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InZinierskogeologicky vyskum alteracie andezitu suvisiaci s revitalizaciou hradu

Sasov (Stredné Slovensko)

Abstract: An architectural study of the revitalization of the Sa3ov castle in the neovolcanic Stiavnické vrchy Mts. initiated a re-
vision of the castle buildings. The building stone showed high post-volcanic alteration (hydrothermal and/or by weathering)
or total disintegration in some parts of the walls. It must be replaced, because the safety of the ruins determines a sustainable
development of this historical site. The castle hill rocks and the main building stone are both Neogene andesites, but not
necessarily identical - the building stone came probably from several sources and the original source of the building stone
was not the question. Suitable replacement material was searched for in a local quarry. Andesites at different weathering
levels were taken to test the impact of alteration upon the rock properties and their suitability for the castle remediation.
Expandable clay minerals were considered important for the rock weakening and weathering resistivity. Mineral composi-
tion was analysed by X-ray diffractometry. Powdered samples were used for the determination of the particle density and
Enslin-Neff tests. The dry bulk density, total porosity, He-effective porosity, and the uniaxial compressive strength (UCS)
were determined only on cylindrical rock cores of the quarry andesite. The “sound” building stone consists of feldspars (an-
desine > orthoclase), amorphous phases and a small amount of augite and quartz. Its alteration is manifested by the falling
content of amorphous phases, augite and feldspars, by increasing smectite (up to 28%) and secondary carbonates (up to
22 %), as well as by the color change due to increasing iron oxyhydroxides. Mineralogical composition showed acceptable
differences compared to the sound quarry rock. There, higher alteration levels show higher water adsorption and increas-
ing macroporosity, as well, which could be explained by a hypothesis: the basic macroporosity is of syngenetic origin, but,
cyclic wetting and drying of the smectite together with freezing water in the pores probably open new cracks and enable
rock weathering into weak phases, new-formed smectite included; open porosity resulting from their erosion multiplies
the interface area and accelerates the weathering. For increasing porosity leads to a striking drop in UCS, only a sound rock
from the deeper parts of the quarry can be recommended for the castle revitalization.
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1.INTRODUCTION

The content of clay and clay minerals in indurated sedimentary
rocks determines their weathering-and-erosion resistance. This
is obvious on rock cuts (especially in flysh), on building stones
and rock sculptures in exterior (sandstones with different clay
content), but also in the geomorphology (soft land forms on
claystones, steeper slopes on sandstones). Visser & Mirwald
(1998) studied the vulnerability of historic sculptures made
of calcareous sandstone due to weather/climate conditions.
They pointed out clay minerals as critical components. Also
other works refer to a direct relation between the clay miner-
als in the rock and the decrease in the weathering resistance
(Soukupova et al., 2002; Sramek, 1997; Kundig et al., 1977).
The influence of the type of the clay minerals upon the strength
and weathering resistance is evident in claystones (Reuter et al.,
1980; Niiesch, 1999; Ondrasik et al., 2002 and others) and in
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volcanic rocks (Vavrova et al., 2002), less in limestones, where
detritic clay can be seen only as the non-soluble residuum after
an acidic dissolution. But even the weathering resistance of
limestones is decreasing with increasing clay content. Clay
minerals retard a big amount of water in the inter- and intra-
granular spaces and the expanding volume of the freezing water
leads to a frost destruction of the rock. However, expansive
clay minerals have the most destructive effect (May, 1994): if
minerals like smectite, vermiculite or mixed-layers are within
the weathering products, additional stresses occur due to the
repeated expansion/swelling and contraction of the clay min-
erals by cyclic wetting (stress phase) and drying (tensile stress
phase). This is a difference compared to the volume changes
during freeze-and-thaw cycles in winter, where no significant
tensile stresses are expected (Simkova et al., 2012). Standard
laboratory tests used in the engineering geology do not pay
attention to the presence of clay minerals in rocks. Most tests
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are based on freezing the water-saturated samples and/or on
the stresses due to the crystallisation of new mineral phases
from the added solution. The only notice on clay minerals can
be found in the technical standards for the road construction:
partly weathered crushed volcanic rocks can be applied in the
load-bearing sub-base of the road if they do not contain clay (clay
minerals). A revitalization-oriented study of the ruins of the
medieval Sasov castle and alocal quarry in Sdgovské Podhradie
village provided an opportunity to study how alteration and the
presence of swelling/expansive clay minerals in rocks influence
their physical properties and weathering resistance. Volcanic
rocks were chosen because the highest content of swelling clay
minerals was expected there due to hydrothermal alteration
processes preceding their weathering.

2. SASOV CASTLE - HISTORY AND
REVITALIZATION STUDY

The medieval Sdgov castle (Fig.1) above the Sasovské Podhradie
village (Central Slovakia, Fig. 2) is a national cultural heritage
site. A strategic position on a hill overlooking the village and
the Hron River was a reason for its construction. The most
important dates in the castle history are: 1253 — early Gothic
construction, 1490 — reconstruction and extension in the Re-
naissance style, 1677 — destruction in attacks, the castle turned
into abandoned ruins (Hos3o, 1981). Since 1970 small rescue
works were carried out. An engineering geological mapping
of the castle rock mass in the scale 1:500, together with the
inventory of the state of all castle buildings were done in 1994:
some collapses of walls followed major tectonic lines in the cas-
tle rock mass opening due to slow slope movements, building
stone and the binder were weathered (Vi¢ko et al., 1994). At
the beginning of the 21* century an architectural study of the
revitalization possibilities was presented (Adamcova, 2006)
based on suggestive reconstruction and neoplasm, two basic
methods used in architectural conservation. The reconstruction
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Fig. 1. South view of the S43ov castle ruins and
the neovolcanic rock mass.
Obr. 1. Pohlad z juhu na zricaninu hradu

S43ova neovulkanicky skalny masiv.

of the period style is impossible due to the lack of information
about the historical architectural background, and the current
unstable state of the ruins. The revitalization main idea is based
on alegend about the first owner of the castle — a clown. The
architectural study adapted this place to a new spot, where
theatre, arts and nature meet through numerous stages for
outdoor theatre and concerts, partly open air galleries, spot-
ting places and view-points to “cheer up” the visitors (Fig. 3).
It tried to avoid solutions, where the existing ruins would serve
as a holding base for new constructions. Own carrier systems
should be fully independent from the ruined walls and only
“inserted” into the existing ruins. In spite of this, a professional
conservation of the remaining walls cannot be avoided, so a brief
revision of the castle condition was done in 2009, 15 years after
the inventory. The most dramatic destruction was found in the
so called Round Tower: a seriously cracked wall over a tensile
joint in the rock mass collapsed. But in general, changes in the
wall crowns were quite negligible. Alllevels of weathering were
present in the lower wall parts (Fig. 4-5), leading to cavities and
overhangs. A characteristic macro-porosity of the weathered
building stone was observed, too.

3. STUDIED ROCKS

The village Sagovské Podhradie is located in the Neogene
volcanic Stiavnické vrchy Mts. The castle hill is built of the
Upper Badenian leucocratic pyroxene andesites and related
hyaloclastite breccias of the Turéek Formation (Lexa, 1986;
Koneény et al., 1998°). The rocks are also affected by tectonic
disintegration as the castle hill is situated next to a major fault
(Fig. 6). Andesite is the prevailing rock type both in the castle
subgrade (with a whole range of transitions to volcanic glass,
tuff and breccias) and in the building stone of the castle. The
castle hill rock mass was not necessarily the only source, how-
ever, the original building stone source was not the question of
the research. Replacement material for the weathered building
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stone was searched for. In order to test the suitability for the
castle remediation, a pyroxene andesite from an abandoned local
quarry 1.5 km N-N'W from the castle, from the same geological
unit and of the same age, was studied. A lava flow of basaltic
andesites (Pannonian) together with their tuffs and tuffitic
breccias (Pannonian) in the upper part of the quarry outcrop
belong to the Sibeni¢ny vrch complex of the Stiavnické vrchy
Mits. (Koneény et al., 1998"1998") (Fig. 6). It can be assumed

Fig. 2. Situation map of the studied site: Sa$ov Castle and the quarry.

Obr. 2. Situa¢éna mapa $tudovanej lokality: hrad $43ov a kameriolom.

thata certain part of the building stone comes from the quarry
due to the short distance. Samples showing different alteration
levels were taken from the castle (1 relatively sound and 1 highly
altered and disintegrated) and from the quarry (4 levels, from
sound to “altered I11”) to test the impact of alteration upon the
rock properties and the suitability for the castle remediation

(Fig. 7-9).

Fig. 3. Architectural study of the castle revitalization - bird’s eye view and one segment of the south view: a) ruins of the castle walls; b) walkway; c) scenic

view point; detail of the archival document, material and color suffering of time.

Obr. 3. Architektonicka $tiidia revitalizacie hradu - pédorys a ¢ast pohladu z juhu: a) ruiny hradnych mirov; b) chodnik; c) scénicky vyhliadkovy

bod; vyrez z archivneho dokumentu, material a farby poznacené ¢asom.
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4. METHODS OF LABORATORY RESEARCH

Quantitative X-ray diffractometer analyses (XRD) was done
at ETH Ziirich, the zinc oxide (ZnO) was used as the internal
standard to determine the percentage of the amorphous phase in
the analysed samples. ZnO was calcined at 700 °C, micronized to
fraction < 0,020 mm and added to the samples (also micronized
to <0,020 mm) in the ratio sample:ZnO = 90:10 (mass %). The
batches were homogenized in a pulverisette. Randomly orient-
ed, front-loaded powder specimens were prepared and analysed
using the Philips PW 1820 instrument (CuKa, range 2-70°26,
step size 0.02°, counting time 4 s). The powder diffraction files
were processed by the software BGMN®/AutoQuan by Rietveld
analysis (Bergmann & Kleeberg, 1998). The information about

Fig. 5. Highly altered building stone: yellowish
color, disintegration into small grains along
many fine cracks. Length of the block ca.

500 mm.

Obr. S. Intenzivne alterovany stavebny
kamen: nazltla farba, rozpad na drobné zrna
pozdiz mnozstva jemnych prasklin. Dizka
bloku cca 500 mm.
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Fig. 4. Building stone of different alteration
levels in the lower part of the wall: from color
change to total disintegration, wall overhangs.
Obr. 4. Stavebny kamen v r6znom stupni al-
teracie v dolnej ¢asti mirov: od zmeny farby

az po uplny rozpad, previsy.

the internal standard proportion (10 wt.%) was provided to the
software to calculate the amorphous phase amount in the samples.

For the determination of the particle density r, (g.cm-3) (“real
density” according to STN EN 1936: 2007), rocks were grinded
to powder and tested in the helium Stereopycnometer accord-
ing to the manual (Quantachrome Instruments, 2005), results
were checked by a standard glass pycnometer method (STN EN
1936:2007). This rock powder was used also for the Enslin-Neff
water adsorption tests (DIN 18 132: 1995, Fig. 10) applied in
an innovative way with the following idea: water adsorption of
the rock powder does not depend on the porosity of the tested
rock, because the original porosity was eliminated by grinding.
Increasing water adsorption of rock powders of similar grain
size distribution by the Enslin-Neff method must be only due
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Fig. 7. The potential source of the replacement
building material - an old local andesite quarry.
Gradual transition of the massive pyroxene an-
desite upwards into porous blocky lava breccias
with a cover of pyroclastic rocks the top.

Obr. 7. Potencidlny zdroj ndhradného sta-
vebného kameria - stary miestny andezitovy
lom. Masivny pyroxénicky andezit precha-
dza smerom nahor do pérovitych lavovych
brekcii, navrchu s pokryvom pyroklastic-

kychhornin.

Fig. 6. Geological map of the studied area (http://mapserver.geology.sk/gm50js/ [2014-04-10]): 1) flu-
vial deposits (Holocene); 2) landslides (Pleistocene/Holocene); 3) slope deposits (Pleistocene); 4) sand,
clayey sand, gravel (Pliocene); 5) lava flows of basalts and basaltic andesites (Pannonian); 6) freato-
magmatic tuffs and tuffitic breccias of basalts or basaltic andesites (Pannonian); 7) lava flows of basic
leucocratic andesites (Badenien); 8) biotite-amfibolite-pyroxene andesites (Badenien); zrtic. Sasovsky
hrad = $a3ov Castle ruins.

Obr. 6. Geologick4 mapa Studovanej oblasti (http://mapserver.geology.sk/gm50js/ [2014-
04-10]): 1) fluvidlne sedimenty (holocén); 2) zosuvy (pleistocén/holocén); 3) deluvidlne
sedimenty (pleistocén); 4) piesky, ilovité piesky, $trky (pliocén); S) lavové priudy bazaltov alebo
bazaltickych andezitov (panén); 6) freatomagmatické tufy a tufobrekcie bazaltov a bazaltic-
kych andezitov (panén); 7) lavové pridy bazickych leukokratnych andezitov (baden); 8) bioti-
ticko-amfibolicko-pyroxénické andezity (baden).


http://mapserver.geology.sk/gm50js/
http://mapserver.geology.sk/gm50js/

34

Fig. 8. Quarry andesite blocks: relatively sound on the left, altered Il on the
right. Drillholes diameter is 34.75 mm.
Obr. 8. Bloky andezitu zlomu: relativne zdravy vlavo, vpravo altero-

vany - stupen II. Priemer navrtov je 34,75 mm.

to higher content of swelling clay minerals, and this method
could indicate their amount. In the standard tests of the water
absorption by porous rocks (STN EN 13 755:2008, STN EN
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1925:2002), it is impossible to distinguish between the impact
of porosity and clay minerals.

Cores 34.75 mm in diameter, ca. 60 mm high (58.5 to $9.6 mm
exactly) were drilled from the quarry rock blocks. The volume V
of the partly irregular cores was determined by weighing under
water (Archimedes law) for the dry bulk density p, determination
whereby a thin Parafilm-M" of known density pp=0.992 g.cm* was
applied instead of the standard liquid application of the paraffin
cover. The volume V (cm?) was calculated from the equation

my, — my,

PwT Pp

Ve my, —m,

where m, (g) is the mass of the dry sample, m,,, (g) is the mass

of the dry sample with Parafilm-M" cover, m, (g) is the mass of
the sample with the cover under water, p _(g.cm?3) is the water

density at the temperature T, value can be found in tables. Dry
bulk density was calculatedas p =m /V (g.cm3). Total porosity
1 (%) was calculated as =1 - (, d_P,)
rosity n, (%) was determined by He-Stereopycnometer (Quan-
tachrome Instruments, 2005), the method was published by Ad-
amcova (2012). Finally, the uniaxial compressive strength (UCS)
was tested by the Point Load Tester (Bieniawski, 1975). Due to
the protection of the cultural heritage by law, no bigger building

. The helium-effective po-

stones were available from the castle for drilling cores, i. e. only
the mineral composition could be compared to the quarry rock.

S.RESULTS AND DISCUSSION

Plagioclase phenocrysts are visible in the fine groundmass of
the relatively sound andesite building stone of dark grey color
(designation 2.5Y 4/1 of the Munsell Color Charts (2011) from
the castle. According to XRD, this is mostly the plagioclase
andesine (54.1 + 2.5 %), but also orthoclase is present (16.5 +
1.1 %). The macroscopic dark mineral is augite (4.7 + 0.7 %).
Small amount of quartz (3.5 + 0.4 %) was detected by XRD,

Fig. 9. The different alteration levels of the quarry andesite with different porosity, part of it is primary: sound - left, altered | - center, altered Il - right;

diameter of cores is 34.75 mm. No regular cores were possible from the lll. alteration level.

Obr. 9. Rézne stupne altericie andezitu zlomu s rdznou pérovitostou, ¢ast z nej je primarna. Zdravy - vlavo, alterovany I, - stred, alterovany IT -

vpravo; priemer vrtnych jadier je 34,75 mm. Z III. stupiia alterécie nebolo mozné zhotovit pravidelné jadra.
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as well, the rest are amorphous phases (21.2 + 3.0 %) (Fig. 11).
Smectite is the main alteration product of the post-volcanic
alteration (i.e. post-volcanic hydrothermal alteration processes
and/or weathering) found in the highly altered and disintegrated
sample of the building stone — up to 28.1 £2.7 %. The feldspars
(andesine and orthoclase) are still present, but augite was reduced
below 1 %. New mineral phases were detected: aragonite and
calcite (Fig. 12) from secondary hydrothermal veins in the rock.
The rest are amorphous phases and quartz. Relative contents
are given in Fig. 13. Also magnetite was separated by a magnet
(quantification from the XRD plot failed) indicating that the
disintegrated building stone may come from a different source
than the studied “sound” building stone with no signs of magne-
tite. Amorphous phases include the unstable volcanic glass, but
also the Fe-oxyhydroxides resulting from the alteration of mafic
minerals (augite, magnetite) due to the oxidation of Fe*". The
presence of iron oxyhydroxides is evident from the color change
to light olive brown (2.5Y 5/3) and brownish yellow (10YR 6/8).

The sound quarry rock is medium gray (N S according to Munsell
Color Charts, 2011). Its mineral composition is partly different
from the studied sound castle building stone (Fig. 11). No ortho-
clase, but magnetite (3.8 + 0.4 %) is present there. Augite content
is 6.1 £0.7 %, quartz only in traces (0.6 + 0.3 %). Magnetite could
be simply separated from the rock powder by a magnet, as well.
Andesine is the major mineral phase in the sound quarry rock
(50.9+2.1 %), and again, smectite is the main alteration product
in the altered quarry sample (with 17.7 £ 2.0 % in the “altered
II1” sample) (Fig. 14 and 15). Feldspars are usually the most
critical phase producing smectite when weathered. However,
volcanic glass (within amorphous phases creating 38.6 2.2 %
of the sound rock), augite and magnetite seem to be the most
unstable components of this rock according to the quantitative
XRD analysis. The content of andesine in the sound sample
(50.9 £ 2.1 %) is lower than in the “altered I” (58.3 + 2.5 %)
and “altered I1” (56.7 £ 2.0 %) samples (Fig. 15). This could be
due to primary differences in the mineral composition of the
very variable volcanic rock. But it is to point out that these are
only relative contents in %, not absolute ones. Any leaching and

Fig. 10. Enslin-Neff test. Conus of the rock powder in the center of the
water-saturated porous plate enabling suction and absorption of water.
Obr. 10. Skuska Enslin-Neff. Kuzel'horninového prasku v strede frity

nasytenej vodou, ktord umoziuje vzlinanie a absorpciu vody.

erosion of the less resistant alteration products would increase
the relative contents of the remaining mineral phases. This could
mean that the feldspars are normally weathering, but the soft al-
teration products are significantlyleached/eroded and removed.
With the alteration, secondary phases appear and their content
isincreasing (smectite up to 17.7 + 2.0 %), while the contents of
amorphous phases, augite and magnetite are decreasing.
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Iron oxyhydroxides could not be quantified, but their presence
changed the rock color from medium gray (N S according to
Munsell Color Charts, 2011) to light olive gray (5 Y 5/2) with
a stain of brownish yellow to yellowish red color (10 YR 6/8 to
SYR5/6).

The quarry rock available in bigger blocks (important for core
drilling) was used for the illustration of the alteration impact upon
the rock properties. While results of mineralogical analyses are
shown also for the alteration level III, it was impossible to prepare
regular cores from so highly altered rock — it was breaking already
during drilling. Therefore, tests of physical properties were not car-
ried out on those samples; Fig. 16 and 17 show the changes from
the sound rock up to “altered II’, the alteration level was indicated
by the smectite content. With successive mineralogical changes,
the particle density is slightly decreasing, indicating the altera-
tion of heavy minerals. And, as expected, the water adsorption

Augite

Amorphous

23% Calcite
(]

11%

Orthoclase
7%

Andesine
17%

= Quartz
2%
Fig. 13. Mineral composition of a totally disintegrated castle building stone.

Obr. 13. Mineralne zloZenie Gplne rozpadnutého stavebného kamera

zhradu.
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Fig. 12. XRD spectrum of the highly altered and
totally disintegrated building stone. Elevated
bases on the right side of the spectra indicate
the presence of amorphous phases (volcanic
glass). Ads - andesine, the other mineral ab-
breviations are used according to Whitney &
Evans (2010).

Obr. 12. RTG-difraktometricky zdznam
praskovych vzoriek vysoko alterovaného
auplne rozpadnutého stavebného kame-

fia. Zvy$end baza pravej ¢asti naznacuje
pritomnost amorfnych faz (vulkanické sklo).
Ads - andezin, ostatné skratky minerdlov st
pouzité podla Whitney & Evans (2010).

by Enslin-Neft is clearly increasing with the increasing smectite
content — the method developed for soils was proven as an in-
dicator test of the increasing content of expanding clay minerals
in hard rocks, as well. Both measured total and helium-effective
porosities are also increasing, which corresponds well with the
visual check of the macro-porosity. All these changes resulted in
the rock weakening. The UCS by PLT dropped dramatically from
270 MPa of the sound rock to 51 MPa of the “altered II” sample. As
already explained, comparative tests of physical properties could
not be carried out on the building stone from the castle, because
the ruins are protected by law and drilling was not allowed.

6. CONCLUSIONS

Impact of the andesite alteration upon the physical properties
was studied on the potential replacement building stone neces-
sary for the revitalisation of the Sa$ov castle ruins. It comes from
alocal quarry in the Sdgovské Podhradie village. The original
castle building material is heterogeneous, the building stone
comes probably from several sources and/or underwent diffe-
rent post-volcanic alteration processes. Therefore, small mineral
differences compared to the quarry andesite are less important.
Looking at the alteration, certain hydrothermal mineralisation
(aragonite and calcite, probably secondary veins) was detected in
the highly weathered and disintegrated andesite building stone
from the S43ov castle. But, the post-volcanic alteration (hydro-
thermal and/or weathering) of studied andesites produced also
weak secondary phases dominated by smectite and including
significant amount of iron oxyhydroxides at both sites — the S&gov
castle walls and the local quarry. The soft secondary phases could
be partly leached and eroded by the precipitations and would
contribute to the increasing porosity. The engineering geological
tests showed that higher porosity is accompanied by a dramatic
reduction of the uniaxial strength, and by the weakening of the
rock, because big empty pores are easily collapsing under load.
The primary macro-porosity of studied andesites is of syngenetic
character and may vary from place to place. For the assessment
of the alteration impact upon the porosity, following well-known
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Fig. 14. Detail of the smectite part of the XRD
spectra; smectite content increasing with the
alteration. Quarry andesite of different altera-
tion levels, powder samples.

Obr. 14. Detail smektitovej oblasti RTG
spektra; obsah smektitu stupa s alteraciou.
Andezit zlomu v réznom stupni altericie,

praskové vzorky.

Fig. 16. Increasing content of smectite is ac-
companied by higher water absorption in the
Enslin-Neff test and slightly lower particle den-
sity due to alteration of heavier mineral phases.
Obr. 16. Stupajuci obsah smektitu sprevadza
vy$$ia absorpcia vody pri skuske Enslin-Neff
amierne niz$§ia mernd hmotnost v désledku

yus

alteracie taz$ich mineralnych faz.
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Fig. 15. Alteration-caused mineral changes of
the quarry andesite with significant increase of
the smectite content.

Obr. 15. Mineralne zmeny andezitu z lomu
spdsobené altericiou, s vyznamnym néaras-

tom obsahu smektitu.



facts were considered: 1. higher water uptake will follow if the
porosity and/or the smectite content increases; 2. water in pores
may be seasonally freezing with relevant volume increase produc-
ing stress in rock pores, therefore freeze-thaw cycles weaken the
rock by new cracks, i. e. new-formed porosity; 3. water adsorbed
by the expandable smectite causes volume increase of the clayey
fill of the pores and exhibits an additional stress on the pore
walls (swelling pressure); 4. expandable clay minerals produce
tensile stresses during drying and shrinking — like smectite in
the cohesive pore fill, i. e. a cyclic wetting-drying contributes to
the weakening of the rock bonds and porosity increase.

The theoretical consideration supported by mineralogical out-
puts resulted in a hypothesis that smectite is contributing to
the progressive weathering in following way: primary porosity
(from micro to macro scale) enables the penetration of weather-
ing agents, generating the first erodible secondary phases, clay
minerals included; next, the porosity is increasing due to the
partial erosion of secondary phases, due to freezing of water in
the old and new-formed effective pores and due to cracking the
rock by cyclic pressure and tensile stress by wetting and drying
of the smectite; in this way, weathering agents reach deeper parts
ofthe rock, the interface area is multiplied which accelerates the
weathering progress producing more of the secondary minerals,
smectite included ; their easy erodibility leads to higher porosity
and weakening of the rock - till the total disintegration. There is
probably a coupled effect of the porosity and the smectite con-
tent. With every weathering step the number of pores and the
amount of new-formed clay minerals are multiplied. Therefore,
the weathering progress in a partly weathered/altered building
stone containing expandable clay minerals may be much faster
than in a sound rock. Even if an experimental confirmation of
the coupled effect of smectite and porosity is still missing, much
more attention should be paid to the clay mineral content in the
building stone because of this theoretical danger. Enslin-Neff test
of the water absorption by rock powders can be recommended
atleast for a quick qualitative comparison of the building stone
suitability in the practice.
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Fig. 17. Impact of alteration upon the physical
properties (quarry andesite). The marked drop
of strength is the most important change.
Obr. 17. Vplyv alteracie na fyzikélne vlast-
nosti (andezit zlomu). Markantny pokles

pevnosti je najvyznamnejsia zmena.

From that conclusion, an explanation for the bad condition of
some parts of the castle walls was driven. Those parts that had
been obviously constructed from a more weathered/altered
and less resistant stone available at or near the surface, and their
disintegration was faster. When sounder parts of a deposit were
opened, the building stone was more resistant against weather-
ing. Plaster relicts on castle walls are of big importance, protect-
ing the building stone from weathering. Concerning the castle
preservation, water (combined with frost or swelling/shrinking
clay minerals) is the main enemy, causing degradation. Castle
ruins should be prevented from the infiltrating precipitation
water by roofing where possible, and by the conservation of the
wall crowns. Stone from the sound parts of the local quarry can
be taken as a replacement material for any castle reconstruction.
The sound andesite of low porosity and absenting swelling clay
minerals promises better durability and good mechanical proper-
ties — UCS over 200 MPa. The quarry could be one of the several
original sources of the castle building stone — the probability is
high because of the small distance that would be an advantage
also for the castle revitalization project.
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Resumé: Ruiny hradu Sa3ov (obr. 1) na strednom Slovensku (obr. 2) su
narodnou kultirnou pamiatkou. Architektonicka Studia jeho revitaliza-
cie, nadvazujlca na legendu o $asovi, navrhovala v aredli hradu okrem
vyhliadkovych bodov cely rad objektov, kde by sa mohli konat divadelné
predstavenia, koncerty a vystavy pre zabavu navstevnikov (obr. 3). Hoci
boli navrhnuté prevazne lahké samonosné konstrukcie, stabilita a bez-
pecnost hradnych murov podmienuju rozvoj tejto historickej lokality, co
iniciovalo reviziu stavu hradnych objektov. Na viacerych miestach bol
zisteny vyrazne horsi stav hradnych stien, kde bol stavebny kamer silne
zvetrany, miestami az dezintegrovany (obr. 4 a 5). Na sana¢né, pripadne
rekonstrukcné prace bude potrebné najst vhodny zdroj stavebného
kamena. Pozornost sa sustredila na najblizsi opusteny andezitovy lom
cca 1,5 km S-SZ od hradu, na okraji obce Sé3ovské Podhradie (obr.2 a 7),
kedze v stavebnom kameni hradu prevazuje tiez andezit. (Stavebny ka-
men na hrade je pomerne heterogénny a méze pochadzat z viacerych
zdrojov, ich identifikacia nebola predmetom vyskumu. Vzhladom na
blizkost lomu je vsak pravdepodobnost, Ze sa jedna o jeden z pévodnych
zdrojov, vysoka.) Geologicka charakteristika lokality je na obr. 6. Boli odo-
brané bloky horniny relativne zdravej i v rdznom stupni post-vulkanickej
alteracie (hydrotermalnej a/alebo zvetravania) (obr. 8 a 9) na vyskum
vplyvu alterédcie a s iou suvisiacich sekundarnych napuciavajucich ilovych
mineralov na fyzikélne vlastnosti horniny a odolnost voci zvetravaniu,
ako aj na overenie vhodnosti pre sanac¢né ¢i rekonstrukéné prace na
hrade. Mineralne zloZenie bolo hodnotené na zaklade RTG difrakénej
analyzy (kvalitativnej i kvantitativnej). Praskové vzorky boli pouzité aj
na ur¢enie mernej hmotnosti a absorpcie vody metddou Enslin-Nef
(obr. 10). Na vrtnych jadrach bola stanovena objemova hmotnost suchej
horniny sluziaca na vypocet celkovej porovitosti, tiez otvorena pérovitost
efektivna pre hélium a nakoniec pevnost pri bodovom zatazeni a z nej
pevnost v jednoosovom tlaku. Studovany relativne zdravy stavebny
kamen z hradu je andezit tmavosivej farby s jemnozrnnymi vyrastlicami
andezinu, ktory je v zlozeni dominantny (54,1 %), pritomny je aj ortoklas
(16,5 %), zvysok tvoria amorfné fazy (21,2 %), augit (4,7 %) a malé mnoz-
stvo kremenia (3,5 %) (obr. 11). Hlavnym produktom post-vulkanickej
alterdcie (hydrotermalnej a/alebo zvetravania) je smektit, ktory tvoril az
28,1 % vysoko alterovaného a dezintegrovaného stavebného kamena.
Zivce st nadalej pritomné, augit bol zredukovany pod 1 % a zistené boli
nové mineraly —aragonit a kalcit (obr. 12), zrejme z hydrotermalnych Ziliek
v hornine. Zvysok su amorfné fazy a kremen, relativne obsahy su na obr.
13. Magnetom bol vyseparovany aj magnetit, ktory sa viak z RTG zazna-
mov nepodarilo kvantifikovat. Ten naznacuje, Zze stavebny kamen moze
pochédzat z réznych zdrojov, lebo v zdravom nebol magnetit zisteny.
Amorfné fazy zahinaju nestabilné vulkanické sklo, ale aj oxihydroxidy
Zeleza (napr. zo zvetraného augitu a magnetitu), ktoré charakteristicky
sfarbuju zvetranu horninu do Zlta az hrdzava. Relativne zdrava horni-
na z lomu je stredne sivej farby a jej mineralne zloZenie sa mierne lisi
od Studovaného kamena z hradu: neobsahuje ortoklas a zisteny bol
magnetit (3,8 %). Hlavny mineral andezin tvori 50,9 %. Prekvapivy vyssi
obsah andezinu v alterovanych blokoch ako v zdravom (obr. 15) méze
byt spdsobeny rozdielmiv povodnej lave, no treba zdéraznit, ze sa jedna
o relativne, nie absolutne obsahy. Akykolvek odnos makkych produk-
tov alteracie (vyluhovanie, erézia) sposobi narast relativnych obsahov
zvysnych minerélov v horninovom préasku. Preto je mozné, Ze andezin
zvetrava, ale pre odnos produktov sa to neprejavi ako pokles relativneho
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obsahu tak, ako sa to ukazuje u amorfnych faz a augitu, ktorych alteracia je
intenzivnejsie. Postup alterécie je sprevadzany narastom obsahu smektitu
(az do 17.7 %) (obr. 14 a 15) a oxihydroxidov zZeleza, ktoré menia farbu
horniny do hnedozlta az Zltoc¢ervena. Prave obsah smektitu bol voditkom
pre stanovenie stupna alteracie vybranych blokov horniny. Va¢sie bloky
horniny z lomu, z ktorych sa dal pripravit dostato¢ny pocet vrtnych
jadier, boli pouzité na ilustraciu vplyvu aleracie na fyzikalne vlastnosti
andezitu (hornina v lll. stupni alterécia sa ldmala, preto bolo uréené iba
mineralne zloZenie). Zmeny mineralneho zloZenia s rasticim stupfiom
alterécie sprevadza aj mierny pokles mernej hmotnosti p, (g.cm?), ¢o
indikuje alteraciu tazsich mineralov, a zretelny narast adsorpcie vody
metodou Enslin-Neff (obr. 16) ako dosledok vyssieho obsahu smektitu.
Inovativne aplikovana metéda, pévodne uréena pre zeminy, sa teda
osveddila aj pre skalné horniny ako metéda na indikaciu pritomnosti
napuciavajucich ilovych mineralov. Postupne rastie porovitost, celkova
aj efektivna pre hélium, a s nou vyrazne klesa pevnost v tlaku — z 270 MPa
u zdravej horniny azna 51 MPa (obr. 17) v II. stupni alteracie. (Porovnéva-
cie skusky fyzikalnych vlastnosti nebolo mozné vykonat na stavebnom
kameni z hradu, ktory je pamiatkovo chaneny a poskodzovanie murov
je nepripustné.) Primarna makropoérovitost studovaného andezitu je
syngenetickd a moze sa menit od miesta k miestu. Pri uvazovani, ako
mohla ovplyvnit alteracia pdrovitost, sa vychadzalo z nasledujucich
znamych faktov: 1. nasiakavost horniny stupa s vyssou pdrovitostou
a/alebo s vy3sim obsahom smektitu; 2. voda v péroch sezédnne zamfza,
zvdaciuje objem a tlaci na steny poru, cyklické zamfzanie/rozmfzanie
preto oslabuje horniny tvorbou novych puklin - nérast pérovitosti; 3. ab-
sorpcia vody vo vyplni pérov s obsahom smektitu vyvola na steny péru
dodatocny tlak z napuciavania; 4. pri vysusani kohezivnej vyplne péru s
obsahom smektitu dojde k zmrastovaniu a tahovym napatiam na stenach
poru, cyklické vihcenie a susenie dalej oslabi horninu. Teoretické uvahy
podporené mineralogickymi analyzami viedli k hypotéze, Ze hoci péro-
vitost zohrava pri zvetravani stavebného kamena vyznamnejsiu Glohu,
v horninach bohatych na Zivce prispieva smektit ako produkt alteracie
k progresu zvetravania tym, Ze umoznuje nérast pérovitosti (1. trha-
nim horniny pri syteni vodou a vysusani, 2. lahkou erodovatelnostou
amoznym odnosom z horniny), vyssia poérovitost zas vedie k prenikaniu
zvetravania hlbsie do horniny za vzniku vasieho mnozstva smektitu
a zvetravanie postupne akceleruje, prepojenost Ucinkov pérovitosti
a smektitu urcuje intenzitu zvetravania. V rovnakych podmienkach potom
navetrand hornina zvetrava ovela intenzivnejsie ako zdrava. Hoci nie su
k dispozicii priame dokazy, teoretické nebezpecenstvo tu je, preto je pri
posudzovani kvality stavebného kamena potrebné venovat pozornost
obsahu napuciavajucich ilovych minerélov (to sa doteraz v praxi nerobilo
anepredpisuju to ani technické normy pre stavebny kamer). Preto murivo,
ktoré bolo zrejme uz v ¢ase vystavby hradu Sasov viac alterované, zvetralo
rychlejsie. Hlavnym nepriatefom hradu S&3ov je teda voda pésobiaca
najma v poéroch a spésobujuca objemové zmeny pri mraze, ale aj pri
zmenach vlhkosti smektitu. Pri sanacii hradnych ruin je potrebné zakon-
zervovat koruny murov a prestresit objekty, kde je to mozné. Stavebny
kamen pred dalsim zvetravanim ciasto¢ne chrania aj zvysky omietky na
muroch. Zdravy andezit zopusteného miestneho lomu, ktory ma nizku
poérovitost a pevnost v tlaku vyse 200 MPa, je vhodny ako nahradny
stavebny kameri na pripadné opravy ¢i rekonstrukcie. Na lacnu kontrolu
obsahu smektitu v stavebnom kameni sa hodi jednoducha porovnavacia
skuska absorpcie vody podla Enslina-Neffa na horninovom prasku, ktora
na rozdiel od skusok nasiakavosti eliminuje vplyv pérovitosti na vysledok
a odraza prave obsah napucavych ilovych mineralov.
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