
LICENTIATE T H E S I S

Luleå University of  Technology
Department of Civil, Mining and Environmental Engineering

Division of Mining and Geotechnical Engineering 
 

2008:23|: 02-757|: -c  -- 08 ⁄23 -- 

2008:23 

Free mica in crushed rock aggregates

Universitetstryckeriet, Luleå

Eva Johansson
E

va Johansson 
Free m

ica in crushed rock aggregates 
20

08:23





LICENTIATE THESIS

FREE MICA IN CRUSHED ROCK AGGREGATES

EVA JOHANSSON

LULEÅ UNIVERSITY OF TECHNOLOGY
ROCK AGGREGATE RESEARCH CENTRE

DIVISION OF MINING AND GEOTECHNICAL ENGINEERING
LULEÅ 2008 





LICENTIATUPPSATS

FRI GLIMMER I KROSSADE BERGMATERIALPRODUKTER

EVA JOHANSSON

LULEÅ TEKNISKA UNIVERSITET
CENTRUM FÖR BERGMATERIALFORSKNING

AVDELNINGEN FÖR GEOTEKNOLOGI
LULEÅ 2008 





PREFACE

Rock material is a non-renewable natural resource, which demands careful and rational 
utilization. The expression “We do not own the planet Earth, we borrow it from our children” 
gives me the motivation to work for a society sustainable in economical, technical, and 
environmental aspects. 

The research in this thesis presented was carried out at the Division of Mining and 
Geotechnical Engineering, Luleå University of Technology. The financial support was provided 
by the Swedish Road Administration and the Swedish National Road and Transport Research 
Institute.

Many persons have in one or another way been involved in this study and I want to thank all of 
you; no one mentioned, no one forgotten. To my examiner and supervisor professor Karel 
Miškovský, Luleå University of Technology, and my adjunct supervisor PhD Karl-Johan 
Loorents, the Swedish Road Administration, I would like to express my sincere gratitude. Your 
infinite encouragements, support and patience have been invaluable for me and the work 
performed. You have carried out your undertakings as supervisors in a superb way. 

Finally I would like to thank my wonderful family. Your spurring, encouragement, and 
well-meant words have helped me through the nights of work without despairing. The warmest 
hugs I give to my heartily loved daughter Kim. 

Luleå, May 2008 

Eva Johansson 

i



ii



ABSTRACT

Free mica particles in crushed rock aggregates for constructional purposes affect the quality of 
the end product. It is also known that mica-bearing rocks may cause damages of the road 
constructions, especially in regions with a temperate climate. The negative influence arises in 
both bounded and unbounded layers. The deterioration of the construction is related to the ability 
of mica particles to be released during crushing and to concentrate in the aggregate fine 
fractions. As the free mica particles absorb and hold liquid such as bitumen and water, the 
unbounded base course becomes susceptible to frost weathering and the mechanical properties of 
the asphalt mixture are negatively influenced. The water absorption ability is in turn caused by 
an increased specific surface area of the fine fraction depending on the grain shape of mica 
particles and their intra crystalline cavities. 

The aim of the present study was to investigate, emphasise, and contribute to an understanding 
of the performance of free mica particles in the fine fractions of crushed rock aggregates. The 
free mica problems are well-known, but sparsely taken into account in projecting and 
prospecting activities. The mineralogical composition (i.e. the quality) of the rock material is 
often a subordinated task in early stages in planning for roads and railways. Connected with 
establishment of quarries the estimation of rock materials quality is generally based on 
petrographic and mechanical analyses of drill-cores. 

The study presented consists of: 

• The investigation of the ability of free mica particles to enrich in fine fractions of granitoid 
crushed rock aggregates (Paper I). 

• The comparison study to examine a possible correlation between the content of mica in 
original rock materials, the content of free mica particles in rock aggregate products, and the 
content of free mica particles in drill cuttings. 

• The development of a method to estimate free mica particles in aggregate fine fractions using 
image analysis of grain mounts (Paper II). 

• The development and practical applicability of a method to estimate rock aggregates quality 
using analyses of drill cuttings (Paper III). 

The study reveals that mica-bearing rocks exposed to mechanical impact release free mica 
particles that concentrate in the fine fractions of crushed rock aggregates. The original grain size 
of mica in the host rock is suggested to influence on the process. Coarse-grained rocks seem to 
separate free mica grains in earlier phases of the crushing process than fine-grained ones. The 
enrichment is suggested to depend on the textural characteristics of the rock rather than on the 
mineralogical composition. These aspects must be taken into consideration when the grain size 
fractions for analyses of free mica content are selected. 

The statistical evaluation of the new method for estimation of free mica particles points out its 
certainty and repeatability. Due to the possibility to save the images of the statistical operation,
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the results of the method are controllable. These factors mentioned make the method satisfactory 
and statistically acceptable from a scientific point of view. 

The concept using drill cuttings for estimation of rock aggregates quality is practically tested 
and evaluated as an effective field method. The further development and calibration should focus 
on improvement of sampling concerning the content of coarse drill cuttings. The 
homogeneity/heterogeneity of the bedrock is crucial for the selection of the samples and stresses 
the necessity of representative sampling. 
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SAMMANFATTNING

Fri glimmer i krossade bergmaterialprodukter har en ogynnsam inverkan på kvaliteten och det 
är känt att glimmerförande bergarter kan förorsaka skador på vägkonstruktioner. Både bundna 
och obundna lager i vägkroppen påverkas. Vägskadorna är relaterade till glimmerpartiklarnas 
förmåga att anrikas i bergmaterialprodukternas finfraktioner och att glimmerpartiklar absorberar 
och håller vätskor såsom vatten och bitumen. Det medför att bärlagret blir frostkänsligt och de 
mekaniska egenskaperna för bitumenbundna slitlager påverkas negativt. Glimmers 
vattenupptagningsförmåga beror på dess skiktade kornform och inre hålrum som ger en ökad 
specifik yta.

Projektets syfte var att undersöka, uppmärksamma och bidra till ökad förståelse för glimmers 
beteende i bergmaterialens finfraktion. Problemen med fri glimmer är välkända, men 
berggrundens mineralogiska sammansättning är ofta av underordnad betydelse i tidiga 
projekteringsfaser. I samband med prospektering av täkter bedöms vanligtvis 
bergmaterialkvaliteten med hjälp av mekaniska och petrografiska analyser av borrkärnor. 

Den föreliggande studien består av: 

• En undersökning om glimmers förmåga att anrikas i finfraktioner hos krossade 
bergmaterialprodukter (Paper I). 

• En jämförelsestudie med syfte att påvisa ett möjligt samband mellan glimmerinnehåll i 
bergart och fria glimmerpartiklar i finfraktionen hos krossade bergmaterialprodukter samt 
borrkax.

• Utveckling av en metod för bestämning av andel fri glimmer i finfraktion med hjälp av 
bildanalys (Paper II). 

• Utveckling och praktisk tillämpning av en metod för bedömning av bergmaterialkvalitet med 
hjälp av borrkaxanalys (Paper III). 

Studiens resultat visar att glimmerförande bergarter som utsätts för mekanisk påverkan som 
exempelvis krossning, lösgör fria glimmerpartiklar som koncentreras i krossprodukternas 
finfraktion. Grovkorniga bergarter förefaller vara benägna att frigöra glimmerkorn tidigare i 
krossningsprocessen än finkorniga bergarter. Anrikningen föreslås vara beroende av bergartens 
texturella egenskaper snarare än av mineralsammansättningen. Dessa aspekter är av stor 
betydelse vid val av kornstorleksfraktioner för analys av andel fri glimmer. 

Utvärdering av den presenterade metoden för bestämning av andel fri glimmer i finfraktion 
visar statistisk säkerhet och repeterbarhet. Tack vare att resultaten från de statistiskt processade 
bilderna kan sparas är metoden kontrollerbar. Dessa faktorer gör metoden acceptabel ur både 
statistisk och vetenskaplig synpunkt. 

Tillämpning av borrkaxanalys för bedömning av bergmaterialkvalitet testades och 
utvärderades som ett effektivt fältverktyg vid projektering av vägar samt vid prospektering efter  
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nya bergtäkter. I syfte att säkerställa mängden av grovt borrkax bör fortsatt metodutveckling och 
kalibrering fokusera på tekniska förbättringar av provtagning. Berggrundens 
homogenitet/heterogenitet är avgörande för val av provtagningspunkter och provtagningssätt. 
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Smith and Collis (2001) confirm that free mica particles in crushed rock aggregates intended 
for constructional purposes affect the quality of the end product. It is also known that mica-
bearing rocks may cause damages of the road constructions. The negative influence arises in 
both bounded (e.g. Hakim and Said, 2003) and unbounded (e.g. Nieminen and Uusinoka, 1986) 
layers. The deterioration of the construction originates from the inclination of mica particles to 
be released during crushing and to concentrate in the aggregate fine fractions 
(e.g. Miškovský, 2004). The study of Miškovský (2004) points out that this phenomenon is 
partly dependent on the original particle size of mica in the host rock, and partly dependent on 
the ability of mica to form small particles during crushing. This behaviour seems to be related to 
the physical properties of mica. 

Due to high content of free mica in the rock aggregates, the unbounded base course becomes 
susceptible to frost weathering, and consequently inclined to crumbling (Nieminen and 
Uusinoka, 1986), as the free mica particles absorb and hold liquid such as bitumen and water 
(Miškovský, 2004). The influence of mica on the water absorption begins at the grain size 
fraction 0.5-1 mm. The water storage capacity is a function of grain size fraction and free mica 
content; the water storage capacity increases with a decreasing mica particle size and an 
increasing of free mica content in the fine fractions of the aggregates (Kondelchuk et al., 2008; 
Bäckström and Andersson, 2007). 

The water absorption ability is in turn partially caused by an increased specific surface area of 
the fine fraction depending on the grain shape of mica particles and their intra crystalline 
cavities. The specific area of a particle is the ratio of its area to its mass, where the main 
controlling parameters are particle size and particle geometry. Furthermore, roughness of the 
external surface, shape, porosity, and mineralogy may contribute to an increase in the surface 
area (Brantley and Mellott, 2000). The specific surface area is proved to depend on the quality 
rather than the quantity of fine fractions (Nieminen and Uusinoka, 1986). Nieminen’s and 
Uusinokas research explain a relationship between the mineralogical composition of the fine 
fraction and the quality of the unbound base aggregates. The unbound layer with a material 
containing a fine fraction of a large specific area, e.g. clay and mica minerals, implies a high risk 
for constructional deterioration.

Hakim and Said (2003) and Miškovský (2004) show a significant deterioration of the quality 
of bituminous mixtures related to an increasing amount of free mica in aggregate fine fractions 
(i.e. filler). A similar connection for fine fractions used in concrete is described by 
Lagerblad (2005). In the study of Miškovský (2004) the critical point for the mica content in 
fines was approximated to 2.5 wt.%, that corresponds to 30-35 vol.% of free mica particles 
estimated by the point-count method. 

1



1.2 AIMS AND ASSUMPTIONS

The aim of the present study was to investigate, emphasise, and contribute to an understanding 
of the performance of free mica particles in the fine fractions of crushed rock aggregates. The 
free mica problems are well-known, but sparsely taken into account in projecting and 
prospecting activities. The mineralogical composition (i.e. the quality) of the rock material is 
often an inferior task in early stages in planning for roads and railways. Connected with 
establishment of quarries the estimation of rock materials quality is generally based on 
petrographic and mechanical analyses of drill-cores. 

The study started up with three assumptions: 

I. Free mica particles tend to enrich in the fine fractions of rock aggregates. Free mica affects 
the rock aggregate end products and causes deterioration of the constructions. 

II. There is a need of a reliable, quick, and easy field method to estimate the mineralogical 
composition (e.g. mica content) of rock material for constructional use. The method is 
required to be statistically and scientifically acceptable and applicable in early phases in the 
project planning. 

III. When the mineralogical composition of the bedrock is known, it is possible to estimate the 
rock type and its usability as aggregates in various constructions and part of constructions. 

1.3 PROJECT DESIGN

An investigation concerning the ability of free mica particles to enrich in granitoid crushed 
rock aggregate fine fractions (Loorents et al., 2007) was carried through in effort to support the 
results of e.g. Miškovský (2004) and Lagerblad (2005). Some attention was paid to the 
correlation of the microstructural characteristics. Paper I presents the entire investigation. 

With a view to examine a possible correlation between content of mica in original rock 
materials, rock aggregate end products, and drill cuttings, a comparison study was performed. 

The theory concerning an arising need of a method to quantify content of free mica particles in 
aggregate fine fractions, initiated the development of a reliable and robust method (Johansson 
et al., 2008a). The complete description of the method proposed is appended as Paper II. 

The concept of a method for rock aggregates quality identification in early constructing stages 
was developed. By using analyses of drill cuttings the method proved to be applicable for 
estimation of the content of free mica particles in fine fractions as well as the quality and the 
usability of rock materials (Johansson et al., 2008b). Paper III encloses the study accomplished. 
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CHAPTER 2

ENRICHMENT OF FREE MICA GRAINS

2.1 INTRODUCTION

Miškovský (2004), using a polarizing microscope and the point-count method, analysed five 
samples of granitoid rocks with various content of mica (5.6-33.3 vol.%). The investigation 
revealed that in fractions between 2 and 0.25 mm, mica particles occurred partly as particles 
bound to rock fragments, partly as free particles. In fractions <0.25 mm only free mica grains 
were recognized. Miškovský shows a general increase in the content of free mica for the finer 
fractions; 0.25-2, 0.074-0.25 and <0.074 mm (Figures 2.1 and 2.2). The amount of mica 
increased with a decreasing particle size in the finest fraction. The result of the study suggests 
the mica enrichment to correspond: 0.25-2 mm, 8-21.2 vol.%; 0.074-0.25 mm, 9.5-34.6 vol.%; 
and <0.074 mm, 17.8-41.4 vol.%. 
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Figure 2.1 The content of free mica in the Figure 2.2 The samples sorted into content of 
 collected grain fractions  mica in the host rock (modified 
  (Miškovský, 2004)  Miškovský, 2004) 

A study by Lagerblad (2005) enclosed 17 samples of granitoid rocks. The fractions 75-125, 
125-250, 250-500, 500-1,000, and 1,000-2,000 m were analysed by the point-count method. 
X-ray powder diffraction (XRD) and scanning electron microscope (SEM) analyses were used 
for materials <75 m (5 samples). Lagerblad states that there is no detectable enrichment of free 
mica for the finer grain fractions (<125 m). The study implies a peak in the amount of mica for 
the 125-250 m fraction for medium- and coarse-grained rocks. Then, based on the results from 
the XRD, SEM, and point-counting analyses, a possible trend of lower amounts of free mica 
with finer fractions appears (Figure 2.3). Figure 2.3 has been modified and grouped into fine-, 
medium-, and coarse-grained rock in an attempt to clarify any microstructural correlations with 
the present study. 
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Figure 2.3 The content of free mica in the collected grain fractions for fine-, medium-, and 
coarse-grained rock (modified Lagerblad, 2005) 

2.2 MATERIALS AND METHODS

2.2.1 SAMPLES

The samples used in this study (Loorents et al., 2007; Paper I) are representative of the 
common crushed rock aggregates. They were prepared according to the standard laboratory 
routines and they were analysed on their petrography and the content of free mica particles. 

Rock samples were collected from two areas of the Svecofennian Province granitoids. 
Samples 1 and 2 were obtained from the same quarry and sample 3 was selected from a road 
cutting. The samples were all more or less undeformed. Rock samples of comparable 
microstructural characteristics were preferred to reduce factors that could influence the breakage 
of the rock (e.g. the release of mica during crushing). The microstructural difference was mainly 
indicated by the grain size. Samples 1 and 2 had a similar mineralogical composition, whereas 
sample 3 was enriched in mica compared with the other samples studied. The mineral alteration 
was mostly limited to serecitic alteration of feldspars and none of the samples showed any 
change due to weathering. 

Sample 1 was a weakly foliated, medium-grained (1-2 mm; Gillespie and Styles, 1999), and 
grey to red granite (Figure 2.4). The main mineralogical composition was 
quartz > K-feldspar > plagioclase > muscovite > biotite > chlorite (Table 2.1). A complete 
gradation of fine- to medium-grained grain size distribution with irregular, lobate grain 
boundaries describes the microstructure. Some sericite alteration was shown in the majority of 
the plagioclase and the biotite displayed some alteration to chlorite. As reveals in Table 1, 
sample 2 (Figure 2.5) was in general similar to sample 1, although with some differences in 
mineralogical composition and to a lesser extent in grain size distribution. Sample 3 was a white 
and black, coarse-grained (>2.5 mm; Gillespie and Styles, 1999), massive monzogranite with the  
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main mineralogical composition quartz > K-feldspar >  plagioclase > biotite (Figure 2.6). The 
microstructure explains of a seriate distribution of grains with an interlobate shape of grain. 

Table 2.1 Mineralogical composition, in vol.%, and grain size of the main minerals 
QUARTZ PLAGIOCLASE K-FELDSPAR BIOTITE CHLORITE MUSCOVITE OPAQUE ACCESSORY

SAMPLE 1 40 14 36 3 3 4 0.2 0.2 
Grain size (mm) 0.6-1.5 1.4-2.9 1.2-3.7 0.4-0.8 - 0.6-1.6 - - 

SAMPLE 2 37 14 37 4 1 7 Trace 1.0
Grain size (mm) 0.7-1.6 1.4-3.2 1.4-2.5 0.6-1.3 - 0.9-1.6 - - 

SAMPLE 3 28 25 27 19 - - Trace 1.4
Grain size (mm) 0.9-2.3 1.5-2.9 1.7-2.9 0.9-2.5 - - - - 

The mineral mode is based on point-counting using a polarization microscope 

Figure 2.4 Sample 1 Figure 2.5 Sample 2 Figure 2.6 Sample 3 

2.2.2 SAMPLE PREPARATION

The samples breakage was achieved using a primary and a secondary laboratory jaw crusher. 
For each type of rock a sample similar in shape was used for crushing. The data for weight, 
density and volume are presented in Table 2.2. The grain size distribution for each crushed 
sample was obtained by dry sieving (Figure 2.7) according to EN 933-1 (European Committee 
for Standardization, 1997a). Additional sieving was undertaken for grains <63 m (Table 2.3). 
Sieves were weighed before and after the sieving to measure the amount of material that 
remained on the sieve. Compressed air was used to clean the sieves between each sieving cycle. 
The following grain size fractions were collected from sieving: 0.5-1, 0.25-0.5, 0.125-0.25, 
0.063-0.125 mm, 42-63, 24-42, and <24 m. 

Table 2.2 Sample data for weight, density, and volume 
WEIGHT (kg) DENSITY (Mkg/m3) VOLUME (dm3)

SAMPLE 1 2.58 2.64 0.98 

SAMPLE 2 2.70 2.64 1.02 

SAMPLE 3 2.55 2.68 0.95 

Table 2.3 Sieving of materials <63 m
SIEVE ( m) PASSING MATERIAL SAMPLE (%) FASTEN MATERIAL (g) 

1 2 3 1 2 3

63 99.6 99.2 99.7 0.07 0.07 0.06 

42 72.4 80.6 71.4 0.04 0.03 0.03 

24 32.7 40.6 37.1 0.04 0.04 0.05 
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Figure 2.7 Grain size distributions of the three samples after crushing into two steps 

2.2.3 CONTENT OF FREE MICA PARTICLES

The content of free mica particles was estimated generally following RILEM AAR-1 (Sims 
and Nixon, 2003). For size fractions 0.5-1, 0.25-0.5, and 0.125-0.25 mm grains were grouped 
and counted (stereoscopic microscope, Technique 1) on the basis of mineralogy into muscovite, 
biotite, and others where appropriate. All grains in the sample were counted (Table 2.4). With 
Technique 2, a polarizing microscope and a point-count apparatus were used for 0.5-1, 0.25-0.5, 
0.125-0.25, 0.063-0.125 mm, 42-63, 24-42, and <24 m. Thin sections were prepared as grain 
mounts (Nesse, 2004) and counting was performed in the same way as for the coarser grains 
(Table 2.4). 

Table 2.4 Mica content, in particle and vol.%, of sample according to analysed grading 
fraction together with total number of grains counted 

GRAIN SIZE BT MS % MICA COUNT BT MS % MICA COUNT

Technique 1 Technique 2 

SAMPLE 1
0.5-1 (mm) 1 7 8 215 2.8 7.3 10.2 1,704 
0.25-0.5 7 5 12 526 5.6 7.6 13.2 1,787 
0.125-0.25 8 8 16 571 6.6 7.6 14.1 1,999 
0.063-0.125 5.2 8 13.3 2,157 
42-63 m 6 9 15 583
24-42 10 14 24 567
<24 14 19 33 525

SAMPLE 2
0.5-1 (mm) 1 6 7 299 4.2 7.1 11.2 1,659 
0.25-0.5 3 6 9 467 3.8 8.3 12.0 1,695 
0.125-0.25 8 9 17 773 6.4 8.7 15.1 1,925 
0.063-0.125 6.9 8.2 15.0 2,022 
42-63 m 6 8 14 539
24-42 13 13 26 558
<24 17 17 34 508

SAMPLE 3
0.5-1 (mm) 24 24 368 18.8 18.8 1,834 
0.25-0.5 31 31 420 21.8 21.8 1,704 
0.125-0.25 22 22 699 19 19.0 1,971 
0.063-0.125 14.2 2,085 
42-63 m 17 17 55
24-42 20 20 568
<24 36 36 536

Bt, biotite; Ms, muscovite; % mica, total % mica in the sample; Count, total number of grains/points counted 
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2.3 EVALUATION AND DISCUSSION

The three samples studied are all igneous rocks. Considering microstructural characteristics, 
samples 1 and 2 have similar mineralogical composition and grain size, while sample 3 differs 
mainly in grain size. Samples 1 and 2 are medium-grained and sample 3 is coarse-grained. The 
trend line of sample 3 (Figure 2.8) generally shows higher amounts of free mica particles for 
coarser grain fractions, indicating that the amount of free mica depends on initial mineral content 
and grain size of the host rock. 

0

5

10

15

20

25

30

35

40

<24 24-42 42-63 63-125 125-250 250-500 500-1000

Grain size fraction, m

C
on

te
nt

 o
f f

re
e 

m
ic

a,
 v

ol
.%

Sample 1

Sample 2

Sample 3

Figure 2.8 describes the varying free mica 
particle content for the samples, dependent on 
grain size. Using grain fraction 0.063-0.125 mm 
as a divider and comparing the trend lines, gives 
quite different relationships for the <0.063 and 
the >0.125 mm grain fractions. For grains 
>0.125 mm the relationship is less consistent, 
while for fractions <0.063 mm a uniform trend of 
increase is displayed. This difference correlates 
with the grain size of the host rock and the 
content of mica. It is suggested that coarse-
grained rocks follow the trend line of sample 3 
(see Figure 2.3), whereas fine- to medium- 
grained rocks are similar to samples 1 and 2. Figure 2.8 The content of free mica in
Presumably, coarser minerals more readily  the collected grain fractions
release mica from the mineral aggregate 
(e.g. >0.125 mm) than small grained minerals, due to exposure to mechanical breakage of the 
monomineral in the aggregate. As the grain fraction gets smaller, the aggregate has to reach a 
“critical” grain fraction (e.g. <0.063 mm) before further breakage continues. 

Despite the fact that the collected and analysed grain size fractions of Miškovský (2004) and 
the present study are not direct comparable, the two studies show the same trend; an enrichment 
of free mica particles towards finer fractions. Furthermore, the same method (point-counting) 
was used, which additionally strengthen the results of the studies. Microstructural comparison 
between the studies is not possible as no textural information is provided by Miškovský (2004) 
except that the samples were granitoid rocks. 

The point-count method used by Lagerblad (2005) and the present study is similar, thus the 
results are comparable. The point-counting data from Lagerblad’s study is presented in 
Figure 2.3. The curves in the figure verify a peak for medium- and coarse-grained rocks, 
possibly with an initial “higher” content of mica although Lagerblad gives no information on the 
mineralogical composition of the host rock. The analyses from the present study verify a peak 
for the coarse-grained sample 3 (Figure 2.8). Considering the results from Miškovský (2004), 
Lagerblad (2005), and the current study, it is assumed that the grain size fraction and the content 
of free mica particles depend on the host rock’s mineralogical composition and mean grain size. 
This indicates the importance of microstructural characteristics for the variation in free mica 
particles in crushed rock aggregates. 

2.4 CONCLUSION

On the basis of the analytical data presented in this study, there is a general trend towards the 
enrichment of free mica particles in the crushed rock aggregate finer fraction of the fine-grained

7



rocks. With medium- and coarse-grained rocks, the amount of mica generally peaks within the 
fraction 125-250 m. 

The present study has focused on igneous rocks; hence further research is needed to establish if 
a similar situation occurs with metamorphic and sedimentary rocks. 
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CHAPTER 3

A COMPARISON OF MICA CONTENT IN ROCK MATERIALS, CRUSHED ROCK 
AGGREGATE PRODUCTS AND DRILL CUTTINGS

3.1 INTRODUCTION

In purpose to investigate a possible correlation between content of mica in original rock, 
content of free mica particles in rock aggregate products, and content of free mica particles in 
drill cuttings the comparison study was carried through. It was assumed that if some correlations 
were detectable, drill cuttings make a valuable source of information on the geological properties 
of rock material. The textural properties were subordinated in the current investigation. 

3.2 MATERIALS AND METHODS

3.2.1 OBJECTS

The objects for examination were selected partly with respect to the homogeneity of the 
bedrock, partly considering the variance of mica content in the host rock. Four quarries were 
studied; three with passably homogeneous bedrock but with distinct differences in content of 
mica (Q1, Q2, Q3), and one displaying a heterogeneous bedrock (Q4).  

3.2.2 SAMPLING

The sampling was focused on raw material from the quarries, crushed rock aggregate end 
products, and drill cuttings. The samples from the object Q1 only consisted of host rock and rock 
aggregate products. 

3.2.3 ANALYSES

The samples were prepared according to the standard laboratory routines; crushing, reducing, 
and sieving (European Committee for Standardization, 1997a and 1999) and thin sections were 
processed (Sims and Nixon, 2003; Nesse, 2004). 

The petrographic properties (structure, texture, and mineralogical composition) of the rock 
were examined using a polarizing microscope and the point-count method (Table 3.1 and 3.2). 
The content of free mica particles was quantified in accordance with the method VVMB 613 (the 
Swedish Road Administration, 2002a). This method uses the fractions 0.125-0.25, 0.25-0.5, and 
0.5-1 mm. The mica content of the rock samples, and in some cases of the fine fractions, was 
analysed by point-counting (Table 3.3). 

To investigate if the drill cuttings coarse fraction (>1 mm) is applicable for identification of 
rock type, thin sections of the fraction were studied (polarizing microscopy and point-counting). 
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3.3 RESULTS

3.3.1 PETROGRAPHIC ANALYSES

The results of the petrographic analyses of the collected rock samples are demonstrated in 
Tables 3.1 and 3.2. 

Table 3.1 Petrographic description 
SAMPLE ID DESCRIPTION1)

Q1-SR001 Grey, weakly foliated, coarse-grained, irregular-grained ortho-gneiss 
Mineral composition: feldspar > quartz > mica (biotite) 

Q1-SR002 Grey, weakly foliated, coarse-grained, irregular-grained, ortho-gneiss 
Mineral composition: feldspar > quartz > mica (biotite) 

Q2-SR001 Grey, foliated, coarse-grained, irregular-grained ortho-gneiss 
Mineral composition: mica (biotite) > feldspar > quartz 

Q2-SD101 Grey, foliated, coarse-grained ortho-gneiss 
Mineral composition: feldspar > mica (biotite) > quartz 

Q3-SR001 Pink, massive, medium-grained, even-grained granite 
Mineral composition: feldspar > quartz > mica (biotite)  

Q3-SR002 Grey, massive, medium-grained, even-grained, granite 
Mineral composition: feldspar > quartz > mica (biotite) 

Q4-SR001 Grey, foliated, coarse-grained, irregular-grained ortho-gneiss (meta-tonalite) 
Mineral composition: feldspar > mica (biotite) > quartz 

Q4-SR002 Grey-black, foliated, medium- to coarse-grained, irregular grained, banded schist (migmatite) 
Mineral composition: mica (biotite) > feldspar > quartz 

1) Grain size is determined according to Miškovský (1998) and Loberg (1999) 
Metamorphic rocks: fine-grained, <0.2 mm; medium-grained, 0.2-2 mm; coarse-grained, >2 mm 
Massive rocks: fine-grained, <1 mm; medium-grained, 1-5 mm; coarse-grained, >5 mm 

Table 3.2 Mineralogical composition 
SAMPLE ID FELDSPAR (vol.%) QUARTZ (vol.%) BIOTITE (vol.%) OTHERS (vol.%)

Q1-SR001 52.2 34.2 13.6 - 

Q1-SR002 55.8 23.8 20.4 - 

Q2-SR001 37.2 17.1 39.4 6.3 

Q2-SD101 45.8 18.2 30.2 5.8 

Q3-SR001 60.8 32.3 6.9 - 

Q3-SR002 66.4 25.2 8.4 - 

Q4-SR001 55.5 20.0 24.5 - 

Q4-SR002 30.1 29.0 40.9 - 

3.3.2 CONTENT OF MICA

The results of the estimation of free mica particle content in the fine fractions of the crushed 
rock aggregate products and in the drill cuttings are shown in Table 3.3. The table explains the 
content of mica in the rocks and in the drill cuttings coarse fraction, >1 mm, to facilitate 
comparison (Table 3.2). Table 3.4 comprises the calculated differences of mica content in the 
rocks, the crushed products, and the drill cuttings. 
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Table 3.3 The content of mica in rocks, crushed rock aggregate products, and drill cuttings 
SAMPLE ID SPECIMEN METHOD1) FRACTION (mm) MICA (vol.%)

Q1-SR001 Rock PM/P-C - 13.6 

Q1-SR002 Rock PM/P-C - 20.4 

Q1-SP011 0-50 mm VVMB 0.125-0.25 15.0 

Q1-SP012 0-50 mm VVMB 0.25-0.5 14.0 

Q1-SP013 0-50 mm VVMB 0.5-1 9.0 

Q1-SP111 0-4 mm VVMB 0.125-0.25 27.0 

Q1-SP112 0-4 mm VVMB 0.25-0.5 34.0 

Q1-SP113 0-4 mm VVMB 0.5-1 24.0 

Q2-SR001 Rock PM/P-C - 39.4 

Q2-SP011 0-32 mm VVMB 0.125-0.25 54.6 

Q2-SP012 0-32 mm VVMB 0.25-0.5 44.1 

Q2-SP013 0-32 mm VVMB 0.5-1 34.2 

Q2-SP111 0-2 mm VVMB 0.125-0.25 57.2 

Q2-SP112 0-2 mm VVMB 0.25-0.5 50.0 

Q2-SP113 0-2 mm VVMB 0.5-1 38.9 

Q2-SP102 0-2 mm PM/P-C 0.25-0.5 45.7 

Q2-SD011 Drill cuttings VVMB 0.125-0.25 49.0

Q2-SD012 Drill cuttings VVMB 0.25-0.5 38.8 

Q2-SD013 Drill cuttings VVMB 0.5-1 27.5

Q2-SD002 Drill cuttings PM/P-C 0.25-0.5 43.6 

Q2-SD101 Drill cuttings PM/P-C >1 30.2

Q3-SR001 Rock PM/P-C - 6.9 

Q3-SR002 Rock PM/P-C - 8.4 

Q3-SP011 0-32 mm VVMB 0.125-0.25 12.0 

Q3-SP012 0-32 mm VVMB 0.25-0.5 6.0 

Q3-SP013 0-32 mm VVMB 0.5-1 1.0 

Q3-SP111 0-16 mm VVMB 0.125-0.25 15.0 

Q3-SP112 0-16 mm VVMB 0.25-0.5 10.0 

Q3-SP113 0-16 mm VVMB 0.5-1 3.0 

Q3-SD011 Drill cuttings VVMB 0.125-0.25 18.1

Q3-SD012 Drill cuttings VVMB 0.25-0.5 10.2

Q3-SD013 Drill cuttings VVMB 0.5-1 7.3

Q4-SR001 Rock PM/P-C - 24.5 

Q4-SR002 Rock PM/P-C - 40.9 

Q4-SP011 0-32 mm VVMB 0.125-0.25 42.9 

Q4-SP012 0-32 mm VVMB 0.25-0.5 43.9 

Q4-SP013 0-32 mm VVMB 0.5-1 38.8 

Q4-SP111 0-2 mm VVMB 0.125-0.25 41.5 

Q4-SP112 0-2 mm VVMB 0.25-0.5 43.7 

Q4-SP113 0-2 mm VVMB 0.5-1 46.4 

Q4-SD011 Drill cuttings VVMB 0.125-0.25 36.6

Q4-SD012 Drill cuttings VVMB 0.25-0.5 48.3

Q4-SD013 Drill cuttings VVMB 0.5-1 44.2

1) PM/P-C, polarizing microscopy and point-counting; VVMB, the method VVMB 613 (the Swedish Road Administration, 2002a) 
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Table 3.4 Differences in content of mica 
SAMPLE ID SPECIMEN FRACTION (mm) MICA (vol.%) DIFFERENCE TO 

ROCK1) (%)
DIFFERENCE TO 
PRODUCT1) (%)

DIFFERENCE TO DRILL 
CUTTINGS1) (%)

Q1-SR001 Rock - 13.6 7 0-20 - 

Q1-SR002 Rock - 20.4 7 4-14 - 

Q1-SP011 0-50 mm 0.125-0.25 15.0 1-5 12 - 

Q1-SP012 0-50 mm 0.25-0.5 14.0 0-6 20 - 

Q1-SP013 0-50 mm 0.5-1 9.0 5-11 15 - 

Q1-SP111 0-4 mm 0.125-0.25 27.0 7-13 12 - 

Q1-SP112 0-4 mm 0.25-0.5 34.0 14-20 20 - 

Q1-SP113 0-4 mm 0.5-1 24.0 4-10 15 - 

Q2-SR001 Rock - 39.4 - 1-18 0-11 

Q2-SP011 0-32 mm 0.125-0.25 54.6 15 3 6

Q2-SP012 0-32 mm 0.25-0.5 44.1 5 6 0-5 

Q2-SP013 0-32 mm 0.5-1 34.2 5 5 7

Q2-SP111 0-2 mm 0.125-0.25 57.2 18 3 8

Q2-SP112 0-2 mm 0.25-0.5 50.0 11 6 11

Q2-SP113 0-2 mm 0.5-1 38.9 1 5 11

Q2-SP102 0-2 mm 0.25-0.5 45.7 6 2-4 7

Q2-SD011 Drill cuttings 0.125-0.25 49.0 10 6-8 - 

Q2-SD012 Drill cuttings 0.25-0.5 38.8 1 5-11 - 

Q2-SD013 Drill cuttings 0.5-1 27.5 12 7-11 - 

Q2-SD002 Drill cuttings 0.25-0.5 43.6 4 0-6 - 

Q2-SD101 Drill cuttings >1 30.2 9 4-27 3-19 

Q3-SR001 Rock - 6.9 2 2-7 1-10 

Q3-SR002 Rock - 8.4 2 1-8 0-11 

Q3-SP011 0-32 mm 0.125-0.25 12.0 4-5 3 6

Q3-SP012 0-32 mm 0.25-0.5 6.0 1-2 4 4

Q3-SP013 0-32 mm 0.5-1 1.0 6-7 2 6

Q3-SP111 0-16 mm 0.125-0.25 15.0 7-8 3 3

Q3-SP112 0-16 mm 0.25-0.5 10.0 2-3 4 0

Q3-SP113 0-16 mm 0.5-1 3.0 4-5 2 4

Q3-SD011 Drill cuttings 0.125-0.25 18.1 10-11 3-6 - 

Q3-SD012 Drill cuttings 0.25-0.5 10.2 2-3 0-4 - 

Q3-SD013 Drill cuttings 0.5-1 7.3 0-1 4-6 - 

Q4-SR001 Rock - 24.5 16 14-22 12-24 

Q4-SR002 Rock - 40.9 16 1-6 3-7 

Q4-SP011 0-32 mm 0.125-0.25 42.9 2-18 1 6

Q4-SP012 0-32 mm 0.25-0.5 43.9 3-19 0 4

Q4-SP013 0-32 mm 0.5-1 38.8 2-14 8 5

Q4-SP111 0-2 mm 0.125-0.25 41.5 1-17 1 5

Q4-SP112 0-2 mm 0.25-0.5 43.7 3-19 0 5

Q4-SP113 0-2 mm 0.5-1 46.4 6-22 8 2

Q4-SD011 Drill cuttings 0.125-0.25 36.6 4-12 5-6 - 

Q4-SD012 Drill cuttings 0.25-0.5 48.3 7-24 4-5 - 

Q4-SD013 Drill cuttings 0.5-1 44.2 3-18 2-5 - 

1) The differences are rounded to integers 
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Figure 3.1 The content of mica in host rocks compared with the content of free mica particles 
in fine fractions of crushed rock aggregate products and drill cuttings from each 
quarry respectively. The rock samples are marked as horizontal lines with end-
points through all size fractions to allow for comparison 

3.4 EVALUATION

The results of the current study, presented in Tables 3.1-3.4 and Figure 3.1, point out the 
following aspects: 

• The content of mica in the samples of the heterogeneous bedrock differs in a quite wider 
range (Q4, 16%) than the samples of the relatively homogeneous bedrocks (Q1, 7%; Q3, 2%; 
Q2, not comparable). This reveals the difficulty to obtain a representative sampling of 
heterogeneous bedrock (Table 3.4). 

• The amounts of free mica particles in the fine fractions of the coarse-grained rocks (Q1, Q2, 
and Q4) tend to peak in the grain size fraction 0.25-0.5 mm (Figure 3.1).

• For the medium-grained rock (Q3) the peaks indicate an increasing of the free mica particle 
content in the size fraction 0.125-0.25 mm (Figure 3.1). 

• No obvious correlation between the mica content of the host rock and the amount of free 
mica particles in the fine fractions of the crushed products and the drill cuttings is obtained. 

• An apparent correlation between the content of free mica particles in the fine fractions of the 
crushed products and the drill cuttings is showed (differences between: Q2, 5-11%; 
Q3, 0-6%; Q4, 2-6%; using the same method of analysis; Table 3.4). 

• The analyses of the drill cuttings fraction >1 mm indicate the possibility to use the drill 
cuttings coarse fraction to identify the rock type (Tables 3.1-3.4). However, the reliability of 
the prediction increases if the fraction >4 mm is used. 

• The grain size fraction 0.25-0.5 mm for the crushed product 0-2 mm and the drill cuttings 
(object Q2) is analysed using two different methods; the method VVMB 613 (the Swedish 
Road Administration, 2002a) and the point-count method. The results of the point-counting  
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analyses show a closer correlation between content of free mica particles in the crushed 
products and in the drill cuttings than the results of the method VVMB 613 show; 2% and 
11% difference in mica content respectively (Table 3.3). 

3.5 CONCLUSION

The results of the present study support the assumption that free mica particles enrich in the 
fine fractions of crushed rock aggregates. The drill cuttings coarse fraction is usable for 
estimation of rock type. Though, the fraction size >4 mm is suggested for the reliability of the 
petrographic analyses. An obvious relationship between free mica particle content in the drill 
cuttings and in the fine fractions of crushed aggregate products is detected. The applicability of 
drill cuttings as a source of information on the quality of rock materials intended for 
constructional use is confirmed. 
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CHAPTER 4

A METHOD FOR ESTIMATION OF FREE MICA PARTICLES

4.1 INTRODUCTION

In effort to verify the content of free mica particles in crushed rock aggregates and to limit 
damages of road constructions related to the mica content, the Swedish Road Administration 
established a standard method in 2002 (the Swedish Road Administration, 2002a). The method is 
based on particle count (stereoscopic microscope) and provides an approximation of the content 
of free mica particles for the grain size fractions 0.125-0.25, 0.25-0.5, and 0.5-1 mm. It is mainly 
suited as an indicative tool as the sample selection and the counting may introduce a statistical 
bias and the reproducibility is questionable within the same sample. Thus, the introduction of the 
standard method demands the development of an effective, and from a scientific point of view, 
satisfactory method for estimation of free mica particles in the fine fractions. 

The current study (Johansson et al., 2008a; Paper II) presents a method based on a modified 
point-count approach using micro photos of grain mounts and a software package for analysis 
and presentation. An ample range of field samples can be used as long as the prerequisite amount 
and grain sizes are met for analysis. Statistical analysis together with a repeatable analysis of 
samples provides a robust method for mineralogical analysis of the fine fractions. 

4.2 DESCRIPTION OF THE METHOD

4.2.1 SAMPLES

The demonstrated method is applicable to any sample of fine fractions originating from 
e.g. rock aggregate products or drill cuttings from surveying and production. The samples 
(0.125-0.25, 0.25-0.5, and 0.5-1 mm) used for testing and evaluation of the method are collected 
from three different quarries consisting of mica-rich meta-tonalite (five samples), veined meta-
greywacke (three samples) and mica-poor granite (three samples). 

4.2.2 PREPARATION

The sample (ca 500 g) is washed on the sieve 0.063 mm and then dried and sieved. 5-10 g of 
each of the size fractions 0.125-0.25, 0.25-0.5 and 0.5-1 mm are collected. The procedure is 
preferentially performed according to standard methods such as EN 932-2:1999 (European 
Committee for standardization, 1999) and EN 933-1:1997 (European Committee for 
Standardization, 1997a). 

From each of the collected size fractions grain mounts are prepared. The collected grain 
amount (5-10 g) for each size fraction ensures a high enough grain frequency on the glass 
microscope slide (Sims and Nixon, 2003; Nesse, 2004). 
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The special equipment for micro images based on polarized light and digital camera was 
constructed. A digital single-lens reflex camera (digital SLR) fitted with a macro lens was used 
for recording images consisting of the whole surface of the grain mount. The photographic setup 
(Figure 4.1) allows single- and cross-polarized light to be used. An image size of 3072×2048 
pixels was further reduced to 1810×1810 pixels to meet the requirements of the image analysis 
software package. 

Figure 4.1 The photographic set up; a) digital camera, b) illuminator equipment with a 
halogen light, c) nicoles, d) thin section/sample holder 

4.2.3 IMAGE ANALYSIS

The image analysis is performed by means of a software package that is a Microsoft Office 
Excel add-in (compiled Excel Macro). The mineralogical composition of the sample is estimated 
by manually marking grains according to its sorting (i.e. two categories; mica and others) in the 
image. Identification of the common sheet silicate minerals biotite, muscovite, and chlorite is 
feasible as they are readily distinguished from rock-forming minerals such as quartz and feldspar 
in polarized micro images. Quartz and feldspar exhibit a low relief and grey colour, while mica 
minerals have a higher relief and show other colours than grey. Biotite is often brown or greenish 
and muscovite varies between red, blue and green colour. The chlorite shows anomaly colours, 
i.e. it changes from black to grey-blue. If hornblende is present it may be mistaken for biotite. In 
such cases it is recommended to use pleochroitic colours in single-polarized (plane light) micro 
photos. In plane-polarized light biotite is brown in colour and hornblende green (Figures 4.2 
and 4.3). Optical identification of minerals is extensively discussed in the literature, e.g. Deer et 
al. (1992). 

b) 

a)

a)
b) 

c)

Figure 4.2 Cross-polarized micro photo; Figure 4.3 Single-polarized micro photo; 
 a) biotite, b) quartz, c) feldspar  a) hornblende, b) biotite
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An example of a processed image is shown in Figure 4.4, in which counting lines (scan lines) 
and grains marked according to its mineralogical category by red or blue dots are displayed. As 
the manual mineral identification is completed, the information is processed and statistics is 
computed. The outcome is presented in tables showing the sum of grains counted (both mica and 
others) and the average of mica. Other statistical information such as standard deviation, 
variance, minimum and maximum value, and confidence interval are also presented.  

Figure 4.4 A section of a processed image, where blue dots represent mica minerals and red 
dots other minerals 

4.3 STATISTICAL EVALUATION

Estimations of free mica particle content in aggregate fine fractions obtained by image 
analyses were compared with results obtained by grain count analyses of grain mounts in 
polarizing microscope along the cross line of minimum length of 4 cm. Eleven samples from 
three different localities and with various content of mica were compared. In each sample 
400-600 grains were counted. No obvious differences between the results obtained by the two 
methods could be observed. On the contrary, the accordance of free mica particle content was 
very good in all samples (Figure 4.5). 

In order to examine a possible preferred orientation of mica in the epoxy mould, three cross-
sections of the same sample were produced and analysed. The comparisons of mica content 
obtained by analyses of cross-cut sections are given in Figure 4.6. The results revealed no 
distinct differences between the two methods of cutting.  

It is well-known that the number of grains counted is crucial to the reliability of the estimation 
of free mica particle content in a sample. These problems are dealt with in power analysis that is 
described in many statistics textbooks, e.g. Larsen et al. (1981). For this reason the reliability of 
19 samples given by the confidence interval for the estimates of mean mica content was 
analysed. The results were plotted against the number of grains counted in each sample 
(Figure 4.7). There was a distinct decline in the confidence interval with increasing number of

17



grains counted, i.e. the reliability of the estimations increased. The relationship was not linear 
and the correlation analysis performed with Sperman’s Rho revealed r=0.77, n=19 and p<0.005. 
The best fit for the relationship was given by logarithmic regression (R2=0.63). The equation for 
the relationship is given in Figure 4.7. Furthermore, the results suggest that at least 400 grains 
should be counted to obtain a certainty of about 4% in the estimation of the average free mica 
particle content. 

The statistical evaluation points out the certainty and repeatability of the method. Due to the 
possibility to save the images of the statistical operation, the results of the method are 
controllable. These factors mentioned make the method satisfactory and statistically acceptable 
from a scientific point of view. 
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mica particle content in a sample by image analysis and number of grains counted 

18



CHAPTER 5

DRILL CUTTINGS FOR ESTIMATION OF ROCK AGGREGATES QUALITY

5.1 INTRODUCTION

In purpose to minimize the environmental consequences and costs for road and railway 
construction works, a careful use of rock aggregates excavated from the construction site is 
required (e.g. the Swedish Road Administration, 2002b). An early estimation of the quality of 
the bedrock and its optimum use (i.e. mass and material balance) demands an appropriate level 
of survey. Misjudgements of the use of such aggregates may cause considerable negative 
economical and constructional consequences. The early information concerning the quality of 
the bedrock is especially important for areas of low bedrock exposure covered by drift materials. 

In modern society the attention is paid to economical profitability, environmental protection, 
and a sustainable usage of resources. According to these requisites the aggregates must also meet 
constructional requirements. In effort to reach object related volumetric and material equilibrium 
of rock mass for infrastructural construction, there is an arising need of a robust tool for balance 
calculations. 

The central prerequisite in prospecting of natural resources such as rock materials is the 
knowledge of the qualities that determine the suitability of a material for use as aggregates 
(Smith and Collis, 2001). The strong relationships between geological properties (e.g. the 
mineralogical composition and the rock fabrics), mechanical properties, and the rock mass’ 
likely performance as an aggregate in constructions must all be taken into account when deciding 
on new extraction sites for rock aggregates (Heiniö, 1999). 

Analysis of drill cuttings is an established surveying tool extensively used in ore prospecting. 
The traditionally prospecting for crushed rock aggregate quarries is so far based on drill-cores 
used for petrographic and mechanical analyses. The method presented is focused on petrographic 
analysis of the coarse fraction (>4 mm) of drill cuttings to estimate the 
homogeneity/heterogeneity of the bedrock and to determine the rock types included. This 
information in turn admits assessment of mechanical properties and technical usability in 
constructional applications (e.g. roads and railways). The fine fraction (0.125-0.25 mm) is used 
to estimate the content of free mica particles. 

The purpose of the current study (Johansson et al., 2008b; Paper III) was to examine the 
possibility to use drill cuttings for estimation of the quality of rock aggregates as constructional 
materials. Furthermore, to develop and test the practical application and the efficiency of the 
method within a number of road projects from regions of different geological and climatic zones 
in Sweden.
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5.2 METHODS

5.2.1 PROJECT DESIGN

The practical application of using drill cuttings for estimation of the rock aggregates quality 
was designed according to three phases; each adapted to the state of the road project. 

The first phase is focused on geological map studies, initial field work, and sampling. Map 
studying provides indications about the structures of the bedrock and the types of rock. The field 
investigation is aimed towards ocular inspection of the projecting area. In this stage the locations 
and number of sampling points (i.e. bore holes) are determined. The approximate depth of the 
bore holes is 5 m, which is a regular depth used for soil/rock probing (i.e. geotechnical
investigations) for advanced constructions (e.g. bridges and under ground constructions; the 
Swedish Geotechnical Society, 1996). The depth is decided by the properties of the bedrock, and 
the bore holes may be deeper if the geology is complicated or heterogeneous. During the 
sampling it is of great importance to collect large enough samples of coarse drill cuttings for the 
reliability (statistical) of the prediction. The samples are reduced, dry sieved, and narrow size 
fractions (0.125-0.25 and >4 mm) are collected according to European Committee for 
Standardization (1997a and 1999). From each of the collected size fractions thin sections are 
prepared (Sims and Nixon, 2003; Nesse, 2004) and micro photographed to allow for digital 
analysis. The coarse fraction is used for petrographic analysis and the fine fraction to estimate 
mineralogical composition (e.g. free mica particles). When the rock type and the mineralogical 
composition are known, quality, mechanical properties, and usage are possible to estimate. As a 
framework for constructional and material demands, technical norms (the Swedish Road 
Administration, 2005) for road constructions from the Swedish Road Administration are applied. 

Within the second phase a complementary field investigation is carried through; after drift 
materials have been cleared and the bedrock is exposed. The rock structures are mapped out and 
samples from the bedrock and from the production (i.e. crushing) are collected for mechanical 
and petrographic analyses. The outcome is compared with the results from phase one. 

Phase three includes functional control of the 
rock aggregates concerning sampling from the 
construction and testing of the rock material. At 
this stage a final comparison of all results is 
summed up and then the method of drill cuttings 
is evaluated regarding reliability, efficiency, and 
economical aspects. 

Project I 

Project III 

Project II 100 kilometres 

Stockholm 

SWEDEN

Field studies included three road projects that 
were located in the north, central, and in the 
southeast of Sweden (Figure 5.1). Project I 
comprised phase one and two, Project II phase 
one, and in Project III phase one and two were 
carried out simultaneously. It was not possible to 
complete phase three in any of the projects 
studied, due to time constraints. 

Figure 5.1 The locations of the projects 
studied
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5.2.2 PETROGRAPHIC ANALYSES

The analyses of the coarse fraction (>4 mm) were performed under a polarizing microscope 
and the mineralogical composition of the rocks included was determined by point-counting (e.g. 
Sims and Nixon, 2003; Chayes, 1956; Glagolev, 1931). The estimation of free mica particles in 
aggregate fine fractions was carried out by image analysis as described in Johansson 
et al. (2008a). The method used in the presented study is based on a modified point-count 
approach using micro photos of thin sections and a software package for analysis and 
presentation.

5.2.3 MECHANICAL ANALYSES

To confirm the mechanical properties predicted in the first phase, samples collected in phase 
two were tested concerning resistance to wear (micro-Deval value), resistance to fragmentation 
(Los Angeles value), resistance to wear by abrasion from studded tyres (Nordic test value), and 
particle shape (flakiness index). All tests were achieved by accredited laboratories in accordance 
with European Committee for Standardization (1996, 1997a, 1997b, 1998a, 1998b, 1999, 2000). 

5.3 RESULTS

A brief outline of the results obtained from the three projects is presented in parts 5.3.1.-5.3.3. 
The detailed descriptions of the particular projects are available in Paper III. 

5.3.1 PROJECT I

Studies of geological maps indicated bedrock dominated of meta-greywacke (sediment-
gneisses, veined gneisses, mica-schists, and phyllites) and by limited occurrence of ortho-
gneisses of granitoid composition (Streckeisen, 1976). The results of the petrographic analyses 
of drill cuttings pointed out a dominance of grey to dark grey, strongly foliated, medium-grained 
mica-schist with the mineralogical composition quartz > plagioclase > mica (biotite). The 
content of free mica particles in the fine fractions varied from 24 to nearly 50%.  

On the bases of the petrographic analyses, the mechanical properties and the usability were 
empirically estimated with consideration to the project design. The examined rock types were 
considered hardly qualified for use as sub-base course in unbounded road pavements (the 
Swedish Road Administration, 2005). Due to the heterogeneity of the bedrock and the high free 
mica particle content in fine fractions, it was estimated that the rock quality did not satisfy the 
constructional demands for the base course. 

The field investigation, the complementary geological analyses, and the mechanical tests in 
accordance with phase two, confirmed the prognosis given in phase one. The results of the 
petrographic analyses and the geological investigations stated heterogeneous bedrock dominated 
of coarse-grained, veined sedimentary gneiss alternated with dark, medium-grained mica-schist, 
and dark, medium- to coarse-grained ortho-gneiss. All these rock types are mica-rich. The 
content of free mica particles in the fine fractions was calculated to 33-45%. The predicted 
mechanical properties were well corresponding to the mechanical tests. Because of the 
heterogeneity of the bedrock, the test results should be considered as averages. All the results 
from the examinations carried out in Project I pointed out that the rock material within the 
construction site was not suitable for base course and as sub-base course it should be used with 
some reservations. 
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5.3.2 PROJECT II

The interpretation of the geological maps indicated that the surroundings of the road section 
projected mostly comprise of ortho-gneisses of granitoid composition (Streckeisen, 1976). The 
sediment-gneisses, mica-schists and phyllites occur all subordinate to the ortho-gneisses. The 
petrographic analyses of the drill cuttings estimated the rock materials to be composed of grey to 
light grey to pink, foliated, coarse-grained, irregular-grained ortho-gneiss with feldspar, quartz 
and mica (biotite) as main minerals. Some samples showed a finer grained ortho-gneiss. The 
content of free mica particles in the fine fractions was determined to 19-41%. 

The rock types investigated were estimated to meet the technical demands (the Swedish Road 
Administration, 2005) for both base course and sub-base course in unbounded road pavements. 
The finer grained ortho-gneisses were considered to display better mechanical properties than the 
coarse-grained ones. The phase two of this project has been delayed and will be evaluated after 
ending of the study presented. 

5.3.3 PROJECT III

The geological maps of the area describe a metamorphic, heterogeneous bedrock mainly 
composed of granofels, including metamorphic rocks of both sedimentary and igneous origin. 
The results of the field investigations and the petrographic analyses of the coarse fraction of the 
drill cuttings showed several rock types included: 

a) foliated, medium-grained, mica-rich, biotite - plagioclase-schist, 
b) dark grey, medium-grained, irregular-grained amphibolite-schist, 
c) biotite-rich, medium- to coarse-grained ortho-gneiss.

The two first mentioned rock types are weakly to medium migmatised and partly mylonitised; 
altered into chlorite-schist. The ortho-gneiss is strongly tectonised exhibiting a high frequency of 
micro-cracks. The analysis of free mica particle content in the fine fractions revealed values 
between 0 to over 50%. The amphibolite-schist is lacking mica; all other rocks are mica-rich. 

Despite of the negative petrographic indications, the mechanical tests of the rock samples 
resulted in values approved for use in base course (the Swedish Road Administration, 2005). The 
evaluation of the investigation presented a general recommendation to limit the building traffic 
on unbound layers in order to avoid fragmentation. 

5.4 EVALUATION

The samples of drill cuttings selected in Project I and II originated from soil/rock probing 
performed during the planning stage of the road construction project. The analyses of the drill 
cutting samples resulted in prognosis concerning the use of the aggregate for the particular road 
construction. The latter petrographic and mechanical analyses of the samples collected from the 
exposed bedrock and from the crushed aggregate products confirmed the primary prognoses 
based on the analyses of drill cuttings. The sampling of drill cuttings in Project III was done 
during production drilling, since the phase one and two were carried out simultaneously. 
However, the results of the analyses of drill cuttings and the results of the geological and the 
mechanical analyses of the rock samples and the aggregates produced were well correlated. The 
different approaches of sampling indicate the independence of the field sampling technique and 
stress the flexibility of the drill cutting method and its application as a field method. The utilizing 
of the soil/rock probing method gives the opportunity to collect bedrock data already during the
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planning stage of the project and the possibility to perform a volumetric and quality estimation of 
the rock mass available. 

Mechanical properties of rocks are closely connected to their geological properties (e.g. Brattli, 
1992; Tu rul and Zarif, 1999; Åkesson et al., 2001 and 2003; Räisänen, 2004; Räisänen and 
Torppa, 2005). Thus, mechanical analyses used for estimation of the quality of aggregates are 
not sufficient to design the usability of crushed rock. On the contrary, advanced geological 
analyses merely give information on neither the quality, nor the usability, if the geological 
parameters are not interpreted into function characteristics. The interpretation in turn depends on 
the experience and the ability of the interpreter to interconnect the geological and the mechanical 
properties and to understand the processing of different rock materials. 

The results of this study points out a potential for the capacity of the drill cutting method as a 
surveying tool for road and railway constructions and for quarry establishment. This method is 
easily applied even when the bedrock is covered by drift materials (i.e. by soil/rock probing). 
The most considerable advantage of the method suggested is its timings and cost efficiency. It 
can be developed to a highly flexible and useful support to quality estimation of rock materials. 
The predictions of the quality and the usability of rock materials in the current investigation are 
satisfactorily confirmed. 

In effort to further develop and calibrate the method of drill cuttings the evaluation including 
the phase three will be continued. The control phase three demands time as the function of the 
road constructions is impossible to evaluate immediately after the construction is completed. 
Furthermore, due to the fact that the investigation presented deals with metamorphic rocks, 
further research within different geological environments (i.e. igneous and sedimentary rocks) is 
required.
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CHAPTER 6

DISCUSSION

The studies performed point out the ability of mica particles to enrich in the fine fractions of 
the crushed rock products. This occurrence is suggested mainly to depend on the grain size of 
mica in the host rock, grain boundaries, grain shape, and the ability of mica to form small 
particles (textural characteristics), which in turn design the physical properties (e.g. hardness and 
fragmentation) of the rock. 

In Figure 6.1 the analysed rocks are grouped into the determined grain sizes and categorized as 
coarser (>2.5 mm) and finer ( 2.5 mm) grained rocks. The figure comprises jointly grain size 
fractions for every sample analysed. 
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Figure 6.1  The content of free mica particles in the fine fractions of coarser grained 
(>2.5 mm) and finer grained ( 2.5 mm) rocks 

It is assumable that the coarser grained rocks release free mica grains earlier in the crushing 
process than the finer grained; a peak in the amount of free mica particles is generally appeared 
in the size fraction 0.25-0.5 mm. For finer grained rocks the largest increase of the free mica 
particle content is detectable in the grain size fraction 0.125-0.25 mm. The original grain size of 
mica in the host rock is suggested to influence on the performance. The comparison study shows 
no obvious relationships between the content of mica in the host rock and the fine fractions of 
crushed products and drill cuttings. These factors mentioned reveal that the enrichment of mica 
depends on the textural properties of the rock rather than on the mineralogical composition. The 
investigations have comprised metamorphic rocks and granitic rocks. 

Analysis methods for estimation of free mica content in general use the same grain size 
fractions as plotted in Figure 6.1. The above discussion points out the importance to collect the 
grain size fractions appropriate for the grain size of the host rock for a reliable result of the 
analysis. It is suggested that the fraction 0.25-0.5 mm must be analysed as a minimum for a  
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coarser grained rock. On the contrary, the free mica analyses of a finer grained rock should use at 
least the fraction 0.125-0.25 mm. 

The comparison study of drill cuttings to estimate rock type and free mica particle content 
indicates the applicability of the method. Similar results of the petrographic analyses of a rock 
sample and its coarse drill cuttings were obtained (Figure 6.2). The results of the petrographic 
analyses of the coarse fragments from drill cuttings showed slightly lower mica (biotite) value 
compared with the mica value of the original rock sample. This in turn supports the suggestion 
that mica grains are readily released from the rock by mechanical impact like crushing and 
hammer drilling. Larger amount of coarser grains in the drill cutting sample increases the 
reliability of the analyses; thus the size fraction >4 mm is recommended for the petrographic 
analysis. The content of free mica particles in the fine fraction of crushed products and drill 
cuttings were well correlated (Figure 3.1). These results give a supplementary support to the 
usability of drill cuttings as a tool for estimation of rock aggregate quality. 
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Figure 6.2 The mineralogical composition of the rock sample and the sample of drill cuttings 
coarse fraction from the same quarry 
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CHAPTER 7

CONCLUSION

Mica-bearing rocks exposed to mechanical impact readily release free mica particles that 
concentrate in the fine fractions of crushed rock aggregates. The original grain size of mica in the 
host rock is suggested to influence on the process. Coarse-grained rocks seem to separate free 
mica grains in earlier phases of the crushing procedure than fine-grained ones. The enrichment is 
assumed to depend on the textural characteristics of the host rock in a greater extent than on the 
mineralogical composition. The aspects mentioned must be taken into consideration when grain 
size fractions for analyses of free mica content are selected. The study presented includes 
metamorphic rocks and granitic rocks. 

The need of a reliable and robust method to quantify content of free mica particles in the fine 
fractions of crushed rock materials has initiated the development of a method based on image 
analysis. The method is repeatable and certain, and the results are controllable. Thus, the method 
is satisfactory and statistically acceptable from a scientific point of view.  

The concept using drill cuttings for estimation of rock aggregates quality is practically tested 
and evaluated as an effective field method. The further development and calibration should focus 
on improvement of sampling concerning the content of coarse drill cuttings. The 
homogeneity/heterogeneity of the bedrock is crucial for the selection of the samples and stresses 
the necessity of representative sampling. 
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Abstract Enrichment of free mica (i.e. as monomineralic

grains) in the fine fraction of crushed rock aggregates af-

fects the quality of the aggregate end product. Granitoid

rock from the Svecofennian Province were used as being

representative of crushed rock aggregates commonly used

for construction purposes. The results reveal a general trend

of enrichment of mica for finer fractions. For the coarse

grained rock a peak occurs at 0.25–0.5 mm followed by a

decrease in the amount of free mica; for grains <0.063 mm

there is an increase. The general trend and peak are corre-

lated to the microstructural characteristics of the samples.

Keywords Crushed rock aggregates � Free mica �
Monomineralic grain

Résumé L’enrichissement en micas libres (c.à.d. en

grains mono-minéraux) dans la fraction fine des granulats

de roche concassée affecte la qualité du produit fini. Une

roche granitoı̈de de la province svecofennienne a été utili-

sée comme représentative des granulats de roche concassée

communément utilisés pour la construction. Il apparaı̂t une

tendance générale à l’enrichissement en micas des fractions

fines. Pour la fraction grossière un pic de concentration en

micas libres apparaı̂t pour la fraction 0.25–0.50 mm. Puis

cette concentration diminue pour augmenter à nouveau pour

la fraction <0.063 mm. La tendance générale et les pics de

concentration sont corrélés avec les caractéristiques micro-

structurales des échantillons.

Mots clés Granulats de roche concassée � Micas libres �
Grains mono-minéraux

Introduction

Free mica (i.e. monomineralic grains) in crushed rock

aggregates, for construction purposes (Smith and Collis

2001), affects the quality of the aggregate end product.

Nieminen and Uusinoka (1986) show a correlation between

the mineral composition of the fine fraction and the quality of

the unbound base material. Their research points out that an

unbound layer, constructed with a material containing a fine

fraction of a ‘‘larger’’ specific surface area (e.g. clay min-

erals and micas), implies a high risk of constructional dete-

rioration. Hakim and Said (2003) and Miskovsky (2004)

show a material deterioration of bituminous mixtures con-

nected with an increase in the amount of micas in the fine

fraction (<2 mm). A similar relationship has been described

by Lagerblad (2005) for fine fractions used in concrete.

Miskovsky (2004) shows a general trend of increase in

the amount of free mica when comparing narrow grain

fractions, having analysed five samples of granitoid rocks

with varying mica content. Whereas Lagerblad (2005)

states that there is a steady increase in the amount of free

mica with a peak for grain sizes between 0.125 and

0.25 mm, for smaller grains no enrichment was detected.

The study was based on 17 samples of granitoid rocks.

The aim of this study is to enhance an understanding of

how the amount of free mica varies within granitic crushed

rock aggregates, with special attention to the correlation

of the microstructural characteristics of rock samples
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123

Bull Eng Geol Environ (2007) 66:441–447

DOI 10.1007/s10064-007-0091-4

mailto:loorents@vti.se


(Passchier and Trouw 1996; Prikryl 2001). The rock sam-

ples used in this study are representative of the common

crushed rock aggregates used for construction purposes and

have been prepared according to the standard laboratory

routines. The rock samples have been analysed on their

free mica content. The microstructural description of the

rock samples has improved the interpretation of the

behaviour of free mica in crushed rock aggregates.

Materials and methods

Rock samples were collected from two areas of the

Svecofennian Province granitoids. Samples 1 and 2 were

extracted from the same quarry, situated in the south east of

Sweden, and sample 3 was obtained from a road cutting

located in the central part of Sweden.

To limit factors that may influence the breakage of the

rock (e.g. the release of free mica during crushing), rock

samples of similar microstructural characteristics were

preferred. The samples were all more or less undeformed

(microstructurally isotropic). Microstructural difference is

mainly indicated by the grain size distribution and to a

lesser extent by aggregates of grains, grain-size, shape and

boundary (Passchier and Trouw 1996). Samples 1 and 2

had a similar mineralogical composition whereas sample 3

was enriched in mica compared to the other study samples.

Mineral alteration (before the process of weathering;

Delvigne 1998) is mainly limited to serecitic alteration of

feldspars. None of the study samples showed any change

due to weathering.

Sample 1

Sample 1 (granite) was weakly foliated (mineral orientation

defined by small grained biotite), medium grained

(1–2 mm; Gillespie and Styles 1999) and grey to red

(Fig. 1). A complete gradation (seriate) of fine- to medium-

grained grain size distribution with irregular, lobate grain

boundaries (interlobate) describes the microstructure. The

mineralogical composition was quartz > K-feldspar > pla-

gioclase > muscovite > biotite > chlorite with accessory

opaque minerals, apatite, epidote and zircon (Table 1). The

quartz grains had undulose extinction and an anhedral shape

of grains. The K-feldspar (anhedral–subhedral) had well-

developed microcline (scotch plaid) twinning; a few

megacrysts were present. The plagioclase (subhedral–

anhedral) had a fairly well-developed polysynthetic

twinning (albite) and a less common combined albite and

pericline twinning. Some sericite alteration was seen in the

majority of the plagioclase. The muscovite was generally

coarser grained than the biotite; the latter showing some

alteration to chlorite.

Sample 2

As seen in Table 1, sample 2 (Fig. 2) was in general

similar to sample 1 although with some differences in

mineral composition and to a lesser extent grain size dis-

tribution.

Sample 3

Sample 3 (monzogranite) was a white and black, coarse-

grained (>2.5 mm; Gillespie and Styles 1999) massive rock

with a mineralogical composition K-feldspar > quartz >

plagioclase > biotite (Fig. 3). Accessory minerals included

titanite, sericite, kaolinite, zircon, chlorite, opaque and

apatite (Table 1). A seriate distribution of grains with an

interlobate shape of grain aggregates describes the micro-

structure. Plagioclase (subhedral–anhedral) commonly had

well-developed polysynthetic twinning (albite) and less

commonly combined albite and pericline twinning. Some

sericite alteration of the plagioclase was present. K-feld-

spar (subhedral–anhedral) showed sparse intergrowth of

quartz (granophyric texture). Megacrysts of K-feldspar

were present. The quartz grains (anhedral) had undulose

extinction and ‘‘sub grains’’ that may indicate a com-

pressive deformation. The biotite showed a slight alteration

to chlorite.

Sample preparation

Sample breakage was achieved using a primary and a

secondary laboratory jaw crusher. The primary discharge

aperture (setting) was 40 mm and the secondary crusher

had a setting of 15 mm. For each type of rock, a sample

similar in shape was used for crushing with the following

data for weight, density and volume: sample 1—2.58 kg,

2.64 Mg/m3 and 0.98 dm3; sample 2—2.70 kg, 2.64 Mg/m3

Fig. 1 Sample 1
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and 1.02 dm3; sample 3—2.55 kg, 2.68 Mg/m3 and

0.95 dm3. The grain size distribution for each crushed

sample was obtained by dry sieving according to EN 933-1

(Fig. 4). Additional sieving was undertaken for grains

<63 lm (sample sizes were approximately 20 g). Sieves

were weighed before and after sieving to measure the

amount of material that remained on the sieve (Table 2).

Compressed air was used to clean the sieves between

each sieving cycle. From the sieving, the following

grain size fractions were collected for analysis: 0.5–1,

0.25–0.5, 0.125–0.25, 0.063–0.125 mm, 42–63, 24–42

and <24 lm.

Free mica content

To estimate the amount of free mica in the collected grain

size fractions two methods were used generally following

RILEM AAR (Sims and Nixon 2003).

For size fractions 0.5–1, 0.25–0.5 and 0.125–0.25 mm

samples were collected and an additional quartering

undertaken in order to obtain representative, homogeneous

samples. Grains were grouped and counted (stereoscopic

microscope, Technique 1) on the basis of mineralogy into

muscovite, biotite and others where appropriate. All grains

in the collected and reduced (quartered) sample were

counted (Table 3).

With Technique 2, a polarizing microscope and a point

counting apparatus were used for 0.5–1, 0.25–0.5, 0.125–

0.25, 0.063–0.125 mm, 42–63, 24–42 and <24 lm. Thin

sections were prepared as grain mounts (Nesse 2004) from

2–4 g of crushed sample for each collected grain fraction.

Counting was performed in the same way as for the coarser

grains (Table 3).

Discussion

Prior to sieving, it was not clear whether it would be pos-

sible to obtain/collect representative samples, particularly

for grain fractions <63 lm. However, weighing the sieve

before and after sieving (Table 2) and a microscopic optical

control of the mesh gave a useful and more objective

indication of the material passing through the sieves.

Technique 1 was chosen for certain grain fractions, as

this method ensures that monomineralic material, or

aggregates dominated by one mineral, is properly grouped

Table 1 Mineralogical composition (in vol.%) and grain size distribution of the main minerals

Quartz Plagioclase K-feldspar Biotite Chlorite Muscovite Opaque Assessory

Sample 1 40 14 36 3 3 4 0.2 0.2

Grain size (mm) 0.6–1.5 1.4–2.9 1.2–3.7 0.4–0.8 – 0.6–1.6 – –

Sample 2 37 14 37 4 1 7 Trace 1.0

Grain size (mm) 0.7–1.6 1.4–3.2 1.4–2.5 0.6–1.3 – 0.9–1.6 – –

Sample 3 28 25 27 19 – – Trace 1.4

Grain size (mm) 0.9–2.3 1.5–3.2 1.7–2.9 0.9–2.5 – – – –

The mineral mode is based on point counting using a polarising microscope

Fig. 2 Sample 2 Fig. 3 Sample 3
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and counted. Technique 1 is of limited value for coarser

grains, as the power of resolution of the equipment is not

sufficient for the finer fractions analysed in this study.

However, the results from Techniques 1 and 2 are not di-

rectly comparable, as the preparation of the samples and

analysing technique differ. With Technique 1, a sample is

retrieved from the collected batch and should contain a

minimum number of grains to be representative of the

batch; it is also important that all grains of the sample are

counted. Considering mineral separation there is a risk of

biased sampling with this method. For two batches, double

samples were counted to assess precision. This indicated

that the counting varied by up to 10%.

The formation of free mineral phases or monomineralic

grain constituents during breakage by crushing is mainly

dependent on the mineralogical composition (strength of

minerals), grain boundaries and the grain size of the rock.

Thus for a coarse grained rock monomineralic grains will

comprise a larger fraction of ‘‘coarser’’ grains. This rela-

tionship ensures monomineralic grain constituents for

‘‘finer’’ grain fractions and validates the use of Technique

2, especially for medium and coarser grained rocks.

Technique 2 also uses a minimum number of grains to

ensure a statistical significance, but provides a more robust

methodical handling as the sample (thin section) is

impregnated with epoxy resin. With this method (point

counting), counts indicate the presence of a certain mineral

phase, but make no distinction between monomineralic and

aggregate (composed of at least two minerals) grains. The

use of optical microscopy for fractions <63 lm has its

practical limitations, as mineral identification may be hard

to perform. However, as analysing and counting always

started with the coarsest fraction, and the mineralogy of the

sample was well known, the method proved useful.

Thus Technique 1 was used to ensure counting of free

mica grains and partly as a comparison between the

methods. The main emphasis was on Technique 2 as this

provides one ‘‘continuous’’ counting method for all size

fractions analysed in this paper.

The three samples studied are all igneous rocks. Con-

sidering microstructural characteristics, samples 1 and 2

have similar mineral composition and grain size, while

sample 3 differs mainly in grain size. Samples 1 and 2 are

medium grained and sample 3 coarse grained. The trend

line of sample 3 (Fig. 5) generally shows higher amounts

of free mica for coarser grain fractions, indicating that the

amount of free mica depends on initial mineral content and

grain size of the rock.

Figure 5 (see Table 3) depicts the varying free mica

content for the samples, dependent on grain size. Com-

paring the trend lines, using grain fractions 0.063–

0.125 mm as a ‘‘divider’’ gives quite different relation-

ships for the <0.063 and >0.125 mm grain fractions. For

grains >0.125 mm the relationship is less consistent while

for grain fractions <0.063 mm a uniform trend of increase

is displayed. This difference correlates with the initial grain

size of the rock and content (modal vol.%) of mica. It is

suggested that coarse grained rocks follow the trend line of

Table 2 Sieving of materials

<63 lm
Sieve (lm) Passing material sample (%) Fasten material (g)

1 2 3 1 2 3

63 99.6 99.2 99.7 0.07 0.07 0.06

42 72.4 80.6 71.4 0.04 0.03 0.03

24 32.7 40.6 37.1 0.04 0.04 0.05

coarsemediumfinecoarsemediumfine
GravelSand 6020620.60.20.06

10.50.250.1250.063 11.2 20090634531.51685.642
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Fig. 4 Grain size distribution

of the three samples after

crushing into two steps
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sample 3 (see Fig. 7), whereas fine to medium grained

rocks are similar to samples 1 and 2. Coarser minerals

more readily release mica from the mineral aggregate (e.g.

>0.125 mm) than small grained minerals, due to exposure

to mechanical breakage of the monomineral in the aggre-

gate. As the grain fraction gets smaller, the aggregate has to

reach a ‘‘critical’’ grain fraction (e.g. <0.063 mm) before

further breakage continues.

Among the studied samples, sample 3 contains the

highest initial content of mica and the coarsest grains

(Table 1). The connection between the initial mineral

content of the rock and the content of free mica in the grain

fractions correlates well for fractions >0.125 mm (Fig. 5).

For grain fractions <0.063 mm the influence of the initial

mica content is no longer perceived. The peak of sample 3

for grains >0.125 mm indicates that there is a relationship

between initial grain size and grain size fraction, based on

the assumption that mica grains are less mechanically

competent than, for instance, quartz and thus break more

readily into ‘‘smaller’’ particles due to mechanical stress.

The three samples used in this study provide a somewhat

sparse basis for reasoning, thus a review of some data in the

literature on free mica in crushed rock aggregates for

construction purposes was motivated. Miskovsky (2004),

using a polarizing microscopy and the point-count method,

showed a general increase in the amount of free mica for

the finer fractions (<0.074, 0.074–0.25 and 0.25–2 mm),

analysing five samples of granitoid rocks with varying

mica content (5.6–33 vol.%; Fig. 6). The result of the

0

5

10

15

20

25

30

35

40

<24 24-42 42-63 63-125 125-250 250-500 500-1000

Grain size fraction, μm 

C
o

n
te

n
t 

o
f 

fr
ee

 m
ic

a 
(p

ar
ti

cl
e 

an
d

 v
o

l %
)

Sample 1

Sample 2

Sample 3

Fig. 5 The content of free mica in the collected grain fractions

Table 3 Mica content (in

particle and vol.%) of sample

according to analysed grading

fraction together with total

number of grains counted

Bt biotite, Ms muscovite,

%-Mica total % mica in sample,

Count total number of grains/

points counted

Grain size Bt Ms %-Mica Count Bt Ms %-Mica Count

Technique 1 Technique 2

Sample 1

0.5–1 (mm) 1 7 8 215 2.8 7.3 10.2 1,704

0.25–0.5 7 5 12 526 5.6 7.6 13.2 1,787

0.125–0.25 8 8 16 571 6.6 7.6 14.1 1,999

0.063–0.125 5.2 8 13.3 2,157

42–63 (lm) 6 9 15 583

24–42 10 14 24 567

<24 14 19 33 525

Sample 2

0.5–1 (mm) 1 6 7 299 4.2 7.1 11.2 1,659

0.25–0.5 3 6 9 467 3.8 8.3 12.0 1,695

0.125–0.25 8 9 17 773 6.4 8.7 15.1 1,925

0.063–0.125 6.9 8.2 15.0 2,022

42–63 (lm) 6 8 14 539

24–42 13 13 26 558

<24 17 17 34 508

Sample 3

0.5–1 (mm) 24 24 368 18.8 18.8 1,834

0.25–0.5 31 31 420 21.8 21.8 1,704

0.125–0.25 22 22 699 19 19.0 1,971

0.063–0.125 14.2 2,085

42–63 (lm) 17 17 557

24–42 20 20 568

<24 36 36 536
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study suggests the mica enrichment in the grain size frac-

tions: 0.25–2 mm, 8–21.2 vol.%; 0.074–0.25 mm, 9.5–34.6

vol.% and <0.074 mm, 17.8–41.4 vol.%.

Despite the fact that the collected and analysed grain

size fractions of Miskovsky and the present study are not

directly comparable, the two studies show the same tren-

d—an enrichment of mica with finer fractions. Further-

more, the same method is being used (point counting)

which additionally strengthen the results of the studies. In

this kind of study, a narrows grain size fraction is preferred

as this increases the resolution and provides more data on

the behaviour of rock breakage by crushing.

Microstructural comparison between the studies is not

possible as no structural information is provided by Mis-

kovsky (2004) except that the samples were granitoid

rocks.

Lagerblad (2005) states that there is no enrichment of

mica for the finer grain fractions (<0.125 mm) after anal-

ysing 17 samples of granitoid rocks, using X-ray powder

diffraction (XRD) and scanning electron microscope

(SEM) analyses for materials <75 lm (5 samples) and the

point-count method for fractions; 75–125, 125–250, 250–

500, 500–1,000, 1,000–2,000 lm (Fig. 7). Lagerblad’s

study implies a peak in the amount of free mica for the

125–250 lm fraction and then, based on results from the

XRD, SEM and point counting analysis, a possible trend of

lower amounts of free mica with finer fractions.

The point counting method used by Lagerblad and the

present study is similar, thus the results are comparable.

The point counting data from Lagerblad’s study is pre-

sented in Fig. 7, which has been modified and grouped into

fine, medium and coarse grained rock in an attempt to

clarify any microstructural correlations. The (trend) curves

in Fig. 7 verify a peak for medium and coarse grained

rocks, possibly with an initial ‘‘higher’’ content of mica
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Fig. 7 The content of free mica for collected grain fractions for fine,

medium and coarse grained rock (modified after Lagerblad 2005)
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Fig. 6 The content of free mica in the collected fractions; the

samples are sorted into initial content of mica of the uncrushed rock

(modified after Miskovsky 2004)

Table 4 Content of biotite and chlorite (vol.%) for medium and

coarse-grained samples

Medium Coarse Medium Medium Medium

<38 lm

Biotite 16 6.1 11.1 15.6

Chlorite 7.2 1.9 15.6

Grains 188 212 196 206 173

<38–63 lm

Biotite 11 2.3 14.8 11.5

Chlorite 12

Grains 209 219 219 203 209

Grains indicate the total number of counts
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although Lagerblad gives no information on the initial

mineral composition. The analysis from the present study

verifies a peak for the coarse grained sample 3 (Fig. 3).

Considering the results from Miskovsky (2004), Lagerblad

(2005) and the present study, it is assumed that the position

(grain size fraction) and the height of the peak (content of

free mica) depend on the rock’s initial mineral composition

and mean grain size thus indicating the importance of

microstructural characteristics for the variation in free mica

in crushed rock aggregates.

Lagerblad also carried out SEM analysis on five samples

for fractions <38 and 37–63 lm. As seen in Table 4, the

results do not indicate a uniform ‘‘stronger’’ trend towards

an increase or decrease in the content of mica for the

analysed fractions.

To further understand the variation of free mica for finer

fractions, Lagerblad used semi-quantitative XRD counting

techniques to obtain an indication of the mineral content

for fractions <38 and 37–63 lm. Peak intensities, corre-

lated to SEM analysis (Table 4), were used to assess

mineral variations. As the method is semi-quantitative, any

variations are at best an estimation based on trends, but

appear to show lower amounts of free mica with the finer

fractions.

Conclusion

On the basis of the analytical data presented in this study,

there is a general trend towards the enrichment of mica in

the finer fraction of the fine grained rocks; with medium

and coarse grained rocks, the amount of free mica gener-

ally peaks within the fraction 125–250 lm.

This work has focused on igneous rocks but crushed

rock aggregates come from a wide array of rock types

hence further research is needed to establish if a similar

situation occurs with metamorphic and sedimentary rocks.
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A Method for Estimation of Free Mica Particles
in Aggregate Fine Fraction by Image Analysis

of Grain Mounts
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The need to evaluate free mica grains in fine fraction of aggregate products has initiated the development of
a statistically and scientifically acceptable method. The proposed method is based on a modified point-
counting approach using digital micro photos of thin sections of aggregate grains and a software package to
sustain sample analysis. A thin section of aggregate grains provides permanent sample documentation
readily available for complimentary or other analysis. Statistical analysis, together with a repeatable
analysis of samples (permanent mounts), confirms the robustness of the method. The method is appropriate
as a complementary assessment tool to estimate and trace changes or variations in quality of rock
aggregate. Though, the estimation of free mica particles in fine fraction needs to be combined with other
analyses, e.g., petrographic analysis and analyses of mechanical properties, to assess the quality of any rock
material. As the samples can be collected from drill cuttings, i.e., an accessible residual product obtainable
from surveying or production, the present method is particularly useful as a surveying tool and in pros-
pecting and projecting activities.

Keywords aggregates, fine fraction, free mica particles, image
analysis, point-count method

1. Introduction

The fine fraction of crushed rock aggregates produced from
mica carrying rocks can cause considerable damages on road
constructions, especially within regions dominated by temper-
ate climate. The reason for these economically perceptible
problems is the ability of mica to take up and hold water or
bitumen. This ability is partly due to the increased specific
surface area of mica rich aggregates, i.e., stemmed from the
grain shape of micas. The specific surface of a particle is the
ratio of its surface area to its mass, where the main controlling
factors are particle size and particle geometry. Furthermore
roughness of the external surface, shape, porosity, and miner-
alogy may contribute to an increase in the surface area (Ref 1).
High water content in unbound application layers may be the
basis for a raised pore water pressure under load, consequently
causing a lowering of the constructions� bearing capacity. For
an optimum performance, the aggregates surfaces in a mix are
intended to be covered by a bitumen film. Substituting the fine
material (i.e., filler) in an asphalt mixture with a material of

dissimilar specific surface area will influence the thickness of
the bitumen film and thus the asphalt mixture properties, given
that the binder content is constant. The sorbing ability of mica
may accordingly cause an early constructional deterioration
(Ref 2-4).

Aggregates for construction purposes extracted from hard
rock quarries are tested and sampled according to national
standardization programs, e.g., European Committee for Stan-
dardization (CEN), by means to certify the aggregate product,
i.e., to ensure that the aggregate product meets the quality
demands for the intended use (e.g., CEN). Still, free mica
particle content or acceptable threshold limit values of free
mica particles contained in the aggregate product are not
precisely dealt with in this realm of standards. Furthermore it is
not uncommon, in road construction projects, that a large
quantity of materials used for the construction is extracted
within the construction site. For this sort of materials the
aggregate quality assessment may be far less rigorous than
compared to materials extracted and produced from a quality
certified hard rock quarry. Thus, where applicable, there is a
risk that the construction project may not reach a rational usage
of natural resources and not limit the impact caused by
erroneous usage of materials. A road construction project is one
where mass and material balance has been achieved. To
accomplish this, information about the materials quality and
potential use must be obtained early on in the project planning,
which calls for evaluations methods fit for field investigations.

In an effort to verify the content of free mica particles in
crushed rock aggregates and to limit damages on road
constructions related to the mica content, the Swedish Road
Administration (SRA) established a standard method in 2002
concerning the content of free mica in fine fraction of aggregate
products (Ref 5). The method is based on a particle count
(stereoscopic microscope) and provides an approximation of
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the content of free mica for grain size fractions between 0.125-
0.25, 0.25-0.5, and 0.5-1 mm. It is mainly suited as an
indicative tool as sample selection and counting may introduce
a statistical bias and reproducibility is questionable within the
same sample. Thus the introduction of the standard method
demands the development of an effective and from a scientific
point of view satisfactory method for estimation of free mica
particles in fine fraction.

The present paper presents a method based on a modified
point-count approach using micro photos of grain mounts and
an analysis software package. An ample range of field samples
can be used as long as the prerequisite amount and grain sizes
are met for analysis. Statistical analysis together with a
repeatable analysis of samples provides a robust method for
mineralogical analysis of the fine fraction.

2. Description of the Method

2.1 Samples

The demonstrated method is applicable to any sample of
fine-grained rock material originating from, e.g., rock aggregate
products or drill cuttings from surveying and production. The
fine-grained fraction samples (0.125-0.25, 0.25-0.5 and 0.5-
1 mm) used for testing and evaluation of the method are
collected from three different quarries consisting of; mica rich
meta-tonalite (five samples), veined meta-greywacke (three
samples), and mica poor granite (three samples).

2.2 Preparation

The sample (ca 500 g) is washed on the sieve 0.63 mm and
dried. Following drying the sample is dry sieved and 5-10 g of
each of the following size fractions are collected; 0.125-0.25,
0.25-0.5, and 0.5-1 mm. The procedure is preferentially
performed according to standard methods such as EN 932-
2:1999 (Ref 6) and EN 933-1:1997 (Ref 7).

From each of the collected size fractions grain mounts is
prepared. The collected grain amount (5-10 g) for each size
fraction ensures a high-enough grain frequency on the glass
microscope slide (Ref 8, 9) and satisfies constrains of the
statistical calculation.

Images may be acquired by using any equipment that have
the utility of using polarized light. In the present work, a digital
single-lens reflex camera (digital SLR) fitted with a macro lens

was used for recording images. The photographic setup allows
single- and cross-polarized light (Fig. 1) to be used. An image
size of 3072· 2048 pixels was further reduced to
1810· 1810 pixels to meet the requirements of the image
analysis software package.

2.3 Image Analysis

The image analysis is performed by means of a software
package that is a Microsoft Office Excel add-in (compiled
Excel Macro). The mineralogical composition of the sample is
estimated by manually marking grains according to its sorting
(i.e., two categories, mica and others) in the image. Identifi-
cation of the common sheet silicate minerals biotite, muscovite,
and chlorite is feasible as they are readily distinguished from
rock-forming minerals such as quartz and feldspar in polarized
micro images. Quartz and feldspar exhibit a low-relief and grey
color, while mica minerals have a higher-relief and show other
colors than grey. Biotite is often brown or greenish and
muscovite varies between red, blue and green color. The
chlorite shows anomaly colors, i.e., it changes from black to
grey-blue. If hornblende is present, it may be mistaken for
biotite. In such cases it is recommended to use pleochroitic
colors in single-polarized (plane light) micro photos. In plane-
polarized light biotite is brown in color and hornblende green.
Optical identification of minerals is extensively discussed in the
literature, e.g., (Ref 10).

An example of a processed image is shown in Fig. 2, in
which counting lines (scan lines) and grains marked according
to its mineralogical category by grey or white dots, is
displayed. As the manual mineral identification is completed,
the information is processed and statistics is computed. The
outcome is presented in tables showing the sum of counted
grains (both mica and others) and the average of mica. Other
statistical information such as standard deviation, variance,
minimum and maximum value, and confidence interval are also
presented.

3. Discussion and Evaluation

Analyses of fine fractions from drill cuttings have a long
history as a surveying tool extensively used within ore
prospecting. But within the field of prospecting for aggregates
or quarry aggregate quality programs, traditionally surveying

Fig. 1 The photographic set up; (a) digital camera, (b) illuminator equipment with a halogen light, (c) nicoles and (d) a thin-section/sample
holder

Journal of Materials Engineering and Performance Volume 17(2) April 2008—251



uses the more expensive drill-cores for petrological and
mechanical analyses. Thus in this context the present work
presents a ‘‘new’’ analysis method as fine fractions from drill
cuttings have not, or to a very limited extent, been used in
aggregate quality assessment as described in the literature. The
main potential of the proposed analysis method is its time and
cost effectiveness, notably capable within; mass- and material
balance matters (e.g., road and railway cuttings), establishment
of quarries and quarry production control programs. Rock
material is a non-renewable natural resource which necessitates
rational usage, thus aggregates must meet the constructoral
requirements otherwise it may cause substantial damages. As
the samples can be collected from drill cuttings, i.e., an
accessible residual product occurring in several constructing
and quarrying stages, the present method is useful as a
surveying tool for prospecting and projecting.

One advantage of the photographic hardware used in the
current study is the ability to capture the entire thin section in
one photographic shot. The photographic equipment is easy to
handle as is any changes of pictures (e.g., produce black and
white and single-polarized images) or handling due to the use
of a digital SLR.

Using samples in the form of a permanent grain mount
provides a great documentation of any aggregate-orientated
activities. This is especially valuable considering that at any

occasion the thin section can be re-analysed or further
examined.

Estimates of free mica particle content in aggregate fine
fraction obtained by image analysis were compared with results
obtained by grain count analysis in polarizing microscope along
the cross line of minimum length of 4 cm. Eleven samples from
three different localities and with different mica content were
compared. In each sample, 400-600 grains were counted. No
obvious differences between the results obtained by the two
methods could be observed. On the contrary, accordance of
particle mica content was very good in all samples (Fig. 3).

In order to examine the possible preferred orientation of
mica in the epoxy mould three cross sections of the same
sample was produced and analysed. Comparisons of mica
content obtained by analyses of cross-cut sections are given in
Fig. 4. The results revealed no distinct differences between the
two methods of cutting.

It is well-known that the number of grains counted is crucial
to the reliability of the estimates of free mica content in a
sample. These problems are dealt with in power analysis, which
is described in many statistics textbooks, e.g., (Ref 11). For this
reason, the reliability of 19 samples given by the confidence
interval for the estimates of mean mica content was analysed.
The results were plotted against the number of grains counted
in each sample (Fig. 5). There was a distinct decline in the

Fig. 2 A section of a processed image. White dots represent mica
minerals and grey dots other minerals
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Fig. 3 Comparison of mica content obtained by image analysis and
by microscopic grain count analysis of grain mounts. A confidence
interval (99%) is established for estimates given by the image analy-
sis method
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Fig. 5 The relationship between confidence interval (99%) of the
estimation mean free mica particle content in a sample by image
analysis and the number of grains counted
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confidence interval with increasing number of grains counted,
i.e., the reliability of estimates increased. The relationship was
not linear and correlation analysis performed with Sperman�s
Rho revealed r = 0.77, n = 19, and p< 0.005. The best-fit for
the relationship was given by logarithmic regression
(R2 = 0.66). The equation for the relationship is given in
Fig. 5. Furthermore, the results suggest that at least 350 grains
should be counted to obtain a certainty of 3-4% in the estimate
of the average free mica particle content.

The statistical evaluation points out the certainty and
repeatability of the method. Due to the possibility to save the
images of the statistical operation, the results of the method are
controllable. These factors mentioned make the method satis-
factory from a scientific point of view.

4. Conclusion

The need to quantify the content of free mica particles in
fine fraction of aggregates has initiated the development of an
analysis method that focuses on the estimation of hard rock
quality based on image analysis. A further aspect is that, from a
scientific point of view, the described method is statistically
satisfying, thus the present work is a step in the right direction
of development.

The sample can originate from any rock material, i.e., not
only from drill cuttings. Hence, the method is appropriate as a
complementary assessment tool to estimate and trace changes
or variations in quality of rock aggregate products. Though, the
estimation of free mica particles in fine fraction needs to be
combined with other analyses, e.g., petrographic analysis and
analyses of mechanical properties, to assess the quality of rock
material.
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ABSTRACT

There is a need of an effective method to estimate the quality of crushed rock aggregates and 
its usability in early stages of projecting e.g. for road and railway constructions and quarry 
prospecting. The proposed method is based on mineralogical and petrographic analyses of drill 
cuttings and analysis of the coarse fraction to estimate the homogeneity/heterogeneity of the 
bedrock. The geological analyses are followed by an estimation of the rock materials mechanical 
properties and their potential technical usability. Development and practical applicability (field 
and laboratory) of the method have been performed and correlated to three road projects from 
regions of different geological and climatic zones in Sweden. The study confirms the capability 
of the proposed method as a surveying tool. 

1. INTRODUCTION

To minimize the environmental consequences and costs for road and railway construction 
works, a careful use of rock aggregates within the construction site is required (e.g. Ref 1). An 
early estimation of the quality of the bedrock and its optimum use (i.e. mass and material 
balance) demands an appropriate level of survey. Misjudgements of the use of such aggregates 
may cause considerable negative economical and constructional consequences. The early 
information concerning the quality of the bedrock is especially true for areas of low bedrock 
exposure covered by drift materials. 

In modern society the attention is paid to economical profitability, environmental protection, 
and a sustainable usage of resources. According to these requisites the aggregates must also meet 
constructional requirements. In effort to reach object related volumetric and material equilibrium 
of rock mass for infrastructural construction, there is an arising need of a robust tool for balance 
calculations. 

The central prerequisite in prospecting of natural resources such as rock materials is the 
knowledge of the qualities that determine the suitability of a material for use as aggregates 
(Ref 2). The strong relationships between geological properties (e.g. the mineralogical 
composition and the rock fabrics), mechanical properties, and the rock mass’ likely performance 
as an aggregate in constructions must all be taken into account when deciding on new extraction 
sites for aggregates (Ref 3). 

Analysis of drill cuttings is an established surveying tool extensively used in ore prospecting. 
The traditionally prospecting for crushed rock aggregate quarries is so far based on drill-cores  
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used for petrographic and mechanical analyses. The method presented is focused on petrographic 
analysis of the coarse fraction (>4 mm) of drill cuttings to estimate the 
homogeneity/heterogeneity of the bedrock and to determine the rock types included. This 
information in turn admits assessment of mechanical properties and technical usability in 
constructional applications (e.g. roads and railways). The fine fraction (0.125-0.25 mm) is used 
to estimate the content of free mica particles. It is known that mica-bearing rocks may cause 
damages of road constructions (e.g. Ref 4-6). The deterioration of the construction is related to 
the ability of mica particles to be released during crushing and to concentrate in the aggregate 
fine fractions. Enrichment of free mica particles in the aggregate fine fractions and its affects on 
the quality of crushed rock aggregate products applied in constructions are thoroughly described 
in e.g. (Ref 4-9).

The purpose of the current study was to examine the possibility to use drill cuttings for 
estimation of the quality of rock aggregates as constructional materials. Furthermore, to develop 
and test the practical application and the efficiency of the method within a number of road 
projects from regions of different geological and climatic zones in Sweden.  

2. METHODS

2.1 PROJECT DESIGN

The practical application of using drill cuttings for estimation of the rock aggregates quality 
was designed according to three phases; each adapted to the state of the road project. 

The first phase is focused on geological map studies, initial field work, and sampling. Map 
studying provides indications about the structures of the bedrock and the types of rock. The field 
investigation is aimed towards ocular inspection of the projecting area. In this stage the locations 
and number of sampling points (i.e. bore holes) are determined. The approximate depth of the 
bore holes is 5 m, which is a regular depth used for soil/rock probing (i.e. geotechnical
investigations) for advanced constructions (e.g. bridges and under ground constructions; Ref 10). 
The depth is decided by the properties of the bedrock, and the bore holes may be deeper if the 
geology is complicated or heterogeneous. During the sampling it is of great importance to collect 
large enough samples of coarse drill cuttings for the reliability (statistical) of the prediction. The 
samples are reduced, dry sieved, and narrow size fractions (0.125-0.25 and >4 mm) are collected 
according to Ref 11 and 12. From each of the collected size fractions thin sections are prepared 
(Ref 13, 14) and micro photographed to allow for digital analysis. The coarse fraction is used for 
petrographic analysis and the fine fraction to estimate mineralogical composition (e.g. free mica 
particles). When the rock type and the mineralogical composition are known, quality, mechanical 
properties, and usage are possible to estimate. As a framework for constructional and material 
demands, technical norms (Ref 15) for road constructions from the Swedish Road 
Administration are applied. 

Within the second phase a complementary field investigation is carried through; after drift 
materials have been cleared and the bedrock is exposed. The rock structures are mapped out and 
samples from the bedrock and from the production (i.e. crushing) are collected for mechanical 
and petrographic analyses. The outcome is compared with the results from phase one. 

Phase three includes functional control of the rock aggregates concerning sampling from the 
construction and testing of the rock material. At this stage a final comparison of all results is 
summed up and then the method of drill cuttings is evaluated regarding reliability, efficiency, 
and economical aspects. 
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Field studies included three road projects that were located in the north, central, and in the 
southeast of Sweden (Figure 1). Project I comprised phase one and two, Project II phase one and 
in Project III phase one and two were carried out simultaneously. It was not possible to complete 
phase three in any of the projects studied, due to time constraints. 

Project I 

Project III 

Project II 100 kilometres 

Stockholm 

SWEDEN

Figure 1 The locations of the projects studied 

2.2 PETROGRAPHIC ANALYSES

The analyses of the coarse fraction (>4 mm) were performed under a polarizing microscope 
and the mineralogical composition of the rocks included was determined by point-counting 
(e.g. Ref 13, 16, 17). The estimation of free mica particles in aggregate fine fractions was carried 
out by image analysis as described in Ref 18. The method used in the presented study is based on 
a modified point-count approach using micro photos of thin sections and a software package for 
analysis and presentation. 

2.3 MECHANICAL ANALYSES

To confirm the mechanical properties predicted in the first phase, samples collected in phase 
two were tested concerning resistance to wear (micro-Deval value), resistance to fragmentation 
(Los Angeles value), resistance to wear by abrasion from studded tyres (Nordic test value), and 
particle shape (flakiness index). All tests were achieved by accredited laboratories in accordance 
with (Ref 11, 12, 19-23). 

3. RESULTS

3.1 PROJECT I

Studies of geological maps indicated bedrock dominated of meta-greywacke (sediment-
gneisses, veined gneisses, mica-schists, and phyllites) and by limited occurrence of ortho- 

3



gneisses of granitoid composition (Ref 24). The results of the petrographic analyses of drill 
cuttings pointed out a dominance of grey to dark grey, strongly foliated, medium-grained mica-
schist with the mineralogical composition quartz > feldspar (plagioclase) > mica (biotite) 
(Table 1). The content of free mica particles in the fine fractions varied from 24 to nearly 50% 
(Table 2). 

Table 1 Results of the petrographic analyses, Project I, phase 1; rock type and 
mineralogical composition 

Sample ID Rock type Grain size 
(mm) 

Plagioclase 
(vol.%) 

Quartz 
(vol.%) 

Mica
(vol.%) 

Others
(vol.%) 

P1-1-01 Mica-schist 0.5 36.6 35.5 27.8 -
P1-1-02 Mica-schist 0.5-1 32.2 48.4 19.4 -
P1-1-03 Mica-schist 0.3-0.5 48.5 31.5 18.0 2.0 
P1-1-04 Mica-schist 0.3-0.5 30.2 38.2 31.6 -
P1-1-05 Mica-schist 0.3-1 38.5 48.5 13.0 -
P1-1-06 Mica-schist 0.4-5 48.9 38.7 10.6 1.7 
P1-1-07 Mica-schist 0.2-0.7 38.0 46.9 11.3 3.8 

Table 2 Results of the calculations of content of free mica particles in fine fraction 
(0.125-0.25 mm), Project I, phase 1 

Sample ID Mica content 
(vol.%) 

P1-1-01 49.5 
P1-1-02 36.0 
P1-1-03 27.5 
P1-1-04 36.0 
P1-1-05 29.9 
P1-1-06 23.5 
P1-1-07 24.6 

On the bases of the petrographic analyses the mechanical properties and the usability were 
empirically estimated with consideration to the project design. The examined rock types were 
considered hardly qualified for use as sub-base course in unbounded road pavements (Ref 15). 
Due to the heterogeneity of the bedrock and the high free mica particle content in fine fractions, 
it was estimated that the rock quality did not satisfy the constructional demands for the base 
course.

The field investigation, the complementary geological analyses, and the mechanical tests in 
accordance with phase two, confirmed the prognosis given in phase one. The results of the 
petrographic analyses and the geological investigations stated heterogeneous bedrock dominated 
of coarse-grained, veined sedimentary gneiss alternated with dark, medium-grained mica-schist, 
and dark, medium- to coarse-grained ortho-gneiss (Table 3). All these rock types are mica-rich. 
The content of free mica particles in the fine fractions was calculated to 33-45% (Table 4). The 
predicted mechanical properties were well corresponding to the mechanical tests (Table 5). 
Because of the heterogeneity of the bedrock, the test results should be considered as averages. 
All the results from the examinations carried out in Project I pointed out that the rock material 
within the construction site was not suitable for base course and as sub-base course it should be 
used with some reservations. 
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Table 3 Results of the petrographic analyses, Project I, phase 2; rock type and 
mineralogical composition 

Sample ID Rock type Grain size 
(mm) 

Feldspar
(vol.%) 

Quartz 
(vol.%) 

Mica
(vol.%) 

Others
(vol.%) 

P1-2-01 Ortho-gneiss 2-3 35.2 28.9 35.9 -
P1-2-02 Migmatite (mica-

schist/ortho-gneiss) 
0.2->2 51.6 31.0 17.4 -

Table 4 Results of the calculations of content of free mica particles in fine fraction 
(0.125-0.25 mm), Project I, phase 2 

Sample ID Mica content 
(vol.%) 

P1-2-01 45.0 
P1-2-02 32.6 

Table 5 Results of the mechanical analyses, Project I, phase 2 
Sample ID Density

(Mg/cm3)
micro-Deval
(%)

Los Angeles 
(%)

Nordic test 
(%)

Flakiness index 
(%)

P1-2-01 2.74 19 32 26.2 12
P1-2-02 2.71 20 34 30.3 19

3.2 PROJECT II

The interpretation of the geological maps indicated that the surroundings of the road section 
projected mostly comprise of ortho-gneisses of granitoid composition (Ref 24). The sediment-
gneisses, mica-schists and phyllites occur all subordinate to the ortho-gneisses. The petrographic 
analyses of the drill cuttings estimated the rock materials to be composed of grey to light grey to 
pink, foliated, coarse-grained, irregular-grained ortho-gneiss with feldspar, quartz and mica 
(biotite) as main minerals (Table 6). Some samples showed a finer grained ortho-gneiss. The 
content of free mica particles in the fine fractions was determined to 19-41% (Table 7). 

Table 6 Results of the petrographic analyses, Project II, phase 1; rock type and 
mineralogical composition 

Sample ID Rock type Grain size 
(mm) 

Feldspar
(vol.%) 

Quartz 
(vol.%) 

Mica
(vol.%) 

Amphibol
(vol.%) 

Others
(vol.%) 

P2-1-01 Ortho-gneiss 0.5-4 70.7 17.7 10.5 - 1.1 
P2-1-02 Ortho-gneiss 0.5-4 65.4 19.1 10.9 3.5 1.1 
P2-1-03 Ortho-gneiss 0.2-4 68.3 26.5 3.7 - 1.5 
P2-1-04 Ortho-gneiss 0.5-5 67.6 14.5 17.9 - -
P2-1-05 Ortho-gneiss 1-4 52.0 35.1 11.9 - 1.0 
P2-1-06 Ortho-gneiss 1-5 51.0 33.3 11.4 - 4.3 
P2-1-07 Ortho-gneiss 1-4 68.9 16.8 12.7 - 1.6 
P2-1-08 Ortho-gneiss 0.5-5 68.9 20.2 10.3 - 0.5 
P2-1-09 Ortho-gneiss 1-2 60.8 27.6 11.6 - -
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Table 7 Results of the calculations of content of free mica particles in fine fraction 
(0.125-0.25 mm), Project II, phase 1 

Sample ID Mica content 
(vol.%) 

P2-1-01 27.1 
P2-1-02 36.2 
P2-1-03 28.6 
P2-1-04 40.7 
P2-1-05 19.4 
P2-1-06 30.9 
P2-1-07 34.7 
P2-1-08 37.0 
P2-1-09 27.6 

The rock types investigated were estimated to meet the technical demands (Ref 15) for both 
base course and sub-base course in unbounded road pavements. The finer grained ortho-gneisses 
were considered to display better mechanical properties than the coarse-grained ones. The phase 
two of this project has been delayed and will be evaluated after ending of the study presented. 

3.3 PROJECT III

The geological maps of the area describe a metamorphic, heterogeneous bedrock mainly 
composed of granofels, including metamorphic rocks of both sedimentary and igneous origin. 
The results of the field investigations and the petrographic analyses (Table 8) of the coarse 
fraction of the drill cuttings showed several rock types included: 

a) foliated, medium-grained, mica-rich, biotite - plagioclase-schist, 
b) dark grey, medium-grained, irregular-grained amphibolite-schist, 
c) biotite-rich, medium- to coarse-grained ortho-gneiss.

The two first mentioned rock types are weakly to medium migmatised and partly mylonitised; 
altered into chlorite-schist. The ortho-gneiss is strongly tectonised exhibiting a high frequency of 
micro-cracks. The analysis of free mica particle content in the fine fractions revealed values 
between 0 to over 50% (Table 9). The amphibolite-schist is lacking mica; all other rocks are 
mica-rich. 

Table 8 Results of the petrographic analyses, Project III, phase 1; rock type and 
mineralogical composition 

Sample ID Rock type Grain size 
(mm) 

Feldspar
(vol.%) 

Quartz 
(vol.%) 

Mica
(vol.%) 

Amphibol
(vol.%) 

Others
(vol.%) 

P3-1-01 Mica-schist 0.1-0.7 44.7 21.4 33.8 - -
P3-1-02 Mica-schist 0.1-0.7 37.8 6.7 55.4 - -
P3-1-03 Mica-schist 0.1-0.7 49.1 20.6 30.3 - -
P3-1-04 Mica-schist 0.1-0.7 47.8 17.3 34.9 - -
P3-1-05 Mica-schist 0.1-0.4 36.0 9.7 53.8 - 0.4 
P3-1-06 Amphibolite-schist 0.5-1 39.6 - - 59.6 0.8 
P3-1-07 Amphibolite-schist 0.4-1 39.9 - - 57.1 3.0 
P3-1-08 Amphibolite-schist 0.1-0.2 32.7 - - 67.3 -
P3-1-09 Ortho-gneiss 0.1-7 43.7 30.3 26.0 - -
P3-1-10 Ortho-gneiss 0.1-7 70.8 13.5 15.7 - -
P3-1-11 Ortho-gneiss 0.1-5 34.6 20.4 45.0 - -
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Table 9 Results of the calculations of content of free mica particles in fine fraction 
(0.125-0.25 mm), Project III, phase 1 

Sample ID Mica content 
(vol.%) 

P3-1-01 45.3 
P3-1-02 46.6 
P3-1-03 46.3 
P3-1-04 23.7 
P3-1-05 50.5 
P3-1-06 0
P3-1-07 0
P3-1-08 1.0 
P3-1-09 44.6 
P3-1-10 45.4 
P3-1-11 46.3 

Despite of the negative petrographic indications, the mechanical tests of the rock samples 
(Table 10) resulted in values approved for use in base course (Ref 15). The evaluation of the 
investigation presented a general recommendation to limit the building traffic on unbound layers 
in order to avoid fragmentation. 

Table10 Results of the mechanical analyses, Project III, phase 2 
Sample ID Density

(Mg/cm3)
micro-Deval
(%)

Los Angeles 
(%)

Nordic test 
(%)

Flakiness index 
(%)

P3-2-01 2.71 10 21 15.4 14.4 
P3-2-02 2.97 17 18 20.1 12.9 
P3-2-03 2.70 20 22 22.6 9.3 

4. DISCUSSION AND EVALUATION

The samples of drill cuttings selected in Project I and II originated from soil/rock probing 
performed during the planning stage of the road construction project. The analyses of the drill 
cutting samples resulted in prognosis concerning the use of the aggregate for the particular road 
construction. The latter petrographic and mechanical analyses of the samples collected from the 
exposed bedrock and from the crushed aggregate products confirmed the primary prognoses 
based on the analyses of drill cuttings. The sampling of drill cuttings in Project III was done 
during production drilling, since the phase one and two were carried out simultaneously. 
However, the results of the analyses of drill cuttings and the results of the geological and the 
mechanical analyses of the rock samples and the aggregates produced were well correlated. The 
different approaches of sampling indicate the independence of the field sampling technique and 
stress the flexibility of the drill cutting method and its application as a field method. The utilizing 
of the soil/rock probing method gives the opportunity to collect bedrock data already during the 
planning stage of the project and the possibility to perform a volumetric and quality estimation of 
the rock mass available. 

Mechanical properties of rocks are closely connected to their geological properties 
(e.g. Ref 25-30). Thus, mechanical analyses used for estimation of the quality of aggregates are 
not sufficient to design the usability of crushed rock. On the contrary, advanced geological 
analyses merely give information on neither the quality, nor the usability, if the geological 
parameters are not interpreted into function characteristics. The interpretation in turn depends on 
the experience and the ability of the interpreter to interconnect the geological and the mechanical 
properties and to understand the processing of different rock materials. 
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The results of this study points out a potential for the capacity of the drill cutting method as a 
surveying tool for road and railway constructions and for quarry establishment. This method is 
easily applied even when the bedrock is covered by drift materials (i.e. by soil/rock probing). 
The most considerable advantage of the method suggested is its timings and cost efficiency. It 
can be developed to a highly flexible and useful support to quality estimation of rock materials. 
The predictions of the quality and the usability of rock materials in the current investigation are 
satisfactorily confirmed. 

In effort to further develop and calibrate the method of drill cuttings the evaluation including 
the phase three will be continued. The control phase three demands time as the function of the 
road constructions is impossible to evaluate immediately after the construction is completed. 
Furthermore, due to the fact that the investigation presented deals with metamorphic rocks, 
further research within different geological environments (i.e. igneous and sedimentary rocks) is 
required.

5. CONCLUSION

The project results obtained stress a necessity of a quick and reliable method for quality 
estimation of the rock materials during the planning stage of road constructions, quarry 
prospecting etc. Using drill cuttings from introductory geotechnical investigations for estimation 
of the rock materials mechanical properties is a most competent method for this purpose. To turn 
the petrographic properties of the rocks into estimation of their mechanical properties and 
suitability as aggregates in the different parts of road constructions demands experience of the 
interpreters. 
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