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Abstract

A greater awareness towards the environnement has developed an increasing interest in the
knowledge of the deep geological structure of Switzerland in terms of energy resources (oil
and geothermal) and also as to the potential of damaging earthquakes. To study those aspects,
geophysical research is essential and one of its important elements is the physical properties of
the rocks. In order to have a better knowledge of them, a representative collection of the most
commeon hard rocks of the various geological units of Switzerland has been studied.

Laboratory measurements have been carried out on 233 samples to determine their density,
porosity, magnetic susceptibility, P-wave velocity and on 88 samples to determine their
thermal conductivity. The experimental procedures are described and the detailed data are
given in this catalogue. To facilitate the access and the use of these data they have been put on
two diskettes for PC computer. This petrophysical database provides earth scientists with
basic rock parameters that will be useful for the interpretation of national geophysical maps
and profiles.

Résumeé

Une prise de conscience accrue de I’environnement a développé un regain d’intérét pour le
soubassement géologique de la Suisse en terme de potentialité de ressources énergétiques
{pétrole et géothermie) ainst que pour la possibilité d’occurrence de tremblements de terre
catastrophiques. Pour étudier ces aspects la recherche géophysique est essentielle et Pun de
ses €léments essentiels est la connaissance des propriétés physiques du sous-sol. C’est pour
mieux les connaitre qu’un échantillonnage représentatif de roches des diverses formations
géologiques de Suisse a été étudié.

Des mesures en laboratoire ont été faites sur 233 échantillons pour déterminer ieur densité,
porosité, susceptibilité magnétique et vitesse de propagation des ondes P ainsi que sur 88
¢chantillons pour en déterminer la conductivité thermique. Les méthodes expérimentales sont
décrites et les données détaillées sont fournies dans ce catalogue. Pour faciliter 1’acces et
Putilisation de ces données I'information est également disponible sur deux disquettes pour
ordinateur PC. Cette banque de données pétrophysiques met & disposition des géophysiciens et
géologues des parameétres de base qui devraient faciliter I’interprétation des cartes et profils
géophysiques nationaux



1. Introduction

The Petrophysics laboratory of the University of Geneva has been mandated by the Swiss
Geophysical Commission to establish a catalogue of the major physical properties of rocks
collected from different geological environments throughout the Swiss Alps and where
necessary from nearby areas. The aim is to provide earth scientists with basic rock parameters
that are useful for the interpretation of national geophysical maps and profiles, such as
recently published Bouguer and isostatic anomalies, aeromagnetic anomalies, geothermal flow
density maps, reflexion seismic profiles and also for any future geophysical exploration. The
main parameters investigated are:

® density and porosity

* magnetic susceptibility and remanent magnetization
* P-wave seismic velocity

* thermal conductivity.

There exist several handbooks which present and/or comment on petrophysical properties for
a large variety of rocks from all over the world (e.g. Clark, 1969; Touloukian et al., 1981;
Angenheister, 1982 and Schén, 1996). However, when one studies specific areas such as the
Alps, it is evident that due to the geological complexity, the data available from these data
bases are not appropriate for regional and Jocal interpretations. One of the major problems is
due to the variation of physical properties within the same rock type. In this catalogue, we
have iried to measure and calculate the different parameters on the same rock samples in order
to have 2 homogeneous data set. To provide the potential user with a convenient data access
tool , the information is also contained on two 1.44Mb floppy disks.

2. Geological background

The geology of Switzerland is entirely governed by the Alpine chain which crosses the

country in the SW-NE direction producing 5 parallel tectonic stripes.

e The external one (along the north-western border) is a fold and thrust belt affecting a
Mesozoic platform carbonate series : the « Jura mountains ».

o The « Molasse Basin » is a foreland basin comprising of a thick prism of Oligocene and
Miocene detrital sediments.

The two following strips form the topographic Alpine domain and occupy the south-eastern

half of Switzerland :

e The « Helvetic belt» is a stack of cover nmappes comprising Jurassic, Cretaceous and
Paleogene rocks. Late uplift along the southern border of this strip exbumed the basement
« external massifs ». At the northern border, the « Préalpes » klippen overlying the
Helvetic nappes and the molasse belong to the higher structural Penninic nappes.

e The « Penninic and Austroalpine » belts Tepresent the crustal accretionary prism resulting
from oceanic and continental subduction processes followed by continental collision
between the European and Adriatic plates. A stack of basement nappes (Penninic) is
overlain by remmnants of oceanic ophiolites (Piémont suture) and by the Austroalpine
basement-cover lid, more developed at the eastern Swiss border. The central part of this
Penninic-Austroalpine Swiss segment (Ticino) underwent late doming and exposed the
higher grade alpine metamorphic units (sillimanite zone) and the Bergell granodiorite and
tonalite (30Ma).



« The « Southern Alps» are separated from the former units by the major alpine
discontinuity, the Periadriatic line. They only reach Switzerland in the southern Ticino. The
alpine overprint is less intense, but the upper mantle-lower crust boundary of the Adria
lithosphere is exposed within the Ivrea zone along the western segment of the Periadriatic
line.

3. Sampling strategy

The field sampling first focused on alpine transects of great importance concerning the
interpretation of the existing alpine seismic profiles (Penninic belt in the Valais and
Graubiinden, Ivrea zone, Simplon zone). Then the sampling area (Fig.1) was enlarged in order
to provide the rock properties catalogue with the most representative lithologies of the Alpine
and extra-Alpine units of Switzerland (Valais, central and eastern Alps, northern Alps,
Prealps, Jura, Molasse basin). Appendix I gives the rock type and sampling locations.
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Fig.1 Petrophysical sampling sites (+), Swiss coordinates (km) and geographical coordinates
(degree)

The choice of samples was subject to the following constraints:

m  limited number of samples avatable

m samples should be free from weathering

m the size and the compactness of the samples should allow them to be cut it into decimetric
parallielepipeds for drilling core sized specimens in the laboratory.



For this last reason, very common lithologies such as shales, marls, schists, calcschists, marly
limestones and sandstones, greywacke or fractured rocks were not collected.

Some typical and very constant lithologies were picked up on several tectonic units along
Alpine transects (for example: upper Jurassic limestones, Permian sandstones and
conglomerates). These samples allow a comparison of the changes in the physical properties
of rocks which have undergone various amounts of deformation and metamorphism.

The rock samples were collected as hand samples directly from outcrops or in a few cases on
cores from geotechnical or geothermal boreholes. Macrostructures of the samples such as
layering or bedding were used to enable the preparation of a sample with a geological
reference frame (see Fig.2).

Qur routine sample preparation procedure consisted of sawing the hand samples into a
rectangular shape for thermal conductivity measurement. Then for density and velocity
determination cores 2.54 cm in diameter were drilled in three orthogonal directions in each
rock. One normal to foliation, one paraliel to foliation and lineation, and one paralle]l to
foliation and perpendicular to lineation where these fabric elements were apparent. The
directions of the cores parallel to foliation were arbitrary if the rock was foliated but not
tineated and the surface parallel to foliation was chosen as a reference surface. The three
orthogonal directions were arbitrary if the rock exhibited no fabric elements. A fourth core
specimen in the direction perpendicular to the reference surface was used for the magnetic
properties.

4. Generalities

This data base is made up of 233 samples of sedimentary, igneous and metamorphic rocks.
Many exhibit internal structures (see Fig.2) which produce anisotropic properties. These could
arise from (Schon, 1996):

a. crystal anisotropy of the mdividual rock forming minerals,

b. intrinsic or structural anisotropy resulting from the mineral shapes and their
arrangement within the rock,

c. orientation and geometry of cracks, fractures and other defects.

Anisotropy influences magnetic susceptibilities, velocities and thermal conductivities. In the
case of the susceptibility anisotropy only the first two effects are relevant. Maximum {max),
minimum (min), and where appropriate, intermediate (int) measured values are used n the
following way:

= ma'x - mm- (for seismic velocity)
(max + int + minj/3
or O e i (for thermal conductivity)
{max + min)/2



T™M21_2 i T™21_3
Metagabbro, Nappe du Tsaté, La Forclaz, VS.

Calcschist, Suretta, Avers Cresta, GR

Fig. 2. Examples of rock structures; each sample is represented by three orthogonal
views. Notice the strong anisotropy of sample JB21 and JB29.




5. Density and porosity

Rock density and porosity are basic physical properties on which many other properties, such
as seismic wave velocity, thermal conductivity and electric conductivity are dependent.

5.1 Definition

Density is defined as the quotient of the mass m and the volume ¥ of a material.

p=m/V

3

The SI unit for density is kg m "

Because most of the rocks at the earth’s surface are porous, two kinds of densities are
generally used; bulk density and matrix density.

Bulk density is a mean density and defined as the mass in a given total volume, naturally it
contains the void volume and pore fluid inside the rock.

Py=m/V (1)

Suppose there is only the mass of the rock ( m may include fluid mass in the pores, for dry
rock mass of air in the pores can be neglected.), the volume of the rock consists of both matrix
and pores, then

+V

matrix pore

V toral = V

Matrix density considers only the mass in the matrix volume and the void volume of the pores
inside the rock is excluded. Therefore, matrix density is defined as the mass in the matrix
volume.

pmanir =m / Vmarrix (2)

Porosity @ is defined as the ratio of volume of pore space ¥, to the total volume ¥V, of
the rock.

/V total (3)

marrix

Q): Vpore/Vtom.’ = 1 - V
From the bulk density & , and matrix density 4 ..., one can obtain porosity as given below
pb= (]-Q) dmalrix +@ pore (4)

ifd,,, <<d,.. , it is possible to assume d,,,, = 0, then equation (4) becomes ,

P = (]_@) Prarix
or,
CD=]— p b/p matrix (5)



5.2 Density measurement methods

For the density determination, one needs to measure the mass of the samples and their dry
bulk and matrix volumes. As a routine procedure, one dries the rock specimens in a oven.
Tests have shown that it is convenient to dry the specimens for 24 hours at a temperature of
90°C. After this treatment, the dry mass of the rock is measured with a Mettler PM100
precision balance (accuracy of 7 mg). The matrix volume is measured using a Quantachrome
gaz pycknometer and the bulk volume by the Archimedes method. As the specimens have a
simple geometry, one could also calculate the bulk volume by using the cylindrical
dimensions (diameter and length) but experience shows that the previous method is more
appropriate due to the geometrical irregularities of the specimens.

The matrix volume measurement is based on Boyle’s law and uses a gas to penetrate into the
finest pores of the specimen investigated. In the stereopycnometer there are two chambers
whose volumes are known, and helium gas is used since its small atomic dimension assures a
good penetration into microfissures and pores approaching 107" m. When the pressurized
helium gas flows into the first chamber which holds the rock specimen, and the gas pressure
reaches a balance P,, the second additional chamber is then opened. It takes 10 to 30 minutes
to reach the equilibrium pressure P,. The matrix volume is given by:

Va

-5
P,

V,=V.+

where ¥, is the volume of stereopycnometer chamber, ¥, volume of the additional chamber
{Barblan, 1990).

The Archimedes method is based on the measurement of the body in air and then immersed in
a fluid (for example distilled water). The sample’s volume is calculated from the mass in air

m, the mass n the distilled water m, and density of the fluid at room temperature p,, the
volume of sample is given by

Vtotal = (m - mw) ’/pw

From the previous equations, bulk density, matrix density and porosity are obtained.

5.3 Results

The statistical distribution of the mean densities based in general on three specimens of 231
rock samples is given in Fig.3. For each main rock type, mean and extreme values of the bulk
and matrix density are shown in Fig.4 and Fig.5. The individual values are listed in the
Appendix II “ Rock type and densities”.
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Fig.3 Histogram of the bulk and matrix densities of rock samples from the catalogue

5.4 Discussion

Determination of densities and apparent porosity in the laboratory may give results which are
different from that in-situ, because large-scale heterogeneities are usually avoided during
preparation of the core sample. The precision of density measurement is believed to be within
1%; for the porosity the precision of measurement is of the order of 5%. Due to the type of
rocks sampled the calculated porosities are in general lower than 2% (see the table in
Appendix I “ Rock type and densities”).
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6. Magnetic properties {Susceptibility and remanent magnetization)

6.1 Definition and units

The observed magnetization of rocks is generally a combination of an induced magnetization
J; and a remanent one J,. The first one disappears if one removes the inducing field H, which is
in our case the earth’s magnetic field.

J=J,+J,
where J.=x-H  y=magnetic susceptibility

The major magnetic properties of rocks are controlled by oxide minerals from the ternary
system FeO - TiO, - Fe,0,. The strongest magnetic properties are due to the presence of
magnetite Fe,0,, maghemite Fe,0, and to some titanomagnetites. Weaker properties can be
attributed to hematite alpha Fe,0, and to titanohematites. Iron sulfides such as pyrrhotite
FeS,,, (with 0<x<1} or greigite Fe,S, may also contribute to some magpetic anomalies,

In SI units the volume susceptibility has no units and the remanent magnetization is expressed
in A/m.

6.2 Measurements

Initial susceptibilities have been measured with a Bartington MS2B dual frequency
susceptibility meter (460Hz and 4.6KHz). The calibration of the instrument is controlled with
paramagnetic salts,

Remanent magnetization has been obtained with a Molspin, Minispin computerized fluxgate
Spinner magnetometer.

6.3 Results

Appendix II “Rock type and magnetic properties” gives for 170 rock samples the high (HF)
and low (LF) frequency susceptibilities and their mean values. For a few of the rocks the
natural remanent magnetization has also been measured. The mean and the extreme
susceptibility values for each rock type are given in Fig.6.

6.4 Discussion
The difference between the two (LF and HF) susceptibilities is an indicator of the percentage
»f magnetic grains near the superparamagnetic/single domain boundary. A large difference

wicates that a larger fraction of grains lies in the superparamagnetic size range (Worm,
798).

it
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7. Laboratory P-wave velocity

7.1 Definition and units

Seismic wave velocity ¥ in the laboratory measurement is defined as the distance travelled by
an elastic wave in unit time. In fact, 7 is a mean velocity when considering that the wave
traverses a rock sample of length / in a time ¢.

V=1/t
In ST units, the unit of velocity is m/s, for practical reasons one uses km/s.

7.2 Measurement method

The simplest and most direct method of obtaining the ultrasonic wave velocity in a rock is to
measure the transit time required for a wave to travel through a sample of known length. Birch
(1960, 1961) was a pioneer in measuring compression wave velocities with the pulse
transmission method for a series of rock samples at pressures up to 1GPa. Since then it has
been developed and used world-wide (Simmons, 1964, Christensen, 1966, Kem et al., 1993,
1996). In this method, the essential elements are a pulse generator, transducers, an
oscilloscope, and an accurate time base. The transducers are made from piezoelectric Lithium
Niobate crystal and serve to convert electrical signal to an acoustic pulse at one end of the
sample and the acoustic pulse to an electrical signal at the other end. The time of travel
throngh a given length of a sample is then measured as the time delay between the
introduction and the reception of the signal. In our laboratory, the P-wave velocity
experimental equipment has been developed by Barblan (1990). Several studies have been
carried out (c.g. Barblan, 1990, Sellami, et al., 1990, Gong, et al., 1997).

Velocity in rocks varies with the pressure due to intrinsic structure of voids and rock forming
minerals. For this study, P-wave velocities of dried samples were measured at confining
pressures up to 400 MPa in steps of 20 MPa. The time delay of P-wave through a rock
specimen is displayed on an oscilloscope and the digital wave form is recorded by a computer.
Precision of the time measurements depends on time base (0.02 us to 0.05us) and the
sharpness of first arrival of the transmitted impulse.

An aluminum specimen serves as calibration reference with the same shape as a rock sample
{cylinder with diameter 2.5 cm and length 5 cm).

7.3 Resulis

The specimens individual P-wave velocities under increasing confining pressures are given in
the Appendix IV “Rock type and P-wave velocities™ for the different types of rocks.

An example of such data for confining pressure going from 20 to 400 MPa for three
orthogonal specimens of a limestone sample in a dry state is given in Fig.7.

13
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Fig.7 Example of P-wave velocity changes with confining pressure

In general, the rapid increase in velocities for pressure below 100MPa is attributed to the
closure of voids related to pores or micro-cracks. It is important to notice that the low
microcrack porosity effect affects strongly the velocity changes at lower pressure. Velocity
varies non-linearly with pressure even for very low porosity rocks at low pressure, this
depends on the shape of microcracks (Bourbié et al., 1987). At higher pressure, from 100 to
400 MPa, the anisotropy is nearly constant and can be considered as the intrinsic anisotropy of
a nearly pore or/and crack-free rock. ( e.g., Seipold et al., 1998, Christensen, 1966).

This general behavior is clearly illustrated with a limestone sample (Fig.7) with a higher,
anisotropy of 10.0% , at low pressure and a lower anisotropy of 4.3% at higher pressure.

P-wave velocity extreme and mean values for the different rock types at low (40 MPa) and
high pressure (400 MPa) are summarized in Fig.8 and Fig.9.

14
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7.4 Velocity - density relationship

Velocity-density relations are useful to estimate seismic velocity from density or vice versa
and to calculate seismic impedances for the evaluation of reflection coefficients (Sellami,
1994). The velocity-density dependence is illustrated in Fig.10 for sedimentary rocks. The P-
wave velocity at 40 MPa increases with increasing bulk density.

Sedimentary rock samples

70 -

354

P-wave velocity [km/s] at 40 Mp
- o
n o
—+——

20 | ; ; ‘ :
20 22 24 28 28 30
Bulk density [10° kg/m?|

Fig.10 Variation of velocity with bulk density for sedimentary samples at low pressure (40
Mpa)

A least-squares fit gives the following equation with a correlation coefficient R= 0.73:
V. 0=5677 p,-9.729

7.5 Discussion

Seismic velocity depends on many factors, such as mineralogical composition, temperature,
pressure, and also the direction with respect to bedding or foliation. For this catalogue only
the effect of pressure on velocity was investigated.

Regarding velocity variations in the crust and upper mantle, one observes that increasing
pressure and temperature have opposite effects on velocities. In magmatic and metamorphic
rocks, Schén, (1996) finds in the lower temperature range from about 100 to 150 °C that only
small changes in velocity occur; at higher temperatures the changes in velocity are more
important. Experimental determination of the pressure and temperature variations in terms of
velocities derivatives at confining pressures up to 600 MPa and temperatures up 600 °C have
been studied by Kern and Tubia (1993), Kern et al. (1996, 1997). They obtain for the Ronda
peridotite P-wave velocity pressure derivative of 1.25 1o 4.36 x10™* km s’ MPa" and a
temperature derivative from -4.78 to -9.88 x10* km s °C™.
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8. Thermal conductivity

Heat conduction is one of the three physical processes by which heat is transferred, the other two
being convection and radiation. This heat transfer mechanism, associated with crystal lattice
interactions {Carslaw and Jaeger, 1959), is the principal one in the lithosphere (Cermak and
Rybach, 1982).

8.1 Definition and units

Thermal conductivity is a fundamental property of matter and is defined as the rate at which heat
energy will cross a unit arca under the driving potential of a unit temperature gradient
perpendicular to the area. According to Fourier’s law, the density of heat flow g is expressed by
the product of thermal conductivity k and temperature gradient VT,

=-kVT

The minus sign arises from the fact that heat always flows from the hotter to the colder region.
Since many rocks are anisotropic, conductivity k is a second order tensor quantity and it depends
on direction.

The SI unit of the thermal conductivity is W/ m- K.
8.2 Measurement method

The methods of measuring thermal conductivity can be divided into two categories, static and
dynamic, depending on whether the temperature distribution within the sample is time dependent
or not. For both methods, the solution of the thermal equation depends on the geometry of the
sample, heat source and sink. In this study only the dynamic method has been used.

In this method, the temperature distribution throughout the sample varies with time, therefore the
complete differential equation of heat flow is involved. The controlled power source can provide
the heat in periodic manner. For measurement of thermal conductivity of rocks, the heat is
generated along a linear wire source by applying a copstant electrical voltage. In our case the
measurement is carried out with a Quick Thermal Meter (QTM-D3) from Kemtherm, Kyeoto
Electronics Manufacturing Co., Ltd. which uses a probe applied to a flat surface of the sample,
which both heats and measures the surface temperature. After automatic processing, the thermal
conductivity is displayed numericaily. In detail, the sample is only heated in the vicinity of the
wire during a short period during which the temperature will rise from about 10 to 20 °C, and the
temperature measured with a thermocouple. It should be noted that the thermal conductivity
obtained in this way corresponds to that part of the sample where the probe was applied.

The instrument has an auto-mode to allow repeat measurements. Once a measurement is
completed, the temperature readings and calculated conductivity are transferred into a data file on
a PC via a RS232 port.

A comparison of measurements using the QTM apparatus and the divided-bar method to measure

thermal conductivities on pairs of contiguous samples, led Sass et al. (1984) to conclude that both
devices have a reproducibility of +5%.
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8.2.1 Measurement theory

The basic principle of this instrument is that the temperature of a heating wire
increases exponentially after starting the measurement. Carslaw and Jaeger (1959) showed
that when a constant heat flow rate of q per unit length is applied, the temperature T in a solid
sample of infinite extent after a time t at a distance r from the heat source is given by:

[~ 2
A R A LAl
TerD= 4% I T ™
dar
where a=k/cp the thermal diffusivity
c the specific heat
p the density

2
and FEi(- %) the exponential integral.

2
This equation can be simplified when 7 is small (#0.25mm) and time ¢ is short, then :EC; —0,

and finally the used equation is
T,~T,=—9 _mb%
iz-k ¢,

where 7 ; and ¢ , are sampling time (s), with respectively temperatures 7', and T , (°C).

QTM-D3 requires the heat to be applied for only 60 seconds, during which the temperature
rise is about 20 °C. It is a very suitable and effective way to measure the thermal conductivity

in the range from 0.02 to 10 #/ m- K with an accuracy better than 5%.
8.2.2 Calibration
In order to check that the QTM is working correctly, three reference plates of known thermal

conductivity are used for calibration. Each reference plate was measured 3 times; the results
are as follows:

Reference plates | Reference values | Measured values St. Dev

Wm'K' Wm' K’ %
Quartz glass 1.4140 at 2% °C 1.4170 at 22°C 0.45
Silicon rubber 0.2360 at 32°C 0.2400 at 22°C 0.05
Polyethylene 0.0356 at 28 °C 0.0356 at 23°C 0.14
foam

These reference measurements demonstrate that our QTM instrument was well calibrated.
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8.2.3 Measuring procedure

The dimensional requirement of the rock samples is dependent on their thermal conductivity
(Fig.11). In this study most of the samples were cut into blocks within a size of 16 cm long,
11 em wide and 4 cm thick. One notices that with a low thermal conductivity one can use a
smaller sample.

Theoretical sample’s minimum dimensions

160 -
140 —
120 l
100 -

Dimenslon [mm]
3
I

0 2 4 6 8 10
Thermal conductivity [W/m.K]

Fig.11 Minimum dimensional requirement of sample

Dry and saturated samples

The thermal conductivity of a rock is dependent on its minerai composition, its porosity, and
the flnids in the pores. As it is difficult to determine the conductivity with partially saturated
racks, one prefers to use the two extreme cases; dry and saturated states. To dry the samples
they are stored in an oven for 24 hours at 90 °C. To saturate them with a fluid they are
immersed in a plastic basin filled with tap water for over one week at room temperature.

Procedure

The measurement begins with a dry sample. To improve the accuracy, each measurement of
thermal conductivity is repeated 3 times so as to reduce errors. Although heating takes only 60
seconds, to Tepeat a measurement the heated sample must first be cooled down to room
temperature, therefore each determination of thermal conductivity takes from 45 minutes to 1
hour.

Long measurement times on a water saturated sample could lead to evaporation problems. In
our case, the rocks were immersed in water with the measurement surface only Smm above
water level. The plastic foil on the probe prevents evaporation from the surface during
measurements.
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To evaluate the thermal conductivity anisotropy (see 4. page 4), the samples were cut into
parallelepipeds with the foliation plane (if visible) taken as the reference surface.
Measurements were made in the following way on a surface perpendicular to the foliation:

- The thermal conductivity parallel to the foliation k, is obtained directly by positioning the
probe line source perpendicular to foliation direction,

- An apparent thermal conductivity perpendicular to the foliation k,, is measured by
positioning the probe line source parallel to layering.

If one admits that the conductivity is isotropic in the foliation plane, one is able to calculate
the conductivity normal k, to it, by applying the formula developed by Grubbe et al. (1983)

=k, /K,
Werek, >k, .

8.3 Results

In this first edition of the catalogue 88 rock samples have been measured in both dry and
saturated states. The detailed results are listed in appendix V “Rock type and thermal
conductivities”. All of the rock samples have been measured in dry and wet states.

For most of the samples their size allowed measurements to be made in two orthogonal

directions. Fig.12 and Fig.13 give the mean values (k,+k,)/2 and extreme values for samples
in a dry and in a saturated state respectively.
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Rock type

(No. of samples)
Monzonite (1)
Tonaiite (1)
Pegmatite (1)
Amphibalite (1)
Gneiss (11)
Peridotite (2)
Serpentinite (3)
Gabbro,Meta- (1)
Eclogite (1)
Breccia (4)
Marble (7)
Schist (4)
Quartzite (4)
Gypsum (2)
Dolomite (2)
Limestone (29}
Siltstone (1)
Sandstone (8)
Conglomerate (3)

Radiolarite (1)

: L : '.
el ': :
| LI :
. e ' :
1 | :
L e 5 f
S : f
el ! :
S S 3
2 , '. . 1
1ol : ? ';
l tel .
. : % :
e 5
. : 4
e ! ':
- e :
i 1 : ,
1 3 4 5 6

Fig. 12 Thermal conductivity in W/(m.K) in dry state

{mean and extreme values)
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Rock type

(No. of samples)

Monzonite (1) [ ]

Tonalite (1) 191

Pegmatite (1) m

Amphibolite (1) Py

Gneiss (11) P

—

Peridotite (2) e

Serpentinite (3)

®

Gabbro,Meta- (1) .

Eclogite (1) e

Breccia (4)

Marble (7}

Schist (4) —e—1

Quartzite (4)

®

-

Gypsum (2) H-e—|

Dolomite (2) ' H—I

Limestone (29)

Siltstone (1) .

Sandstone (8)

Conglomerate (3) e

Radiolarite (1) : e

4 | ! 1

1 3 5 7

Fig. 13 Thermal conductivity in W/(m.K) in saturated

state
{(mean and extreme values)
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The samples measured lead to the following main conclusions:

1. Quartzites have the highest, while gypsums have the lowest thermal conductivity.

2. Filling the pores with water, results in an average inicrease of the conductivity by 20%.

3. Schists show a strong anisotropy. The thermal conductivity in a direction parallel to
layering k, is much higher than in direction normal to layering k.

4. The thermal conductivity increases as the bulk density goes from 2.1 to 2.90x10° kg/m’,
this is illustrated in Fig.14 for 48 sedimentary samples. A linear fit of the data gives k ;=

3470 p,-6.377,1=0.78, where r is correlation coefficient.

Sedimentary samples

50 -+

45 + .
40 -+
35 +
3.0 -
25 -~
2.0 ~
15 -
1.0 -
05 ~
0.0 -

2.0 22 24 2.6 2.8 3.0

Thermal conductivity (W/{m.K)]

Bulk density [ 10° kg/m’]

Fig.14 Bulk density versus thermal conductivaty
8.4 Discussion

When using the data obtained from laboratory measurements, there are some limitations
regarding the effects of temperature, pressure and type of fluid present.

In the lithosphere, the temperature (0 — 1,600 °C) increases as depth increases, and thermal
conductivity tends to decrease. The temperature dependence of thermal conductivity for most
rocks can be expressed by the simple relation (Cermak and Rybach, 1982, Seipold, 1998):

k=k/(1+al.

where %, and k, are respectively the thermal conductivities at a temperature T and at the

surface of the earth, and a is a constant coefficient. For example, measurement on 36
metabasite samples from KTB (German Continental Drilling Program) have shown such a
linear relationship:

k,=1/(A+BT)

with A=0.334 (m-K/W) and B=0.22 (10° m/W) fit to the second equation (Buntebarth, 1991).
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With increase of pressure, pores and cracks in the rock will close and individual minerals will
have better thermal contact, and therefore thermal conductivity will generally increase. At low
pressure the conductivity may increase more rapidly than at high pressure. To a first
approximation, the pressure dependence of rock thermal conductivity will be described by:

kp=k0(1+ﬂp)

Where &, and k, are thermal conductivity at pressure p and at the surface respectively, £ is a
constant. For example, measurements on an amphibolite sample from KTB (German
Continental Drilling Program) have shown a linear relationship between thermal conductivity
and pressure coefficient with $=(0.75£0.41)x10" GPa"' in the pressure range from 50 up to
100 MPa (Seipold & Huenges, 1998; Seipold et al. 1998).

In the presence of a fluid, the rock may be partially or fully saturated and this will result in a
change in the thermal conductivity. Walsh and Decker. (1966) have estimated the effect of
saturated fluid on thermal conductivity by the upper and lower bound for rocks with low
porosity. In a dry state, the heat conducts through the rock matrix and the air in the pores, but
in a saturated state the heat conducts through rock matrix and water in the pores. As the
thermal conductivity of water is about 20 times higher than that of air, the thermal
conductivity in a saturated state is greater than that in the dry state even for a rock of low
porosity.

Furthermore, with respect to depth, temperature has a greater influence on thermal
conductivity than pressure (Seipold, 1992).
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9. The catalogue

9.1 Introduction

The Catatogus application lets the user browse the contents of the Swiss Petrophysical Tock
properties database,

It offers an easy way to navigate within the datebase, to add, to modify or to suppress data
entries, as well as printing the contents of the catalogue.

8.2 Installayion

To install the Catalogue application into a PC running Windows95, Windows98, Windows
NT 4.5 or 5.0, just double~click on the Setup icon and follow the instractions on the screen.

Browsing

~ Catalogue displays the physical properties by groups.
Just click on the appropriate buttons to display the properties you want.
Samples are indexed {sorted) by their Sample Code (Code Echantillon) field.

1} Generic/Généralités:
Rock type, sample code, rock age, location.
2) Magnetic properties:
Raock types, sample code, susceptibilities (average, high frequency,
low frequency, Curie temperatre).
The [SI] columns display the power of 10 of the value
For example: 8.61E -6 means £.61*10-6

3) Densities:
Rock types, sample code, matrix density, raw and saturated.

4) P-wave velocities:
Sample codes, velocities at the displayed pressures
Note: velocities are measured along the 3 axes X (1), Y (2) and Z (3).

Navigation

Navigating in the database is easy. Just use the navigation buttons.

[< Jump to the first sample (top)

< Previous sample

> Next sample

> Jump to the last sample (bottom)

+ Add a new sample. (This opens a new empty wirdow where the
user enters the values of 21l properties.)

- Delete the selected sample

Modification
26



Values can be modified in two different ways:
- Directly by double-clicking on it and typing in the new value
- Click on the "Editer les propriétés d'échantillons" button which will open
a new window with all the properties displayed at once. Click on the "V"
button to validate the modification.

Deleting samples

The "-" button suppresses the selected sample. Once the deletion is confirmed
the sample is definitely suppressed and can't be restored later.

Adding samples

Click on the "+" button to add a new sample into the database.

This will display a new window with all the fields of all the properties. All fields
left empty will be empty in the database.

Click on the "V" button to validate the modification.

The new sample will be inserted in its correct place accordingly to its sample code.

Printing
Catalogue offers several ways of printing the database:

- All (printer button) will print the entire catalogue.
- Selectively: print only the generic information, the magnetic properties, velocities, etc...

A "print preview" mode is available when the "?" button is pressed. In that case, Catalogue
will first display the page on screen. You still can print it by clicking on the printer button.

N.B.

- Catalogue only works on a PC running Windows95, Windows98, Windows NT 4.x or 5.0
- Macintosh users can't use the application but still can read the database into FileMaker
or FileMaker Pro, by opening the catalog.dbf file.
- Printing problems happen erratically on the HP LaserJet laser printer models.
If the printer doesn't have enough memory (2Mb), the pages will not be completely printed.
If the printer is an HP LaserJet 6P, it will reduce the page to 25% of its size. This is a
known bug of the printing tool and should be fixed soon.
- For more information on navigating and using the application, please read the on-line help
file by clicking on the "Aide" button.
Just click on the appropriate buttons to display the properties you want.
Samples are indexed (sorted) by Sample code.
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Beitrige zur Geologie der Schweiz
Matériaux pour la Géologie de la Suisse
Contributions to the Geology of Switzerland
Contributi alla Geologia Svizzera
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No. Fr.
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der Beschreibung von Methoden der Komgréssenbestimmung in Festmaterial, 91 Seiten, 31 Figuren. 1957. 20.-
2. 0. Friedenreich. Eine grossriumige Wiederstandskartierung nordwestlich von Ziricch und inre geologische

Deutung. 47 Seiten, 22 Textfiguren, 8 Karten, 1959, 24.-
3. F.Gassmann. Schweremessungen in der Umgebung von Zlrich. 70 Seiten, 24 Textfiguren, 2 Tafein. 1862, 30.-
4. E. Poldini. Les Anomalies Gravifiques du Canton de Genéve. Avec 63 pages, 25 figures et 3 planches. 1963. 30.-
5. L. Rybach. Refraktionsseismische Untersuchungen in Raum Aare-, Limmat- und Surbtal. 49 Seiten, 42 Figuren. 1962.  20.-
8. 0. Gonet. Etude gravimétrique de la plaine du Rhéne. Région St Maurice - Lac Léman. 50 pages, 30 figures,

2 planches.1965. 20.-
7. C. Meyer,de Stadelhofen. Carte des résistivités de la Plaine du Rhone. 8 pages, 2 figures, 2 planches. 1969, 10.-
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13. P. Comiche. Application des méthodes géophysiques a la recherche hydrogéologique. 65 pages, 25 figures. 1973. 27 .-
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17. R. Olivier. Elaboration d’un systéme de traitement gravimétrique géré par l'ordinateur. Etude gravimetrigue du
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18. H. Buchli, R. Paquin, A. Donzé. Etude géoélectrique et gravimétrique du Chablais entre Aniéres et Evian. 170 pages

81 figures, 4 planches. 1976. 38.-
19. G. Fischer, P.-A. Schnegg, J. Sesiano. A new geomagnetic survey of Switzerland. 44 pages, 15 figures, 8 tables,
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22. Ph. Bodmer, L. Ryhach. Geothermal map of Switzeriand (Heat flow density). 48 pages, 21 figures, 6 iables. 1984. 42 .-
23. G. Schwarz. Methodische Entwicklungen zur Aerogammaspektrometrie. 160 Seiten, 56 figuren. 1991. 42 -
24. U. Schirli, L. Rybach. Geothermische Detailkartierung der zentralen Nordschweiz (1:100°000}). 59 Seiten, 13 Figuren,

2 Karten. 1991. 48.-
25. G. Schwarz, E. Klingelé, L. Rybach. Airbormne radiometric mapping in Switzerland. 74 pages, 12 figures, 17 tables,
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Chasseral. 42 pages, 14 figures et 3 tables. 1993. 26.-
27. G. Fischer, P.-A. Schnegg. Up-dating the geomagnetic survey of Switzerland. 8 pages, 5 figures, 3 tables, 6 maps.

1994. 30.-
28. S. Sellami. Propriétés physiques de roches des Alpes suisses et leur utilisation & l'analyse de la réfiectivité de 1a croite

alpine. 160 pages, 59 figures, 16 tables. 1994, 45 -
29. E. Rittener. Earthquake hazard evaluation for Switzerland. 150 pages, 88 figures, 12 tabies, 1995. 45.-

30. F. Medici, L. Rybach. Geothermal map of Switzerland 1995 (Heat flow density). 36 pages, 11 figures, 1 table, 1 carte.  55.-
31. E. Klingelé, M. Cocard, M. Halliday, H.-G. Kahle. The airbome gravimetric survey of Switzerland. 104 pages, 66

figures, 10 tables, 1996. 55.-
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