
INTRODUCTION

Quartzite samples used in measurements were kindly

provided by the Jegłowa Mine. The Jegłowa Mine is sit-

uated in Poland, near Wrocław, in the Strzelin Hills (see

the location in Text-fig. 1). Quartzite is a metamorphic

rock (Powell 2009), which is a result of a process of the

sandstones and mudstones almost exclusively con-

structed from fragments of quartz at temperatures greater

than 150 to 200 [

o

C] and pressures of 1500 bars (Blatt et
al. 1996). The quartzite occurring in the foothills of the

Sudeten Block was already described in the XIX century

(Chmura 1967). Most of the geological properties of

quartzite were described in the paper (Chmura 1967).

Quartzite is a rock with the temperature of the fire re-

sistance T=1710 [

o

C]. The spectral analysis of the

quartzite chemical composition using XRF method

shows the quartzite content of about 98.7% of SiO

2

and

0.71% of Al

2

O

3

(see Table 1). The piezoresonance

caused by the quartz grain vibration occurring in the

quartzite samples was also observed (Marciniszyn et al.
2012). In the twentieth century, the quartzite was used

mostly to build the Martin furnace (Piech 1999). Nowa-

days, the quartzite or quartzite schist is also used in the

construction industry (stone interior accessories, road

metalling, etc.). Most of the papers are focused on a de-

scription of the tectonic or lithographic characteristics of

rocks. Except for a few parameters such as the quartz

grain size in the quartzite and a chemical composition,

there is no significant physical information on quartzite. 

A knowledge of wide-temperature electrical and me-

chanical properties of quartzite is required to understand

and in consequence to control a number of processes in

the earth’s crust. For geological materials, the best pro-

cedure is usually to measure an electrical properties as a

functions of frequency and all variations of relevant en-

vironmental parameters as temperature, water content,

etc. It is well known that electrical properties of rocks are

used in the induced polarization, resistivity, and electro-

magnetic methods of the mineral exploration, in the
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= 8.0 · 10
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[K

-1
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crustal sounding and in other applications. A deep analy-

sis of electrical properties of quartzite may supply an im-

portant information, for example for the electrical resis-

tivity method widely used in the geologic investigation.

Thermal properties of quartzite as the thermal expansion

and the thermal conductivity are important parameters

describing this material. These physical properties say

about the thermal stability of quartzite which is very im-

portant from the application point of view. 

SAMPLE PREPARATION AND EXPERIMENTS 

The quartzite rock has no crystal structure. Never-

theless, mezostructure of the quartzite is a layer type

with well visible highlighted direction of microcrystals

(quartz grains). The microcrystals have a filamentous

arrangement. For this reason, the perpendicular and

parallel directions towards the filamentous arrangement

were established at [001] and [100], respectively (Text-

fig. 2). As indicated in Text-fig. 2, the quartzite block

was cut out from the wall along [001] direction.

For the dielectric measurements, samples with di-

mensions of 5×25×5 [mm] in three perpendicular direc-

tions were cut out from the quartzite block (according to

Text-fig. 2). Additionally, quartzite samples were me-

chanically polished and the silver paste was used for

making a good electrical contact. Dielectric spectroscopy

measurements were performed using automatic Novo-

control Alpha impedance analyzer at frequency range

from 10

1

to 5×10

7

[Hz] at temperature of 300 K.

For the thermal conductivity measurements, three

perpendicular rings with 70 [mm] diameter and 5 [mm]

thickness were prepared. The method is based on the

heat flow through the sample located between a heater

and a heat receiver up to the moment of the thermal

equilibrium – it means that the heat transfer by the

heater is equal to the heat wasted by the side and the up-

per surface of the heat receiver. Additionally the thermal

paste was used for removing available air between the

sample, the receiver and the copper radiator.

For the thermal deformation measurements, the pre-

cision quartz capacitance dilatometer of the original

design was used (Dziedzic et al. 1983). The samples per-

formed along [100], [010] and [001] directions with the

same dimension of 5×5×4.95 [mm] were cooled down

with the rate of approximately 0.5 K/min at range of

400K–150K.

RESULTS

Basic electrical measurements 

The complex dielectric permittivity in the wide range

of frequencies was measured in order to determine the in-

fluence of the direction on the resonance occurring in the

quartzite. The real part of the dielectric permittivity as the

function of frequencies for the quartzite samples in the

[100], [010] and [001] directions has been shown in

Text-fig. 3. It is worth emphasizing, that the frequency

 

Compound [%] 

SiO2 98.7 
Al2O3 0.71 
Fe2O3 0.05 
CaO < 0.01 
MgO < 0.01 
Cr2O3 < 0.01 
MnO < 0.01 
K2O 0.19 
P2O5 < 0.01 
SO3 < 0.01 

Na2O < 0.01 
TiO2 0.03 

spectral analysis by XRF  

ZrO2 < 0.01 

Text-fig. 1. Location of the Jeglowa Mine (50

o

43’5’’ N, 17

o

9’14’’ E) and the 

lithological profile for an area dependent of the depth

Table 1. Chemical composition of quartzite sample

Text-fig. 2. Directions maked at the quartzite sample
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corresponding to the maximum of the permittivity is di-

rection independent and it is appointed as 17[MHz].

The maximum of the real part of the permittivity (ε’) and

the dielectric loss tanδ are depent on the direction. The

largest value of the ε’ and tanδ occurs in the [100] di-

rection (ε’ 350, tang - 9*10^-9) and the lower values are

observed in the [001] direction (ε’208, tang - 9*10^-9).

Thermal conductivity measurements

In order to estimate the thermal conductivity coef-

ficients, the heat flow (caused by a temperature gradi-

ent) through the sample was measured. Assuming that

the heat flux is perpendicular to the surface of the

quartzite sample and the heat from the edges of the

sample is negligible due to the sample thickness, the

thermal conductivity coefficient is given by equation:

(1)

where m is the mass of the heat receiver (0.654kg),

c is the specific heat of cooper (385 J/Km), r is the ra-

dius (70 mm) and d is the thickness of the receiver. d1
is the thickness (5mm) and r1 the radius (70mm) of the

measured sample. A temperature difference in the ther-

mally stable state between the radiator and the receiver

was marked as ΔT [K]. 

Based on the equation (1), the thermal conductivity

coefficient was estimated. The measurement results are

presented in Table 2. It is well visible, that the quartzite

shows the anisotropy of the thermal conductivity coef-

ficient. Additionally it is well known, that the quartz

crystals describe the anisotropy and the thermal con-

ductivity changes from 6 to 9, depending on the direc-

tion (Horai 1971). Therefore, we suppose that the

biggest value λ=13 [W/Km] in the [100] direction can

be caused by the ordering of the quartz grain in the [100]

direction. Additionally, the bigger thermal conductivity

coefficient for quartzite when compared to that for the

pure quartz can be caused by the Al

2

O

3

dopant (λ

[W/Km]) (Shigetaka Wada at al. 2005) in quartzite. 

In order to confirm the anisotropy of the thermal

conductivity in quartzite, measurements of the thermal

wave penetration of quartzite were performed. For this

reason, a cube quartzite sample (a=50 [mm]) was pre-

pared. Holes with depth of 20 [mm] were drilled on the

three perpendicular walls of the cube. A thermocouple

was placed in the drilled hole. The measurements relied

upon the determination of the temperature difference be-

tween the radiator and the samples interior in the time

regime. The quartzite temperature as a function of time

was created (Text-fig. 5) from data of the measure-

ments. The speed of the penetration of the thermal wave
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direction  [W/(Km)] 
[100] 13.2 
[010] 8.7 
[001] 5.6 

Text-fig. 3. Frequency dependence of the real part of the dielectric permittivity 

in three directions

Text-fig. 4. Loss tangent dependence of the frequency in three directions

Text-fig. 5. Temperature of the sample interior as a function of time for 

three directions in a quartzite cube sample

Table 2. Thermal conductivity of the quartzite rock

λ = m × c × n × d1(r +2d)
2 × π × r2

1 × ΔT(r +2d)
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in the initial ten minutes was also calculated. The value

was estimated at 4.9 [K/min] for the [010] [001] and at

6.5 [K/min] for the [100] direction.

Thermal expansion measurements

In Text-fig. 6, the temperature dependence of the

thermal deformation for three directions is presented.

Based on Text-fig. 6, the thermal expansion coefficients

of quartzite are dependent on the direction and they were

calculated and presented in Table 3. It should be noted

that there is no significant change in the values of the

thermal expansion coefficients which are related with

the direction. Therefore, the results were averaged and

estimated at α

Q 

= 8.0·10

-6 

[K

-1

] ±0.7·10

-6 

[K

-1

]. In order

to compare the thermal expansion coefficient of

quartzite α

Q 

= 8.0·10

-6 

[K

-1

] with that for other rock ma-

terials, adequate data are given in Table 4.

CONCLUSIONS

The paper presents the results of the measurements

of selected physical properties (dielectric, thermal ex-

pansion and thermal conductivity) along different di-

rections. It is expected that this information will facili-

tate an assessment of future research needs in the

thermomechanical and thermoelectrical characteriza-

tion of quartzite, and for example it will be of an im-

mediate use for scientists involved in the modeling of

geological phenomena.

The dielectric measurements show that the reso-

nance peak occurs at frequency of f = 1.7·10

7

[Hz]. Ad-

ditionally, the frequency corresponds to the maximum

of the real part of the permittivity and it is direction in-

dependent in quartzite. 

The thermal conductivity coefficients of the

quartzite samples were estimated from the thermal

measurements. It is worth noting, that the thermal prop-

erties of quartzite demonstrate the anisotropic behavior.

The thermal conductivity equals λ

[100]

= 13.2 [W/(Km)],

λ

[010]

= 8.7 [W/(Km)] and λ

[001]

= 5.6 [W/(Km)]. The

penetration speed of the thermal wave occurs also as the

anisotropy. The value equals 4.9 [K/min] for the [010]

[001] and 6.5 [K/min] for the [100] direction. The

anisotropy in the thermal properties can be caused by the

position of the quartz grains occurring in the quartzite.

It can be assumed that the ordering grains is present

along the [100] direction.

direction Q 10-6[K-1]  
[100] 9 
[001] 7 
[010] 8 

Sample  10-6[K-1] 
Migmatite  5.4 

Amphibolites 3.1 

White Marble 2.0 
Basalt 5.3 
Granite 7.9 
Sandstone 11.6 
Quartz 6÷9 

Text-fig. 6. Thermal deformation versus temperature for quartzite along 

the [100], [001] and [010] directions

Table 3. Mean value of the thermal expansion coefficient of quartzite for the 

three directions in the temperature range of 150-360[K]

Table 4. Thermal expansion coefficient of selected rocks
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The thermal expansion coefficient of quartzite

for the three particular directions shows a small dis-

persion with an average value of α

Q 

= 8.0·10

-6 

[K

-1

] ±

0.7·10

-6 

[K

-1

]. The thermal expansion coefficient of

quartzite is of the same order as that of most isolat-

ing rock materials.

Results of the studied material show that the

quartzite with good thermal conductivity coefficient

and low thermal expansion coefficient can be used as

tiles e.g. for the floor heating or Stone Roofing. Fur-

thermore, the eclectic properties are very interesting in

a view of the piezoresonance potential application.

Therefore, further studies of the resonance phenomena

in the material are required. 
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