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I Historical Review

Historical Review

More than 80 years have passed since in 1919 the University Ljubljana in Slovenia
was founded. Technical fields were joint in the School of Engineering that included the
Geologic and Mining Division while the Metallurgy Division was established in 1939
only. Today the Departments of Geology, Mining and Geotechnology, Materials and
Metallurgy are part of the Faculty of Natural Sciences and Engineering, University of
Ljubljana.

Before War Il the members of the Mining Section together with the Association of
Yugoslav Mining and Metallurgy Engineers began to publish the summaries of their
research and studies in their technical periodical Rudarski zbornik (Mining Proceed-
ings). Three volumes of Rudarski zbornik (1937, 1938 and 1939) were published. The
War interrupted the publication and not until 1952 the first number of the new journal
Rudarsko-metalurski zbornik - RMZ (Mining and Metallurgy Quarterly) has been pub-
lished by the Division of Mining and Metallurgy, University of Ljubljana. Later the
journal has been regularly published quarterly by the Departments of Geology, Mining
and Geotechnology, Materials and Metallurgy, and the Institute for Mining, Geotech-
nology and Environment.

On the meeting of the Advisory and the Editorial Board on May 22nd 1998 Rudarsko-
metalurSki zbornik has been renamed into “RMZ - Materials and Geoenvironment
(RMZ -Materiali in Geookolje)” or shortly RMZ - M&G.

RMZ - M&G is managed by an international advisory and editorial board and is ex-
changed with other world-known periodicals. All the papers are reviewed by the cor-
responding professionals and experts.

RMZ - M&G is the only scientific and professional periodical in Slovenia, which is pub-
lished in the same form nearly 50 years. It incorporates the scientific and professional
topics in geology, mining, and geotechnology, in materials and in metallurgy.

The wide range of topics inside the geosciences are welcome to be published in the RMZ
-Materials and Geoenvironment. Research results in geology, hydrogeology, mining,
geotechnology, materials, metallurgy, natural and antropogenic pollution of environ-
ment, biogeochemistry are proposed fields of work which the journal will handle. RMZ
- M&G is co-issued and co-financed by the Faculty of Natural Sciences and Engineering
Ljubljana, and the Institute for Mining, Geotechnology and Environment Ljubljana. In
addition it is financially supported also by the Ministry of Higher Education, Science
and Technology of Republic of Slovenia.

Editor in chief
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Aluminium alloys for cylinder heads

Aluminijeve zlitine za glave cilindrov
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Abstract: Nearly 100 % of all cylinder heads of the current light displacement
vehicle production consist of aluminium cast alloys. The alloys have to
sustain continuously growing requirements in terms of strength, ductility
and heat resistance at an elevated temperature. Three different aluminium
cylinder head alloys AlSi6Cu4, AISi7MgCu0.5 and AIMg3SilScZr were
examined and compared to each other with respect to fluidity, mechanical
properties and hot cracking behaviour.

Izvleéek: Skoraj 100 % vseh glav cilindrov aktualne proizvodnje avtomobilov
je narejenih iz aluminijevih zlitin. Material glav cilindrov mora dosegati
vedno vecje zahteve po trdnosti, duktilnosti in obstojnosti pri visokih tem-
peraturah. Preiskane so bile tri razli¢ne zlitine za izdelavo glav cilindrov
AlSi6Cu4, AISi7MgCu0.5 in AIMg3SilScZr ter med seboj primerjane gle-
de livnosti, mehanskih lastnosti in nastanka razpok v vrocem.

Key words: Al-Si alloy, cylinder heads, fluidity, mechanical properties
Kljuéne besede: Al-Si zlitine, glave cilindrov, livnost, mehanske lastnosti

INTRODUCTION

A contribution to reduce emission can be
made by weight reduction, but at the same
time an increase in power and torque are
expected by the automotive customert!l.

Figure 1 shows the development of the
power rating in diesel engine construction.

Scientific paper

Future developments will further aggravate
this situation, because the next generation
of diesel engines is likely to achieve a spe-
cific power rating of 75 kW/1 and igniting
pressures of 220 bars!?!,

The cylinder head is one of the most com-
plex and intensively loaded component in
the engine (Figure 2). Not only camshaft
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Figure 1. Development of the power rating and peak pressure in a car diesel engine®
Slika 1. Razvoj rasti modi in tlaka v avtomobilih z dizelskim motorjem®

Figure 2. Cylinder head™
Slika 2. Glava cilindra®!
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driven valves and combustion chamber,
but also the camshaft bearing support is
subjected to high stresses at high tempera-
tures!?.

The aim of this research project was the

comparison of two commercial heat re-

sistant aluminium alloys AlSi7Mg0.5 and

AlSi6Cu4, widely used in the production

of cylinder heads, with a newly developed

AlMg3Si1ScZr alloy. The following char-

acteristics of the alloys were examined:

- mechanical properties at room tempera-
ture,

- mechanical properties at 250 °C,

- mechanical properties after 100 h pre-
aging at 250 °C and tested at 250 °C,

- hot cracking behaviour,

- melt fluidity.

EXPERIMENTAL

Table 1 shows the chemical composition of
the investigated alloys. For melting experi-
ments an electric-resistance furnace with a
crucible capacity of 3 kg was used. The
melt was heated up to 720 °C and poured
into several different test moulds.

Hot Cracking Behaviour

Hot cracking behaviour was defined
with the star mould which is shown in
Figure 3. The mould is made from gray
cast iron and heated to 300 °C prior to
casting.

Bars of different length are cast
through a central gate in a star ar-
rangement. These bars have thick
portions at their ends, which obstruct
shrinkage. The hot cracking behav-
iour was defined by evaluation of the
cracks found!. For this, the castings
were assessed visually by the number
and relative importance of cracks or
break-away bars using the following
rating scheme (Figure 4):
- Number of full break-away rods x
weighting factor 1,
- Number of wide circumferential
cracks x weighting factor 0.75,
- Number of easily visible cracks x
weighting factor 0.5 and,
Number of hairline cracks (seen
under the magnifying glass) x
weighting factor 0.25.

Table 1. Chemical composition of investigated alloys in wt. %+
Tabela 1. Kemijska sestava preiskovanih zlitin v ut. % 3+

Alloy Si Fe Cu Mn Mg Zn Ti Al
A1Si17MgCu 7.0 0.30 0.50 0.20 0.30 0.10 0.15 rest
A1Si6Cu 7.21 0.36 3.84 0.45 0.33 0.88 0.16 rest
AIMg3Sil(Sc,Zr) 1.09 0.08 0.003 0.012 3.29 0.001 0.02 rest

RMZ-M&G 2008, 55
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Figure 3. Star mould for assessment of hot cracking behaviour with star casting
Slika 3. Zvezdasta kokila z zvezdastim ulitkom za opazovanje razpok v vro¢em

Figure 4. Star casting used to test hot cracking behaviour of the alloy
Slika 4. Zvezdasti ulitek za dolocitev razpok v vro¢em preiskovane zlitine

RMZ-M&G 2008, 55
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Definition of Fluidity

Fluidity is a material characteristic, telling
how far a metal can flow in the mould and
depends not only on the alloy’s character-
istics but also on the mould properties such
as dimension, geometry, material, initial
mould temperature, pouring temperature,

etc. It is usually assessed as the total length
of the branches filled with metal after so-
lidification!®). In this research an alumini-
um spiral mould heated up to 100 °C for
determining the fluidity was used (Figure
5). The length of the spiral in cm after the
experiment was measured.

& o

Figure 5. Mould for investigation of fluidity

Slika 5. Kokila za merjenje livnosti

Mechanical Properties

To study the mechanical properties a test spec-
imen was used which was cast into a mould
from gray cast iron according to DIN 29531
(Figure 6). The mould temperature was 300
°C. This mould provides castings that must be
machined to the dimensions shown in Table 2.

Table 2. Dimension of tensile test specimens
Tabela 2. Dimenzija vzorca za natezni preizkus

The tensile strength, yield strength and elon-
gation were defined with tensile tests.

All alloys were T6 heat treated. Table 3
shows the heat treatment for each alloy.
The samples were solution heat treated,
quenched and hot age-hardened.

Specimens Coil Head height Measurement Search length  Total length
diameter d, [mm] h [mm] length L, [mm] L, [mm]
d, [mm] L, [mm]

6 M10 8 30 36 60

RMZ-M&G 2008, 55
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Table 3. Heat treatment for investigated alloys
Tabela 3. Toplotna obdelava preiskovanih zlitin

AlSi7MgCu0,5 AlSi6Cu4 AlMg3SilScZr
Temperature Time Temperature Time Temperature Time
[°C] (h] [°C] (h] [°C] (h]
Solution 530 6 505 6 505 10
treatment
Water - quench Water - quench Water - quench
Hot age- 170 7 170 8 170 8
hardening

Figure 6. Mould and test bar according to DIN 29531
Slika 6. Kokila in preizkusanec po DIN 29531

RESULTS AND DISCUSSION

The results of the star mould casting are
presented in Table 4. The higher the hot
cracking index, the more likely is the alloy
to develope hot cracks. The AIMg3SilS-
cZr alloy reached the highest hot cracking

index with 1.25.

Mould

Table 4. Hot cracking index of the investi-

gated alloys

Tabela 4. Indeks razpok v vro¢em preisko-

vanih zlitin

Alloy Hot cracking index
AlSi7MgCu0,5 0.75
AlSi6Cu4 0
AlMg3Si1ScZr 1.25

RMZ-M&G 2008, 55
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Table 5 shows the results of fluidity in-
vestigation. The best fluidity results show
AlSi7MgCu0.5 alloy followed by AlMg-
3Sil1ScZr and AlSi6Cu4 alloys.

Table 5. Fluidity of investigated alloys
Tabela 5. Livnost preiskovanih zlitin

The results of the tensile tests measured at
room temperature are presented in Figures
7-9. Figure 7 evidently shows, that com-
mercial alloys, AlSi6Cu4 and AlSi7M-
gCu0.5 and the newly developed AIM-
g3SilScZr alloy achieve similar values
for tensile strength in as cast condition.

" Lonoth After heat treatment the values for ten-
0.y ength [em) sile strength of AlSi6Cu4 alloy rises to
AlSITMgCu0.5 64.8 408 MPa, AlSi7MgCu0.5 to 318 MPa and
AlSi6Cu4 43.2 AlMg3SilScZr to 251 MPa.
AlMg3SilScZr 52.5
450
400 |
350
L
£ 300
5 250
B
E 200
2
‘E 150
T
50
0
F T6 F T6 F T6
AISITMgCu0,5 AISIBCu4 AIMg3Si1ScZr
DUTS,MPa 180,79 318,28 194,08 408,25 198,96 251,80

Figure 7. Tensile strength of investigated alloys, measured at room temperature

(F — as-cast, T6 — heat treated)

Slika 7. Natezna trdost preiskovanih zlitin, merjena pri sobni temperature (F — lito

stanje, T6 — toplotno obdelano stanje)

Figure 8 presents the yield strength of the
investigated alloys. The AISi6Cu4 alloy
has a yield point of 136 MPa in as-cast
condition. After heat treatment the yield
point rises to 383 MPa. The yield point for
AIMg3Si1Sc1Zris 23 MPa higher then Al-
Si7MgCu0,5 in as-cast condition. But the
yield point after heat treatment of the Al-

RMZ-M&G 2008, 55

Si7MgCu0.5 alloy is higher than the AIM-
23Si1ScZr alloy.

Figure 9 depicts the elongation of the
investigated alloys. Obviously the best
results in as-cast conditions showed the
AlSi7MgCu0.5 alloy with an elongation of
6 %. After the heat treatment an increase of
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elongation values of 8.7 % can be detected.
The AIMg3SilScZr alloy shows the best
results after heat treatment with 10.7 %.
The high strength AlSi6Cu4 alloy shows
the poorest ductility.

The results of tensile tests at 250 °C of the
investigated alloys are shown in Figure 10.
The newly developed alloy AIMg3SilSCZr
shows by far the best elongation results with
16 % at 250 °C. But the tensile strength and
yield strength of this alloy are comparable
with commercial AISi7MgCu0.5 alloy. The

450
400
350
300
250

200

Yield strenght, MPa

150

best tensile strength and yield strength re-
sults show AlSi6Cu4 alloy.

After pre-aging 100 hours at 250 °C the
material performance at 250 °C is quit
different. This test simulates the work-
ing condition in a cylinder head for a
long period of time. Figure 11 evidently
shows that AlMg3SilScZr alloy has
the best results of all three investigat-
ed alloys. This alloy achieves a tensile
strength of 251 MPa and the highest
yield strength of 162 MPa.

100

50

F T6 F
AISITMgCu0,5

OYSs, MPa a1.21 250,71

136,687

T6
AlMg35i15cdr
114,22 1627

TG F
AISIECud
383.58

Figure 8. Yield strength of investigated alloys, measured at room temperature (F

— as-cast, T6 — heat treated)

Slika 8. Meja teCenja preiskovanih zlitin, merjena pri sobni temperature (F — lito

stanje, T6 — toplotno obdelano stanje)
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10 |

Elegation, %
-

4 |
2
ol | | .. |
F T8 F TG F TG
AlSiTMgCul,5 AlSIECu4 AMg35i15cir
OEl, % 6,005 8,731 1.245 1,086 5,65 10,697

Figure 9. Elongation of investigated alloys, measured at room temperature (F —
as-cast, T6 — heat treated)

Slika 9. Raztezek preiskovanih zlitin, merjen pri sobni temperature (F — lito stanje,
T6 — toplotno obdelano stanje)

250 L 18
16
. 200 14
& m
£ £ - 12
£ £ 150 10 £
£z g
4 . 3
5 5 100 8
=23 g W
© s
= -
2% 50 4
2
. - - 1]
AISITMgCu0,5 AISIECu4 AlMg3Si1SeZr
mUTS, MPa 163 217 1715
oYs, MPa 150 204 1645
OEl, % 10 5,35 16,35

Figure 10. Tensile strength, yield strength and elongation of T6- heat treated
alloys tested at 250 °C

Slika 10. Natezna trdnost, meja tecenja in raztezek T6 toplotno obdelanih zlitin,
preizkus pri 250 °C
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300 25
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m
£¢
22 20 .
E= 15 €
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5 >
= 5
50 ]
0" , 1 . 1 . —— 0
AlSITMgCul,5 AlSiGCud AlMg35i15cdr
BUTS, MPa L] ] 1115 251,89
OYs, MPa 75,5 95 162.7
OEl, % 17.65 21.5 10,697
Figure 11. Tensile strength, yield strength and elongation T6-heat treated alloys
tested at 250 °C, pre-aging 100 hours at 250 °C
Slika 11. Natezna trdnost, meja tecenja in raztezek T6 toplotno obdelanih zlitin
staranih 100 ur na 250 °C, preizkus pri 250 °C
CONCLUSIONS alloys to retain their leading position in the

The AlMg3SilScZr alloy shows the best
compromise of ductility and mechanical
properties at 250 °C after pre-aging 100
hours at 250 °C, but it also shows the worst
hot-tearing behaviour. The addition of Scand
Zr to the AIMg3Sil base alloy has a positive
effect on the mechanical properties, but on
the other hand raises costs, which must be
accepted by the industry. If 0.2 wt. % Sc is
added to an alloy it will increase material
cost to US$5/kg which, depending on the
alloy, represents a doubling to quadrupling
of the material cost!”..

The excellent tensile properties, fluidity
and resistance to hot-tearing, allows the
well known AlSi6Cu4 and AlSi7MgCu0.5

production of aluminium cylinder heads in
the near future.

PovzETEK
Aluminijeve zlitine za glave cilindrov

Glave cilindrov so dan danes narejene
izrecno iz aluminijevih zlitin in so ene
izmed najbolj obremenjenih komponent v
motorju. Vtem delu so bile raziskane zlitine
za izdelavo glav cilindrov. Preiskovale in
primerjale so se dve poznani komercialni
zlitini A1Si17MgCu0,5 in AlSi6Cu4 z novo
razvito zlitino AIMg3SilScZr glede na
mehanske lastnosti pri sobni temperaturi,
po toplotni obdelavi in preizkusu pri 250°C

RMZ-M&G 2008, 55
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in po 100 urnem staranju na 250°C in
preizkusu pri 250°C. Preiskovale so se tudi
livarske lastnosti, kot so nastank razpok v
vro¢em in livnost zlitin. Pri mehanskih
lastnostih so se opazovale natezna trdnost,
meja teCenja in raztezek zlitine. Zlitine so
bile ulite v zato pripravljeno kokilo iz sive
litine po standardu DIN 29531. Ulitek se
je nato obdelal na dimenzije za natezni
preizkus. Nastanek razpok se je opazovalo
s pomocjo zvezdaste kokile. Kokila je
bila opremljena z petimi razlicno dolgimi
palicami katerih konci so odebeljeni.
Pri strjevanju prihaja do krcenja in zato
do napetosti, kar posledica so razpoke.
Razpoke so bile razdeljene v §tiri razrede
ter jim dodeljene vrednosti, in sicer indeks
1 za popolnoma odlomljeno palico, indeks
0,75 za razpoko, ki je potekala okrog
palice, 0,5 za razpoko, ki je bila tako
velika, da je bila vidna s prostim ofesom
in 0,25 za razpoko, ki je bila vidna le pod
povecevalnim steklom. Vsi indeksi so bili
nato seSteti in dobljen je bil indeks nastanka
razpok v vroCem. Livnost se je doloCevala
s pomocjo spiralaste kokile. Kokila je bila
izdelana iz aluminija in ob vsakem litju
ogreta na 100 °C. Po kon¢anem preizkusu
je bila izmerjena dolZzina spirale.

Zlitina AIMg3SilScZr je pokazala najbolj-
$o kombinacijo duktilnosti in mehanskih
lastnosti pri 250 °C po 100 urnem stara-
nju na 250 °C, vendar tudi visok indeks
nastanka razpok v vro¢em. Dodatka Sc in
Zr imata pozitiven ucinek na mehanske
lastnosti, vendar prinaSata visoke stroske,
kar mora biti sprejeto s strani industrije.
Dodatek 0,2 ut. % Sc zlitini poveca ceno
zlitine za 5 $/kg.

RMZ-M&G 2008, 55

Odli¢ne lastnosti pri nateznem preizkusu,
livnost in obstojnost v vro¢em, prinasajo
zlitinam AlSi6Cu4 in AlSi7MgCu0,5 vo-
dilno mesto pri proizvodnji aluminijastih
glav cilindrov v bliznji prihodnosti.
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Abstract: Uniaxial cylindrical compression tests at various temperatures and strain
rates have been performed on the Nimonic 80A superalloy samples in order
to define the best hot working characteristics. Evolution of the microstruc-
ture in correlation to the deformation temperatures, strain and strain rates
has also been investigated by means of optical microscopy. The activation
energy for hot deformation was derived with use of the Zener-Hollomon
hyperbolic sine equation. Onset of dynamic recrystallization (DRX) was
investigated with interrupted compression tests and metallographic analy-
sis. Experimental data was also used for calculation of the processing maps

on the basis of Dynamic Material Model.

Izvlecek: Pri $tudiji najprimernejsih karakteristik vroce predelave superzlitine Ni-
monic 80 A so bili izvedeni enoosni valjasti tla¢ni preizkusi pri razli¢nih
temperaturah in hitrostih deformacije. Razvoj mikrostrukture v odvisnosti
od temperature deformacije, deformacije in hitrosti deformacije je bila
raziskana z opti¢no mikroskopijo. Aktivacijska energija za deformacijo je
bila izracunana s pomocjo sinushiperboli¢ne oblike Zener-Hollomonove
enacbe. Zacetek dinamicne rekristalizacije je bil raziskan s prekinjenimi
tlaénimi preizkusi in metalografsko analizo. Podatki dobljeni s preizkusi

so sluzili tudi izra¢unu procesnih map.

Key words: Nimonic 80A, hot working, compression tests, optical microscopy,

processing maps

Kljuéne besede: Nimonic 80A, vroce preoblikovanje, tlac¢ni preizkus, opti¢na mi-

kroskopija, procesne mape
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INTRODUCTION

Design of new products with nickel-based
superalloys and wide field of their use is
in constant raise because of very specific
material properties. Nickel-based superal-
loy Nimonic is a group of high temperature
alloys intended for sophisticated parts used
in high temperature applications. Unfortu-
nately complex system of phases makes
them very difficult to deform plastically.
Further studies are necessary to predict the
best hot workability and final microstruc-
ture and therefore a detailed understanding
of interactions between hot deformation
behavior and softening mechanisms i.e. re-
crystallization and recovery!'-.

The Nimonic 80A superalloy is nonmag-
netic at room temperature and does not go
through any phase transformations when
cooled from liquid phase. It contains Ti
and Al, that form an ordered g phase with
composition of Ni,(Al,Ti) along with MC
type primary carbides and Cr rich grain-
boundary carbides of M, ,C, type. Carbides
of MC and M,,C, type were found to pre-
cipitate from the matrix at temperatures
between 760 °C and 1000 °C, while above
1000 °C main carbides of M,C type and
less stable M.C, will precipitate on grain
boundaries where M is usually Cr, and less
commonly W, Ta, Nbi6 121,

Best mechanical properties of products
made from Nimonic grade superalloy
are achieved with homogenous fine grain

microstructure. During hot forming metals
experience strain hardening as the disloca-
tion density increases. As deformation ad-
vances the energy during hot working caus-
es upstart of the softening mechanism like
dynamic recovery (DRV) and dynamic re-
crystallization (DRX). The hot workability
of alloy is limited because carbides inhibit
DRX and accelerate rupture. To execute
the best hot working conditions one needs
to select and use correct plastic deforma-
tion degree, suitable cool down period and
also oversee softening mechanisms.

In this study laboratory compression tests at
different temperatures have been performed
to define best hot forming characteristics.
Evolution of microstructure is investigated
with optical microscopy in correlation to
temperature, strain and strain rate. Also
critical strain for DRX onset is determined
from micrographs for various strains. From
compression tests processing maps were
calculated using dynamic material model.

EXPERIMENTAL PROCEDURE

The polycrystalline wrought nickel-based
super-alloy with it’s chemical composi-
tion after electro slag remelting presented
in Table 1, was supplied by Metal Ravne
d.o.o., Ravne, Slovenia. From a forged bil-
let of dimensions 90 mm % 90 mm, which
was later rolled to diameter @ 11 mm and
quenched in water from 1030 °C, cylindri-
cal specimens were machined. Size of the

Table 1. Chemical composition of the Nimonic 80A alloy in wt.%
Tabela 1. Kemicna sestava zlitine Nimonic 80A v mas.%

C Si Cu Mn Cr

Ti Al Fe P S |N,pmm|O, pmm

[NIMONIC 80A[ 0.07 [ 0.08 | 0.02 | 0.03 [19.54

238 | 1.51 | 0.21 |0.002{0.002| 70 100
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180 s Compression

Quenching
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Figure 1. Schematic diagram of the hot compression process
Slika 1. Shematski prikaz procesa toplega tlacnega testa

compression specimens was @ 10 mm and
height 10 mm with measured hardness of
approximately 330 HB.

Hot forming parameters and DRX start
were studied by means of hot compression
tests carried out on Gleeble 1500D ther-
mo-mechanical simulator. Simulation con-
ditions were as follows: temperature 950
°C, 1000 °C, 1040 °C, 1080 °C and 1120
°C and strain rates for all temperatures
0.01 s', 0.1 s', 1s!and 5 s. To avoid
inhomogeneous deformation, tantalum
follies of 0.05 mm thickness were inserted
between cylindrical specimen and com-
pression tool-anvil. After deformation the
specimens were water quenched to freeze
their microstructure. Figure 1 shows sche-
matic time—temperature diagram of the hot
compression tests.

Deformed, water quenched samples were
visually inspected, cut and prepared for
optical microscopy and analysis.
RMZ-M&G 2008, 55

RESULTS AND DISCUSSION

The development of any process model-
ing capability requires a description of the
viscoplastic flow behavior of the material
in question. Results of the hot compression
tests are depicted in Figure 2. Figure 2a de-
picts the effect of strain rate on stress-strain
curves at 1080 °C. The flow stress decreas-
es with lower strain rates, as does the strain
at which the stress peak appears. Typical
stress-strain curves for different tempera-
tures and strain rate for strain rate 0.1 s™' are
presented in Figure 2b. A clear increase of
flow stress with lowered testing tempera-
ture can be observed. In general, increase
of force is required to deform the specimen
at lower temperature and tendency for the
phenomenon of interest to occur at higher
temperature as strain rate increases.

Initial microstructure of the specimens is
shown in Figure 3, where nonuniform grain
arrangement with typical anneal twins can
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Figure 2. Flow curves; a) at temperature 1080 °C, b) at strain rate 0.1 s!
Slika 2. Krivulje teCenja; a) pri temperaturi 1080 °C, b) za hitrost deformacije 0,1 s™!
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be seen. Grain size varies regarding to the
position from where micrograph is col-
lected. On the diagonal and edge of the
specimen grains of initial microstructure
are finer than in the center.

Values for the peak stress for all deforma-
tion conditions were collected and ana-
lyzed. The peak stresses exhibits a clear

100 ym

Figure 3. Initial microstructure at different
specimen positions; a) diagonal , b) edge, c)
center
Slika 3. Zacetna mikrostruktura na razli¢nih
pozicijah vzorca; a) diagonala, b) rob, c)
sredina
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decay trend with higher temperature. As
expected, at any given temperature peak
stress values also increases with higher
strain rate. The activation energy for hot
deformation is 379.28 kJ/mol and was de-
rived with the Zener-Hollomon hyperbolic
sine equation!”,

Flow curves in Figure 2 exhibits pro-
nounced stress peaks which indicate oc-
currence of the dynamic recrystalliza-
tion (DRX), but they does not provide
information about the onset of DRX. The
critical strain for DRX occurrence can
be determined metallographically from
grain development at various strains. For
this purpose compression test at 1080 °C
and strain rate 0.1 s™! was interrupted and
microstructure frozen at strain values of
0.0175, 0.175 and 0.40. In Figure 4 micro-
graphs for these strains are depicted. The
critical strain for DRX initiation depends
on chemical composition, initial grain
size, temperature and strain rate. A flow
stress increase at diminished rate beyond
critical strain, until the work hardening and
dynamic softening becomes balanced, cli-
maxing in a peak stress. Grain boundaries
are preferential positions for initiation of
the DRX® .. In Figure 4b onset of DRX at
grain boundaries with bulging mechanism
can be seen. Bulged boundaries later grow
into new recrystallized grains as seen in
Figure 4c.

Vickers micro-hardness measurements
show a difference between recrystallized
and non-recrystallized hardness. Micro-
hardness of recrystallized grains was be-
tween 270 HV  and 280 HV |, while for
non-recrystallized grains the value was be-
tween 310 HV , and 320 HV .
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of 1080 °C and strain rate of 0.1 s™ at strain; a) 0.0175;b) 0.175 and c) 0.40

Slika 4. Mikrostruktura gasenih vzorcev pri opazovanju zacetka dinami¢ne
rekristalizacije pri temperaturi 1080 °C in hitrosti deformacije 0,1 s' za
deformacijo; a) 0,0175; b) 0,175 and c) 0,40

Evolution of microstructure obtained with
hot compression tests and optical micros-
copy is shown in Figure 5. Micrographs
have been taken from the center part of the
specimens. Differences in microstructures
can be explained with unequal deformation
and stress distribution. At strain rate 0.01
s!, dynamic recrystallization has been visi-
ble at 950 °C, while carbides rearrangement
process did not start to this point because of
the low temperature and short time cycle.
Rearrangement process is clearly visible at
other temperatures. At middle temperatures
and strain rates, the large un-recrystallized
grains are surrounded by small grains, ex-
hibiting a so-called necklace structure. New
recrystallized grains nucleate on the bound-
aries of old ones and grow until energy for
grain boundary movement is positive or un-
til they colide with other grains. Start of the
DRX with very small amount of recrystal-
lized material volume is visible at highest
strain rate. DRX start depends on tempera-
ture and strain rate and is shifted to lower
temperatures if the strain rate is lowered.
Critical deformation for DRX is first ob-

tained at the center of the specimen. These
results was also confirmed with findings of
other authors!®!%!,

Best hot working conditions were estab-
lished using processing maps calculated
on the basis of the Dynamic Material
Model!'!l. Maps obtained at strains 0.1,
0.2, 0.3 and 0.6 are similar to each other,
indicating the limited influence of strain.
Processing maps revealed unstable regions
at high temperatures and strain rates at
strains 0.1 and 0.2 as shown in Figure 6a
and Figure 6b, respectively. Nimonic 80A
has a prominent high temperature domain
with the peak efficiency of power dissipa-
tion being about 40 % at 1000 °C and stain
rate of 0.01 s!. For industrial praxis where
are higher strain rates, optimal forming in-
terval is between 1000 °C and 1080 °C.

CONCLUSIONS

Retrieved results can be usefully imple-
mented into hot forming process. With

RMZ-M&G 2008, 55
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1120 °C

1080 °C

1040 °C

1000 °C

950 °C

0.01 s 0.10 s 1.0 s 5.0 s

Figure 5. Microstructure development from hot compression tests dependent on
the temperature and strain rate, taken from the middle of the specimen

Slika 5. Razvoj mikrostrukture vrocega tlatnega preizkusa v odvisnosti od
temperature in hitrosti deformacije, s sredine vzorcev
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Figure 6. Processing maps for strain; a) of 0.1 and b) of 0.2
Slika 6. Procesna mapa pri deformaciji; a) 0,1 in b) 0,2
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correct reductions at the end of the manu-
facturing process, homogenously recrys-
tallized fine grain microstructure can be
assured as has been proved in this paper
with hot compression tests at various tem-
peratures and strain rates. The following
conclusions can be drawn as a result of
this paper.

e When strain rate is increased or tem-
perature lowered, the apex of stress is
shifted to higher strain.

e The fraction of recrystallized material
is higher at increased temperatures and
lowered strain rates. DRX starts at a
strain rate 0.01 s at 900 °C.

e The optimum hot working conditions
for industrial praxis lie between 1000
°C and 1080 °C.

e Unstable regions for hot working con-
ditions were found at strains of 0.1 and
0.2 at high temperatures and high strain
rates.

PovzZETEK

Razvoj mikrostrukture superzlitine Ni-
monic 80 A med vroco deformacijo

Pri Studiji najprimernejsih karakteristik
vroCe predelave superzlitine Nimonic
80 A so bili izvedeni enoosni valjasti
tlacni preizkusi pri razli¢nih tempera-
turah in hitrostih deformacije. Razvoj
mikrostrukture v odvisnosti od tempera-
ture deformacije, deformacije in hitrosti
deformacije je bila raziskana z optic¢no
mikroskopijo. Aktivacijska energija za
deformacijo je bila izracunana s pomo-
¢jo sinushiperboli¢ne oblike Zener-Hol-
lomonove enacbe. Zacetek dinamicne
rekristalizacije je bil raziskan s prekinje-

RMZ-M&G 2008, 55

nimi tlacnimi preizkusi in metalografsko
analizo. Podatki dobljeni s preizkusi so
sluzili tudi izraCunu procesnih map.

Pridobljene rezultate je mozno uporab-
no vkljuciti v procese vroce predelave.
S pravilno izbiro redukcije, Se posebej
pri koncu proizvodnega procesa lahko
zagotovimo homogeno rekristalizirano
mikrostrukturo, kot je bilo prikazano s
pomocjo tla¢nega preizkusa pri razli¢nih
temperaturah in hitrostih deformacije v
tej Studiji. Iz rezultatov Studije je moZzno
zakljuciti, da kadar je hitrost deformacije
povecana ali temperatura znizana, se vrh
napetosti premakne proti vecji deforma-
ciji. Delez rekristaliziranega materiala je
vecji pri vi§jih temperaturah in nizjih hi-
trostih deformacije. Dinamicna rekrista-
lizacija se zacne pri hitrosti deformacije
0,01 s! Ze pri 900 °C. Optimalni pogoji
vro¢e predelave za industrijsko prakso
lezijo med 1000 °C in 1080 °C. Nestabil-
na podrocja vroCe predelave, je mogoce
najti samo pri deformacijah 0,1 in 0,2 pri
visokih temperaturah in velikih hitrostih
deformacije.
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Abstract: The article is a review of microencapsulation types, technologies, pur-
poses of microencapsulation, release mechanisms, and application fields,
with special emphasis on microencapsulated additives in building construc-
tion materials. The following improvements have been described in patents
as a result of microencapsulated additives in the construction materials:
increased fireproofing; improved freeze- and freeze-thaw resistance; re-
duced expansion and degradation of concrete and mortar; better hydration
of concrete and mortar mixes in the compression-molding production of
building elements; reduction of thermal cracking due to the heat release by
cement hydration; decrease of water absorption of hydraulic cement sheets;
insulation or absorption of noise; protection of building materials against
mildew, bacteria, insects, rodents and environmental corrosion; fragranced
/ deodorising effect; and reversible thermochromic colour changes of ce-
ment-based materials for darker building exteriors in winter and lighter
colours in summer. The fastest growing segment is that of insulating mate-
rials based on microencapsulated phase change materials (PCM) for active
accumulation and release of heat. Microcapsules with a good mechanical
resistance are essential to enable reversible liquid-solid-liquid phase transi-
tions, and to protect the PCM during the whole product life.

Izvlecek: Pregledni clanek podaja tipe, tehnologije in namene mikrokapsuliranja,
mehanizme sproscanja ter podroc¢ja uporabe s podrobnejSim pregledom
uporabe mikrokapsuliranih dodatkov v gradbenih materialih. V patentih
so opisane naslednje izboljSave, dosezene s pomocjo mikrokapsuliranih
aktivnih komponent: izboljSana protipozarna zas¢ita in negorljivost mate-
rialov; zmanj$ano raztezanje in propadanje betona; preprecevanje razpok
zaradi spro$canja toplote med hidracijo cementa; omogocanje hidracije
cementnih izdelkov med proizvodnjo v stiskalnicah; zmanjSana vodna
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vpojnost cementnih plos¢; zvo¢na izolacija in absorpcija zvoka; varovanje
gradbenih materialov pred pojavom plesni, bakterij, insektov, glodalcev;
za$Cita pred korozijo; odiSavnjenje in deodoriranje materialov; reverzibilne
toplotne spremembe barv, ki omogoc¢ajo temnejSo barvo fasade pozimi in
svetlej$o barvo poleti. Najhitreje razvijajoci se segment uporabe mikroka-
psul so izolacijski materiali, ki temeljijo na fazno spremenljivih materialih
(PCM) za aktivno akumulacijo in spro$¢anje toplote pri prehodih agregat-
nega stanja tekoce-trdno-tekoce. Mikrokapsule z dobro mehansko odpor-
nostjo premos$c¢ajo problem reverzibilnih faznih prehodov in omogocajo
varno zadrzevanje PCM v gradbenem materialu skozi vso Zivljensko dobo

izdelka.

Key words: microencapsulation, microcapsules, applications, building, construc-

tion, materials

Kljuéne besede: mikrokapsuliranje, mikrokapsule, uporaba, gradbenistvo, ma-

teriali

MICROENCAPSULATION TECHNOLOGY

Microencapsulation is a technology of coat-
ing small particles of finely ground solids,
drops of liquids, or gaseous components,
with protective membranes — microcap-
sule walls (Deasy, 1984; ArsHaDpy & Bon,
2003). Industrial applications of microen-
capsulation were first introduced at the end
of the 1950s in the production of pressure-
sensitive copying papers for the encapsu-
lation of hydrophobic solutions of leuco
dyes (FANGER, 1974). Since then, microen-
capsulation has been constantly improved,
modified and adapted for a variety of pur-
poses and uses. As a consequence, it has be-
come an example of a knowledge-intensive
and dynamic technology (Bon & KArDOS,
2003), characterised by a rapid growth of
patent applications, reflecting industrial re-
search and development, as well as by an
increasing number of new scientific articles,
deriving from the basic research (Figure 1).
In addition to the graphic and printing in-
dustries, microcapsules have been used for
pharmaceutical and medical purposes, in

cosmetic and food products, agricultural
formulations, as well as in the chemical,
textile and construction materials indus-
tries, biotechnology, photography, electron-
ics, and waste treatment (Bown et al., 2003;
Bon, 2007; PoNcELET & BoH, 2008).

Several physical and chemical methods
have been developed for the production
of microcapsules (ArRsHADY, 1999; Van-
DAMME et al., 2007). The most often used
microencapsulation methods are (Bow,
1996a,b):

e mechanical methods (e.g. spray dry-
ing, pan coating, and solvent evapora-
tion from emulsions), where the micro-
capsule wall is mechanically applied
or condensed around the microcapsule
core;

e coacervation, a phenomenon taking
place in colloid systems, where macro-
molecular colloid rich coacervate drop-
lets surround dispersed microcapsule
cores, and form a viscous microcapsule
wall, which is solidified with cross-link-
ing agents (Figure 2), and
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Figure 1. Growth of new patent documents and scientific articles on microencap-

sulation (CA Plus database)

Slika 1. Rast Stevila patentnih dokumentov in znanstvenih ¢lankov na podrocju

mikrokapsuliranja

¢ polymerisation methods, where mono-
mers polymerise around droplets of an
emulsion and form a solid polymeric
wall. In polymerisation in situ mono-
mers or precondensates are added only
to the aqueous phase of emulsion (Fig-
ure 3), while in interfacial polymerisa-
tion, one of the monomers is dissolved
in the aqueous phase and the other in a
lypophylic solvent (Figure 4).

Due to the development and specialisation
of microencapsulation technologies and
applications, microencapsulation products
differ in structure and terminology (Table
1), (BoHn, 1996a,b).

RMZ-M&G 2008, 55

PURPOSES OF MICROENCAPSULATION AND RE-
LEASE MECHANISMS

Different purposes of microcapsule-based
final products require different character-
istics of microcapsules. The size and shape
of microcapsules, chemical properties
of microcapsule walls, and their degrad-
ability, biocompatibility and permeabil-
ity have to be considered in the selection
of raw materials and microencapsulation
processes. The purpose of microencap-
sulation is usually defined by the perme-
ability. Microcapsules with impermeable
walls are used in products where isolation
of active substances is needed, followed by
a quick release under defined conditions.
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Figure 2. Coating of microcapsules, produced
by complex coacervation of gelatin and car-
boxymethyl cellulose (scanning electron mi-
crograph, 630 x ), (BoH, 1986)

Slika 2. Premaz mikrokapsul, izdelanih po
postopku kompleksne koacervacije zelatine in
karboksimetil celuloze (elektronski mikroskop,
630x), (Bon, 1986)

RE R AT Py

Figure 3. Coating of microcapsules, produced
by in situ polymerization of aminoaldehyde
precondensates (scanning electron micrograph,
1900x), (KNEz, 1988; Kukovic & KNEz, 1996)
Slika 3. Premaz mikrokapsul, izdelanih z in
situ polimerizacijo aminoaldehidnih pred-
kondenzatov (elektronski mikroskop, 1900x),
(KNEz, 1988; Kukovic & KNEz, 1996)

The effects achieved with impermeable
microcapsules include: separation of reac-
tive components, protection of sensitive
substances against environmental effects,
reduced volatility of highly volatile sub-
stances, conversion of liquid ingredients
into a solid state, taste and odour masking,
and toxicity reduction. On the other hand,
microcapsules with permeable walls en-
able prolonged release of active compo-
nents into the environment, such as in the
case of prolonged release drugs, perfumes,
deodorants, repellents, etc., or immobili-
sation with locally limited activity of mi-
croencapsulated substances. Examples of
later include microencapsulated fertilizers
and pesticides with locally limited release
to reduce leaching into the ground water,
or microencapsulated catalysts and en-
zymes for chemical and biotechnological
processes (Bon, 1996a,b).

Figure 4. Suspension of microcapsules, pro-
duced by interfacial polymerization - crosslink-
ing of proteins in a water-in-oil emulsion (light
microscopy, 100x), (Bon, 1991)

Slika 4. Suspenzija mikrokapsul, izdelanih
po postopku medpovrSinske polimerizacije z
zamrezevanjem beljakovin v emulziji tipa voda
v olju (opti¢ni mikroskop, 100x), (BoH, 1991)
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Table 1. Terminology of microencapsulation products
Tabela 1. Poimenovanje produktov mikrokapsuliranja

Terminology

Microcapsules
(narrow sense of
meaning)

Nanocapsules

Microspheres or
microparticles

Nanospheres or
nanoparticles

Liposomes

Niosomes

RMZ-M&G 2008, 55

Description Size range Schematic illustration

Products of coating liquid nuclei

with solid walls. m

Same structure as microcapsules,

but smaller. nm

The cores and walls are both solid.
Often, there is no clear distinction
between them: the thick solid

wall functions as a porous matrix
where active substances are
embedded.

Same structure as microspheres,

but smaller. nm

Lipid wall, often made of
phospholipids and cholesterol.
Subtypes: unilamellar (one lipid

layer) and multilamellar (several pm
lipid layers).

to
Similar to liposomes but nm

their membranes are made of
synthetic amphiphylic molecules
(detergents).

c@e® o0
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The mechanisms of releasing encapsu-
lated materials are planned in advance
and depend on the purpose of microen-
capsulation. An analysis of several hun-
dred patent documents (Bon, 1996a,b;
PoncELET & Bow, 2008) revealed that the
first developed and still often used is the
mechanism of external pressure which
breaks the microcapsule wall and releases
the liquid from the core. This principle is
applied in pressure-sensitive copying pa-
pers (pressure of the pen-ball or typewriter
head), multi-component adhesives (activa-
tion in a press), deodorants and fungicides
for shoes (mechanical pressure caused by
walking), polishing pastes (rubbing) and
aromas and sweeteners in chewing gums
(chewing). In some applications, the mi-
crocapsule wall breaks because of inner
pressure, e¢.g. for blowing agents in the
production of light plastic materials and
synthetic leather. In instant drinks, micro-
capsules dissolve in water. Dissolution at
the selected pH value is useful for microen-
capsulated catalysts and pharmaceuticals.
Drugs, vitamins, minerals, essential amino
acids, fatty acids, or even whole diets, can
be released into the gastro-intestinal tract
by enzymatic degradation of digestible
microcapsules. The core substance can be
released by abrasion of the microcapsule
wall, e.g. in antistatics and fragrances for
textiles (abrasion in washing machines and
dryers), or for grinding and cutting addi-
tives. In many applications, core materials
are released by heat. Heat-sensitive record-
ing papers (e.g. telefax paper), temperature
indicators for frozen food, heat-sensitive
adhesives, textile softeners and fragrances
in formulations for dryers, cosmetic com-
ponents to be released at body temperature
and aromas for tea and baking, are based

on the effect of melting of the microcapsule
wall. Microencapsulated fire retardants or
extinguishers, based on release caused by
burning of microcapsule walls, are used
in fire-proof materials. These types of mi-
crocapsules are used for wall paper, car-
pets, curtains, fire-protecting clothes, and
added to plastics and coatings for electric
devices and wires. Microcapsules in spe-
cial photographic emulsions, light-sen-
sitive papers and toners for photocopiers
are decomposed (or hardened) by light. If
the wall is permeable, it slowly releases
the content of the core. This mechanism
can be applied in controlled drug release
products, aromas, fragrances, insecticides
and fertilisers. In the case of microencap-
sulated cells and enzymes in biotechnol-
ogy, high-molecular weight components
can be retained in microcapsules, while
low-molecular by-products and substrate
residues are extracted through semi-per-
meable microcapsule walls. A special ex-
ample is that of microencapsulated phase
change materials for active accumulation
and release of heat in textiles, shoes and
building insulation materials. To remain
functional over numerous phase transition
cycles, they have to remain encapsulated
within the impermeable and mechanically
resistant microcapsule wall for the whole
product life.

APPLICATIONS OF MICROCAPSULES IN BUILD-
ING CONSTRUCTION MATERIALS

An analysis of scientific articles and pat-
ents shows numerous possibilities of add-
ing microencapsulated active ingredients
into construction materials, such as ce-
ment, lime, concrete, mortar, artificial
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marble, sealants, paints and other coatings,
and functionalised textiles. A summary of
applications is presented in Figure 5.

Fireproofing

Composite fire-resistant and lightweight
building boards were patented (ADACHI,
2005), containing a flammable substrate
and a fireproofing Portland cement, which
contained a foaming agent for generat-
ing an incombustible gas, a carbide layer
precursor, and a microencapsulated car-
bide formation catalyst. The product was
suitable for interior and/or exterior build-
ing boards. In another invention (Parthy,
2003) microencapsulated water was used
for increasing fire resistance of construc-
tion materials. Microencapsulated wa-
ter was added to gypsum plaster boards,
paints, or thermal insulating materials.

Freeze and freeze-thaw resistance

To improve freeze and/or freeze-thaw re-
sistance, microencapsulated sterically or
electrostatically repelling monomers were
added into hydraulically setting building
materials, such as cement, lime, gypsum,
anhydrite binders, as well as mortar or
concrete mixtures (SCHATTKA et al., 2007).
ZHANG (2005) patented the manufacture of
an efficient and environmentally friendly
snow-thawing composition, containing
microencapsulated percarbamide as a
snow-thawing active component.

Expansion and degradation resistance

To reduce expansion and to prevent degra-
dation of concrete and mortar by alkali-ag-
gregate reaction, a patent by Mivazawa and
Axivama (1988) suggested an addition of
microcapsulated mineral oils or surfactants
into construction material mixes. In a test,
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the expansion of the mortar product after 3
months was 0.127 %, vs. 0.41 % without
the microcapsules.

Hydpration of concrete and mortar mixes
Tomriuchr and NisHiHAMA (1986) patented
applications of microencapsulated water
in the production of building boards with
uniform strength. Typical compositions
consisted of cement, mixed with fiber
(e.g., asbestos, synthetic fiber) and micro-
capsules containing water for hardening.
Building boards with uniform strength
were manufactured on a belt conveyer by
compression-molding, resulting in cement
hardening. In another invention (Nopa PLy-
woob Mra. Co., Ltb, 1985) high strength
building boards were manufactured from
a mixture of hydraulic material (gypsum),
fibrous material, additives, and gelatine
microcapsules containing water glass as
a setting accelerator. Setting retardant and
excess water were added, the mixture was
poured into molds, pressed to remove ac-
cess water and release the accelerator, and
set. Microencapsulated or gelled water was
used in cartridges of quick-setting cement
(HEmen & Bascock, 1988). A premixed
mortar mixture was patented, consisting
of cement and microcapsules containing
water (OriGasa et al., 1988). In a patent
by Okamorto et al., (1989) on manufactur-
ing concrete and mortar mixes, water was
encapsulated in an acrylate superabsorbent
polymer. In the production of concrete or
mortar, the water was released from the
superabsorbent by molding to promote hy-
dration of the surrounding cement.

Reduction of hydration heat release
Mass concrete suffers from thermal crack-
ing due to heat release by cement hydra-
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tion. Using low heat Portland cement or
fly ash cement was proposed as a counter-
measure against this problem. The problem
was also addressed in a study by TAKEUCHI
et al., (2007). Wax microcapsules were de-
veloped, in which very fine solid particles
of a retarder were included. When wax
microcapsules melted at a designed tem-
perature, the retarder was released into the
cement matrix and it controlled the rate of
heat release by cement hydration. Micro-
capsules remarkably reduced the hydration
heat release rate and the adiabatic tempera-
ture rise speed of the cement mortar.

Decrease of water absorption

In the production of hydraulic inorganic
sheets, 5-20 % of microcapsules contain-
ing polyurethane resin were added to the
aqueous slurry of a blast-furnace slag ce-
ment and ettringite. The sheets were mold-
ed and hardened. Microencapsulated addi-
tive decreased the water absorption by 15-
20 % (MatsusHITA ELEcTRIC WORKS, LTD.,
1982).

Noise absorption or insulation
Microcapsules containing a magnetic flu-
id were used to absorb or insulate noise.
Examples included noise-absorbing ther-
mally expanding microcapsules, made of
a thermoplastic resin, which contained a
hydrophobic organic solvent with 5-200
nm magnetic particles, and a hydrophobic
liquid foaming agent. The noise-absorb-
ing microcapsules were incorporated into
paints, and mixed in or adhesively attached
to construction materials (TAanakA et al.,
1997).

Antimicrobial protection
Microcapsulated essential oils of a white
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cedar were used in a mixture with a binder
to protect building walls against genera-
tion of mildew (ARral, 2001). In a patent by
HicasHizaka (2002a,b, 2004), sustained re-
lease microcapsules containing hinokithiol
were applied to protect leveling or base
concrete in building construction against
insects, bacteria, and corrosion, and to
achieve a deodorising effect. A patent by
NisHigucHr et al., (1998) described incor-
poration of microencapsulated fragrances,
deodorants, antibacterial agents or insecti-
cides into Calcium silicate shaped products
for building interiors and exteriors.

Reversible colour changes

Several patents by Ma (2006a,b,c, 2007)
described reversibly thermochromic ce-
ment-based materials, prepared by adding
reversibly thermochromic microcapsules
into a white Portland cement. Microen-
capsulated special thermochromic agents
changed reversibly from blue, red or green
colour at a lower temperature to white at
a higher temperature. The system enabled
a reversible change of colours: buildings
were darker in winter, to absorb heat, and
white in summer, to reflect the light en-

ergy.

Temperature control

Microcapsules containing latent heat stor-
age materials, especially phase change ma-
terials, have been used to improve the heat
storage capacity of buildings.

Phase Change Materials (PCMs) are a sub-
group of heat Storage Materials (HSMs),
with a dynamic heat exchange process tak-
ing place at the melting point temperature.
When a PCM undergoes a phase change
transition from solid to liquid, energy is
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stored in the form of latent heat at a con-
stant temperature. Accumulated latent
thermal energy is released when the PCM
solidifies again. In general, the higher the
PCM’s latent heat of phase change is, the
more thermal energy a material can store.
The transition process is completely re-
versible.

Typical organic PCMs are higher hydro-
carbons (paraffins and their narrow frac-
tions) (HE & SETTERWALL, 2002; HAWLADER
et al., 2002; HummEL & SticH, 2003), as
well as waxes, higher alcohols and higher
fatty acids (FELpmaN et al., 1986, 1989;
Suppks et al., 2003). The melting points of
straight chain higher hydrocarbon PCMs
depend on the length of the carbon atom
chains, i.e. on the number of carbon atoms
in the molecule. Higher hydrocarbons with
13 to 28 carbon atoms have phase change
temperatures ranging from — 5.5 °C to + 61
°C. Compared to other PCMs, they have
a high energy storage density, high boil-
ing points and stability up to 250 °C. They
are chemically inert, non-corrosive, long-
lasting, inexpensive, ecologically harmless
and non-toxic. These characteristics have
made them the preferred PCMs for many
commercial applications.

To overcome practical problems of solid-
liquid phase transitions, PCMs have to be
microencapsulated and turned into solid for-
mulations for applications in various ther-
mal management applications. To remain
functional over numerous phase transition
cycles, microencapsulated PCMs have to
remain encapsulated within the imper-
meable microcapsule walls for the whole
product life. PCM microcapsules need to
be highly resistant to mechanical and ther-

mal stress, which is achieved by improved
or new microencapsulation methods. HoL-
MAN (2001) patented gel-coated microen-
capsulated PCMs, consisting of a polymer-
ic wall and a continuous metal oxide gel,
resulting in an improved mechanical stress
and flame resistance. MoMopA and PHELPS
(2002) reported that nanoencapsulated
PCMs with reversible high thermal trans-
port properties at elevated temperatures
can be used in low viscosity heat transfer
fluids at sub-freezing temperatures. An-
other method of making microcapsules has
been developed (VasisutHaA, 2003), using
microwaves as a source of electromagnetic
energy, in combination with core and wall
materials of different dielectric constants
and dissipation factors.

Several temperature management systems
have been developed and patented with
microencapsulated PCMs for building ap-
plications. Examples include building ele-
ments for reduction of temperature oscilla-
tions in buildings, containing microencap-
sulated PCMs sealed within the concrete
or plaster matrix structure (CHAHROUDI,
1981), and building conditioning sys-
tems for ceiling and floor surfaces (PAUSE,
2001). Tanaka and Suzuki (1997) patented
microencapsulated paraffin phase change
materials as additives to fresh concrete
mix, mortar, or cement paste in the produc-
tion of molded building products.

Inventions by IsHicuro (1998, 2003,
2004a,b, 2005, 2006) were based on the
incorporation of microencapsulated heat
storage materials into building insula-
tion materials, such as laminated gypsum
boards. In a typical example, one or both
sides of the gypsum board were laminated
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with a heat-storage sheet, obtained by dip-
ping the board into a microencapsulated
heat storage material. Patents by Matsu-
shita and co-workers (MartsusHiTA et al.,
2002a,b; MarsusHITA & IsHIGURO, 2003;
MaTsusHITA & Sato, 2003) described hy-
draulic compositions for production of
latent heat-storable building materials.
Typical compositions contained cement or
gypsum, and microencapsulated latent heat
storage materials. IGucHi et al., (2005) pat-
ented the application of microencapsulated
heat storage materials in road construction
materials, suitable especially for bridges,
to suppress freezing in the winter time, or
the heat island phenomenon in the summer
time. Patents by Schmidt and co-workers
(ScamipT & VorLkmany, 2005; ScHMIDT
& Scumipt, 2006) described a composite
element made from a rigid polyurethane
foam and two outer layers. At least one
outer layer was molded (made of gypsum,
lignocellulose, aminoplast resin, phenolic
resin, urea-formaldehyde resin, and/or
melamine-formaldehyde resin), and con-
tained microencapsulated latent heat stor-
age material. Hu and co-workers (Hu et
al., 2007) patented sodium alginate for the
microencapsulation of heat storage materi-
als. Microcapsules were incorporated into

gypsum.

CONCLUSIONS

Microencapsulation is a knowledge-in-
tensive technology with a rapid growth
of publications. A bibliometric analysis
in the Chemical Abstracts Pus database
shows that per each new scientific article
on microencapsulation there are at least
two patent applications, which illustrates
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the intensity of industrial research and in-
novation in the field. Microcapsules have
been used in paper and printing industries,
adhesives for technical purposes, textiles,
pharmaceutical and medical applications,
food industry, biotechnology, chemical in-
dustries, agrichemicals, photography, and
electronics.

Microencapsulation applications are also
entering into the field of building construc-
tion materials. Analysis of patents identified
the following improvements achieved by
microencapsulated additives in the construc-
tion materials: fireproofing by microencap-
sulated fire retardants or fire extinguishers;
improved freeze- and freeze-thaw resistance;
reduced expansion and degradation of con-
crete and mortar; hydration of concrete and
mortar mixes in the compression-molding
production of building elements; reduction
of thermal cracking due to heat release by
cement hydration; decrease of water absorp-
tion of hydraulic cement sheets; insulation or
absorption of noise; protection of building
materials against mildew, bacteria, insects,
rodents and environmental corrosion, and
achieving a fragranced / deodorising effect.

Special applications are microencapsu-
lated thermochromic agents, which enable
reversible colour changes of cement-based
materials, e.g. for darker building exteri-
ors in winter, to absorb heat, and for white
colour in summer, to reflect the light en-
ergy. The fastest growing segment of mi-
croencapsulated additives in construction
materials are latent heat storage materials
for temperature control, especially the par-
affinic phase change materials with a high
energy storage density. Microcapsules with
a good mechanical resistance are essential
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to enable reversible liquid-solid-liquid
phase transitions and to protect the PCM
during the whole product life.

PovZETEK

Tehnologija mikrokapsuliranja in njena
uporaba v gradbenih materialih

Mikrokapsuliranje je tehnologija z veli-
kim deleZem znanja in hitrim nara§¢anjem
Stevila publikacij. Bibliografska analiza v
podatkovni bazi Chemical Abstracts Plus
kaze vec¢ kot dvakrat vecje Stevilo pat-
entnih prijav v primerjavi z znanstvenimi
clanki, kar nakazuje intenzivnost indus-
trijskih raziskav in aplikacij mikrokap-
suliranja. Mikrokapsule uporabljajo v
industriji papirja in tiska, v tekstilstvu, v
farmacevtskih in medicinskih izdelkih, v
zivilski industriji, biotehnologiji, kemiji,
za veckomponentna lepila, v proizvodnji
fitofarmacevtskih sredstev, v fotografiji in
elektrotehniki.

Aplikacije tehnologije mikrokapsuliranja
se §irijo tudi na podrocje gradbenistva.
Analiza patentnih dokumentov je identi-
ficirala naslednje moznosti izboljsav, ki
jih prinasa uporaba mikrokapsuliranih do-
datkov v gradbenih materialih: negorljivi
materiali z vsebnostjo mikrokapsuliranih
zaviralcev gorenja; izboljSana odpornost
proti zamrzovanju, taljenju in korozivne-
mu razpadu; zmanjSano raztezanje in
kréenje ter posledi¢no pokanje betona in
ometov zaradi dejavnikov okolja ali zaradi
termi¢nih sprememb ob hidraciji cementa;
vlaZenje suhih zmesi betona in malte z
mikrokapsulirano vodo pod pritiskom v
kalupih; cementni izdelki z manjso absorp-

tivnostjo vode; izboljSana zvocna izolacija
oz. mocnejSa absorpcija zvoka; za$Cita
gradbenih materialov pred glivami, bak-
terijami, insekti, glodalci, korozijo zaradi
okoljskih dejavnikov; odiSavljenje in deo-
doriranje materialov.

Posebne aplikacije tehnologije mikroka-
psuliranja so termokromni dodatki, ki
omogocajo reverzibilne barvne spremembe
cementnih izdelkov. Primer so zunanje
povrsine zgradb, ki so pozimi temne, da
absorbirajo ve¢ toplotne energije, ter bele
poleti, da son¢no svetlobo ¢im mocneje od-
bijajo. Najhitreje rastoci segment mikroka-
psuliranih aditivov v gradbenih materialih
so materiali za latentno akumulacijo to-
plote. Med njimi so v ospredju parafinski
fazno spremenljivi materiali (PCM — Phase
Change Materials) z visoko toplotno kapac-
iteto. Zaradi nenehnih reverzibilnih preho-
dov agregatnega stanja trdno-tekoce je za
prakti¢no uporabo PCM kljuénega pomena
mikrokapsuliranje v mikrokapsule z dobro
mehansko in termi¢no odpornostjo.
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Abstract: Successions of the Tolmin Basin (western Slovenian Basin) structurally

belong to the Tolmin Nappe of the Southern Alps. The Norian—Rhaetian
succession of the Tolmin Basin is characterised mainly by bedded dolomite
with chert nodules named the Baca Dolomite. It was recently discovered
that in the northern part of the basin, the Upper Norian—Rhaetian lime-
stone succession is preserved above the Baca Dolomite. This succession
was studied on Mt Kobla, where it is composed of hemipelagic limestone
alternating in the upper part with resedimented limestones. It ends with
a distinct horizon of thin-bedded hemipelagic limestone that presumably
records the end-Triassic carbonate productivity crisis. The overlying re-
sedimented limestones of the Lower Jurassic Krikov Formation document
the recovery of production on the adjacent Julian Carbonate Platform. The
horizon of thin-bedded hemipelagic limestone therefore contains the Tri-
assic—Jurassic boundary. The discovery of the succession brings an oppor-
tunity to study this boundary that recently attracted widespread scientific
attention because it is marked by one of the five major extinction events of
the Phanerozoic. The problem arises because the topmost part of the suc-
cession appears to be tectonically repeated on Mt Kobla and the distinct
horizon of thin-bedded hemipelagic limestone is doubled. Alternatively,
the overall succession on Mt Kobla could also be continuous and would in
this case contain two horizons of thin-bedded hemipelagic limestone. This
paper debates both possibilities and elucidates the data that indicate the
first, i.e. tectonic, interpretation as more possible.

Izvle¢ek: Razvoji Tolminskega bazena (zahodnega Slovenskega bazena) struktur-

no pripadajo Tolminskemu pokrovu Juznih Alp. Norijsko — retijsko zapo-
redje Tolminskega bazena oznacuje predvsem plastnat dolomit z gomolji

Scientific paper

Zgornje triasni in spodnje jurski apnenci na Kobli v severnem
Tolminskem bazenu: tektonsko ponovljeno ali zvezno
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rozenca, ki je znan pod imenom Baski dolomit. Nedavno je bilo ugotovlje-
no, da je v severnem delu bazena nad Baskim dolomitom ohranjeno zgornje
norijsko — retijsko apnencevo zaporedje. To zaporedje je bilo prouceno na
Kobli, kjer ga sestavljajo hemipelagi¢ni apnenci, ki se v vrhnjem delu men-
javajo s presedimentiranimi apnenci. Zaporedje se zakljuéi z zna¢ilnim ho-
rizontom tanko plastnatega hemipelagi¢nega apnenca, ki domnevno odraza
krizo v karbonatni produkciji koncem triasa. Vi§je lezeci presedimentirani
apnenci spodnje jurske Krikovske formacije pa odrazajo ponovno obnovi-
tev karbonatne produkcije na bliznji Julijski karbonatni platformi. Znacilen
horizont iz tanko plastnatega hemipelagi¢nega apnenca tako najverjetneje
vsebuje triasno-jursko mejo. Odkritje tega zaporedja tako nudi priloznost
za proucevanje te meje, katera je nedavno pritegnila pozornost Siroke geo-
loske znanosti, saj jo oznacuje eno od petih velikih izumrtij v fanerozoiku.
Vendar pa je vrhnji del zaporedja na Kobli najverjetneje tektonsko ponov-
ljen, saj je horizont tanko plastnatega hemipelagi¢nega apnenca podvojen.
Obstaja tudi moznost, da bi bilo celotno zaporedje na Kobli zvezno in bi v
tem primeru vsebovalo dva horizonta tanko plastnatega hemipelagi¢nega
apnenca. Ta prispevek tehta obe moznosti in osvetljuje podatke, ki kazejo,

da je tektonska ponovitev zaporedja bolj verjetna.

Key words: Tolmin Basin, Late Triassic, facies analysis, Triassic-Jurassic boundary
Kljuéne besede: Tolminski bazen, zgornji trias, facielne analize, triasno-jurska meja

INTRODUCTION

The Norian—Rhaetian succession of the Tol-
min Basin (western part of the Slovenian
Basin) was considered to be represented
only by Baca Dolomite, a bedded dolomite
with chert nodules (Buser, 1986, 1989,
1996). Recently, it was proven that the part
of the limestone succession that overlies the
Baca Dolomite in the northern part of the
basin is still Late Norian to Rhaetian in age
(Rozic & Korar-Jurkovsek, 2007; Rozi¢
et al., in press). This limestone succession
was studied in the eastern Bohinj Range;
more precisely on Mt Kobla (Figure 1). The
study is important for two reasons. Firstly,
it contributes to a better understanding of
the late Triassic sedimentary evolution of
the Tolmin Basin. It is essential especially

because the Baca Dolomite experienced
intensive diagenetic overprinting (silifica-
tion and dolomitisation) which reduced
the exploration potential of the formation.
Secondly, it most probably contains the Tri-
assic—Jurassic boundary. Recently, this bi-
ostratigraphic boundary attracted scientific
attention because it is marked by one of the
five major extinction events of the Phanero-
zoic (STaNTON & FLUGEL, 1987; SEPKOSKI,
1996; TanNER et al., 2004). Consequently,
numerous sedimentological, paleontologi-
cal, and geochemical studies have focused
on this boundary with the aim of elucidating
factors that forced the extensive crisis in the
evolution of life that occurred approximate-
ly 200 million years ago (PALFy et al., 2001,
2007; Guex et al., 2004; GaLLI et al., 2005,
2007; and many others).
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Figure 1. Location of the studied sections (star) and simplified macrotectonic sub-
division of Slovenia (after PLACER, 1999); the Southern Alps are shaded grey
Slika 1. Lokacija raziskanih profilov (zvezda) in poenostavljena makrotektonska
rajonizacija Slovenije (po Placer-ju, 1999); Juzne Alpe so obarvane sivo

The Upper Triassic—Lower Jurassic car-
bonate succession of the Tolmin Basin
was investigated in the Kobla sections. It
includes the uppermost part of the Baca
Dolomite, the Late Triassic limestones and
the base of the Early Jurassic Krikov For-
mation. The transition between the Upper
Triassic limestones and the Krikov Forma-
tion is characterised by a distinct horizon
of thin-bedded limestone with chert nod-
ules, several metres thick. This horizon
most probably contains the first known
Triassic—Jurassic boundary within basinal
succession in Slovenia and therefore offers
great potential for boundary studies in this
part of the world. The problem arises be-
cause this distinct horizon appears to be re-
peated within the studied succession. The
aim of this paper is to distinguish whether
the horizon is repeated tectonically or the
Late Triassic—Early Jurassic succession is

RMZ-M&G 2008, 55

continuous and therefore marked by two
horizons of thin-bedded limestone.

GEOLOGICAL SETTING

The studied succession is located in the east-
ern Bohinj Range that forms the southern
orographic boundary of the Julian Alps (in
northwest Slovenia). In the Late Triassic, the
Julian Alps were part of the Adriatic conti-
nental margin. The whole of western Slov-
enia was divided into three paleogeographic
domains: the Dinaric Carbonate Platform to
the south, the approximately east—west ex-
tending Slovenian Basin in the middle, and
the Julian Carbonate Platform to the north
(Buser, 1989, 1996). In the early Jurassic the
Julian Carbonate Platform drowned and be-
came the pelagic plateau known as the Julian
High (BUsERr, 1989, 1996; Smuc, 2005).
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In the Norian—Rhaetian both carbonate
platforms were characterised by sedi-
mentation on tidal flats, and thick succes-
sions of Dachstein Limestone and Main
Dolomite formed (OGoreLEC & ROTHE,
1993; Buser, 1996; VErRBOVSEK, 2008). In
the Late Norian and Rhaetian, the south-
ern margin of the Julian Carbonate Plat-
form was locally dominated by coral reefs
(TurNSEK & BUSER, 1991; TURNSEK, 1997).
The intermediate Slovenian Basin was
filled with carbonate material shed from
the surrounding carbonate platform. These
deposits were mostly dolomitised and sil-
icified during diagenesis, thus forming
the Baca Dolomite (BUser, 1989, 1996;
Buser et al., 2008). The exception was the
northern part of the Tolmin Basin (west-
ern Slovenian Basin), where the Upper
Norian—Rhaetian succession experienced
less intense diagenetic alteration and the
limestone succession studied in this paper
was preserved.

Structurally, the Julian Alps form the east-
ern part of the Southern Alps (Figure 1)
and consist of two large nappes charac-
terised by southward thrusting: the lower
Tolmin Nappe with successions of the Tol-
min Basin and the overlying Julian Nappe
composed predominantly of Dachstein
Limestone of the Julian Carbonate Plat-
form (Pracer, 1999; VraBec & FopoRr,
2006). The Tolmin Nappe is thrust over the
External Dinarides, which are marked by
older, southwest directed thrust displace-
ments (PLACER, 1999) and composed of the
Dinaric Carbonate Platform successions
(BUSER, 1989, 1996). The Tolmin Nappe is
additionally divided into three lower-order
nappes (Buser, 1987); the studied Late
Norian to Rhaetian limestone succession is

known only from the highest Kobla Nappe.
The overall succession of the Kobla Nappe
in the studied area ranges from the Carnian
to the Lower Cretaceous. The topmost part
of the succession (from the Pliensbachian
upward) is repeated above a thrust north of
Mt Krevl (Figure 2). This succession dif-
fers from the classical succession of the
Kobla Nappe because it records a long
stratigraphic gap (at least Toarcian to Bajo-
cian) and most probably originated on the
margins of the Julian High. Further north,
shallow-water Late Triassic reef limestone,
Jurassic ooidal limestone, the deeper-wa-
ter Sedlo Formation (SMUC, 2005; Smuc &
Gorican, 2005), and Biancone limestone
of the Julian Carbonate Platform and Julian
High are exposed. This succession belongs
to the Julian Nappe but the tectonic con-
tact with the regionally underlying Tolmin
Nappe in the Mt Kobla area is exception-
ally not a thrust but a normal or strike-slip
fault (Figure 2).

DESCRIPTION OF KOBLA SECTIONS

The succession of Mt Kobla was included
in some earlier geological surveys. The
first extensive geological work of the area
was carried out during the construction of
the Bohinjska Bistrica—Podbrdo railway
tunnel that penetrates the eastern Bohinj
Range directly below Mt Kobla (Kossmar,
1907). The overall carbonate succession of
the Tolmin Basin was described as Jurassic,
although an Late Triassic Baca Dolomite
had already been recognised in other parts
ofthe basin. The Ba¢a Dolomite in this area
was recognised later, during geological
mapping of the Julian Alps (BUSER, 1986,
1987). On Mt Kobla, the same section as is
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Figure 2. Geological map of the Mt Kobla area and the general location of the
studied sections. The boxed area is enlarged in Figure 3.
Slika 2. Geoloska karta obmocja Koble in priblizna lokacija preiskanih profilov.

Del karte v okvirju je povecan na sliki 3.

described in the present paper was studied
for the purpose of stratigraphic ordering.
The overall limestone succession overly-
ing the Baca Dolomite was assigned to the
Jurassic, although Buser (1986) pointed
out that no characteristic Jurassic fossils
were found in the lower part of the succes-
sion. The author mentioned the foramini-
fers Galeanella panticae, Ophtalmidium
sp. and the dasyclad alga Thaumatoporella
parvovesiculifera, whereas the Jurassic /n-
volutina farinacciae was found only in the
topmost part of the section.
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The studied succession is located on the
old path that climbs the eastern slope of Mt
Kobla (y = 5420550, x = 5121590, 1498
m above sea level) and was investigated in
three sections (Figure 3 and Plate 1; Fig.1).
The main section is 112 m thick and beds
in this section dip towards the northwest
(Figures 3 and 5). The second section inves-
tigates 18 m of beds that overlie the main
section, are sub-vertical, and extend in an
east—west direction (Figures 3 and 5). Sedi-
mentary structures in these beds indicate
that succession becomes younger towards
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the south. The third section is 23 m thick
and covers the uppermost beds exposed
along the path. These beds dip similarly to
beds in the main section (Figures 3 and 5).

Main section

The section begins with a few metres of
the Baca Dolomite, a bedded dolomite
with chert nodules (Figure 4). The bound-
ary with the overlying limestone succes-
sion is covered but most probably sharp.
The following 90 m are characterised by
bedded (10 to 50 cm), grey, occasionally
wavy, and even laminated hemipelagic

limestone (Plate 1; Fig. 2). The micro-
facies is wackestone composed of pellets
and fossils, of which the most abundant
are calcified radiolarians. Other fossils are
sponge spicules, echinoderms, bivalves,
brachiopods, ostracods, benthic foramini-
fers, gastropods, and juvenile ammonites
(Plate 1; Fig. 4). Beds usually contain re-
placement chert nodules. Especially in the
upper part of this succession (above 70 m
in the section), hemipelagic limestone al-
ternates with coarser beds; i.e. calcaren-
ite and limestone conglomerate (Plate 1;
Fig. 3). Calcarenite is mostly medium- to
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Figure 3. Detailed geological map of Mt Kobla with the exact position of sections.
The legend is the same as for Figure 2. Within the Upper Triassic limestone succes-
sion the horizon with abundant resedimented limestones is outlined with vertical
lines and the horizon of thin-bedded hemipelagic limestone with a zigzag pattern.
Slika 3. Natan¢na geoloska karta Koble s to¢nimi lokacijami profilov. Legenda je
ista kot pri sliki 2. Znotraj zgornje triasnega apnencevega zaporedja je horizont
z obilnimi presedimentiranimi apnenci izdvojen z navpi¢nimi ¢rtami in horizont
tanko plastnatega hemipelagi¢nega apnenca s cikcak vzorcem.
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Figure 4. Kobla sections: the main
section consists of the Baca Dolo-
mite at the base, the Upper Triassic
limestone succession in the major
part, and the Krikov Formation
at the top. The second section ex-
hibits a similar composition to the
main section between 70 and 95 m
(where coarser limestone beds are
abundant), whereas the third section
generally correlates well to the top-
most part of the main section. The
distinctive horizon of thin-bedded
hemipelagic limestone is indicated
by grey stripes.

Slika 4. Profili Koble: glavni profil
se zacne z Baskim dolomitom, glavni
del sestavlja zgornje triasno apnen-
¢evo zaporedje, konca pa se s Kriko-
vsko formacijo. Drugi profil je sesta-
vljen podobno kot glavni profil med
70 in 95 m (kjer so pogosti presedi-
mentirani apnenci), medtem ko tretji
profil ustreza vrhnjemu delu glavnega
profila. Znacilen horizont tanko pla-
stnatega hemipelagi¢nega apnenca je
oznacen s sivima trakovoma.



352 Rozi¢, B.

@ 3“section
2"section

main
section

RMZ-M&G 2008, 55



Upper Triassic and Lower Jurassic limestones... 353

Plate 1. Fig. 1. View of Mt Kobla from the eastern side with the location of the
studied sections; Fig. 2. Hemipelagic limestone with irregular chert nodules from
the middle part of the main section; Fig. 3. Thicker limestone conglomerate beds
alternating with thinner beds of hemipelagic limestone just below the distinct hori-
zon of thin-bedded hemipelagic limestone (at approximately 95 m in the main sec-
tion); Fig. 4. Wackestone composed of calcified radiolarians and sponge spicules,
pellets, bivalve-shells, and gastropods with a geopetal structure (at 18.5 m in the
main section); Fig. 5. Mudstone to wackestone with “ghosts” of calcified radiolar-
ians, echinoderm fragments, and ostracods geopetally filled with an opaque miner-
al, most probably pyrite (at 102.3 m in the main section); Fig. 6. Medium-grained
grainstone with foraminifer Galeanella tollmanni Kristan-Tollmann; other grains
are echinoderm fragments, pellets, and intraclasts (at 1.8 m in the third section);
Fig. 7. Medium-grained, partially dolomitised grainstone with ooids, peloids, and
rarer fossils, predominantly echinoderm fragments and foraminifer (at 16.5 m in
the third section).

Tabla 1. Sl. 1. Pogled na Koblo z vzhodne strani z lokacijami raziskanih profilov;
S1. 2. Hemipelagi¢ni apnenec z nepravilnimi rozen¢evimi gomolji v srednjem delu
glavnega profila; Sl. 3. Menjavanje debelih plasti apnencevega konglomerata s
tanjSimi plastmi hemipelagi¢nega apnenca tik pod znacilnim horizontom tanko
plastnatega hemipelagi¢nega apnenca (priblizno 95 m glavnega profila); SI. 4.
Vekston s kalcitiziranimi radiolariji in spongijskimi spikulami, peleti, $kolj¢nimi
lupinami in polzi z geopetalno teksturo (18,5 m glavnega profila); SI. 5. Madston
do vekston z “duhovi” kalcitiziranih radiolarijev, drobci iglokoZcev in ostrako-
di, ki so geopetalno zapolnjeni z neprosojnim mineralom, najverjetneje piritom
(102,3 m glavnega profila); Sl. 6. Srednje zrnati greinston s foraminifero Gale-
anella tollmanni Kristan-Tollmann; preostala zrna so drobci iglokoZcev, peleti
in intraklasti (1,8 m tretjega profila); SI. 7. Srednje zrnat, deloma dolomitiziran
greinston z ooidi, peloidi in manj pogostimi fosili, predvsem drobci iglokoZcev in
foraminifer (16,5 m tretjega profila).
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coarse-grained, grey, bedded (3 to 45 cm),
normally graded, even, and wavy lami-
nated grainstone composed predominantly
of intraclasts and fossils; i1.e. echinoderm
fragments and rarer benthic foraminifers,
fragmented shells of bivalves, brachiopods,
and ostracods, gastropods, and codiaceans.
The limestone conglomerate is bedded (12
to 150 cm) and occasionally graded. Beds
are even or rarely channelised. The thick-
est beds are abruptly overlain by graded
calcarenite. Clasts in the conglomerate are
dm-sized, well rounded, elongated, and
oriented parallel to the bedding planes.
Clasts are almost exclusively basinal intra-
clasts (mud-chips) and of the same com-
position as the surrounding hemipelagic
limestone, whereas the matrix consists of
the calcarenite described above.

Above 95 m in the section, coarser beds
become rare, while hemipelagic limestone
becomes very thin-bedded and exhibits
less diverse composition, with calcified
radiolarians as predominant grains; other
fossils are rare ostracods and echinoderm
fragments (Plate 1; Fig. 5). This distinct,
thin-bedded horizon is above 104 m in the
section overlain by bedded (up to 80 cm)
limestone conglomerate and calcarenite.
Clasts in the conglomerate are again most-
ly basinal intraclasts, whereas the compo-
sition of calcarenite (which also forms the
matrix in conglomerate) changes signifi-
cantly. It is grainstone composed of ooids,
peloids, and rare fossils, among which
echinoderms and codiaceans prevail.
These beds are partially dolomitised. The
topmost bed in the main section is tectoni-
cally altered; i.e. dissected by numerous
calcite veins and fissures oriented gener-
ally parallel to the bedding planes.

The main section was sampled for cono-
donts (Rozi¢ & Korar-Jurkovsek, 2007;
Rozi¢ et al., in press). The last conodonts
were retrieved below the horizon of thin-
bedded hemipelagic limestone. Conodont
assemblages indicated that the limestone
succession below this horizon was Late
Norian to Rhaetian in age.

Second section

The second section consists of hemipe-
lagic limestone alternating with limestone
conglomerate and calcarenite (Figure 4). It
is similar to the succession from 70 to 95
m in the main section, although limestone
conglomerate beds are generally thinner
(up to 90 cm). The composition of these
beds is the same as that of corresponding
beds from the main section.

Third section

The section begins with a 5 m thick ho-
rizon dominated by calcarenite (Figure
4). The microfacies and composition are
equal to that of the calcarenite researched
below 95 m in the main section (Plate 1;
Fig. 6). Above this horizon hemipelagic
limestone starts to prevail. In the first two
metres, beds are still up to 25 cm thick
and are overlain by rather thin limestone
conglomerate beds. Upwards thin-bedded
hemipelagic limestone dominates the suc-
cession. It is interbedded with very rare,
thin calcarenite beds and composed simi-
larly to the thin-bedded hemipelagic lime-
stone from the main section. The thickness
of this horizon is eight metres. It is over-
lain by 10 m of bedded (up to 50 cm) cal-
carenite and limestone conglomerate. The
microfacies and composition are the same
as those of the coarse beds of the topmost
part of the main section (Plate 1; Fig. 7).
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Similarly, these topmost beds also exhibit
partial dolomitisation. Upwards the out-
crops become poor, but it is evident that
the following succession is dominated by
ooidal/peloidal calcarenite while limestone
conglomerate becomes rarer.

DiscussION

The lower part of the main section is domi-
nated by hemipelagic limestone. The com-
position of these beds indicates deposition
in a deeper-water sedimentary environ-
ment. Because carbonate plankton was
scarce until the late Jurassic (BARTOLINI et
al., 2002; Prrter & Martiowt, 2002), the
lime mud must have been shed especially
from the adjacent Julian Carbonate Plat-
form. Upwards the coarser beds start to
occur more abundantly. Sedimentary tex-
tures in these beds indicate deposition by
gravity flows, predominantly turbidites. In
the calcarenite, the foraminifers Galeanel-

la panticae Bronnimann and G. follmanni
Kristan-Tollmann were determined (Plate
1; Fig. 6). The presence of these foraminif-
ers indicates that reefs were present in the
source area (SCHAFER, 1979; SENOWBARI-
DaArvyaN, 1980; SENOWBARI-DARYAN et al.,
1982). Coarser beds in the upper part of
the main section indicate the progradation
of the sedimentary environment. Namely,
the facies association is characteristic of
the basin plain and changes upwards to the
lower slope.

The horizon of thin-bedded limestone
records a sudden biotic decrease and may
be related to the biocalcification crisis
that marks the Triassic—Jurassic bound-
ary (PaLry et al., 2001, 2007; WarD et al.,
2004; GALLI et al., 2005, 2007). Although
no Jurassic fossils have yet been found in
the overlying ooidal/peloidal calcarenite
and limestone conglomerate, the ooidal
beds most probably belong to the Hettang-
ian—Pliensbachian Krikov Formation and

d B
3"section
nd L. dip of beds 315/35
2"section . .. Mt. Kobla
dip of beds 180/90 ™, N

main section 4
dip of beds 300/35

S N
Baéa predominant =T+ abundant coarse- thin-bedded n :
. A 7 . n : Krikov Fm.
Dolomite hemipelagic limestone \U=_J grained limestones limestone

Figure 5. Sketch of the tectonic interpretation. Left: the tectonic compression re-
sulted first in an asymmetric fold that was later dissected by minor thrusts. Right:
a present-day geological cross-section of Mt Kobla with the position of the studied
sections.

Slika 5. Skica tektonske interpretacije. Levo: kot posledica tektonske kompresije
je najprej nastala nesimetri¢na guba, ki je bila kasneje pretrgana z manj$imi narivi.
Desno: danasnji geoloski prerez Koble z lokacijami preiskanih profilov.
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record the recovery of production on the
adjacent Julian Carbonate Platform.

The main purpose of this paper is to deter-
mine whether the second and third sections
represent a tectonically repeated upper part
of the main section or form a continuous
succession. It seems likely that the first,
tectonic explanation is correct. The argu-
ments for this interpretation are the pres-
ence of the following: a) the same super-
position of different facies in the main and
the third section, namely, from alternating
hemipelagic and coarse-grained resedi-
mented limestones through thin-bedded
hemipelagic limestone to the subsequent
change to ooidal/peloidal calcarenite and
limestone conglomerate; b) the change in
dips of beds from northwest dips in the
main and third sections to sub-vertical,
east—west extending beds in the second
section; and c) the fissures and calcite veins
at the top of the main section that indicate
intense tectonic deformation oriented ap-
proximately parallel to the bedding plains;
i.e. thrust displacement.

The repeated succession on Mt Kobla is
explained as a consequence of compression
that resulted in asymmetric fold originat-
ing during thrust fault propagation (Davis
& ReynoLps, 1996). The fold limbs were
additionally displaced by minor thrust
(Figure 5). East-west extending beds in
the second section indicate that the com-
pression is related to South-Alpine south-
verging thrusting (PLACER, 1999; VRABEC
& Fopor, 2006; KasTeLC et al., 2008). As
indicated by numerous fissures and calcite
veins at the top of the main section, the
displacement was greater along the lower
thrust. The second section is structurally

located in the sub-vertical; i.e. southern
fold limb. The succession investigated in
this section corresponds to the succession
between 70 and 95 m of the main section
(Figures 4 and 5). Under such structural
setting, the third section is located in the
low-dip; i.e. northern fold limb. In this sec-
tion the topmost part of the main section
is repeated (Figures 4 and 5). The Triassic
foraminifer Galeanella tollmanni Kristan-
Tollmann was determined at the base of
this section (Plate 1; Fig. 6). Because Bus-
ER (1986) reports Jurassic Involutina fari-
nacciae at 140 m in his section, it seems
likely that this occurrence corresponds
to the top of the third section. Therefore,
we can presume that the Triassic—Jurassic
boundary lies within the horizon of thin-
bedded hemipelagic limestone that marks
the top of the main section but is repeated
due to thrusting in the third section. Minor
differences between the second and third
sections with corresponding parts of the
main section are explained by lateral vari-
ations caused by deposition in the lower
slope sedimentary environment.

Alternatively, the second and third sec-
tions could represent a stratigraphically
continuous succession above the main sec-
tion. In this case, the sub-vertical dip in
the second section would originate from
a synsedimentary fold caused by slump-
ing. The overall succession (comprising
all three sections) would be marked by
two horizons of thin-bedded hemipelagic
limestone each overlain by ooidal/peloi-
dal calcarenite and limestone conglomer-
ate. Such an interpretation is less prob-
able when the sedimentary succession of
the Julian Carbonate Platform, which was
a source area of resedimented carbonate
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material, is taken into consideration. The
Triassic—Jurassic boundary on the plat-
form has not yet been studied in detail, but
is generally placed below the first occur-
rence of ooidal limestone that overlies the
Dachstein Limestone or, in platform mar-
gins, lies above the reef limestone (BUseEr
1986; Jurkovsek et al., 1990; OGORELEC
& BuskeRr, 1997). Similar Late Triassic to
Early Jurassic depositional change is also
observed in the Julian Carbonate Platform
succession located in the northern part of
the Mt Kobla area (Figure 2), where the
Late Triassic is represented by reef lime-
stone (TurNSEK & BUSER, 1991; TURNSEK,
1997) and Early Jurassic by ooidal lime-
stone. Although the contact in this area is
tectonic, the fault dips parallel to the bed-
ding and disruption of the sedimentary suc-
cession is most probably minor. Therefore
the prominent change in the composition
of resedimented limestones in the studied
basinal sections records the main sedimen-
tary change on the Julian Carbonate Plat-
form: i.e. from tidal flats or reefs to ooidal
shoals. A similar main change is reported
from the Lombardian Basin located in the
western Southern Alps. In the Lombard-
ian Basin the Late Triassic Zu Limestone
Formation is represented predominantly
by marl/micritic limestone alternations,
whereas in the upper part of the formation
coral limestones are present as a conse-
quence of the basin shallowing (JapouL et
al., 1994, 2007; GaEgtani et al., 1998; Gi-
ANOLLA & JacQuin, 1998). Although rare
ooidal limestone beds are reported already
from the upper Zu Limestone Formation
the main change is reserved for the Early
Jurassic, when Bahamian-type carbonate
platform peloidal and ooidal limestones
of the Albenza Formation started to de-
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posit (JapouL et al., 2007). Furthermore,
the interval between the Zu Limestone and
Albenza Formations is marked by a suc-
cession that is very similar to thin-bedded
limestone horizons from the Kobla sections.
This distinct interval from the Lombardian
Basin (which records a major transgres-
sion) is known as topmost Zu Limestone
or Malanotte Formation and was proven
to contain a Triassic—Jurassic boundary
(GaLur et al. 2005, 2007; Japout, 2007).
The correlation with the Lombardian Ba-
sin additionally suggests only one, tectoni-
cally repeated thin-bedded limestone hori-
zon in the Kobla sections and furthermore
indicates that this horizon offers great po-
tential for studies of the Triassic—Jurassic
boundary in the Tolmin Basin.

CONCLUSIONS

In the northern part of the Tolmin Basin
the Late Triassic succession is exception-
ally represented by limestones, whereas
in the major part of the basin the entire
Norian—Rhaetian interval consists of dolo-
mite (Baca Dolomite). This limestone suc-
cession was studied at Mt Kobla and is
composed predominantly of hemipelagic
limestone alternating in the upper part with
resedimented limestones, i.e. calcarenite
and limestone conglomerate. The change
of facies association indicates a progra-
dation of sedimentary environments from
the basin plain to the lower slope. The
Triassic succession ends with a distinct,
few-metres-thick horizon of thin-bedded,
hemipelagic limestone. This distinct hori-
zon records the end-Triassic productivity
crisis. The overlying resedimented lime-
stones, mostly ooidal/peloidal calcarenites
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of the Krikov Formation, document the
early Jurassic recovery of carbonate pro-
duction on the adjacent Julian Carbonate
Platform. Apart from the main section, the
uppermost Triassic—Early Jurassic succes-
sion was additionally studied in two sec-
tions that overlie the main section. Micro-
facies analysis, geological mapping data,
brittle deformations of sections margins,
and correlation with the Julian Carbonate
Platform and the Lombardian Basin suc-
cessions indicate that the studied succes-
sion at Mt Kobla is tectonically repeated
due to minor thrust displacement.

PovzZETEK

Zgornje triasni in spodnje jurski apnen-
ci na Kobli v severnem Tolminskem ba-
zenu: tektonsko ponovljeno ali zvezno
zaporedje?

V severnem delu Tolminskega bazena
zgornje triasno zaporedje izjemoma se-
stavljajo apnenci, medtem ko v preostalih
delih bazena celotno norijsko-retijsko ob-
dobje predstavlja dolomit (Baski dolomit).
Apnencevo zaporedje je bilo raziskano
na Kobli. Sestavljajo ga predvsem hemi-
pelagicni apnenci, ki se v zgornjem delu
menjavajo s presedimentiranimi apnenci,
in sicer kalkareniti in apnencevimi kon-
glomerati. Sprememba v faciesni zdruzbi
dokazuje progradacijo sedimentacijskega
okolja iz bazenske ravnice v spodnje po-
bocje. Triasno zaporedje se konca z zna-

¢ilnim, nekaj metrov debelim, horizontom
tanko plastnatega hemipelagi¢nega apnen-
ca. Ta horizont odraza krizo v karbonatni
produkciji, ki oznacuje konec triasa. Visje
lezeci presedimentirani apnenci, predvsem
ooidno/peloidni kalkareniti Krikovske for-
macije kazejo na obnovitev karbonatne
produkcije na bliznji Julijski karbonatni
platformi. Poleg glavnega sedimentoloske-
ga profila je bilo zgornje triasno do spodnje
jursko zaporedje preuceno Se v dveh profi-
lih, ki se nahajajo neposredno nad glavnim
profilom. Analiza mikrofaciesov, rezultati
geoloskega kartiranja, lomne deformaci-
je na robovih profilov in korelacija z za-
poredji Julijske karbonatne platforme ter
Lombardijskega bazena kazejo, da je pre-
uceno zaporedje na Kobli zaradi premikov
ob manjsih narivih tektonsko ponovljeno.
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Abstract: Three alluvial groundwater bodies in Slovenia have been as-

sessed as a groundwater body with poor chemical status, mainly due
to high concentrations of nitrate and other pollutants from intensive
agricultural land use. In more than half of the national monitoring
sampling sites in groundwater bodies, the annual average concentra-
tions exceed 50 mg/l nitrate. In spite of the limitation in fertilisa-
tion, there is no evidence of a significant decreasing trend in nitrate
concentrations in groundwater. The EU Water Framework Directive
(WFD) requires further characterization of those groundwater bod-
ies which have been identified as being at risk in order to establish a
more precise assessment of the significance of such risk. The Lower
Savinja Valley shallow alluvial aquifer with poor groundwater chem-
ical status has been selected as a test case for such further characteri-
zation. This article discusses the issues of groundwater vulnerability
assessment by the SINTACS method and sensitivity analysis of the
model parameters. The result of the research offers a new basis for
planning of detailed monitoring and protection measures, as well as
good orientation for further methodological investigation.

Izvlecek: V Sloveniji je bilo predvsem zaradi vsebnosti nitratov in dru-

gih onesnazeval iz intenzivne kmetijske pridelave na treh aluvijal-
nih podzemnih vodnih telesih ocenjeno slabo kemijsko stanje. Na
ve¢ kot polovici vzor¢nih mest drzavnega monitoringa povprecne
letne vsebnosti nitrata presegajo 50 mg/l. Nitrati kljub omejitvam
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pri gnojenju na nobenem vodnem telesu nimajo znacilnega trenda
znizevanja. Evropska vodna direktiva (WFD) zahteva podrobnej-
So karakterizacijo vseh vodnih teles, za katera je bilo ugotovljeno
tveganje za nedoseganje zastavljenih okoljskih ciljev. Za omenjena
telesa podzemne vode naj bi izdelali bolj podrobno oceno znacil-
nosti oz. pomembnosti tega tveganja. Za testni primer podrobnejse
karakterizacije telesa podzemne vode s tveganjem je bil izbran plitvi
aluvijalni vodonosnik Spodnje Savinjske doline s slabim kemijskim
stanjem podzemne vode. Clanek obravnava rezultate ocene ranljivo-
sti podzemne vode z metodo SINTACS in rezultate analize obcutlji-
vosti modelnih parametrov. Rezultati raziskave nudijo novo podlago
za nacrtovanje programa podrobnejSega monitoringa in programa
zaSCitnih ukrepov, kakor tudi novo usmeritev nadaljnim metodolo-

$kim raziskavam.

Key words: groundwater, vulnerability, contamination, SINTACS, sensi-

tivity analysis

Kljuéne besede: podzemna voda, ranljivost, kontaminacija, SINTACS,

analiza obcutljivosti

INTRODUCTION

Three out of twentyone Slovenian ground-
water bodies have been identified as a gro-
undwater body at risk in the first national
groundwater chemical status assessment
(Kramnc et al., 2005). The central part of
the smallest Slovenian groundwater body
- Savinja Valley - has been selected as a
test case for further characterization ac-
cording to the WFD (DirecTive 2000/60/
EC, 2000), (Figure 1). It is about a 100
square kilometer-wide shallow alluvial
aquifer system with about 5 percent of the
total groundwater volume of all Slovenian
alluvial aquifers. An important part of the
regional water demand of the Savinja Val-
ley is satisfied by pumping groundwater
from the sandy gravel aquifers of the plain,
where, even a decade ago, conflicts of in-

terest occurred among the local popula-
tion. The region of the Lower Savinja Val-
ley is primarily renowned as the “valley of
hops” with intensive agricultural activities
and urbanization (Figure 2).

National groundwater level monitoring as
well as groundwater quality monitoring in the
Lower Savinja Valley have been permanent-
ly performed by the Environmental Agency
of the Republic of Slovenia since 1955
and 1990 respectively. Activities in the last
decade have been initiated to complete the
conceptual model of the aquifer and initial
characterization of the groundwater body.
Studies included a review of the results of
the previous hydrogeological investigations
in the area, additional hydrogeological field
mapping and water balance analysis (UHAN,
1996; PresSTOR et al., 2005).
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[ Lower Savinja Valley aquifer
[ | Savinja catchment area

Figure 1. Position of the Lower Savinja Valley aquifer and their part of the Savinja
river watershed

Slika 1. Vodonosnik Spodnje Savinjske doline in njeno prispevno hidrolosko
obmocje Savinje

[ hops production fields
I urbanized area

Figure 2. The hops production fields and urbanized areas in the Lower Savinja Valley
Slika 2. Hmeljisca in urbanizirana obmocja Spodnje Savinjske doline
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In order to meet the requirements of the
Water Framework Directive, the Lower
Savinja Valley groundwater quality and
quantity status assessment were made in
the year 2005 (ANDJELOV et al., 2006; Kra-
Nc et al.,, 2007). Good quantitative but
poor chemical statuses were assessed. The
reason for the bad chemical status of the
groundwater was found in high nitrate and
pesticide concentrations, with an average
55.17 mg/l and maximum 143.02 mg/1 for
nitrates and an average 0.49 pg/l and maxi-
mum 2.63 pg/l for the sum of pesticides.

Following the first chemical status assess-
ment results in 2005, further characteriza-
tion has started with detailed groundwater
vulnerability assessment using the Geo-
graphical Information System. We utilised
the parametric method to assess intrinsic
groundwater vulnerability and single-pa-
rameter sensitivity analysis. The purpose
of the research was to improve knowledge
about the natural protection ability of the
unsaturated zone and about the pressure
impacts, originating especially from dif-
fuse pollution sources, in order to improve
planning of protection measures.

METHODOLOGY

Groundwater vulnerability represents the
intrinsic  geological and hydrogeologi-
cal characteristics of the aquifer. Its con-
cept has been widely used in assessing the
likely impact of pollution pressures during
the groundwater characterization process
and in the regional groundwater protection
strategy. The SINTACS scheme of aquifer
pollution vulnerability mapping was estab-
lished for hydrogeological, climatic and

impacts settings, typical for the Mediterra-
nean countries (Civita, 1990). This assess-
ment procedure incorporates seven param-
eters, relevant for the contaminant attenua-
tion and vertical flow capacity (Table 1). In
the vulnerability assessment procedure, the
Savinja Valley area was discretised with a
regular mesh grid of 100x100 m. The grid
square cell structure of the SINTACS in-
put data has been designed in order to use
several weight strings. The weight strings
have been prepared in order to satisfacto-
rily describe the effective hydrogeologi-
cal and impacting situation as set up by
the sum of data. The present release of
SINTACS presents five weight strings for
normal impact, relevant impact, drainage
from the surface network, deep karstified
terrain and fissured terrain. For each of the
7.887 grid squares, element normalized
SINTACS index was calculated and differ-
ently vulnerable areas were assessed using
SINTACS RS parametric methods (Civita
& DE Maio, 2000).

RESULTS AND DISCUSSION

Deep to the groundwater (SINTACS pa-
rameter S)

Groundwater is not deep under the sur-
face in the Lower Savinja Valley. For the
processing of the results of groundwater
level measurements from fourteen measu-
rement stations, a weighted moving ave-
rage method has been used. In the period
1986-2005, the groundwater level was the
highest in the north-central part (0.69 me-
tre) and deepest in the central part of the
valley (7.25 metre). The average depth to
the groundwater at the majority (71.66 %)
of the 100x100 metre grid cells amounts
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Figure 3. Parametric maps of SINTACS groundwater vulnerability model for the
Lower Savinja Valley aquifer

Slika 3. Karte parametrov SINTACS modela ranljivosti podzemne vode vodono-
snika Spodnje Savinjske doline
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SINTACS vulnerability degree

[ ] high vulnerability
I medium vulnerability

Figure 4. Distribution of the groundwater vulnerability index in the Lower Sav-

inja Valley

Slika 4. Prostorska razporeditev indeksa ranljivosti podzemne vode v Spodnji

Savinjski dolini

Table 1. Main characteristics of SINTACS parameters in the Lower Savinja Valley aquifer
Tabela 1. Osnovne znacilnosti parametrov SINTACS v Spodnji Savinjski dolini

SINTACS Parameter

Characteristics

Depth to the groundwater table

average 3.9 m

Effective infiltration

average annual precipitation 1233 mm, average
annual air temperature 9 °C

Unsaturated zone attenuation capacity

mainly holocene alluvial sandy gravel with clay
component

Soil/overburden attenuation capacity

eutric cambisol, eutric fluvisol, eutric gleysol

Hydrogeological characteristics of the aquifer

unconfined aquifer, max. thickness of gravel, sand
and clay sediments is 28 m, average 8 m

Coefficient of hydraulic conductivity

holocene: 1.1-10° + 1.1-10% m/s,
pleistocene: 2.0-10° + 2.0-10* m/s

Topographic slope

average 0.8 %

RMZ-M&G 2008, 55



Assessing groundwater vulnerability by SINTACS method...

369

to less than 4.5 metre, which corresponds
to the ratings 8, 9 and 10 with the highest
vulnerability rate. The majority (31.63 %)
of the grid cells is to be found in the range
of 2.5 and 4.5 metres.

Effective infiltration action (SINTACS
parameter 1)

For the calculation of the effective infil-
tration out of precipitation and evapotran-
spiration data, we used the hydrogeologi-
cal inverse balance method (Civita et al.,
1999), while taking the hydrogeological
characteristics of the aquifer or soil texture
characteristics into consideration. We esti-
mated the interdependence of the following
factors on the Lower Savinja Valley study
area: (1) yearly average precipitation and
corrected yearly average air temperature
for the period 1986-2005 and (2) average
elevation of the nearest gauging stations.
We calculated the evapotranspiration and
the effective precipitation of each of the
100x100 grid cells, using the numerical
model CALCO INFILTRAZIONE (Civi-
Ta and DE Maio, 2000) after Turc (1954),
and got the effective infiltration through
estimating the potential infiltration coefici-
ent. The effective infiltration in the period
1986-2005 ranged between 121 mm and
387 mm. The most frequently represented
ratings are rating 10, ranging between 235
and 316 mm (47.76 %), and rating 6, ran-
ging between 111 and 136 mm of effective
infiltration (25.03 %).

Unsaturated zone attenuation capacity
(SINTACS parameter N)

The unsaturated zone of the Lower Savinja
Valley aquifer consists mostly of holocen
sandy gravel with clay component at the
marginal parts of the aquifer. We attributed
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the N rating between 4 and 6 to the lito-
types on the basis of litotypes vs. N ratings
diagram (Civita and DE Maio, 2000). The
pleistocene sediments with the assumed
rating of N=3 can also be found at the lo-
wer part of the unsaturated zone of the cen-
tral west-central part of the aquifer. For the
areas, where the unsaturated zone is con-
sist of holocene and pleistocene litotypes,
we calculated the weighted mean that re-
fers to the thickness. The unsaturated zone
with rating N=4 represents 39.20 % of the
100x100 grid cells and is therefore preva-
lent at the area of the Lower Savinja Val-
ley, followed by the unsaturated zone with
arating N=5 (34.53 %) and the unsaturated
zone with a rating N=6 (26.27 %).

Soil/overburden attenuation capacity
(SINTACS parameter T)

The significant water movement and pol-
lutant retaining processes are dependent on
textural characteristics of the soil, where
the clay component is of special importan-
ce. There are three significant pedocarto-
graphical units prevalent in the Lower Sa-
vinja Valley: eutric fluvisol, evtric cambisol
and evtric gleysol. Representation of all the
other pedosystematical units is strongly in-
ferior. The value of parameter T, read out
of the soil textures vs. ratings T diagram
(Cwvita and DE Maio, 2000), is defined on
the basis of nine pedological profiles in the
Lower Savinja Valley. There are three types
of soil prevalent in these profiles: light to
medium-heavy eutric fluvisol (T=7), medi-
um-heavy eutric soil (T=5) and medium-he-
avy to heavy evtric gleysol (T=3). There are
100x100 m grid cells with the rating T=5
prevalent (47.76 %) in the Lower Savinja
Valley, followed by grid cells with a rating
of T=7 (27.21 %) and T=3 (25.03 %).
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Hpydrogeological characteristics of the
aquifer (SINTACS parameter A)

We compared the hydrogeological structu-
re of the studied area (Kass et al., 1976;
UHaN, 1996) with the results of statistical
analysis of the groundwaterlevel national
monitoring hydrograms (UHAN, 1997). Two
highly separable factors with more than 92
% explained variance of groundwater level
were founded through principle component
analysis. The interpretation of the second
factor is prevailingly bound to the lower
terrace aquifer with high permeability. By
that the coincidence of factor scores with
water levels and flows of the Savinja River
was discovered. Hydrogeological conditi-
ons along the bed of the river Savinja be-
tween Breg pri Polzeli and the confluence
with Bolska allow the influent flow of the
Savinja river. In the riverbed of Bolska and
Savinja the exfluent flow, supplemented
with groundwater springs at the area of
Kaplja vas and Vrbje, was registered from
the conflence with Bolska. The statistical
analyses of the principal components of
the groundwaterlevel national monitoring
hydrograms support the spatial interpre-
tation especially of those hydrogeological
elements, linked with the spatial distributi-
on of the holocene sediments or hydraulic
relation of the groundwater and surface
water. We attributed values of parameter A
between 6 and 8 to the hydrogeological ho-
mogene units upon the recommendation of
Civita and DE Maio (2000). We attributed
the following areas with the following va-
lues of parameter A: (1) lower terrace area
with holocene coarse-grained sediments
and less clay and silt fractions and a more
dynamic hydrogeological regime — value
8, (2) the area of upper terrace with ple-

istocen — value 7 and (3) the area of the
highest terrace with more compacted plio-
cen sediments with more clay component
— value 6. These litotypes are in the Lo-
wer Savinja Valley and are mainly equally
distributed, with a slight prevalence of the
rating 7, which represents the occurrence
of the holocene sediment.

Hpydraulic conductivity range of the
aquifer (SINTACS parameter C)

The estimate of the hydraulic conductivity
range of the holocene part of the the Lower
Savinja Valley, based on pumping tests, is
between 1.1-10 and 1.1-10 m/s, where-
as the hydraulic conductivity range of the
pleistocene part of the aquifer is estimated
at between 2.0-10° m/s and 2.0-10* m/s.
The conductivity coefficient of 1.2:102
m/s was defined using the tracer test east
of Arja vas. The pumping test gave similar
results (0.65-102 m/s), while the granulo-
metric analyses of particular sedimentolo-
gical heterogenic samples from the explo-
ration hole resulted in the conductivity
coefficient ranging between 6.5-10° m/s
and 2.3-102 m/s (Kiss et al., 1976). The
hydraulic conductivity range of the plioce-
ne sediments is due to the clay components
and sediment compaction even lower than
that of the pleistocene sediments. The hy-
draulic conductivity range of the holocene
part of the Lower Savinja Valley is with
the SINTACS value of C=9 (13.28 % of
the cells) relatively high and lowers itself
at areas of holocene sedimentation and
even moreso at the marginal parts of the
sedimentation basin or at the areas of plio-
cen sedimentation. Most of the area has the
value of C=6 (41.28 %), followed by C=7
(23.47 %) and C=8 (21,86 %).
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Table 2. Scenarios and weights for SINTACS parameters (Crvita and DE Maro, 2000)

Tabela 2. Scenariji in utezi za parametre SINTACS (Civita and DE Maio, 2000)

Parameters S I N T A C X
normal impact scenario 5 4 5 3 3 3 3
relevant impact scenario 5 5 4 5 3 2 2
drainage from surficial network scenario 4 4 4 2 5 5 2

Hydrological role of the topographic slo-
pe (SINTACS parameter X)

The Lower Savinja Valley is a flat surface
aquifer with unexpressive topographic slo-
pes. There is a 99-metre difference betwe-
en the highest elevation on the west and
the lowest elevation on the east, but the
slope of the surface of the valley is gradual.
Morphological particularities are decliviti-
es between individual terraces, sometimes
as high as 10 metres. The prevalent slope
inclination is based on a digital elevation
model analysis 0.5°, which in relation to
the slope inclination and value of parame-
ter X corresponds with the rating 10.

Impact scenarios and weight strings

We adjusted the groundwater vulnerability
model to the hydrogeological conditions
and impact scenarios of the discussed area
and accepted first three impact scenarios
(Civita and DE Maio, 2000). We used the
normal impact scenario or relevant impact
scenario and drainage from the river net-
work scenario for the shallow aquifer of
the Lower Savinja Valley. As far as the first
two scenarios are concerned, the stress has
been layed especially upon the intensive
agriculural use of land, irrigation and ur-
banisation. The third scenario was attribu-
ted to the influent flow of the Savinja River
and its affluents, to wetlands and to flooded
areas. The predominant part of the Lower
Savinja Valley is heavily anthropogenicly
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loaded (75.0 %), while the rest of the aqui-
fer area is moderately loaded (4.2 %) or
distinctive possibilities of surface drainage
into the aquifer exist (20.8 %).

ELABORATION OF THE VULNERABILITY MAP

The assessment of the seven SINTACS pa-
rameters and three selected scenario ena-
bles the calculation of groundwater vulne-
rability SINTACS index [, ... which for
the particular 100x100 m grid cell repre-
sents a sum of ratings and weights for all
seven SINTACS parameters:

-2

SIN TACS

where [, . .. 1s the vulnerability index and
P, and W, are the ratings and the weights

respectlvely of the grid cell i.

The SINTACS index ranging between 139
and 215 with the average of 183 has been
calculated for 7.887 100100 m grid cells
at the area of Lower Savinja Valley. The
Lower Savinja Valley is in SINTACS esti-
mation placed in 4th and 5th groundwater
vulnerability class. At the northeast and
southwest of the aquifer (56.5 %) a 4th
vulnerabilty class is prevalent, while in the
northwestern and central area (43.2 %),
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especially in the narrower area of Savinja
river and lower terrace, the vulnerability
increases (Figure 4).

SENSITIVITY ANALYSIS

The selection of ratings and weights that
have to be assigned to the seven parame-
ters for the SINTACS index calculation
is unavoidably subjective. We applied the
single-parameter sensitivity analysis, whi-
ch evaluates the influence of each parame-
ter on the groundwater vulnerability map.
The analysis used for the Lower Savinja
Valley SINTACS groundwater vulnerabi-
lity map was based on the theory develo-
ped by Lopwick et al. (1990) and effectivly
used by Naporitano and FaBBri (1996).

For each grid square element we calculate
the effective weight w, (in %) using the
following formula:

P-P
W, = [AJ .100
1
SINTACS
where P and P are the ratings and the we-
ights respectively of the layer P assigned

to the subarea i, and /. is the vulnera-
bility index.

The highest sensitivity to the output of the
model was found at the depth to the gro-
undwater (S) and effective infiltration ac-
tion (I), while lower sensitivity was found
at hydrogeological characteristics of the
aquifer (A) and soil/overburden attenua-
tion capacity (T). The lowest sensitivity
of the model was found at the unsaturated
zone attenuation capacity (N), the hydrau-
lic conductivity range of the aquifer (C)
and hydrological role of the topographic
slope (X), (Table 3).

CONCLUSIONS

In the Lower Savinja Valley aquifer case
study an attempt has been made to assess
the groundwater vulnerability and single-
parameter sensitivity analysis. The first
groundwater vulnerability assessment of
this case study area using the SINTACS
parametric method allows us to distinguish
from two classes with different vulner-
ability degrees. The first zone of medium
vulnerability is characterised mainly by
the lower terrace with shallow groundwa-
ter, high surface/groundwater interaction
and a thin protective soil layer. The second
zone of medium vulnerability is charac-
terised mainly by the upper terraces with
deeper groundwater and thick soil layer

Table 3. Average sensitivity weights (in %) of SINTACS parameters in the Lower Savinja Valley aquifer
Tabela 3. Povprecne utezi obcutljivosti (v %) za parametre SINTACS v Spodnji Savinjski dolini

Parameters W, W, Wi W, W, W, W,
Average actual weights 21,54 21,22 10,96 11,18 13,19 10,93 10,99
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Figure 5. Sensitivity weights maps of SINTACS parameter for the Lower Savinja

Valley aquifer

Slika 5. Karte utezi obcutljivosti parametrov SINTACS za vodonosnik Spodnje

Savinjske doline
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with increased clay component. 48.9 per-
cent of the hops production fields and 41.4
percent of the urbanised area are situated
on the high groundwater vulnerable area of
the Lower Savinja Valley aquifer.

The most sensitive parameters in the SIN-
TACS groundwater vulnerability model of
the Lower Savinja Valley are depth to the
groundwater and effective infiltration acti-
on. The results of single-parameter sensi-
tivity analysis enable better understanding
of the vulnerability model results, enable
consistent evaluation of the analytical re-
sult and give a new orientation for further
methodological contamination research by
using statistical and numerical model re-
sults with selected SINTACS groundwater
vulnerability parameters.

It is pointed out that detailed vulnerability
mapping, including analysis of hydrochem-
ical data, especially nitrate concentration
in groundwater, linked to the assessment
of pressures and impacts, is a very good
basis for establishing detailed monitoring
programmes and programmes of measure-
ment to achieve the WFD objectives of
good groundwater status for groundwater
bodies at risk.

PovZETEK

Ocenjevanje ranljivosti podzemne vode
z metodo SINTACS v Spodnji Savinjski
dolini, Slovenija

V okviru Studijskega primera vodonosnika
v Spodnji Savinjski dolini smo ocenjevali
ranljivost podzemne vode in analizirali ob-
cutljivost parametrov ocenjevalne sheme.

Naravno ranljivost podzemne vode smo
ocenili po metodologiji SINTACS, anali-
70 obcutljivosti pa smo izvedli lo¢eno po
posameznih parametrih ocenjevalne she-
me. S tem smo poskusili izboljsati pozna-
vanje prostorske spremenljivosti zas¢itnih
sposobnosti nezasiene cone z namenom
boljSega nacrtovanja monitoringa in ukre-
pov za zascCito podzemne vode v Spodnji
Savinjski dolini.

Spodnja Savinjska dolina je ravninski
vodonosnik z neizrazito topografijo. Na
obmocju vodonosnika prevladujejo tri
pedokartografske enote: obreCna evtri¢na
tla, evtri¢na rjava tla ter evtri¢ni hipogle;.
Nezasicena cona je sestavljena pretezno iz
holocenskega pescenega proda z glinasto
primesjo na obrobnih delih vodonosnika.
Glede na hidrogeolosko homogenost izsto-
pa obmocje spodnje terase z debelozrnati-
mi prodnimi holocenskimi usedlinami z
manj meljaste in glinaste primesi ter z bolj
dinamic¢nim hidrogeoloskim rezimom, ob-
mocje srednje terase s prisotnostjo tudi
pleistocenskih usedlin ter obmocje zgornje
terase z bolj kompaktnimi in bolj glinasti-
mi holocenskimi usedlinami. Hidravli¢na
prepustnost je ocenjena na podlagi ¢rpal-
nih poskusov in za holocenske plasti znasa
od 1,1-107 do 1,110 m/s, za pleistocen-
ske plasti pa od 2,0-10° do 2,0-10* m/s.
Efektiva infiltracija je bila v ocenjevalnem
obdobju 1986-2005 med 120 in 390 mm,
povprecna globina do podzemne vode pa
je bila na preteznem delu vodonosnika
(71,66 %) manjsa od 4,5 metre,

Uporabili smo scenarij zmernega ali pove-
Canega antropogenega obremenjevanja ter
scenarij dreniranja povrsinske vode v vo-
donosnik Spodnje Savinjske doline. Prete-
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zni del Spodnje Savinjske doline je mocno
antropogeno obremenjen (75,0 %), preo-
stali del obmocja vodonosnika je zmerno
obremenjen (4,2 %) ali pa prevladujejo iz-
razite moznosti dreniranja povrsSinske vode
v vodonosnik (20,8 %).

Ocene sedmih parametrov ocenjevalne
sheme po metodi SINTACS in izbranih treh
scenarijev je omogocila izra¢un SINTACS
indeksa ranljivosti podzemne vode, ki za
posamezno ocenjevalno celico 100x100
metrov predstavlja vsoto vrednosti para-
metra in utezi za vseh sedem podatkovnih
slojev. Za 7.887 celic 100x100 metrov na
obmocju Spodnje Savinjske doline je bil
izra¢unan SINTACS indeks v razponu od
139 do 215 s povpre¢jem 183. Obmocje
aluvijalnega vodonosnika Spodnje Savinj-
ske doline se po oceni SINTACS uvrsca v
4. in 5. razred ranljivosti. V severovzho-
dnem in jugozahodnem delu vodonosnika
prevladuje 4. razred ranljivosti, v seve-
rovzhodnem in osrednjem obmocju pa se
ranljivost poveca.

Vpliv posameznih vhodnih parametrov na
izhodni rezultat analiticnega modela smo
ocenili z analizo obcutljivosti posameznih
parametrov v modelu ranljivosti. Najvecjo
obcutljivost na ranljivost podzemne vode
v Spodnji Savinjski dolini ima parameter
globine do podzemne vode in parameter
efektivne infiltracije, manjSa obcutlji-
vost pa je bila ugotovljena pri parametru
hidrogeoloskih lastnosti in lastnosti tal.
Najmanjso obcutljivost imajo v tem oce-
njevalnem modelu parameter lastnosti ne-
zasicene cone, parameter hidravli¢ne pre-
pustnosti in parameter nagiba povrsja.
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Petroloske in mineralosSke znacilnosti PeraciSkega tufa

Petrological and mineralogical characteristics of Peracica tuff
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Izvlecek: Peraciski tuf pripada seriji Smrekovskih piroklastiénih kamnin. Starost
kamnin je oligocenska, prostorska odmaknjenost obeh tipov kamnin pa
posledica desnega zmika ob Savskem prelomu. Peraciski tuf sodi med
drobno do srednjezrnate — pelitne do psamitne tufe. Sestava plagioklazov
kaze 65 % vsebnost albitske komponente, kar jih uvrs¢a med dacitno-
andezitsko sestavo. Kamnine so sekundarno spremenjene. Zeleno barvo jim
daje mineral klorit, ki v veliki meri nadomesca primarni biotit, v vzorcih pa
so prisotni tudi minerali glin in zeoliti. Posamezni razli¢ki Peraciskega tufa
so rjave barve, kar je posledica karbonatizacije kamnine, opazeni pa so tudi
redki vzorci po strukturi kristalnega tufa z nekaj milimetrskimi luskami

klorita.

Abstract: PeracCica tuff series is a part of a bigger Smrekovec piroclastic rock
series. The age of rocks is Oligocene and recent space-distribution of the
piroclastic rocks depict dextral strike-slip along Sava Fault line. Peracica
tuffs are fine to medium grained (pelitic to psamitic) tuffs with dacite to
andesite composition. Rocks exhibit secondary changes in mineral compo-
sition. Green colour of tuffs is caused by chlorite content and this mineral is
substituting primary biotite. Rock samples also contain minerals from clay
mineral group and also zeolites. One of Peracica tuff variety is brown in
colour which is caused from intense carbonatization processes, a type with
a few millimetre in size grains of chlorite belongs to a crystal tuff variety

according to its structure.

Kljuéne besede: Peraciski tuf, mineralna sestava, rentgenska difrakcija, sekun-

darne spremembe

Key words: Peracica tuff, mineral composition, X-ray diffraction, secondary mi-

neral changes
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DOSEDANJE RAZISKAVE IN REGIONALEN PRE-
GLED

Smrekovske vulkanoklasticne kamnine,
kamor priStevamo tudi Peraciske tufe, so
vezane na proces vulkanizma, ki je pricel
delovati v morskem okolju, kjer je nastal
vulkanski masiv z enim stratovulkanom.
Sestava magme se je zaradi frakcionirane
kristalizacije bazaltne taline s ¢asom spre-
minjala od bazaltne prek bazaltno-andezi-
tne in kisle andenzitne do dacitne taline
(KRrALJ, 1997).

Prve opise Peraciskih tufov zasledimo pri
Morrotu (1850), ki jih opisuje kot poseb-
ne zelenkaste, tufom podobne kamnine,
nastale s preobrazbo krhkega eocenskega
skrilaveca (Morrot, 1850). S prouceva-
njem Peraciskih tufov sta se v nadaljnih le-
tih ukvarjala Se Peters, ki jih je dolo¢il kot
sedimentne tvorbe sestavljene iz drobcev
glinastih skrilavcev in dioritnih kamnin
(PeTERS, 1856), ter Lipold, ki je omenje-
ne kamnine starostno uvrstil v spodnji mi-
ocen (LiroLp, 1857). V nadaljnih letih so
sledile raziskave slovenskih geologov. S
to tematiko sta se ukvarjala predvsem JozZe
Dunovnik (1964), ki je izdelal geolosko
skico ozemlja in se ukvarjal s preiskavami
plagioklazev s pomocjo Fedorove metode,
ter DoLAR-MANTUANI v razpravi Peraciski
tufi (1937). V tej razpravi se je ukvarjala
predvsem z dolocevanjem kemizma tufov
in s pomocjo tako dobljenih rezultatov ter
z merjenjem vsebnosti anortitne kompo-
nente plagioklazov ugotovila, da kamnine
pod imenom Peraciski tufi ustrezajo daci-
tni ali andezitni sestavi.

V novejsem Casu na temo podrobnejsih raz-
iskav Peraciskih tufov ni bilo objavljenega

nobenega ¢lanka, omenjajo pa se v raziska-
vah smrekovskih piroklasti¢nih kamnin kot
njihovi ekvivalenti (HINTERLECHTER-RaAv-
NIK & PLENICAR, 1967). Na podlagi sestave
obeh kamnin sta sklepala na skupen izvor
in ugotovila, da je sredis¢e vulkanizma
moralo lezati severno od Julijskih Alp, saj
plasti oligocenskega andezitnega tufa niso
bile najdene severneje od Savskega prelo-
ma, le juzneje v Radovljiski kotlini, med-
tem ko so izdanki Smrekovskega tufa bili
najdeni severneje od Savskega preloma, ob
katerem naj bi prislo do desnega zmika in
s tem razmika obeh vulkanoklasti¢nih serij
kamnin. PLAcER (1996) je potrdil domnevo
da je Celjski prelom le vzhodni podaljsek
Savskega preloma, in s tem oligocenske
plasti Radovljiske kotline, v kateri se na-
hajajo andezitni Peraciski tufi, odrezani
in premaknjeni del oligocenskih plasti in
serije Smrekovskih vulkanoklasti¢nih ka-
mnin iz Celjske kotline. Na podlagi tega je
bil dolocen hipoteti¢ni premik ob Savskem
prelomu za 65-70 km. Savski prelom je
najjuznejsi od spremljajocih prelomov Pe-
riadriatskega lineamenta. Dobljen premik
je bil ugotovljen s pomocjo razdalje med
zahodnima robovoma Radovljiske kotline
in Smrekovskega oligocenskega bazena,
ter vzporejanja oligocenskih plasti ome-
njenih enot.

Izdanki Peraciskih vulkanoklasti¢nih ka-
mnin so vezani na obmocje Radovljiske
kotline v NW Sloveniji (slika 1). Regio-
nalno obmocje pripada juznim obronkom
Karavank in se pojavlja severno od Sa-
vskega preloma. Na severu zasledimo raz-
licke piroklasticnega materiala ze skoraj
ob vznozju gore Dobréa (DoLAR-MANTUA-
NI, 1937). Proti jugovzhodu jim nato sledi-
mo ob toku reke Peracice vse do Grofije,
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kjer se strnjeno obmocje nastopanja ome-
njenih kamnin konca nekoliko zahodneje
od vasi Peracica. Proti jugozahodu nato
sledimo predvsem tufskim pescenjakom
do vasi Crnivec, od tam proti severozaho-
du pa piroklasticne kamnine zasledimo Se
vse do vasi Spodnji Otok in Se severneje
do Dvorske vasi. Poleg tufov zasledimo
na omenjenem obmocju e tufske pesce-
njake, tufske breCe in vmesne plasti gline
sivice, tako da ne moremo govoriti o str-
njenem obmocju nastopanja samih tufov.

Na omenjenem obmocju je bil v preteklo-
sti aktiven Bogatajev kamnolom, kjer so
pridobivali razlicek sivega homogenega
masivnega tufa.

Na obmocju Peraciskega slapa so vi-
dni prehodi med razlicki piroklastiénega
materiala. Na dnu slapa se pojavlja plast
kompaktne sive gline, nad njo lezijo plasti
drobnozrnatega tufa s posameznimi vecji-
mi mineralnimi zrni, nad njimi pa izdanjajo
plasti drobnozrnatega tufa. Po DunovNiku

o el o
T W
_"'_"‘:‘._'.';‘ 1.1{_\"
e - b
1‘!;-;_ - _:- q,\t:“.;:_'r'ﬂ_\"?.\‘ i
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Slika 1. Regionalna skica raziskanega obmocja. Z modro barvo so podane loka-
cije Oligocenskih vulkanoklasti¢nih kamnin Smrekovske serije (po BUser, 1977,
Mio¢ in ZNIDARSIC, 1987; PREMRU, 1983). SF=Savski prelom; PAF=Periadriatska
prelomna cona; SAF=JuZno-alpska narivna meja.

Figure 1. Regional scheme of the investigated area. Blue color depicts locations
of Oligocene vulcanoclastics rocks of Smrekovec series (after Buser, 1977; Mio¢
in ZNIDARSIC, 1987; PREMRU, 1983). SF=Sava Fault; PAF=Periadriatic fault zone;

SAF=South-alpine thrust zone.
RMZ-M&G 2008, 55
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(1964) najdemo vecja strjena obmocja tu-
fov $e na podro&ju okoli Spika in severne-
je, kjer se v glavnem menjata drobnozrnati
in srednjezrnati tuf z redkimi vlozki tufske
brec¢e, medtem ko pri vhodu v Peracisko
dolino pri vasi Crnivec prevladuje pred-
vsem tufski pescenjak.

Namen vzorcenja PeraCisSkega tufa je bil do-
locitev mineraloske sestave razlickov tufa,
ki se razlikujejo Ze makroskopsko. Vzorci
za mikroskopske in rentgenske analize in
so bili vzeti v obeh odkopih Bogatajevega
kamnoloma. Odkriti so bili trije razlicki
tufa; svetlozelen drobnozrnat tuf, svetloze-
len drobnozmat tuf z posameznimi tudi do
1 centimeter velikimi temnejSimi izraziteje
zelenimi mineralnimi zrni ter razlicek rjave-
ga drobnozrnatega tufa. Lokacije vzorcenja
so bile izbrane tako, da so mesta vzor¢enja
vkljucevala vse tri makroskopsko vidne
rezlicke tufa v razli¢nih delih znotraj posa-
meznih plasti. Prve §tiri vzorce sem vzela
v vzhodnem delu odkopa; vzorec Stevilka
ena je tipicen svetlozelen primerek tufa vzet
iz sredine juznega dela stene. Vzorca 2 in
3 sta po barvi rjavkasta, vzeta iz zgornjega
dela juzne stene, vzorec Stevilka 4 pa je vzet
izven glavne stene ter vsebuje makroskop-
sko vidna vecja mineralna zrna v drobno-
zrnati osnovi. Vzorce 5, 6 in 7 sem vzela
v zahodnej$em odkopu kamnoloma. Vsi od
teh so znacilne svetlo zelene barve, vzorec
St. 7 vsebuje Se manganove dendrite.

MIKROSKOPSKE ANALIZE

Mikroskopske analize so bile opravljene
z mikroskopom znamke Nikon Eclipse
E600 POL vpresevni polarizirani svetlobi.
V zbruskih svetlozelenih drobnozrnatih

tufov prevladujejo zrna kremena. Vec€ina
kremenovih zrn je nepravilnih oblik, po-
samezna kaZejo zaobljeno obliko, medtem
ko so posamezna kristalna zrna idiomorf-
na. Prisotna so zrna z normalno in valovito
potemnitvijo, ki nakazujejo pogoje povi-
Sanega usmerjenega tlaka. Povprecna ve-
likost kremenovih zrn znaSa od 30 do 60
pum, posamezna zrna pa dosezejo velikosti
tudi do 300 um. V zbruskih so opazni le-
tvasti kristali enostavno dvojcicnega plagi-
oklaza, ki se po velikosti zrn ne razlikuje
mocno od velikosti zrn kremena; povprec-
na velikost teh mineralnih zrn doseze vre-
dnost 70 um, maksimalna velikost zrm pa
znasa plagioklazovih zrn znasajo od 300-
500 pum. Zrna plagioklazov so povecini po-
lisintetsko dvoj¢i¢na s kotom potemnitve
med 26° do 28° (slika 2d), kar nakazuje na
sestavo plagioklazov, ki vsebujejo ve¢ kot
55 % albitske komponente (MACKENZIE &
Apawms, 2005). Od femicnih mineralov so
prisotna posamezna zrna biotita, vendar je
velika vecina tega minerala Ze sekundar-
no spremenjena - kloritizirana. Ponekod je
klorit nadomestil biotit Ze do take mere, da
zasledimo le Se luske klorita, ki se nahaja-
jo v zdruZbah posameznih pasov in imajo
v celotnem zbrusku enako orientacijo. Te
zdruzbe so velike tudi do 380 pm. V manj-
§i meri so v zbruskih prisotni $e sericit ter
opaki minerali. Osnova je zelo kriptokri-
stalna in pod mikroskopom je mineralna
sestava te neprepoznavna. Zbruski kazejo
orientiranost; tako osnova kot tudi posa-
mezna mineralna zrna, zlasti luske klorita
(slika 2a).

Vzorci drobnozrnatih svetlozelenih tufov,
ki se od ostalih makroskopsko locijo po
prisotnosti vecjih lusk temneje zelenega
minerala. Kremenova zrna so povecini
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Slika 2. Mikroskopski posnetki razlickov Peraciskega tufa. a) zmo dvojéi¢nega plagioklaza, ki
po vrednosti kota potemnitve kaze na njegovo srednjo sestavo v albitno-anortitnem zveznem
nizu; povecava 200X, slikano pod navzkriznimi nikoli. b) kremenova zrna in zrna plagioklazev,
ki prevladujejo med mineralnimi zrni ter letviCasta zrna biotita, ki kazejo povitost in usmerje-
nost. Vidna so tudi polja nepresevnih mineralnih zdruzb ter posamezna zrna Zelezovih oksidov
in hidroksidov. Osnova je drobnozrnata do nekristaljena ter ponekod sekundarno spremenjena;
povecava 40x, slikano pod navzkriznimi nikoli. b) razli¢ek drobnozrnatega tufa, ki je mo¢no
sekundarno karbonitiziran; povecava 100x, slikano pod navzkriznimi nikoli. ¢) zelen, najbolj
razSirjen razli¢ek Peraciskega tufa. Vzorec kaze zelena polja, ki so rezultat nadomescanja pri-
marnega biotita s kloritom; povecava 200x. d) razli¢ek drobnozrnatega tufa, ki je mocno sekun-
darno karbonitiziran; povecava 100x, slikano pod navzkriznimi nikoli.

Figure 2. Thin-section images of Peracica tuffs. a) grain of twined plagioclase that on the ba-
sis of extinction angle points to middle composition in the albite-anortite series; magnification
200x, crossed polars. b) quartz and plagioclase that prevail among mineral grains and flatty
grains of biotite that display wrapping and orientation. Patches of opaque mineral associations
are seen in the thin-section, as-well as grains of iron oxides and hydroxides. The matrix is fine
grained to uncrystallized and in places secondary changed; magnification 40, crossed polars. c)
the green, most common variety of Peracica tuff rock series. In the thin-section primary biotite
grains are replaced by chlorite; magnification 200%. d) grain of twined plagioclase that on the
basis of extinction angle points to middle composition in the albite-anortite series; magnification
200x, crossed polars. d) fine grained variety of tuff rocks that displays high degree of secondary
changes in the form of carbonatization; magnification 100x, crossed polars.
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ksenomorfnih do hipidiomorfnih oblik,
z normalno in valovito potemnitvijo
velikosti od 100-350 pum. Prisotna so tudi
polisintetsko dvojcicna zrna plagioklazov
s kotom potemnitve 25°, kar nakazuje na
sestavo glinencev, ki vsebujejo vec kot
65 % albitske komponente (MacKENZIE
& Abawms, 2005). Posamezna zrna
plagioklazev dosegajo velikosti 230 pm,
najve¢je zrno pa je veliko 760 pm. Od
mafi¢nih mineralov so prisotna biotitova
zrna velikosti 230 um, ki so vec¢inoma ze
kloritizirana, ponekod tudi do take meje,
da so od biotita ostali le Se posamezni
otocki ter biotitov visji relief. Klorit se v
vzorcih pojavlja tudi kot primaren mineral,
predvsem ga zasledimo v posameznih
luskah dimenzij do 75 pm. Od ostalih
mineralov so prisotna $e posamezna zrna
muskovita, ki v povpre¢ju dosegajo 50
pm.

Pri vzorcih svetlozelenih tufov pri katerih
so makroskopsko vidna temnejSa polja ter
vkljucki je pri opazovanju pod mikrosko-
pom brez analizatorja vidna drobnozrnata
osnova, posamezna kremenova zrna ter
dokaj Stevilni nepresevni vkljucki. Opa-
zne so tudi Stevilne, znacilno svetlozelene
luske klorita. Pri opazovanju pod navzkri-
znimi nikoli je Se bolj opazna drobnozrnata
osnova z nizkimi interferen¢nimi barvami
od bele do ¢rne prvega reda. Med mineral-
nimi zrni prevladujejo zra kremena, ki so
povecini ksenomorfnih do hipidiomorfnih
oblik z normalno in valovito potemnitvijo,
povpreéne velikosti 170 um. Po koli¢ini
nastopanja so na drugem mestu zrna plagi-
oklazov. Ta so povec€ini polisintetsko dvoj-
¢icna s kotom potemnitve 28°, kar_naka-
zuje na sestavo plagioklazov, ki vsebujejo
vec kot 55 % albitske komponente. Veliko-

sti plagioklazovih zrn znasajo od 300-500
um. Razpoznavna so tudi posamezna zrna
biotita. Nekatera so ohranjena e v celoti,
medtem ko je od drugih ostal le $e prvotni
relief, drugace pa so povsem nadomesce-
na z kloritom (slika 2c). Velikosti teh zm
so 100-500 pm. Klorit se pojavlja tudi kot
primaren mineral v obliki lusk, prisotna pa
so tudi posamezna zrna muskovita.

Svetlorjav razlicek Peraciskega tufa kaze zelo
drobnozrnato osnovo med katero so opazna
posamezna hipidiomorfna do ksenomorfna
kremenova zrna velikosti 60-90 pm, sama
osnova pa je mo¢no karbonatizirana (slika
2b). Preostali minerali zaradi moc¢ne karbona-
tizacije niso razpoznavni.

Rezultati mineralne sestave se ujemajo s pe-
troloskimi rezultati DoOLAR-MANTUJANUEVE
(1937) in Dunovnika (1964). Slednji je za
tufe Bogatajevega kamnoloma ugotovil, da v
njih prevladuje andezitsko ali dacitsko steklo,
ki ima pozitivni relief. Vsebovana zrna ima-
jo najvecje dimenzije do 0,6 mm. Poleg tch
kamnina vsebuje priblizno 4-5 % zm plagio-
klazov, 1-2 % klorita, ki je povecini nastal kot
posledica preperevanja femi¢nih mineralov
in nastopa v glavnem v luskah velikosti 0,05
mm. Ugotovil je Se prisotnost zrn kremena, ki
naj bi verjetno nastal iz opala preko kalcedona
pri rekristalizaciji steklaste osnove. Tufi naj bi
bili podvrzeni procesu kaolinitizacije, v zbru-
skih pa je zasledil Se kalcit in sericit, ki naj bi
bil prav tako posledica preperevanja vulkan-
skega stekla, ter pirit, goethit in lepidokrokit.
DoLar-ManTuanpEva (1937) je v okviru svoje
preiskave izvedla Se kemijsko analizo tufov,
glavna ugotovitev te je nizka vsebnost K.O v
tufih. Tudi Dunovnik (1964) je v okviru svoje
raziskovalne naloge izvedel kemijsko analizo.
Ugotovil je, da so tufi predvsem bogati z SiO,,
MgO, Ca0O in FeO, ki je vkljucen v Fe O,.
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Tabela 1. Vsebnost mineralov ugotovljena s pomocjo rentgenske difrakcije po vzorcih
Table 1. Mineral composition of 7 samples of Peracica tuff rocks determined by X-ray diffraction

St. Vzorca 1

2 3 4 5 6 7

Mineral

kremen
Sio,

kalcijski albit
(Na ,Ca) Al (Si, Al),O,

analkim
Na(Si,A)O,.H,0

klorit

(Mg,Al)(Si,Al),0, (OH),

10

muskovit
KALSi,AlO, (OH),

kalcit
CaCoO,

dickit
ALSi,0(OH),

montmorillonit
(Na,Ca), ,,(AL,Mg),(8i,0,))(OH), »H,0

nontronit
Ca (Si,Al Fe,)(Fe, Al Mg )0, (OH),

REZULTATI RENTGENSKE DIFRAKCIJE

Vzorce sem analizirala z metodo praSkovne
rentgenske difrakcije. Uporabljen je bil rent-
genski difraktometer PHILIPS s sledecimi
parametri snemanja: napetost 40 kV, tok 30
mA, valovna dolzina uporabljene rentgen-
ske svetlobe CuKo 1,5418 A, sekundarni
grafitni monokromator in proporcionalni
Stevec, snemanje pa je potekalo v kotnem
obmocju 2°-70° 2 0, s hitrostjo 3° 2 ®/min.
Rentgenograme sem analizirala s pomocjo
racunalniskega programa pPDSM. Na ta
nacin sem analizirala vseh sedem vzorcev.
Dobljeni rezultati so si precej podobni, iz-
stopata le vzorca 2 in 3 (tabela 1).
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Na vseh rentgenogramih so prisotni vr-
hovi, ki jih ustvari rentgenska svetloba
uklonjena na vzporednih mreznih ravni-
nah (v nadaljevanju vrhovi), ki pripadajo
kremenu. Prisotni so tudi vrhovi, ki pripa-
dajo analkimu, kloritu ter plagioklazom, ki
glede na njihove d vrednosti predstavlja-
jo plagioklaze srednje sestave. V vzorcih
2 in 3 najvi§ja vrhova na rentgenogramu
pripadata mineralu kalcitu, kar potrjuje in-
tenziven proces karbonatizacije, ki je bila
opazena ze pri mikroskopskih analizah. Z
metodo rentgenske difrakcije so bili je bila
v vzorcih zaznana tudi prisotnost glinenih
mineralov, katerih vrhove na rentgeno-
gramih opazimo pri d vrednostih 7-15 A.
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Posamezni minerali glin s pomoc¢jo RTG
difrakcije niso bili izdvojeni, z izjemo
montmorillonita v vzorcu Stevilka 2. Poleg
vseh omenjenih mineralov, sta bila v vzor-
cih dokazana tudi dickit in nontronit.

Mineralna sestava perac¢iskih tufov do-
locena z metodo praskovne rentgenske
difrakcije je predstavljena v tabeli 1.

Rezultati rentgenske difrakcije se ujema-
jo z mineralno sestavo ugotovljeno pod
mikroskopom. Potrjena je prisotnost kre-
mena, ki predstavlja vecino med mine-
ralnimi zrni, ter prisotnost plagioklazov,
natancneje kalcijskega albita. Ta ugoto-
vitev se sklada z Ze dosedanjim uvrséa-
njem tufov med andezitske tufe.

S pomocjo rentgenske analize je tudi
razvidno, da je v tufih prisoten mineral
iz skupine zeolitov — analkim. Priso-
tnost tega minerala lahko povezujemo
z odlaganjem vulkanoklasti¢nega mate-
riala v vodnem okolju (Iisima, 1978) in
delovanjem hidrotermalnih procesov ter
sprememb (IuimMa, 1984; Utapa, 1987)
kar se prav tako navezuje na ze prejsSnje
teorije o nastanku in sekundarnih spre-
membah smrekovskih piroklasti¢nih ka-
mnin (Kravy, 1997). Pod mikroskopom
mineralnih zrn analkima nisem opazila;
po tem sklepam, da je gotovo prisoten v
kriptokristalni osnovi tufov. Spremenje-
na osnova tufov v glavnem sestoji iz se-
ricita, analkima, Ze pod mikroskopom pa
je bilo videti, da je osnova tudi rahlo mo-
tna in verjetno vsebuje tudi iz minerale
glin. To domnevo potrjujejo tudi vrhovi
pri d vrednostih 7-10 A, ki so prisotni na
rentgenogramih. Pod mikroskopom sem
opazila tudi zrna biotita, ki pa so bila

v veliki meri sekundarno spremenjena
tako, da je od posameznih zrn ostal le nji-
hov prvotni relief. Pri rentgenski analizi
med zastopanimi minerali v nobenem od
sedmih vzorcev nisem kot resitev dobila
minerala biotita. Kot moZni mineral, ki
je nadomestil prvotni biotit se pri resi-
tvi rentgenogramov pojavlja tudi mineral
nontronit, ki pripada skupini smecktitov
in vsebuje katione zeleza. Sestava tega
minerala se lahko spreminja, ker lahko
absorbira razli¢ne koli¢ine vode, pogo-
sto pa se pojavlja v koloidnih agregatih,
natancneje kot fine vlaknate strukture.
Njegova barva je odvisna od vsebovane
koli¢ine zelezovih ionov, tako je lahko
motno bel, rumen ali zeleno rumen. Za-
radi vseh sprememb, ki jih je prvoten pi-
roklasticen material, ki je vseboval pred-
vsem minerale kot so kremen, plagiokla-
zi in biotit preterpel med odlaganjem v
vodnem okolju, transportu in ostalih de-
javnikih je prislo do Stevilnih kemijskih
reakcij - nadomesc¢anj. Poleg tega imajo
muskovit, biotit, sericit in illit podobno
strukturo, kar ustreza istim lokacijam
znacilnim vrhov na rentgenogramih in je
zaradi tega posamezne minerale tezko iz-
dvojiti. Med rezultati rentgenske analize
se pogosto nahaja tudi muskovit, ki sem
ga pod mikroskopom opazila samo kot
posamezna manj$a mineralna zrna. Obe-
ma mineraloma glede na podobno struk-
turo na rentgenogramih pripadajo vrhovi
pri podobnih d vrednostih, tako da jih je
samo na podlagi analize rentgenske di-
frakcije medseboj tezko lociti.

Pri resitvah rentgenske analize izstopa-
ta med ostalimi vzorca 2 in 3. Ta dva se
razlikujeta od ostalih ze po lastni barvi
kamnine. Ze pod mikroskopom je bila
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razvidna mocna karbonatizacija teh dveh
vzorcev, ki jo je rentgenska analiza le Se
potrdila. Po koli¢ini v omenjenih vzor-
cih prevladuje kalcit, v manjs$i meri pa
so prisotni §e kremen, albit, analkim ter
minerali glin, katerih prisotnost naka-
zuje sekundarne spremembe mineralov
osnove. Tako mocna karbonatizacija kot
je opazna pri vzorcih Stevilka 2 in 3 je
gotovo nastala kot rezultat delovanja
hidrotermalnih raztopin, ki so se verjet-
no v zgoraj leze¢ih karbonatnih kam-
ninah obogatile z Ca ioni, ki so v tufih
povzrocili proces karbonatizacije predv-
sem njihove osnove.

Kvantitativna analiza prisotnosti posame-
znega minerala ni bila opravljena, ker pa so
bili vsi vzorci posneti pod istimi pogoji in z
enakimi nastavitvami, je primerjalna ocena
zastopanosti posameznega minerala v vzor-
cih mozna. V vzorcih, ki so bili karbonatizi-
rani moc¢no prevladuje mineral kalcit. Med
ostalimi minerali v teh vzorcih sta na dru-
gem mestu po prisotnosti minerala kremen
in analkim, medtem ko je prisotnost sekun-
darnih mineralov glin in klorita majhna. Pri
vzorcih, ki sekundarno niso bili izpostavlje-
ni karbonatizaciji prevladuje mineral kre-
men, ki mu sledijo analkim, albit ter nato v
manj$ih merah klorit in minerali glin.

d=30%
KALCIT

d=3%
Q

d=342
ANALKI

=5.58
ANALKIM
d=1%60
MONTMOR

d=303
KALCTT

KALCIT

d=1.90
d=1.87

d=228

=343
dbs60 ANALKIM
ANALKIM

d=3.34
Q

d=342

ANALK

d=426
Q

d=5.60

ANALKIM
d=1010
MUSKOVIT

d=7.10
Lis2 DICKIT
SONIRONIL

ANALHIM  d=32
d=x17
d=x13
ALBIT
Fa

d=7.07
KLORIT

<152
NONTR

T T

Slika 3. Rentgenogrami vzorcev 2 (levo zgoraj), 3 (desno zgoraj), 4 (levo spodaj) in 6

(desno spodaj) z oznacenimi reprezentativnimi vrhovi posameznih mineralov
Figure 3. X-ray diffraction results for different tuff samples; No. 2 (left upper corner),
No. 3 (right upper corner), No. 4 (left lower corner), No. 6 (right lower corner)
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ZAKLJUCKI

Peraciski tufi so del vecjega, Smrekov-
Skega kompleksa piroklasti¢énih kamnin.
Njihov sestavni material naj bi izviral iz
podro¢ja severno od njihove danasnje lege
in ga datirajo v obdobje oligocena. Ob
koncu oligocena ali v miocenu je prislo
do desnozmicnega premika ob Savskem
prelomu in posledica tega je danasnja lega
in razporeditev tufov in spremljajoCega
piroklasticnega materiala na Slovenskem
ozemlju in na obmocju Hrvaskega Zagor-
ja, kjer so prav tako nasli omenjeni piro-
klastiéni material. Andeziti in piroklastiti
se pojavljajo na veliki prelomni coni Hum
na Sotli-Varazdinske toplice (Pamic, 1997)
in ta cona se smatra za vzhodneje nadalje-
vanje Smrekovske prelomne cone tj. naj-
vzhodnejsi del Periadriatskega prelomne-
ga sistema. Ta piroklasti¢ni material je iste
starosti, mineralne sestave in se pojavlja z
enakimi klasti¢nimi sedimenti.

Pri opti¢ni analizi tufov sem opazila iz-
redno drobnozrnato strukturo omenjene
kamine. Velikosti posameznih mineralnih
zrn ne presegajo 1mm, pogosto pa dosega-
jo velikosti samo 100 pm in jih tako uvr-
s¢amo med pelitne (drobnozrnate), redko
tudi med psamitne (srednjezrnate) tufe.
Glede na razmerje posameznih sestavnih
komponent sem uvrstila vzorce med ste-
klaste tufe, vzorec Stevilka 4 pa bi sodil
med kristalne tufe. Pod mikroskopom iz-
merjen kot potemnitve plagioklazov znasa
priblizno 25°, kar nakazuje na vsebnost 65
% albitske komponente. To se sklada z da-
citno-andezitsko kemijsko sestavo tufov in
uvr§¢anjem le teh kot andezitske razlicke
piroklasticnega materiala. Pod mikrosko-
pom so tudi lepo vidne sekundarne spre-

membe, predvsem biotitovih zrn. Ta so v
veliki meri nadomescena s sekundarnimi
minerali, katerih pa z izjemo klorita nisem
prepoznala. S pomocjo rentgenske analize
sem ugotovila da je mineral, ki je v glav-
nem nadomestil biotit, klorit, kot mozen
mineral, ki bi prav tako lahko nastal pri
nadomescanju biotita pa bi bil lahko tudi
nontronit, ki pripada skupini smektitov in
vsebuje Fe katione in mineral klorit. Rent-
genska analiza je pokazala tudi prisotnost
velike koli¢ine minerala iz skupine zeoli-
tov-analkima, kar nakazuje na usedanje
materiala v vodnem okolju in/ali sekundar-
ne hidrotermalne spremembe vulkanskega
stekla. Prisotnost glinenih mineralov v
vzorcih nakazuje sekundarne spremembe
prvotne mineralne sestave kot vpliv delo-
vanja hidrotermalnih procesov in prepere-
vanja.

Rezultati mineraloske sestave serije Pe-
racisSkih tufov se skladajo z mineralosko
sestavo kamnin Smrekovske serije. Za ka-
mnine Smrekovske serije je znacilna pri-
sotnost mineralov kremena, albita, klorita
ter zeolitov in njihova analiza je potrdila
intruzijo vulkanskega materiala v z vodo
nasi¢ene morske sedimente ter delovanje
hidrotermalnih raztopin (Krars, 1997).
Podobna sestava ter struktura kamnin seri-
je Peraciskih tufov potrjuje njihov soroden
izvor.

SUMMARY

Petrological and mineralogical charac-
teristics of Peracica tuff

Peracica tuff rocks were investigated by
methods of microscopic analysis and X-
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ray diffraction to determine their petro-
logical and mineralogical characteristics
and to determine the differences between
individual tuff types that can be found in
the investigated area.

Macroscopically three variations of
Peracica tuff were recognized. The most
abundant is the light green fine graded tuff
type that was and is widely used also as
building and decoration stone. Variation
of this type is a light green tuff type with
fine graded matrix and darker green min-
eral grains in size of a few millimetres to
a centimetre, while the third tuff type dis-
plays fine graded matrix and it brownish
in colour. Microscopical analyses confirm
that tuffs are composed of fine graded ma-
trix. The mineral grains recognized in thin
section belong to quartz and plagioclase,
which are two minerals most abundant in
samples. Measured extinction angles of
plagioclases give values of around 25°,
which corresponds to medium composi-
tion the plagioclases in the albite-anortite
series and is therefore in agreement with
andesitic composition of tuff rocks. Other
mineral grains recognizable in thin section
include small grains of muscovite, sericite
and biotite, but the later shows intensive
degradation and replacement by chlorite.
Intensive processes of carbonatization of
both matrix as well as mineral grains was
already observed in thin section and re-
confirmed by method of X-ray diffraction.
This method also shown the presence of
mineral analcime, which speaks of sedi-
mentation processes of volcanic material
in aquatic environment (IuimMa, 1978) or
influence from hydrothermal fluid activity
(Iuvma, 1984; Utapa, 1987).

RMZ-M&G 2008, 55

Results of petrological and mineralogical
characteristics of Peracica tuff series are
similar to the ones obtained from investi-
gations of Smrekovec rock series (KRALJ,
1997), while entire geographical exten-
sion of similar volcanoclastic rocks of Oli-
gocene age are scattered over a larger area
and covering also parts of N - NE Croatia
(Pamic, 1997). Their position is an indirect
indicator for dextral strike slip activity of
faults belonging to the southern part of
Periadriatic fault system and is post Oli-
gocene in age.
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Abstract: We are familiar with a lot of different methods, which are used for
forecasting vertical movements of a surface. These movements are caused
by mining or building of an underground object. In this article we will in
detail write about the logistic function and with its help we will describe
time dependent vertical movements.

Izvle¢ek: Poznamo veliko razliénih metod, ki se uporabljajo za napovedovanje
vertikalnih premikov povrSine, ki nastanejo zaradi rudarjenja ali izgradnje
podzemnega objekta. V tem ¢lanku bomo podrobneje pisali o logisti¢ni
funkciji in z njo opisali vertikalne premike v odvisnosti od ¢asa.

Key words: logistic function, vertical movements, prognostic methods
Kljucne besede: logisti¢na funkcija, vertikalni pomiki, prognozne metode

INTRODUCTION

Experts are engaged in dynamics of subsidence of field and buildings which are results
of mining from the very early stages of mining. Therefore in single areas different
prognostic methods were developed to forecast movements of the field above the
underground object.

In continuation it will be presented how we can forecast developing of vertical
movements above the underground object with help of a logistic function. Basics of the
logistic function will be described in the beginning (its structure and form). With help of
this function we will then describe time dependent vertical movements. In the example,
that will be presented, we will compare data achieved in the field above an underground
object and calculated values achieved with help of the logistic function. In conclusion
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we analyse, if this method of forecasting vertical movements offers us good and useful
results so we can continue using it in future.

DESCRIPTION OF THE LOGISTIC FUNCTION

Structure of the logistic function

The logistic function consists of two parts: exponential and boundary exponential
function. In the exponential function the growing is exponential which means that the
growth rate is actually proportional to the size of the function value. In the second part
of the logistic function the graph is approaching some fixed capacity, stated in advance.
We achieve this by subtracting the exponential function from the fixed capacity. The
function that we get in this way combines the first part of exponential growth, when
the outputs are small, with the second part of exponential growth, when the outputs are
approaching a certain limit.

Algebraic presentation

a
1+b-c™*

flx) =

0<cx<1

af2

a/(1+b)

Figure 2. Inflection point
Slika 2. Prevojna tocka
c>1

a/(1+b)

Figure 1. Influence of parameter ¢ on logistic Figure 3. Shape of the logistic function
function Slika 3. Oblika logisti¢ne funkcije
Slika 1. Vpliv parametra ¢ na logisti¢no funkcijo
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The algebra of the logistic function combines characteristics of exponential and power
functions. This means that we are in the field where descriptions of complex problems
are composed from more different functions.

To win a graph with the characteristic S-shape, we have to use three parameters of the
logistic family which are connected to one another.

The parameters b and c are the base of the component of the exponential function bc*
and they define the point where the graph intercepts the y-axis. Base c¢ is limited with
positive values, so as long as ¢ > 1, ¢* grows and ¢*decays. Similarly if 0 <c¢ <1, ¢
decays and ¢ grows.

With other words this means: if ¢* grows (0 < ¢ < 1), so does the denominator and a
function as a whole is driven towards 0. If ¢* decays (c > 1), the denominator approaches 1
and the function as a whole converges towards the value of the numerator (parameter a).

The rate at which a logistic function falls from or rises to its limiting value is completely
determined by the exponential function in the denominator. More exactly, by the

parameters b and c.

The curve changes at its half from being convex to concave or the other way round,
depending of the growing or decaying of the function.

The gradient change always appears on halfway of the logistic function. This point of
critical change in the function’s behaviour is called the inflection or gradation point.

By using this we can calculate the exact location of the point of inflection:

a a
1+bc= 2
1+bc™ =2
be™* =1
c* =p1
c“*=b

c® =log_b
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Graphic presentation
Logistic graphs follow a characteristic S-shape which is often called S-function or
sigmoid function.

The S shape may either rise from the x-axis to the limiting value, or drop from the
limiting value to the x-axis. The limiting value may change. The rate at which the curve
travels between the two horizontal asymptotes may vary, but this basic sigmoid shape is
found in all logistic graphs.

Logistic law and description of time depending vertical movements

uw' g (2) = aug(t) — bug®(ty) v e e ug(t = 0) = ug, (1)
Uy oo, vertical movement

au?).........growing part

buj?(t)........ suffocating part, which prevents unlimited growth

Parameters a and b are constants which have an exactly fixed dimension:

a — [T71]
2
b — [;'lff_lT_l] ( )
After integration of the equation (1) we get the logistic function (CiBes, 1988):
Allg
] =
us(®) buz, + [:‘1 - b“z.r}} : EXP[_‘I& - fn:'} 3

Equation (3) is not practical for forecasting vertical movements because it contains
too many reciprocally independent parameters. Therefore it would be right to assign
the vertical movement in early stages u, some minimal starting value, which would be
considered in all observing points. As in case u, , = 0 also u,(z) = 0 we will arrange to
u, ,a very small value, which will be different as zero.

So we adopt: u,,= 0,2 mm

3

Because of a shorter record we introduce factor 4 with the following record:

1 — Ugmax _ Ugmax [‘IPI] 4
Ug g 0,2 [M] 4)
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We also define the maximum subsidence:

Mg g _aug, @

nax = li T busy b
Uz max ,_I_I,El: bu‘E.l} € [ﬂ_ — bu'g,l}} f E}(p[—ﬂ:(f —_ tl}j} bu‘E.l} b (5)

For the parameter b we introduce the following substitution:

a
Uz max = g (6)
b= a
B H‘E.mﬂx (7)

Previous results of vertical movements on the surface, that we analyzed, have showed
that one half of vertical movements is being developed in time . Because the developing
of vertical movements is the fastest in time . After that time it begins slowing down.
This characteristic of the process of subsidence we use to determinate the parameter a.

From the mentioned it follows:

t=1t

c

@®)

1
Lig [:rr,:l = EuE.mEx

For the inflection point the logistic functions gets by taking into account equation (8),

introduction of substitution (7) and introduction of the factor 2 “A” the following shape:

1 a Uz max
o J'”'E JHLEX = 1d a 1L (9)
2 a . 3.;-1_v-_|:x 0 (ﬂ, _ . 3.::‘".!11’) . Exp[—a[fc _ f.}j)
Uz max A Uz max A

1
1 T

A
- = 10
5 (10)

Y R P OR)

RMZ-M&G 2008, 55



394 VuLi¢, M., KoreLc, J.

From equation (10) we can express value a in dependence to Aaccording to the following
procedure:

1, [1 — EJ . exp[—a(rc — t,}:l} =2 %

Fl A
P
(11)
exp(—a(t, —ty)) = (ij
(tc - t'}]

After performing it we have all parameters of a S-shaped time diagram.

Example of using the logistic function
An example of comparison of observations with the logistic S function will be presented
upon the example of point C20, where it means:

7 adopted starting value of movement

e maximum measured subsidence of a particular point
by, day, when the first measurement was made
Foereeereerreens time of running measurement
b, day when subsidence comes to half of its value
Ao factor introduced for shorter recording
[ S constant
R constant

u,,=0,2 mm

Uy, . = —38mm — 2T = _19mm
Uy, . = —38mm — 2T = _19mm
t, = 160dan™* t_= 160dan™ .. day of the inflection point — we read this
from the measuring table
T |—38|
A= [ ] _ =190
Ugg 0,2
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az_iﬂ(ﬁ) _ n(5=7)

= — = 0,0327609
(. — to) (160 — 0)
o 0,0327609
b= = = 0,0003621
|u3,mrzx| |_38|
[
uy(t) = 22

bug, + [a — bum] -exp (—a(t —t,))
0,0327609- 0,2

© 0,0008621- 0,2 + (0,0327609 — 0,0008621 - 0,2) - exp(—0,0327609- (t — t,))

Measuring point C20a

0 121 243 365 486 608 730 851

-10 \‘ —— measuring

-20

-30 A
‘\.__._&- _
-40
Measuring point C20 b
0 121 243 365 486 608 730 851
[o J—
-
-20 \
\
-40 \
-60 —
-80
Measuring point C20 ¢
0 121 243 365 486 608 730 851
0 B

-20 j

-40 %

_60 \

-80 T— e E
100

Figure 4. Comparing measured and calculated graph
Slika 4. Primerjava meritvenega in izracunanega grafa
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CONCLUSIONS

As we see, the graphs of a single point are rather well agreeing with one another. From this fact
we can presume, that this method can be used for forecasting of vertical movements above
an underground object. But we mustn’t forget that we get such results only by anticipating
maximum subsidence and that could be a problem in some cases. We can therefore conclude
that this method is based upon a theoretical part as well as inevitably upon an empirical part.

PovzETEK
Uporaba logisti¢ne funkcije pri napovedovanju vertikalnih premikov povrsine

Za primer in analizo uporabnosti logistiéne funkcije pri napovedovanju vertikalnih
premikov, je bilo narejenih preko 20.000 meritev na ve¢ kot sto razli¢nih tockah.
Rezultati, ki smo jih dobili z logisti¢no funkcijo (S — funkcija), se z dejanskimi meritvami
zelo dobro ujemajo. Pri vecini tock se empiri¢na in teoreti¢na krivulja skoraj popolnoma
ujemata, kot je vidno tudi pri zgoraj navedenem primeru (slika 4). Najveckrat pride do
odstopanja v zaklju¢nem delu grafa, ko se funkcija Ze umirja. Graf S - funkcije doseze
mejno vrednost pred dejanskimi meritvami.

Slaba stran tak$nega napovedovanja je, da moramo empiri¢no ugotoviti maksimalni
ugrezek. Ce to vrednost poznamo, se rezultati zelo dobro ujemajo. Torej metoda temelji
na teoreti¢nem in neizogibno tudi na empiri¢nem delu.

Vendar, tudi ¢e naredimo veliko Stevilo meritev in lahko iz krivulje razberemo, da so vertikalni
premiki povrs$ine minimalni, ne moremo z zagotovostjo trditi, da se ti premiki na meritvenem
obmod¢ju umirjajo. Zaradi tega so potrebne nadaljnje meritve in analize rezultatov.
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INSTRUCTIONS TO AUTHORS

RMZ-MATERIALS & GEOENVIRONMENT (RMZ- Materiali in geookolje) is a
periodical publication with four issues per year (established 1952 and renamed to RMZ-
M&G in 1998). The main topics of contents are Mining and Geotechnology, Metallurgy
and Materials, Geology and Geoenvironment.

RMZ-M&G publishes original Scientific articles, Review papers, Technical and Expert
contributions (also as short papers or letters) in English. In addition, evaluations of other
publications (books, monographs,...), short letters and comments are welcome. A short
summary of the contents in Slovene will be included at the end of each paper. It can be
included by the author(s) or will be provided by the referee or the Editorial Office.

* Additional information and remarks for Slovenian authors:

English version with extended »Povzetek«, and additional roles (in Template for
Slovenian authors) can be written. Only exceptionally the articles in the Slovenian
language with summary in English will be published. The contributions in English will
be considered with priority over those in the Slovenian language in the review process.

Authorship and originality of the contributions. Authors are responsible for originality
of presented data, ideas and conclusions as well as for correct citation of data adopted
from other sources. The publication in RMZ-M&G obligate authors that the article will
not be published anywhere else in the same form.

Specification of Contributions

Optimal number of pages of full papers is 7 to 15, longer articles should be discussed
with Editor, but 20 pages is [imit.

Scientific papers represent unpublished results of original research.

Review papers summarize previously published scientific, research and/or expertise
articles on the new scientific level and can contain also other cited sources, which are
not mainly result of author(s).

Technical and Expert papers are the result of technological research achievements,
application research results and information about achievements in practice and
industry.

Short papers (Letters) are the contributions that contain mostly very new short reports
of advanced investigation. They should be approximately 2 pages long but should not
exceed 4 pages.

Evaluations or critics contain author's opinion on new published books, monographs,
textbooks, exhibitions...(up to 2 pages, figure of cover page is expected).

In memoriam (up to 2 pages, a photo is expected).
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Professional remarks (Comments) cannotexceed 1 page, and only professional disagreements
can be discussed. Normally the source author(s) reply the remarks in the same issue.

Supervision and review of manuscripts. All manuscripts will be supervised. The
referees evaluate manuscripts and can ask authors to change particular segments, and
propose to the Editor the acceptability of submitted articles. Authors can suggest the
referee but Editor has a right to choose another. The name of the referee remains
anonymous. The technical corrections will be done too and authors can be asked to
correct missing items. The final decision whether the manuscript will be published is
made by the Editor in Chief.

The Form of the Manuscript

The manuscript should be submitted as a complete hard copy including figures and tables.
The figures should also be enclosed separately, both charts and photos in the original
version. In addition, all material should also be provided in electronic form on a diskette
or a CD. The necessary information can conveniently also be delivered by E-mail.

Composition of manuscript is defined in the attached Template

The original file of Template is temporarily available on E-mail addresses:
peter.fajfar@ntf.uni-lj.si,
barbara.bohar@ntf.uni-1j.si

References - can be arranged in two ways:

- first possibility: alphabetic arrangement of first authors - in text: (Borgne, 1955),
or

- second possibility: M numerated in the same order as cited in the text: example!!

Format of papers in journals:
Le Borgne, E. (1955): Susceptibilite magnetic anomale du sol superficiel.
Annales de Geophysique, 11, pp. 399-419.

Format of books:
Roberts, J. L. (1989): Geological structures, MacMillan, London, 250 p.

Text on the hard print copy can be prepared with any text-processor. The electronic
version on the diskette, CD or E-mail transfer should be in MS Word or ASCII format.
Captions of figures and tables should be enclosed separately. Figures (graphs and
photos) and tables should be original and sent separately in addition to text. They can

RMZ-M&G 2008, 55



400 Instructions to authors

be prepared on paper or computer designed (MSExcel, Corel, Acad).

Format. Electronic figures are recommended to be in CDR, Al, EPS, TIF or JPG formats.
Resolution of bitmap graphics (TIF, JPG) should be at least 300 dpi. Text in vector graphics
(CDR, Al, EPS) must be in MSWord Times typography or converted in curves.

Color prints. Authors will be charged for color prints of figures and photos.

Labeling of the additionally provided material for the manuscript should be very clear and
must contain at least the lead author's name, address, the beginning of the title and the date
of delivery of the manuscript. In case of an E-mail transfer the exact message with above
asked data must accompany the attachment with the file containing the manuscript.
Information about RMZ-M&G:

Editor in Chief prof. dr. Peter Fajfar (tel. ++386 1 4250-316) or

Secretary Barbara Bohar Bobnar, un. dipl. ing. geol. (++386 1 4704-630),

Askeréeva 12, Ljubljana, Slovenia

or at E-mail addresses:
peter.fajfar@ntf.uni-1j.si,
barbara.bohar@ntf.uni-lj.si

Sending of manuscripts. Manuscripts can be sent by mail to the Editorial Office
address:
. RMZ-Materials & Geoenvironment
Askerceva 12,
1000 Ljubljana, Slovenia
or delivered to:
. Reception of the Faculty of Natural Science and Engineering (for RMZ-M&G)
Askerceva 12,
1000 Ljubljana, Slovenia
o E-mail - addresses of Editor and Secretary
. You can also contact them on their phone numbers.
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TEMPLATE

The title of the manuscript should be written in bold letters
(Times New Roman, 14, Center)

NAME SURNAME!, ...., & NAME SURNAMEX
(Times NEw Roman, 12, CENTER)

*Faculty of ..., University of ... , Address..., Country, e-mail: ...
(Times New Roman, 11, Center)

THE LENGTH OF FULL PAPER SHOULD NOT EXCEED TWENTY (20,
INCLUDING FIGURES AND TABLES) PAGES (OPTIMAL 7TO 15), SHORT PAPER
FOUR (4) AND OTHER TWO (2) WITHOUT TEXT FLOWING BY GRAPHICS
AND TABLES.

Abstract (Times New Roman, Normal, 11): The text of the abstract is placed here.
The abstract should be concise and should present the aim of the work, essential
results and conclusion. It should be typed in font size 11, single-spaced. Except
for the first line, the text should be indented from the left margin by 10 mm. The
length should not exceed fifteen (15) lines (10 are recommended).

Key words: a list of up to 5 key words (3 to 5) that will be useful for indexing or
searching. Use the same styling as for abstract.

InTRODUCTION (TIMES NEW ROoMAN, BoLb, 12)

Two lines below the keywords begin the introduction. Use Times New Roman,
font size 12, Justify alignment.
There are two (2) admissible methods of citing references in text:

1. by stating the first author and the year of publication of the reference
in the parenthesis at the appropriate place in the text and arranging the
reference list in the alphabetic order of first authors; e.g.:

“Detailed information about geohistorical development of this zone can
be found in: Antonijevi¢ (1957), Grubi¢ (1962), ...”
“... the method was described previously (Hoefs, 1996)”
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2. by consecutive Arabic numerals in square brackets, superscripted at the
appropriate place in the text and arranging the reference list at the end of
the text in the like manner; e.g.:
“... while the portal was made in Zopel® environment.”

MATERIALS AND METHODS (TiMEs NEw Roman, BoLp, 12)

This section describes the available data and procedure of work and therefore
provides enough information to allow the interpretation of the results, obtained
by the used methods.

REsuLTs AND DIscussiON (Times NEw Roman, BoLp, 12)

Tables, figures, pictures, and schemes should be incorporated in the text at the
appropriate place and should fit on one page. Break larger schemes and tables
into smaller parts to prevent extending over more than one page.

Concrusions (Tives NEw Roman, BoLp, 12)

This paragraph summarizes the results and draws conclusions.

Acknowledgements (Times New Roman, Bold, 12, Center - optional)

This work was supported by the ***%*,

REFERENCES (TiMmEs NEw Roman, BoLp, 12)

In regard to the method used in the text, the styling, punctuation and capitalization
should conform to the following:

FIRST OPTION - in alphabetical order

Casati, P., Jadoul, F., Nicora, A., Marinelli, M., Fantini-Sestini, N. & Fois, E.
(1981): Geologia della Valle del’Anisici e dei gruppi M. Popera - Tre
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Cime di Lavaredo (Dolomiti Orientali). Riv. Ital. Paleont.; Vol. 87, No.
3, pp- 391-400, Milano.

Folk, R. L. (1959): Practical petrographic classification of limestones. Amer. Ass.
Petrol. Geol. Bull.; Vol. 43, No. 1, pp. 1-38, Tulsa.

SECOND OPTION - in numerical order

" Treek, B. (2001): Solute transport monitoring in the unsaturated zone of the
karst aquifer by natural tracers. Ph.D. Thesis. Ljubljana: University of
Ljubljana 2001; 125 p.

el Higashitani, K., Iseri, H., Okuhara, K., Hatade, S. (1995): Magnetic Effects
on Zeta Potential and Diffusivity of Nonmagnetic Particles. Journal of
Colloid and Interface Science 172, pp. 383-388.

Citing the Internet site:

CASREACT-Chemical reactions database [online]. Chemical Abstracts Service,
2000, updated 2.2.2000 [cited 3.2.2000]. Accessible on Internet: http://www.cas.
org/CASFILES/casreact.html.

Povzerek (Times NEw Roman, 12)
A short summary of the contents in Slovene (up to 400 characters) can be written
by the author(s) or will be provided by the referee or by the Editorial Board.
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TEMPLATE for Slovenian Authors

The title of the manuscript should be written in bold letters
(Times New Roman, 14, Center)

Naslov ¢lanka (Times New Roman, 14, Center)

NAaME SURNAMEL,.... , & NAME SURNAME® (TiMES NEW RoMAN, 12, CENTER)
IME PrivEk!, ..., IME PRuMEK® (TiMES NEw RomaN, 12, CENTER)

XFaculty of ..., University of ... , Address..., Country; e-mail: ...
(Times New Roman, 11, Center)
XFakulteta. .., Univerza..., Naslov..., Drzava; e-mail: ...
(Times New Roman, 11, Center)

THE LENGTH OF ORIGINAL SCIENTIFIC PAPER SHOULD NOT EXCEED
TWENTY (20, INCLUDING FIGURES AND TABLES) PAGES (OPTIMAL 7 TO
15), SHORT PAPER FOUR (4) AND OTHER TWO (2) WITHOUT TEXT FLOWING
BY GRAPHICS AND TABLES.

DOLZINA I1ZVIRNEGA ZNANSTVENEGA CLANKA NE SME PRESEGATI
DVAIJSET (20, VKLJUCNO S SLIKAMI IN TABELAMI), KRATKEGA CLANKA
STIRI (4) IN OSTALIH PRISPEVKOV DVE (2) STRANL

Abstract (Times New Roman, Normal, 11): The text of the abstract is
placed here. The abstract should be concise and should present the
aim of the work, essential results and conclusion. It should be typed
in font size 11, single-spaced. Except for the first line, the text should
be indented from the left margin by 10 mm. The length should not
exceed fifteen (15) lines (10 are recommended).

Izvle€ek (TNR, N, 11): Kratek izvlecek namena clanka ter klju¢nih
rezultatov in ugotovitev. Razen prve vrstice naj bo tekst zamaknjen
z levega roba za 10 mm. DolZina naj ne presega petnajst (15) vrstic
(10 je priporoceno).

Key words: a list of up to 5 key words (3 to 5) that will be useful for
indexing or searching. Use the same styling as for abstract.

Kljuéne besede: seznam najve¢ 5 kljucnih besed (3-5) za pomoc pri
indeksiranju ali iskanju. Uporabite enako obliko kot za izvlecek.
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InTrRODUCTION — UvoDp (TiMEs NEw Roman, BoLp, 12)

Two lines below the keywords begin the introduction. Use Times New Roman,
font size 12, Justify alignment. All captions of text and tables as well as the text
in graphics must be prepared in English and Slovenian language.

Dve vrstici pod kljuénimi besedami se za¢ne Uvod. Uporabite pisavo TNR,
velikost ¢rk 12, z obojestransko poravnavo. Naslovi slik in tabel (vklju¢no z
besedilom v slikah) morajo biti pripravljeni v slovenskem in angleskem jeziku.

Figure (Table) X. Text belonging to figure (table)
Slika (Tabela) X. Pripadajoce besedilo k sliki (tabeli)

There are two (2) admissible methods of citing references — obstajata dve
sprejemljivi metodi navajanja referenc:

1. by stating the first author and the year of publication of the reference
in the parenthesis at the appropriate place in the text and arranging the
reference list in the alphabetic order of first authors; e.g.:

1. z navedbo prvega avtorja in letnice objave reference v oklepaju na
ustreznem mestu v tekstu in z ureditvijo seznama referenc po abecednem
zaporedju prvih avtorjev; npr.:

“Detailed information about geohistorical development of this zone can
be found in: Antonijevi¢ (1957), Grubi¢ (1962), ...”
“... the method was described previously (Hoefs, 1996)”

or/ali

2. by consecutive Arabic numerals in square brackets, superscripted at the
appropriate place in the text and arranging the reference list at the end of
the text in the like manner; e.g.:

2. z zaporednimi arabskimi Stevilkami v oglatih oklepajih na ustreznem
mestu v tekstu in z ureditvijo seznama referenc v Stevilénem zaporedju
navajanja; npr.;

“... while the portal was made in Zopel®! environment.”
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MATERIALS AND METHODS (TiMEs NEw Roman, BoLp, 12)

This section describes the available data and procedure of work and therefore
provides enough information to allow the interpretation of the results, obtained
by the used methods.

Ta del opisuje razpolozljive podatke, metode in nacin dela ter omogoca zadostno
koli¢ino informacij, da lahko z opisanimi metodami delo ponovimo.

RESULTS AND DISCUSSION — REZULTATI IN RAZPRAVA (T1MES NEw Roman, BoLp, 12)

Tables, figures, pictures, and schemes should be incorporated (inserted, not
pasted) in the text at the appropriate place and should fit on one page. Break
larger schemes and tables into smaller parts to prevent extending over more than
one page.

Tabele, sheme in slike je potrebno vnesti (z ukazom Insert, ne Paste) v tekst na
ustreznem mestu. Vec¢je sheme in tabele je potrebno loc€iti na manjse dele, da ne
presegajo ene strani.

Concrusions — SKLEPI (TiMEs NEw Roman, BoLbp, 12)

This paragraph summarizes the results and draws conclusions.

Povzetek rezultatov in zakljucki.

Acknowledgements — Zahvale (Times New Roman, Bold, 12, Center - optional)
This work was supported by the ...........

Izvedbo tega dela je omogocilo .........

REFERENCES - VIRI (TiMEs NEw Roman, BoLp, 12)

With regard to the method used in the text, the styling, punctuation and
capitalization should conform to the following:

Glede na uporabljeno metodo citiranja referenc v tekstu upostevajte eno od

naslednjih oblik:
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FIRST OPTION (recommended) — PRVA MOZNOST (priporotena) — in

alphabetical order (v abecednem zaporedju)

Casati, P., Jadoul, F., Nicora, A., Marinelli, M., Fantini-Sestini, N. & Fois, E.
(1981): Geologia della Valle del’Anisici e dei gruppi M. Popera — Tre
Cime di Lavaredo (Dolomiti Orientali). Riv. Ital. Paleont.; Vol. 87, No.
3, pp- 391-400, Milano.

Folk, R. L. (1959): Practical petrographic classification of limestones. Amer. Ass.
Petrol. Geol. Bull.; Vol. 43, No. 1, pp. 1-38, Tulsa.

SECOND OPTION — DRUGA MOZNOST - in numerical order (v numeri¢nem

zaporedju)

" Treek, B. (2001): Solute transport monitoring in the unsaturated zone of the
karst aquifer by natural tracers. Ph.D. Thesis. Ljubljana: University of
Ljubljana 2001; 125 p.

el Higashitani, K., Iseri, H., Okuhara, K., Hatade, S. (1995): Magnetic Effects
on Zeta Potential and Diffusivity of Nonmagnetic Particles. Journal of
Colloid and Interface Science 172, pp. 383-388.

Citing the Internet site:

CASREACT-Chemical reactions database [online]. Chemical Abstracts Service,
2000, updated 2.2.2000 [cited 3.2.2000]. Accessible on Internet: http://www.cas.
org/CASFILES/casreact.html.

Citiranje Internetne strani:

CASREACT-Chemical reactions database [online]. Chemical Abstracts Service,
2000, obnovljeno 2.2.2000 [citirano 3.2.2000]. Dostopno na svetovnem spletu:
http://www.cas.org/CASFILES/casreact.html.

PovzeTEK — SUMMARY (TiMES NEwW RoMAN, 12)

An extended summary of the contents in Slovene (from one page to approximately
1/3 of the original article length).

Razsirjeni povzetek vsebine prispevka v Anglescini (od ene strani do priblizno
1/3 dolzine izvirnega ¢lanka).
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50 users network version - 1.115,00 EUR -technical regulations

-economics, and
-computer engineering in technological processes

Basic characteristics or advantages, respectively, of electronic version of the dictionary is simple
and very fast access to sought term, word or to complex term, also in more demanding conditions,
and a great adaptability of the interface to user's needs and wishes. The dictionary uses ASP32
search system that is compatible to numerous other dictionaries in this system.

Za narocila in dodatne informacijenas kontaktirajte preko e-poste:

For orders and additional information please contact us by e-mail: omm@ntf. uni-lj.si
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