. All 
materials studied showed susceptibility to increased water sorption as a 
consequence of free mica particles presence. The general tendency was for an 
increase in drying time and increase in water sorption with an increase in mica 
content, i.e. a strong positive correlation was observed between mica content, grain 
size, water sorption and water storage of the aggregates.  
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The experiment showed that aggregates with relatively high mica content 
(more than 30 vol. %) can absorb and store 20-30% more water compared to mica 
poor ones (less than 20 vol. %). The influence of mica on the water sorption of the 
aggregates begins at fraction size 0.5-1 mm. These results can be taken into 
consideration when determining threshold values regarding acceptable amounts of 
free mica grains in road constructions aggregates. The estimation of the critical
point of mica content is not final and demands involving a greater number of 
integrated samples of finer fractions having mica content within the critical area. 

The results of this thesis work can have international importance in the road 
construction industry and for road authorities especially for countries with 
crystalline, mica rich bedrock and temperate, subarctic climates. 
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Trends of enrichment of free mica grains in crushed rock 
aggregates
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bDepartment of Civil, Mining and Environmental Engineering, 
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Abstract

The paper reports a study of the behaviour of free mica grains in crushed rock aggregates of 
metamorphic origin undertaken to identify any typical trends of enrichment with grain size. 
The mineralogical composition of the various grain size fractions was obtained using a 
polarizing microscope and point counting. Two general trends of enrichment of mica are 
presented: Type I (isotropic source rock) and Type A (anisotropic source rock). Type I is 
associated with a general increase in free mica towards the finer fraction, with or without a 
peak for “coarser” grain fractions. Type A is associated with an increase in free mica up to a 
certain grain fraction, after which there is a decrease with progressively smaller grain size. 

Keywords: free mica, monomineralic grain, metamorphic rock, foliation, crushed rock 
aggregates



Introduction

The significance of mica in road construction works has been discussed in the literature for 
more than half a century. Generally, the impact of mica on the structural deterioration of 
roads is negative (Rosenqvist 1943, Hyyppä 1964, Nieminen and Uusinoka 1986, Höbeda 
1987, Hakim and Said 2003, Miskovsky 2004, Ekblad 2007), but in certain applications, 
where the mica is properly handled, a positive effect can be achieved (Höbeda 1987). Despite 
the awareness of the potentially harmful effect of mica, there is a notable absence of properly 
adapted analytical methods to assess this.  

The reason for this may be in part due to the historical development of test methods 
for aggregates. Although a national report on material availability was published by 
Hedström 1908, this report did not deal with technical material issues. The first Swedish 
publication on test methods for aggregates was published in 1928 by Schlyter.  This paper 
gives an interesting insight into the state of contemporary test methods for aggregates. 
Several of today’s European standard methods can be traced back to the beginning of the last 
century, obviously accompanied with adaptations to modern demands and empirical 
development. Indirect methods that include micas are the assessment of fines, such as the 
sand equivalent test (EN 933-8) and national methods such as the VVMB 613 which have 
been developed with reference to the mica content in the fine fraction, while new analytical 
methods are under consideration (Johansson et al. 2007).  

The mica content in crushed rock aggregates depends on the mineralogical 
composition of the source rock. The presence of mica is therefore considered to be a local 
“problem”, possibly with a limited regional or national impact.  The authors believe it is for 
these reasons that there are no international test methods. The possible contribution of mica 
to the structural deterioration of roads has awakened a new interest and been discussed in 
some recent papers (Miskovsky 2004, Lagerblad 2005).  

This paper is a continuation of Loorents, Johansson and Arvidsson (2007), extending 
the study on the behaviour of free mica grains in crushed aggregate from metamorphic source 
rocks. Special attention has been paid to identifying any trend of enrichment of free mica 
grains which can be linked to a typical microstructural rock characteristic. The aggregate 
samples are all commercial products, obtained from national aggregate producers. Samples 
have been prepared according to the standard laboratory routines and analysed on their free 
mica content.  

Materials and Methods

Samples

Rock samples were acquired as fine and coarse aggregate from five producers located 
throughout Sweden (Table 1). The samples originate from metamorphic rocks of varying 
textural characteristics. Petrological and textural analyses were undertaken and modal 
analyses were carried out on thin sections prepared from the coarse aggregate (Tables 1 and 
2).  The rock names are based on the BGS rock classification scheme (Gillespie and Styles 
1999, Robertson 1999) and textural descriptions according to Passchier and Trouw (1996). 
Mineral transformations related to alteration (hypogene processes) and weathering 
(supergene processes) together with micro fractures are given in Table 2, using a relative 
scale where 0 indicates no transformation or presence of fractures and 5 indicates total 
transformation or maximum presence of fractures (Delvigne 1998).  Views of the rock 
structures are shown in Fig. 1. 



 Table 1 Acquired samples sizes  

Samples Fine aggregate (mm)  Coarse aggregate  (mm) 

Sample 1 0-2 16-32

Sample 2 Bag house filler 16-22

Sample 3 0-2 8-16

Sample 4 Bag house filler 16-32

Sample 5 0-2 16-32

Table 2 Mineralogical composition (in vol. %) and textural characterisation of the samples in 
thin sections. Textural information is given in the general form; value, object (other 
information), e.g. “2 Plagioclase (sericite)” denotes that the degree of alteration is 2 on the 
relative scale and is limited to plagioclase, the alteration product is sericite.  

Mineral Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Quartz 26.8 22.8 24.6 32.9 30.6

K-feldspar 6.8 3.6 46.5 22.6 42.0
Plagioclase 24.7 32.0 19.0 35.5 22.1

Biotite 25.9 37.9 5.6 4.3 3.6
Chlorite 6.3 0.1 0.6 0.4 0.3

Muscovite 9.0 0.1 2.5 0.2 1.0
Epidote 0.2 0.2 1.0 0.1
Serecite

Pyroxene 
Amphibole 1.3

Calcite 0.2 0.4
Apatite 0.5
Zircon trace

Garnet 
Titanite 0.4 1.1
Opaque 0.3 0.9 0.2 1.0 0.3

Clay 0.1 0.9 0.6
Count 2952 2795 2538 2983 2893

Grain size (mm) 0.3 - 1.5 0.1 - 0.5 0.5 - 1.5 0.2-1 1-2.5
Megacryst (mm) 2-6 quartz; 2-3 feldspar 0.8-1.2 plagioclase 2-5 K-feldspar; 2-5 

recrystallised quartz  
1.5-3 feldspar 3-6 K-feldspar

Foliation* Spaced schistosity, 
parallel grains of mica, 
quartz and feldspar  

Continuous schistosity, 
parallel grains of biotite, 
quartz and feldspar  

Continuous schistosity, 
parallel grains of mica, 
quartz, feldspar

Spaced schistosity, 
parallel grains of quartz, 
feldspar, biotite

Spaced schistosity, 
parallel grains of quartz, 
K-feldspar, mica

Grain size 
distribution*

Seriate Seriate Inequigranular Seriate Seriate

Grain Shape* Anhedral  (subhedral) Anhedral Anhedral  Anhedral Subhedral - anhedral

Grain boundary* (polygonal) Interlobate (polygonal) Interlobate Interlobate Interlobate Interlobate

Alteration** 2 Plagioclase (sericite); 1 
biotite (chlorite, FeO) 

1 Plagioclase (sericite); 1 
biotite (chlorite, FeO) 

2 Plagioclase (sericite); 1 
biotite (chlorite)   

3 Feldspar (sericite) Plagioclase 2-4, sericite; 
K-feldspar 0-1, sericite 

Weathering** 0 0 0 2 Biotite transform into 
chlorite and clayminerals 

0

Micro fractures 1 Transcrystalline; 2 
intracrystalline

2 Intracrystalline 1 Transcrystalline; 1 
intracrystalline

2 transcrystalline; 2 
intracrystalline

2 Intracrystalline 

Comment Undulose quartz, 
polycrystalline quartz 
(recrystallized) 

Undulose quartz, 
polycrystalline quartz 
(recrystallized) 

Undulose quartz, 
polycrystalline quartz 
(recrystallized) 

Undulose quartz, 
polycrystalline quartz 
(recrystallized) 

Undulose quartz, 
polycrystalline quartz 
(recrystallized) 

*Passchier and Trouw (1996), **Delvigne (1998). The mineral mode is based on point 
counting using a polarising microscope.  



Below follows a microstructural description of the samples, for further information on 
modal composition and textural description the reader is refereed to Table 2 and figure 1.

Sample 1 – A fine to medium grained, white and black quartz-biotite-plagioclase 
gneiss represent the sample. The foliation is described by a spaced schistosity (compositional 
layering) with parallel crystal of biotite defining the cleavage domains, and orientated quartz-
feldspar the microlithons. The width of the microlithons varies but shows an average 
thickness of 0.5-10 mm. Cleavage domains are commonly 1-2 mm in thickness, well visible 
to the unaided eye.  

Sample 2 – Represents fine grained black and white biotite schist. A continuous 
schistosity describes the foliation of the rock, which is defined by parallel orientated grains of 
biotite, quartz and feldspars. Lamina of biotite occurs within the rock.  

Sample 3 – Is a fine to medium grained red weakly foliated granite. The foliation is 
described by a continuous schistosity, characterized by parallel orientated grains of mica, 
quartz and feldspar. No layering appears within the rock.  

Sample 4 – The rock is a fine grained and red, plagioclase-quartz-K-feldspar-biotite 
gneiss. The foliation is described by a spaced schistosity (compositional layering) with 
parallel crystal of feldspar, quartz and biotite. The width of the microlithons average in 
thickness of 1-3 mm, and cleavage domains are < 1 mm in thickness. 

Sample 5 – The sample is a red and black medium to coarse grained K-feldspar-
quartz-plagioclase-biotite gneiss. The foliation is described by a spaced schistosity 
(compositional layering) with parallel crystal of biotite defining the cleavage domains, and 
orientated quartz-feldspar the microlithons. The width of the microlithons average in 
thickness of 5 mm, but much wider layers (veins) is commonly present. Cleavage domains 
vary between 1-20 mm in thickness, well visible to the unaided eye.

Sample 4 and 5 contains a minor (< 5 vol %) mafic rock component, possibly as 
mafic veins in otherwise felsic gneiss. The mineralogical composition of the mafic rock is 
amphibole>plagioclase>biotite.  

Sample preparation and modal analysis

Sample preparation and analysis followed the routine described by Loorents et al (2007) for 
the analysis of grain mounts. The analyses were undertaken on the following grain size 
fractions: 1-2 mm, 0.5-1 mm, 0.25-0.5 mm, 0.125-0.25 mm, 0.063-0.125 mm, 0.042-0.063 
mm, 0.024-0.042 mm.  

The mineralogical composition of the material was obtained using a polarizing 
microscope and point counting technique according to RILEM AAR-1, Technique 2 (Sims 
and Nixon 2003). Thin sections where prepared as grain mounts (Nesse 2004) from 2 - 4 g of 
the fine aggregate for each collected grain fraction. The sample sizes ensured a sufficient 
number of particles present in the grain mounts. The use of point counting of grain mounts 
using a polarizing microscope was chosen because of its robustness and the level of 
resolution – a number of grain mounts were counted by two different operators for cross 
checking and a good correlation obtained. The result of the count is listed in Table 3 as 
particle % for each sample. 



Table 3 Mineralogical content (in particle and vol.%) of samples according to analysed 
grading fraction in grain mounts. 

Grain Size (mm) Quartz K-feldspar Plagioclase Muscovite Biotite Chlorite Amphibole Opaque Epidote Titanite Clay Accessory %-Mica Count
Sample 1
1,0-2,0 24.8 10.9 40.3 5.1 13.2 3.3 1.8 0.8 18.2 395
0,5-1,0                 15.5 6.8 46.5 1.5 20.8 8.2 0.5 0.2 22.3 413
0,25-0,5 12.3 5.6 46.5 1.6 22.9 10.0 0.7 0.5 24.5 432
0,125-0,25 18.4 4.5 45.7 1.8 25.6 1.8 0.2 1.8 0.2 27.4 446
0,063-0,125 18.7 11.1 37.5 1.8 28.0 1.8 1.0 0.2 29.8 514
0,042-0,063 20.7 11.0 34.9 0.2 26.1 5.3 1.5 0.4 26.3 547
0,024-0,042 19.6 10.4 38.3 0.2 22.1 5.7 3.0 0.7 22.3 566
Sample 2
1,0-2,0 11.5 5.7 59.8 0.3 17.5 1.8 2.1 0.8 0.3 0.3 17.8 383
0,5-1,0                 11.1 3.0 57.9 22.3 0.7 1.7 0.5 1.7 1.0 22.3 404
0,25-0,5 12.3 3.8 47.5 29.9 1.7 2.1 0.6 0.4 1.0 0.6 29.9 478
0,125-0,25 9.3 1.2 41.1 43.2 2.1 1.9 0.2 0.4 0.6 43.2 484
0,063-0,125 13.8 8.1 34.7 38.8 1.3 2.2 0.7 0.2 0.2 38.8 556
0,042-0,063 11.9 8.5 33.8 37.6 0.8 6.4 0.5 0.5 37.6 598
0,024-0,042 9.5 11.0 34.3 31.8 2.7 8.4 1.5 0.8 31.8 525
Sample 3
1,0-2,0 20.6 37.3 32.9 0.2 6.9 0.7 0.2 0.2 0.9 7.2 432
0,5-1,0                 32.4 37.6 22.4 1.1 5.1 0.9 0.2 6.3 447
0,25-0,5 32.2 36.1 21.7 0.2 7.8 0.8 0.2 0.2 0.8 8.0 488
0,125-0,25 26.6 35.8 21.9 0.8 11.7 2.4 0.2 0.6 12.5 497
0,063-0,125 21.8 41.5 21.0 0.8 11.9 1.5 0.3 1.3 12.7 615
0,042-0,063 22.4 35.6 23.4 0.2 11.9 3.0 0.5 0.2 0.3 2.5 12.1 595
0,024-0,042 17.3 34.3 21.3 2.0 17.8 3.1 1.6 0.8 0.9 0.8 19.8 635
Sample 4
1,0-2,0 24.8 8.3 47.8 6.4 2.6 8.0 0.2 0.5 0.7 0.7 6.4 423
0,5-1,0                 24.9 7.3 49.9 8.2 2.2 3.4 0.5 0.2 1.9 1.2 0.2 8.2 413
0,25-0,5 21.6 7.2 50.0 10.8 2.3 5.3 0.2 0.8 1.3 0.4 10.8 472
0,125-0,25 16.6 7.4 50.9 11.7 3.8 5.3 1.7 0.2 0.4 0.6 1.5 11.7 529
0,063-0,125 18.0 5.4 40.2 10.0 9.8 13.5 1.0 0.2 1.2 0.7 10.0 572
0,042-0,063 11.6 7.9 39.1 9.6 8.6 17.9 1.3 3.7 0.2 9.6 593
0,024-0,042 13.0 4.8 37.7 9.7 12.2 16.7 1.7 0.2 4.1 9.7 640
Sample 5
1,0-2,0 34.3 20.6 36.2 0.5 2.3 2.3 1.6 0.2 0.7 1.2 2.8 428
0,5-1,0                 37.2 23.5 31.2 3.6 1.7 1.4 0.5 0.7 0.2 3.6 417
0,25-0,5 37.3 18.3 32.3 9.0 1.7 0.7 0.2 0.2 0.2 9.0 458
0,125-0,25 34.8 17.5 29.8 0.6 8.7 4.4 1.9 0.8 1.0 0.6 9.3 526
0,063-0,125 32.1 29.7 23.6 1.3 6.2 2.6 1.9 0.6 0.2 1.3 0.4 7.6 529
0,042-0,063 23.3 35.8 22.5 0.7 10.5 1.4 3.9 1.1 0.7 0.2 11.2 570
0,024-0,042 20.8 31.0 18.6 0.6 14.8 3.0 6.7 0.8 0.3 3.2 0.3 15.4 630

Accessory: pyroxene, calcite, apatite, garnet; %-Mica=total % mica in sample; Count=total 
number of grains/points counted  

Results and discussion 

Previous works have shown that enrichment of mica in crushed rock aggregates generally 
follows two trends (Miskovsky 2004, Lagerblad 2005). The first is a general trend of 
enrichment of micas towards the finer grain size fraction. The second trend is characterised 
by an increase in the amount of free mica in the crushed aggregate to a certain grain size 
fraction, after which there is no further enrichment with a decrease in grain. This trend is 
supported by Lagerblad (2005) who analysed 17 samples of granitoid rocks (Loorents et al. 
2007).

Based on the work of Miskovsky (2004) and Lagerblad (2005) a complementary 
study of granitic isotropic rocks was completed (Loorents et al. 2007). The conclusions in 
Loorents et al. (2007) stated that there is a general trend towards the enrichment of mica in 
the finer fraction of the fine grained rocks while for medium and coarse grained rocks, the 
amount of free mica generally peaks within the fraction 0.125–0.250 mm. This both 
confirmed the two above mentioned trends of enrichment and refined it for isotropic rocks.  

The present work has focused on the enrichment of free mica in anisotropic crushed 
rock aggregate. Figure 4 plots the free mica for each of the grain sizes analysed (see Table 3).  
It can be seen that the results support the trends suggested previously;  Sample 5 
exemplifying  Miskovsky’s (2004) trend and Sample 1 that proposed by Lagerblad (2005).



Three of the samples display a compositional layering (Samples 1, 4 and 5), Sample 2 
is classified as schist and Sample 3 weakly foliated granite. Based on the foliation, Sample 3 
would be expected to follow the general trend of mica enrichment towards finer grain size 
fractions whereas for Samples 1, 2, 4 and 5 it would be anticipated that the enrichment would 
cease after a certain grain size. 

The foliation of Sample 3 does not display any layering in the sense of the presence of 
microlithons and cleavage domains, but rather a preferred orientation of mineral aggregates 
such as mica and quartz. However, this is not sufficient to constitute a cleavage plane hence 
in this context Sample 3 may be considered as an isotropic rock as regards its spatial 
distribution of minerals.  

The reason why Samples 1, 2 and 4 follows their expected trend is understood to be 
due to their foliations i.e. compositional layering and schistosity. Rocks of these kinds of 
foliations will preferentially break along a plane of weaknesses (i.e. cleavage domain) under 
stress, in particular when the cleavage domains comprise platy minerals such as mica.  

Sample 5 differs in that it contains “thicker” microlithons and therefore possibly 
should be considered as a bimodal aggregate – microlithons as mineralogical isotropic rock 
and cleavage domains as anisotropic rock and the main source for free mica. There is not 
enough analytical data to pursue this consideration within the frame of this paper, only 
further analysis will bring clarity on the behaviour on veined rock.

The mechanism behind the enrichment of free mica in crushed rock aggregates is 
understood to relate not only to the availability of mica to produce monomineralic grains, but 
also to the breakage of the rock fragments and the continuous breakage of monomineralic 
mica into smaller grains or the production of thinner mica stacks. Thus for the enrichment of 
mica grains, the broken aggregate must contain mica on the freshly fractured surface, and/or 
the free mica is continuously broken into progressively smaller grains. Thus the 
microstructural characteristics (i.e. grain size, foliation, spatial arrangement of mica grains, 
micro fractures) together with the breakage of the rock aggregate (e.g. along grain boundaries 
or across monomineralic grains) is understood to be the main controlling factors for the 
release of free monomineralic grains.  

Isotropic rocks will in general terms have no plane of preferred fracturing. During 
breakage of the aggregate a “linear” release of free mica grains is to be expected. The peak 
that may occur with the breakage of medium to coarse grained rocks is understood to 
correlate with a bimodal enrichment of free mica: i.e. an enrichment of released 
monomineralic grains together with a breakage of the free grains present. Where the peak 
occurs seem to be controlled by the rock grain size (Loorents et al. 2007).

It is suggested that the trend of release of free mica in schistose or rocks displaying 
compositional layering is controlled by the breakage of microlithons and cleavage domains. 
A cleavage domain will function as a “feeder” for the release of monomineralic mica, 
assuming the cleavage domain consists primarily of mica. When breakage propagates through 
the bulk rock (cleavage domains, microlithons and monomineralic grains) the availability of 
free mica will diminish as other mineral phases will commence. This would explain the 
change in the amount of free mica at grains smaller and larger than the 0.063-0.125 mm. 

Based on the information in Fig. 4 and previous work on the behaviour of free mica in 
crushed rock aggregates ( Miskovsky 2004, Lagerblad 2005, and Loorents et al. 2007) two 
general enrichment trends have been identified: Isotropic (Type I) and Anisotropic (Type A). 



Type I is associated with a general increase of free mica towards finer grain fractions, with or 
without a peak for “coarser” grain fractions (i.e. >0.125 mm). Type A involves an increase of 
free mica to a certain grain fraction (i.e. >0.125 mm) and thereafter a decrease with
progressively finer grain fractions (Fig. 5).

Conclusions

There is a general trend towards an increase of free mica grains in crushed rock aggregate. 
This can distinguished into two patterns: Type I (isotropic source rock) and Type A 
(anisotropic source rock). Type I is exemplified by a general increase in free mica towards 
the finer grain fractions, with or without a peak for “coarser” grain fractions. Type A 
represents an increase of free mica up to a certain grain fraction after which there is a 
decrease in the free mica content. 

The work has shown that in some rock the maximum free mica occurs in the finer 
fraction (0.024 to 0.042 mm) while in others, it will occur in the fraction 0.125-0.25 mm.  
Which trend will apply depends on the microstructural characteristics such as kind of 
foliation, shape of grain boundaries, grain size and shape and micro fracturing. 
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Figure legends

Fig. 1 Polarised image of the samples 
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Fig. 1 Polarised image of the samples 
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Fig. 2 Grain size distribution (0-0.18 mm) of the samples.  
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Abstract

The detrimental influence of mica rich aggregates on structural deterioration of road pavement 
has been discussed in literature for over a half century. This negative effect is of great importance 
especially for regions with crystalline, mica rich bedrock and temperate, subarctic climates. 
Recent investigations reveal that elevated fractions of free mica particles in unbound granular 
materials, used in road constructions, greatly reduce bearing capacity and influence the hydraulic 
behaviour of the road structure. Despite the awareness of mica’s potential harmful effect, the 
absence of properly adapted analytical methods is noticeable.  

The scope of current study was to test two possible analytical methods which are 
susceptible to mica content and could be used as an indicating technique for quantitative 
determination of free mica particles in unbound granular materials. 

Two standard methods: Sand equivalent test and Methylene blue test were assumed as the 
most sensitive to mica presence. The rock samples used in the tests are representative for the 
common crushed rock aggregates for construction purposes with different contents of mica. 

Both methods showed susceptibility to mica content and gave strong correlation in terms 
of mica content. The result of the methylene blue test can be explained by the schistose structure 
of mica particles and the ability of mica to absorb liquids. Another important explanation is the 
increased reaction surface of mica particles which leads to an increase in the total reaction surface 
of the sample. The receptiveness of the sand equivalent test to mica content could be caused by 
the ability of mica to stay in suspension due to its flake shaped grains. 

Key words: quality of fines, moisture damage, free mica, fine aggregates, sand equivalent test, 
methylene blue test 



Introduction

A high content of free mica particles in the fine aggregates, in both bound and unbound 
applications, will negatively influence the stability of road construction when exposed to water or 
moisture. The impact of such mica-water interaction can greatly reduce bearing capacity and 
influence the hydraulic behaviour of the road structure (Ref 1, 2). This detrimental effect is of 
great importance especially for regions with crystalline, mica rich bedrock and temperate, 
subarctic climates (Ref 3, 4).  

Mica minerals have very distinctive characteristics that are important when considering 
their effect on aggregates and bituminous materials:  

1. Forming of microscopic to sub microscopic sized crystals explaining a large surface 
area. Even relatively small amounts of free mica particles in fine fraction can have a significant 
effect on aggregate or bituminous mix properties (Ref 5).  

2. Water absorption or water loses can cause unexpected aggregate mass loss or gain. This 
may affect the calibration process for the Ignition test used to determine the composition of the 
asphalt mix (Ref 5). 

3. When mixed with limited amounts of water the mica particles can become plastic. This
phenomenon can have serious consequences on the performance of unbound layers within the 
highway structure (Ref 5). 

4. The mica particles that absorbed water may expand as the water fills the spaces 
between the stacked silicate layers. The repetitive wetting / drying processes can affect the 
aggregate / bitumen adhesion. Expansion of the aggregate particles could cause the asphalt 
material to swell affecting its stiffness and fatigue characteristics (Ref 5). 

The negative influence of mica rich aggregates on structural deterioration of road 
constructions has been discussed in literature for over a half century. Despite the awareness of 
micas potential harmful effect, the absence of properly adapted analytical methods is noticeable 
(Ref 6). Modern test methods for aggregate properties, related to moisture damage, generally fall 
into two categories: tests that evaluate the surface properties of the aggregate related to the 
adhesion of the binder to the aggregate and tests to identify clay-like fines (Ref 7). None of those 
takes into consideration the mineral composition of plastic fines in particular. 

The scope of current study was to test two possible analytical methods which are 
susceptible to mica content and could be used as indicating technique for the determination of 
quantity of free mica particles in unbound granular materials. Another practical implementation is 
the consideration of the possible presence of mica materials as the influencing factor on the 
results of the tested methods. The overall goal of this research is to improve the quality control of 
the aggregates. 

Micas have a phyllosilicate structure forming flat pseudohexagonal sheets. Therefore the 
Sand equivalent test and the Methylene blue test were assumed as the most sensitive to mica 
presence. Both methods were developed to determine the amount of clay and dust in the fine 
aggregate, which was believed to be detrimental to the performance of hot mix asphalt (HMA) 
mixtures (Ref 7, 8). These tests have advantages that they are quick to perform, require very 
simple and cheap equipment, which can be used with minimal training or experience (Ref 7).  

Six rock samples (fine aggregates with a wide range of mineralogical compositions) used 
in the tests are representative for the common crushed rock aggregates for construction purposes 
with different content of mica. The samples were dried and sieved. Grain size distribution for 
fractions 0-2.0 mm was achieved according to the Swedish standard for base-course aggregates 
(ATB ROAD – Swedish Road Administration technical specifications for roads, 2005) (Ref 9).



Materials and Methods 

Materials 

The experimental design has been based on narrow grain size fractions derived from crushed rock 
aggregates. Six aggregates were chosen to give a wide range of mineralogical compositions. The 
main material variable of interest has been the amount of free mica grains in the crushed rock 
aggregate. Thus each of grain size fractions 0.125-0.25 mm, 0.25-0.5 mm, 0.5-1.0 mm were 
analysed to ascertain mica content. Mica content has been determined as particle percent of the 
each grain size fraction. While performing the experiment only one fraction (0.125-0.25mm) was 
used for comparison of mica content between the selected samples. This simplification can be 
clarified by the peak enrichment of mica which is significant for this fraction size (Ref 10). 

Mica content of the collected grain size fractions was determined by using a polarizing 
microscope and point counting technique according to the method RILEM AAR-1, Technique 2 
(Ref 10). Thin sections where prepared as grain mounts (Ref 11) from 2 - 4 g of the narrow 
aggregate for each collected grain fraction. The content of free mica for narrow grain size 
fractions is presented in the table 1. 

The materials used in the tests are all commercially available crushed rock aggregates 
from material producers throughout Sweden. Material 6, with the lowest mica content, was used 
as a reference material.

Table 1. Content of free mica (particle %) for respective samples and fine fractions 
0.125-0.25 

mm 0.25-0.5 mm 0.5-1.0 mm Mica content 
in thin section Description

Material 1 81 71 51 Biotite 10% 
Muscovite 20% 

medium grained, mica-
rich gneiss 

Material 2 57 54 34 Biotite 24% 
dark medium to 

coarse grained mafic 
metatonalite

Material 3 56 46 40
Biotite 20.3% 
Chlorite 2.8% 

Muscovite 3.2% 

fine grained, schistose-
biotite-rich semipelite

Material 4 40 29 20
Biotite 0-37% 
Chlorite 1.2% 

Muscovite 6.6% 

fine grained, schistose-
biotite-rich semipelite

Material 5 19 19 7
Biotite 5.6% 

Chlorite 0.6% 
Muscovite 2.5% 

fine to medium grained, 
red weakly foliated 

granite

Material 6 0.9 0.5 0.4 Biotite 0.6% 
Chlorite 0.9% fine grained quartzite 



Sample preparation 

A representative materials of fine aggregates were dried and screened through 2.0 mm sieve
(Swedish Standard SS-EN 933-1) (Ref 12) into following grain size fractions: <0.063 mm, 0.063-
0.125 mm, 0.125-0.25 mm, 0.25-0.5 mm, 0.5-1.0 and 1.0-2.0 mm. Derived fractions were 
proportionally mixed to achieve the required particle size distribution for standard base-course 
aggregates according to Swedish Road Administration (SRA) technical specifications for roads 
(ATB Road, 2005) (Ref 9), see figure 1.
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Fig. 1  Particle size distribution for material fractions 0-2mm. 

Sand equivalent test 

The sand equivalent (SE) test is used to determine the relative proportions of plastic fines or clay-
like material in fine aggregates. This test has the advantages that it is quick to perform, requires 
very simple equipment which can be used with minimal training or experience, and has given 
reasonably good results (Ref 8).
The experiment was performed according to Swedish standard SS EN 933-8 (Ref 13). Fine 
aggregate passing the 2.0 mm sieve was placed in a graduated, transparent cylinder which was 
filled with a mixture of water and a flocculating agent (fig. 2). After agitation and 20 minutes of 
settling, the sand particles separated from the clay-like fraction, and the heights of sand 
(flocculated particles) and sand plus suspended clay-like fraction were measured. 



Fig. 2  Sand equivalent test equipment 

The sand equivalent value of a specific fine aggregate fraction is defined as dimensionless 
value and represents the ratio between the quantities of flocculated material (sand) and suspended 
material. It can be calculated with the following equation: 

2

1
100hSE h

Where: h1 is the total height of flocculated material plus suspension, in millimetres; 
             h2 is the height of flocculated material, in millimetres. 

Higher sand equivalent will be obtained in case of a fine aggregate with lower content of 
clay-like materials.  

The results of the test performed showed a good correlation between the content of mica 
and SE values and presented in table 2. 



Methylene blue test 

This French test method is recommended by the International Slurry Seal Association (ISSA) to 
quantify the amount of harmful clay minerals; organic matter and iron hydroxides present in fine 
aggregate (Ref 14). The principle of the test is to add quantities of a standard aqueous solution of 
the dye (methylene blue) to a sample until adsorption of the dye ceases (Ref 8). 
The experiment was performed according to Swedish standard SS EN 933-9 (Ref 15). 
Representative materials of dried fine aggregates were screened through 2.0 mm sieve in 
accordance with SS-EN 933-1 (Ref 12). The portions of the materials obtained after sieving were 
tested for methylene blue value (MBV). At least 200 grams of the material are dispersed in 500 
grams of distilled water in a beaker (fig. 3).

Fig. 3 Methylene blue test equipment 

Ten grams of methylene blue (MB) were dissolved in distilled water, to produce one litre 
of solution, so that 1 ml of solution contains 10 mg of methylene blue. This MB solution is 
titrated step wise in 5 ml aliquots from the burette into the continually stirred fine aggregate 
suspension. After each addition of MB solution and stirring for one minute, a small drop of the 
aggregate suspension was removed with a glass rod and placed on a filter paper. Successive 
additions of MB solution were repeated until the end point was reached. Initially, a well-defined 
circle of MB-stained dust was formed and surrounded with an outer ring or corona of clear water. 
The end point was reached when a permanent light blue coloration or “halo” is observed in this 
ring of clear water (Fig. 4).



Fig. 4  Determination of MB value. Acquisition of light blue halo. 

The MB value of a specific fine aggregate fraction is defined as grams of methylene blue 
per kilogram of fine fraction and calculated by the following equation: 

10VMB M

Where: M is the mass of the test portion, in grams;  
             V is the total volume of dye solution injected, in millilitres. 

The methylene blue value expresses the quantity of methylene blue required to cover the 
total surface of the clay fraction of the sample with a monomolecular layer of the methylene blue. 
Therefore, the methylene blue value correlates to the content of phyllosilicate particles times their 
specific surface (Ref 8). 

The results obtained showed a high acceptance (see table 2). 

Results and discussion 

Conducted investigation revealed expected results. Both methods showed susceptibility to mica 
content and gave direct correlations. Table 2 and figures 5, 6 summarize the results of the 
performed sand equivalent and methylene blue tests.  

Table 2. Fine Aggregate Test Results 

Material Mica content, % MBV SE1 value SE2 value 
Material 1 81 2 38.4 36.2
Material 2 57 1 40.8 40.8
Material 3 56 1 46.2 45.5
Material 4 40 1 50 48.5
Material 5 19 0.5 55.7 57
Material 6 (Reference) 0.9 0.35 57 59.7

The sand equivalent test gave desirable negative correlation (Fig. 5). The increase of mica 
content led to decrease in sand equivalent values. Negative correlation between the content of free 
mica particles and SE values can be explained by the feature of the sand equivalent test. The 
higher SE value gives the less quantity of phyllosilicate fines due to their flake formed particles.



Sand Equivalent Test
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Fig. 5  Relation between Sand Equivalent values and an increasing content of free mica. 
Trendlines are polynomial, second order. 

According the formula for calculation of sand equivalent value, the greater suspension 
heights give lower SE values. The obtained results showed that mica-rich materials have the 
lowest SE value, which indicates that mica particles appeared to be suspended rather than 
flocculated. Despite the fact that mica particles have relatively high density (3.0-3.2), in 
comparison with similar particles of quarts and feldspar (2.6), the flocculation rate of mica is 
much lower. This phenomenon can be justified by the geometrical parameters of mica particles. 
The flake shaped mica minerals can remain suspended in liquids, while round shaped grains of 
quarts and feldspar flocculate immediately. 



Metylen blue test
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Fig. 6  Relation between Methylene Blue values and an increasing content of free mica.  
Trendlines are polynomial, second order. 

The performed methylene blue test showed positive non-linear correlation. Figure 6 
summarizes the results of the performed methylene blue test. Analyzing the obtained data showed 
that increased content of free mica in samples gave significant increases in methylene blue values. 

The results obtained from the test point out the following speculations:  
Due to the high reaction surface of mica particles the increase in specific surface area of 

the sample is noticeable; consequently a greater amount of methylene blue solution is required to 
cover the total surface of the sample with a monomolecular layer of the methylene blue. Hence, 
the methylene blue value is directly proportional to the content of mica particles. 

Another factor that increases the absorption of methylene blue is the micas inter space 
structure.



Conclusions

The current study revealed the lack of laboratory methods for estimating free mica in aggregates. 
With the aid of performed experimental study the following things can be concluded: 

 Both methods showed susceptibility to content of free mica in fine fraction and gave strong 
correlation in terms of mica content. 

 The receptiveness of the sand equivalent test to mica content can be caused by the ability of mica 
to be suspended in liquids due to its flake shaped grains. Higher sand equivalent values will be 
obtained with decreasing contents of mica minerals.  

 The results of the methylene blue test can be explained by the increased reaction surface of mica 
particles which leads to an increase in the total reaction surface of the sample. Other possible 
important factors are the schistose structure of mica particles and the pronounced ability of mica 
to absorb liquids.  

 The methods tested point out the possibility to be used as indicating technique for quantitative 
determination of free mica particles in fine fraction of unbound granular materials. For the final 
estimation more detailed tests are required. Due to reason that the samples selected represented 
fine to coarse grained rocks with supposed maximal content of free mica in different fractions it 
would be recommendable to perform an additional study of each rock type separately. 
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Abstract

Increased mica content in fine fractions of aggregates used in road construction causes critical 
structural deterioration of the pavement, significantly reducing the lifetime of roads. The cause 
of such influence is mica-water interaction and seasonal temperature cycles. 

The current study enhances knowledge of the behaviour of mica rich aggregates in 
interaction with water in terms of fraction sizes and free mica content. The mineralogy of the 
materials investigated in the tests was obtained by using a polarizing microscope and point count 
technique. Two major parameters were investigated during the research: water storage capacity 
and specific water saturation value. With the aid of consecutive analytical and statistical analyses 
a more precise mica presence threshold was indicated, resulting in recommendations for 
industry, authorities and for future experiments. 

Due to the lack of previous investigations looking at this or similar subject, the current 
research can have international importance, especially for countries with crystalline, mica rich 
bedrock and temperate, subarctic climates. 

Keywords: Free mica, water retaining capacity, specific water saturation 



Introduction

Recently a number of cases involving road construction failures and decrease in service life have 
been observed in northern parts of Sweden. One of the major reasons for the structural 
deterioration was enrichment of free mica particles in aggregates and their interaction with 
water.

According to Miskovsky (2004) a high content of free mica in fine fractions, in both 
bound and unbound applications, will negatively influence the stability of the road construction. 
Thus content of free mica grains in the fine fraction, and thermal- and water flow regime of the 
construction are of particular importance for the service life of a pavement design (Uthus 2006).  

Consequently several investigations have been made at the Swedish National Road and 
Transport Research Institute (VTI) and the Swedish Road Administration (SRA). The conclusion 
of those investigations was that high amounts of free mica content in aggregates have a negative 
influence on the quality of both bound and unbound applications e.g. asphalt mass and 
aggregates for unbound applications (Hakim 2003; Arm 2004; Loorents 2007). The results 
pointed out the necessity of reducing the quantity of free mica in several crushed rock products. 
In order to diminish the negative influence of free mica on road construction the SRA proposed a 
30 to 50 per cent threshold value for mica content for certain unbound applications. In addition 
there is great demand for detailed investigations concerning the mica problem and determination 
of a strict threshold value of free mica content in both bound and unbound applications 
(Miskovsky 2004).

The negative influence of mica rich aggregates on structural deterioration of roads has 
been discussed and new topics have been identified, i.e. knowledge concerning the influence of 
water on free mica particles in road construction materials and acceptable levels of mica 
minerals in different fine fractions (Hakim 2003; Ekblad 2007).  

Previous studies have identified the free mica-water interaction as one of the critical 
parameters for structural deterioration (Uthus 2006; Ekblad 2007). Accumulation of water in 
mica rich aggregates is the main reason for road heaving, rutting and reduction of bearing 
capacity during seasonal climate variation. 

However, evaluation of micas’ water storage, properties concerning the time of water 
absorption, quantity and volume changes, as well as water saturation capacity compared to the 
bulk aggregate have not been investigated. The effect of free mica-water interaction is of 
principal importance for regions using crystalline, mica rich bedrock as an aggregate source and 
having a temperate, sub arctic climate. 

The main objective of the present study was to investigate the influence of water on fine 
fractions of crushed rock aggregates containing varying amounts of free mica particles. The first 
phase was to determine free micas’ water storage capacity compared to other bulk aggregate 
minerals (quartz and feldspar) by using rock materials of dissimilar content of free mica and 
narrow grain size fractions. The water storage capacity was determined by the drying time of the 
water saturated sample. The second phase was to calculate the specific water saturation value, 
using the same material set up as for the first phase. The obtained results can be applied to the 
discussion on threshold values regarding acceptable amount of free mica grains in road 
constructions aggregates. 



Materials and Methods

The experimental design has been based on narrow grain size fractions – derived from crushed 
rock aggregates – for which the water storage capacity and water saturation characteristics have 
been determined. The main material variable of interest has been the amount of free mica grains 
in the crushed rock aggregate. Thus mica content has been determined both for the aggregate 
source rock as volume % of the rock’s mineralogical composition, and for each narrow grain size 
fraction as particle % of the grain size fraction particle composition. The materials used in tests 
are all commercially available crushed rock aggregates (samples 1, 2 and 3) and commercial 
mica (Sample 4). Material 1, with the lowest mica content, was used as a reference material. 

Materials  

Material 1 is a fine to medium grained red, weakly foliated granite, with a mineralogical 
composition: K-feldspar>quartz>plagioclase>biotite>muscovite. Accessory minerals include 
chlorite, epidote, opaque and clay minerals. An inequigranular distribution of grains with an 
interlobate shape of grain aggregates and anhedral grain shape describes the microstructure. The 
foliation is described by a continuous schistosity, characterized by parallel orientated grains of 
mica, quartz and feldspar. Megacrysts of K-feldspar and quartz are present. The quartz grains 
(anhedral) have undulose extinction and ‘sub grains’ that may indicate a compressive 
deformation (Table 1). 

Material 2 is a fine grained grey schist with a mineralogical composition: 
quartz>biotite>feldspar. Accessory minerals are muscovite, chlorite, amphibole, opaque, epidote, 
and zircon. An equigranular distribution of grains with an interlobate shape of grain aggregates 
and anhedral to subhedral grain shape describes the microstructure. The foliation is described by 
a continuous schistosity, characterized by parallel orientated grains of biotite, quartz and 
feldspar. Megacrysts of feldspar and quartz are present. The quartz grains (anhedral) have 
undulose extinction and ‘sub grains’ that may indicate a compressive deformation (Table 1). 

Material 3 is a dark medium to coarse grained orthogneiss with a mineralogical 
composition: plagioclase>biotite>quartz>hornblende>K-feldspar. Accessory minerals include 
opaque, apatite and zircon. An inequigranular distribution of grains with polygonal shape of 
grain aggregates and subhedral grain shape describes the microstructure. The foliation is 
described by a spaced schistosity (compositional layering) with parallel crystal of biotite 
defining the cleavage domains and orientated quartz-feldspar the microlithons. The quartz grains 
have undulose extinction (Table 1).

Material 4 is commercial biotite. 



(a)    (b)

(c) 

Figure 1. Polarized images of the samples: (a) - material 1, (b) - material 2, (c) - material 3

Table 1. Mineralogical composition obtained in thin sections by point-counting (in vol. %) 
together with textural characterisation of the samples. Mineral transformations related to 
alteration (hypogene processes) and weathering (supergene processes) together with micro 
fractures are mapped according to a relative scale where 0 indicates no transformation or 
presence of fractures and 5 indicates total transformation or maximum presence of fractures.  
Textural information is given in the general form: value, object (other information). 



Free mica content in samples 

The content of free mica grains has been obtained in narrow grain size fractions by dry sieving 
according to EN 933-1. From the sieving, each of the following grain size fractions were 
collected for analysis: < 0.063 mm, 0.063-0.125 mm, 0.125-0.25 mm, 0.25-0.5 mm, 0.5-1.0. 
Mica content of the collected grain size fractions was determined by using a polarizing 
microscope and point counting technique according to the method RILEM AAR-1, Technique 2 
(Sims and Nixon, 2003). Thin sections where prepared as grain mounts (Nesse 2004) from 2 - 4 
g of the narrow aggregate for each collected grain fraction. The result of the count is listed in 
Table 2 as particle %. 

Table 2. Mica contents for respective samples of different fractions
Sample nr.  Mica content, % 

<0.063 0.063-0.125 0.125-0.25 0.25-0.5 0.5-1.0 

Sample 1* 20 19 19 7
Sample 2 88 53 56 46 40
Sample 3 78 59 56 54 34
Sample 4 100% pure mica 
* Reference material



Water storage capacity 

The experimental procedure was designed to estimate the ability of mica-rich materials to retain 
water due to specific grain orientation, capillary effects and structural features of mica particles 
in comparison with mica-poor ones. The approach taken during the study was to measure water 
weight losses driven by evaporation in terms of time. The experimental set up:  

1. Samples were stored in leak-proof containers with open top to provide required 
evaporation 

2. Initially all samples were fully immersed in water  

3. Test was conducted at room temperature and humidity 

Samples used for the water storage capacity determination are presented in Table 2. To 
remove in-situ moisture content, the materials were dried at a temperature of 1040C, selected and 
placed, according to mica content and fraction, in plastic containers (with dimensions 30mm – 
bottom diameter, 40mm – top diameter, 45mm in height). Sample preparation was done by 
pouring the dry materials into the container to a height of 44 mm and then weighting. The 
samples were then immersed in water and stored for 3 days to attain soaked or as close as 
possible saturated conditions. After storage any excessive water over the material surface was 
removed and the weight and volume of saturated samples were measured. Volume changes were 
registered as a difference between initial height of the dry sample in the container and the height 
of the sample after soaking. The samples were left to dry at room humidity and temperature. The 
decrease in weight of the samples was measured daily until the samples reached constant dry 
weight i.e. all water content was evaporated and the sample weights remained unvaried. The 
results of the test are presented in Table 3 showing the grain size fraction, sample and the time 
necessary to achieve dry condition. . 

Table 3. Results of the water storage capacity test

Fraction, mm Sample Drying time, day 
<0.063 2 17

3 14

0.063-0.125 1 11
2 14
3 12
4 17

0.125-0.25 1 10
2 12
3 12
4 18

0.25-0.5 1 10
2 12
3 11
4 20

0.5-1.0 1 10
2 12
3 10
4 20



Specific water saturation 

The scope of the second step of the experiment was to compare the ability of materials with 
different mica content to absorb water. The materials used for this part of the experiment were 
the same as for the first. Also sample preparation procedures were identical to the first phase. 
Accordingly the weights of water-soaked samples have been measured and the specific water 
saturation values calculated using the following formula:

Volume of added water, mlSpecific water saturation = 
Weight of dry material, g

The results of the specific water saturation test are shown in Table 4. 

Table 4. Specific water saturation, ml/g
<0.063 0.063 - 0.125 0.125 - 0.25 0.25 - 0.5 0.5 - 1.0 

Sample 1 - 313 321 322 308
Sample 2 736 509 408 365 318
Sample 3 433 399 374 342 329
Sample 4 - 727 742 680 -

A second test series for the specific water saturation, based on the same samples and 
experimental design, was performed to increase reliability of obtained data by consecutive 
statistical analysis. The results of the second test are presented in Table 5.

Table 5. Specific water saturation, ml/g
<0.063 0.063 - 0.125 0.125 - 0.25 0.25 - 0.5 0.5 - 1.0 

Sample 1 - 339 273 296 -
Sample 2 771 501 444 389 340
Sample 3 469 406 390 387 357
Sample 4 - 726 725 688 -



Statistical analysis of the results 

The statistical analyses of the results obtained show a strong positive correlation between the 
content of free mica particles and the water absorption of aggregates (tables 6, 7). However the 
relationship was not linear but exponential and is treated further below. The results also showed 
an obvious influence of grain size on the increasing absorption of moisture. The fine fractions 
can take up and store more water compared with coarse ones. Examples are given in figure 2 for 
specific water absorption and figure 3 for the time of drying. 

Table 6. Relationship between free mica content and specific water saturation. The two 
treatment replicates are presented separately (1, 2). Data for all fractions were used for 
calculations. Spearman’s correlation coefficients and the level of significance are denoted as (rs)
and (p) respectively. N = 17 in all cases.

Mica content (vol%)/water 
saturation  (ml/g)

(rs) (p)

Test 1 0.93 < 0.001 
Test 2 0.91 < 0.001 

Table 7. Relationship between free mica content and time of drying. The two replicates of 
treatments are presented separately (1, 2). Data for all fractions were used for calculations. 
Spearman’s correlation coefficients and the level of significance are denoted as (rs) and (p) 
respectively. N = 17 in all cases. 

Mica content (vol%)/ time of 
drying (days)

(rs) (p)

Test 1 0.95 < 0.001 
Test 2 0.91 < 0.001 

Plotting the indices of water saturation in relation to the content of free mica revealed an 
exponential rather than linear positive relationship (figure 4). A similar pattern was found in the 
relation of drying time to the content of mica (figure 5). A quadratic function gave a reasonable 
fit in both cases. Hence, most likely there is a break point for the content of mica where the water 
uptake increases exponentially. However, the data used in these tests are too limited to permit a 
more precise estimation of this interval. 



Figure 2. Specific water saturation for different grain sizes (class 1= < 0.063, 2 = 0.063-0.125, 
3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Mean value for each fraction and 95 percent 
confidence interval of mean is given. N=17. The two replicates of testing are denoted by 1 and 2 
respectively

Figure 3. Time of drying for different grain sizes (class 1= < 0.063, 2 = 0.063-0.125, 3 = 0.125-
0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Mean value for each fraction and 95 percent confidence 
interval of mean is given. N=17. The two replicates of testing are denoted by 1 and 2 
respectively



Figure 4. Relationship between the free mica content and specific water saturation. The two 
replicates of testing are given separately (1, 2). Data for all fractions are included N = 17. 
Curves are fitted to data by quadratic smoothing.

Figure 5. Relationship between the free mica content and drying time. The two replicates of 
testing are presented separately (1, 2). Data for all different fractions are included N = 17. 
Curves are fitted to data by quadratic smoothing.



Comparisons of materials originating from different localities  

Comparisons of specific water saturation and drying time in crushed rock materials from 
different localities are presented in figures 6 and 7 below.

Figure 6. Specific water saturation for different grain sizes originating from different localities 
(class 1= < 0.063, 2 = 0.063-0.125, 3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Data for 
replicate test no 2.

The results in figure 6 explain the influence of mica content and its grain size on the 
specific water saturation value. Sample 4 (content of mica 100%) displays the highest values in 
all fractions while sample 1 (mica content 20.3, 19.1, 18.6 and 7.3 resp.) has the lowest values. 
Samples 1 and 4 show an increasing specific saturation value with decreasing particle size of 
mica. The general conclusion based on the results obtained is that the mica rich aggregates can 
absorb and store more then 20-30% more water compared with mica poor rock types.     



Figure 7. Time of drying for different grain sizes originating from different localities (class 1 < 
0.063, 2 = 0.063-0.125, 3 = 0.125-0.25, 4 = 0.25-0.5, 5 = 0.5-1 in mm). Data for replicate test 
no 2 

Figure 7 displays the drying conditions for aggregate fines containing different amounts 
of mica. The drying time for sample 4 (100% mica) was roughly 50% longer compared with 
sample 1 (mica content 20.3, 19.1, 18.6 and 7.3 resp.) representing mica poor rock types. The 
influence of grain size on time of drying is demonstrated by all samples. 



Discussion

The experimental program shows that fine fractions with relatively high mica content (more than 
30 vol. %) can absorb greater amounts of water and retain it for longer time in comparison with 
mica poor rock types (less than 20 vol. %).  

The first test revealed expected results i.e. samples with increased content of free mica 
(more than 30 vol. %) gave a significant difference in dry out time in comparison to the 
reference material (Sample 1). This can be interpreted as the ability of mica-rich materials to 
store water for a longer period of time, in comparison with materials having lower amounts of 
free mica. 

All materials showed an increase in drying time with a decrease in grain size fraction. 
The behaviour of samples was as expected and was caused by the enrichment of free mica 
particles in the finer fractions, i.e. with reducing grain size fraction the amounts of free mica 
particles significantly increases and therefore causes longer dry-out time. The main possible 
reason for such behaviour can be the increase of specific reaction surface with decreasing 
fraction size. The enrichment of mica particles in the finer fractions was studied in detail by 
Loorents (2007) and Miskovsky (2004). Hence we can conclude that water storage capacity is a 
function of grain size fraction and mica content. 

In addition, samples 1, 2 and 3 of finer fractions (less than 0.125mm) changed the loose 
consistency into a cemented one after completion of the test while sample 4 remained loose. The 
result of the cohesion test indicates that the cohesion depends only on the fraction size and 
consequently on the fines content without any relation to mica content.  

In order to secure the results of the first experiment (water storage capacity) the second 
experimental step was carried out. It was assumed that one of the most important factors for 
increased water storage capacity of the mica-rich materials is the ability of mica to absorb water 
to “high” amounts. To characterize this ability, the specific water saturation was chosen as the 
most appropriate parameter representing the proper amount of water required for full water 
saturation for a certain mass of the material.  

The result of the experiment showed that sample 4 consisting of 100% mica exhibited the 
highest water sorption value (742 ml/g, fraction 0.125-0.25 mm) and sample 1 containing the 
smallest amount of mica indicated the lowest value (321 ml/g, fraction 0.125-0.25 mm). Hence 
there is a positive correlation between mica content in aggregates and water sorption capacity, 
i.e. increase in amount of mica leads to increased water saturation (fig. 3, 4). 



Conclusion

Current research has focused on the behaviour of mica rich aggregates in interaction with water 
in terms of fraction sizes and free mica content. All materials studied showed susceptibility to 
increased water sorption as a consequence of free mica particles presence. The general tendency 
was for an increase in drying time and increase in water sorption with an increase in mica 
content, i.e. a strong positive correlation was observed between mica content, grain size, water 
sorption and water storage of the aggregates.  

The experiment showed that aggregates with relatively high mica content (more than 30 
vol. %) can absorb and store 20-30% more water compared to mica poor ones (less than 20 vol. 
%). The influence of mica on the water sorption of the aggregates begins at fraction size 0.5-1 
mm. These results can be taken into consideration when determining threshold values regarding 
acceptable amounts of free mica grains in road constructions aggregates. The estimation of the
critical point of mica content is not final and demands involving a greater number of integrated 
samples of finer fractions having mica content within the critical area. 

The results of this work can have international importance in the road construction 
industry and for road authorities especially for countries with crystalline, mica rich bedrock and 
temperate, subarctic climates.
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