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MULTIDISCIPLINARY ANALYSIS OF A SLOPE FAILURE
AT THE OBRi HRAD SITE IN THE SUMAVA MTS.

FILIP HARTVICH*, JIRI ZVELEBIL**, DAVID HAVLICEK***, MILOSLAV SLABINA****

Filip Hartvich, Jifi Zvelebil, David Havlicek, Miloslav Slabina: Multidisciplinary analysis of
a slope failure at the Ob¥i Hrad site in the Sumava Mts. Geomorphologia Slovaca et
Bohemica, 7, 2007, 2, 10 Figs., 25 Refs.

In this contribution we describe various scientific techniques, which were used during the research
of a multigeneration slope deformation on the archaeological Celtic site of Obfi Hrad near Ka3perské
Hory. Due to a specific local condition, practically no accumulations were left, thus we had to
work with other, mostly indirect signs and traces of the older generations of the slope. We have
used methods of geomorphology, such as detailed mapping, morphological profiling, rock-strength
measurements, etc, of engineering geology and geophysics (geophysical profiling, dilatometric
monitoring), of archaeology and inorganic chemistry, in particular the X-ray diffraction analysis,
which has helped to determine the origin of morphologically unclear accumulation remnants.
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1 INTRODUCTION

In this article, we deal with a multi generation
slope deformations on the slopes of the Valy Hill (1,012
m a. s. 1.), crowned with a well-known Celtic site of Ob¥1
Hrad (F'ig. 1). The locality is situated in south-western
Bohemia, near an old mining town of Kasperské Hory.
As the slopes of the spur of the Valy hill are very steep
and the dynamics of their reshaping high, as well as
the rate of valley floor changing, except for a few rem-
nants there are practically no accumulations of the slo-
pe deformations. Thus the direct evidence was for the
most part already removed by the activity of the Lose-
nice stream on the narrow valley floor and it was neces-
sary to use less frequent or indirect methods for the
slope deformations research.

The very presence of such a large slope deformation
is very unusual in rather stable and consolidated crystal-
line Moldanubicum unit (ZARUBA and MENCL 1987).
There are several possible conditions, contributing to
such a phenomenon:

— strong structural fragmentation, possibly related to
a nearby fault zone in the valley

— coincidence of slope and foliation planes orientation
(see HARTVICH 2005),

— position of the site on the outer slopes of the Sumava

Mts., a significant morphological step securing high
energy inputs into the geomorphological processes
(HARTVICH 2006),

— overall disposition of the valley plan, resulting into
the unique, weakened shape of the spur,

— deep incision of the rivers along the dissected Suma-
va Mts. outer rim due to backwards erosion connected
with the Neogene/Quaternary uplift of the mountains
— high transportation power of these rivers, allowing a
fast removal of the collapsed material, thus enabling
further sliding,

— finally, possible human influence in the acceleration
of already unstable locality.

We think that it was a spatial and temporal coin-
cidence of the above influences that resulted into the
extensive slope deformation activity. Throughout the
article, we show how various methods contributed to
the general hypothesis on the site development.

2 ARCHAEOLOGICAL RESEARCH

There are altogether 16 sites with Celtic mate-
rial findings in Sumava podht¥i (Sumava Pied-
mont), particularly from the Halstatt period there
is one settlement and one burial place. As an ex-
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ception can be mentioned the fortification of Ob¥i
Hrad near Nicov village, which is the only Celtic
site within the Sumava Mts. and it is also the hi-
ghest Celtic heritage site in the Bohemia (CTVE-
RAK et al. 2003). This site was first time mentio-
ned by Sedlédéek in the beginning of the 20. century,
detailed site description was done by STREIT
(1936). Afterwards, the site has been in focus of
research of 6 more archaeologists, and finally, in
the years 2002-2003 a combined archaeological and
geological research was performed by the authors.

The fortification of Obii Hrad is situated on the
northernmost part of the spur of the Valy Hill, its di-
mensions being approximately 370 m in length and
60-90 m in width, closing the area of about 2,5 ha. The
rock outcrops were embedded into the fortifications.
The fortification disposition is doubled: there is inner
castle (often incorrectly referred to as an acropolis) and
outer castle. The fortification of the inner castle is two-
fold, both belts incorporating the outcrops into the wa-
1Is. A very unusual and extraordinary is the missing
fortification on north-eastern third of the site.

2.1 THE RESEARCH 2002-2003

According the archaeological research, aimed at
gathering of the datable material and on the fortifica-
tion construction techniques, both inner and outer wa-
1lls are built similarly: dryly laid stone blocks, always
with two walls, the space between them was filled with
arock debris. The walls were approximately 3-4 m wide
and in the inner castle they still reach over 2 meters in
height. The crown of the walls is in some places still
over 1 m wide, the width of the foot of the collapsed
walls reaches in average 6-7 m.

Fig. 1 Aerial view of the site of
Obfi Hrad. View to the north.
| Dotted white line indicates the
_| slope with the deformations. Inset:
i | Position of the site within the
Czech Republic

An important element of each fortification is a gate.
Unluckily, no gates were discovered, as the places descri-
bed by SIMEK (1949) have changed and thus cannot
be identified. Rather surprising is that Simek did not
describe the ,Gate” outcrop. Generally, it is extremely
difficult to identify the entrances in the cases of old,
strongly changed fortifications.

The work power, necessary for building of the forti-
fication, was estimated to approximately 150 men,
working for 5 months (2 m? per person and day), depen-
ding also on the level of organization and skill of the
workers. Considering this, it is very extraordinary that
there were no traces after these builders in the form of
the material findings, such as broken tools, lost items,
garbage, etc. Despite numerous archaeological resear-
ches (including over 100 probes) not a single object or
any other material trace was found. However, only re-
cently 18 coins dated approximately to 2.-1. century
B.C. were found with the use of the metal detectors.
The whole area of the inner castle was searched during
our research, however, no other objects were found. Cur-
rently, there is a heated discussion between the nu-
mismatics on the authenticity of this discovery (doub-
ting not as much the authenticity of the coins, but the
locality of their occurrence).

2.2 THE PURPOSE OF THE CELTIC FORTIFICATION

The purpose and function of the building of the
Obii Hrad fortification, situated into extremely unsui-
table environment, far from any other settlements, is
still unresolved. The most likely discussed possibili-
ties were the sacral site, a fortress protecting a gold-
washing site, refugium fortress, etc. Also the exact pe-
riod of the building of the site is not yet completely
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clear, but according to the construction style and forti-
fication design we can pinpoint the building to the late
Hallstatt / Bronze Age period.

There is also a possibility that the location of the
site was determined by the very geodynamic activity of
the slope. We can assume that the people of that age
knew very well the landscape and its behaviour, and
thus they would probably notice and were attracted by
an active slope site, which could be considered a mani-
festation of the presence of subterranean gods. In fact,
there exists a legend concerning the site, which is con-
nected to the name of the site: Obii Hrad means the
,Giant’s Castle“. The story contains a tale that the
giants, living on the site, used to throw stones downhill
on people. In other words - omitting the culprit - a per-
fect description of a landslide within the historical age.

There is archaeological evidence that the process
of the locality disintegration has began a long time
ago:

— some parts of the walls are spread down slope and
got mixed with the blockfields,

—at the connection of the outer fortification to the inner
citadel there is apparent supportive lock-in, which may
have been built to strengthen the toppling wall,

— the rock outcrops, which were incorporated into the
fortifications, are currently strongly disintegrated —
were they in such state at the time of the building, the
builders would try to support them,

— we shall never know for sure whether the north-eas-
tern walls were ever built, but it would be very uncom-
mon if one of the sides would not be protected.

3 GEOPHYSICAL PROFILING

In summer 2001, a complex and detailed geophys-
ical profiling on the site of Ob¥i Hrad took place (BE-
NES 2002). The chief purpose of the geophysical profi-
ling was the assessment of the depth, character and

distribution of the rock massif disturbation. Several
techniques were employed, including gravimetry, geo-
lectric methods, seismic tomography and refraction.
There were in total 5 profiles performed, covering mostly
the top of the spur, one of them reaching the bottom of
the valley. The conlusion from the geophysical research
was that the northern spur of the Valy hill, location of
the archaeological site, is disturbed into great depth
(up to 25 meters), locally covered with thick layer of
rock debris and with distinct opening crevasses and
pull-zones, which rend the slope prone the mass move-
ment deformations.

Particularly on the tomography and geoelectric re-
sistance measurement is based the interpretation of the
massif state. Using the measured profiles, every 5 me-
ters along the profile line the approximate depth of the
wsound” rock was read. Resulting point data were inter-
polated using kriging algorithm into a raster (Fig. 2).

The validity of the result, i.e. the raster showing
the depth of the ,undisturbed” rock, is, of course, influ-
enced by the distribution of the source data and the
interpolation formula. The deficit and particularly equ-
al distribution of the data could not be avoided in this
case (as we had only profile data), therefore the resul-
ting raster should be used with care, as it cannot be
exact due to the data distribution. The kriging then
was found the best interpolation method considering
the amount and distribution of the profile data (PO-
DOBNIKAR 2007).

As can be seen on the figure, the deepest disinteg-
ration of the rock can be found on the NE slope of the
spur, just beneath the scarps, where the remnants of
the Celtic fortification are missing. On the other hand,
the most ,solid“ parts of the hill are the south-eastern
and north-western edges of the inner citadel. In fact,
these are partly covered with outcropping rock and can
be considered the most stable parts of the spur. On the
margins of these outcrops abruptly end the fortifica-
tion remnants.

Fig. 2 Interpolated raster showing
the depth of the rock disintegra-
tion, based on geophysical profi-
ling (see the scale, in meters).
h Black dotted line — profile paths.
A White dotted line — zone of
deep disintegration. Black solid
line — two relatively stable, solid
rock blocks in two corners of the
inner castle.

80 m
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4 GEOMORPHOLOGICAL RESEARCH

The geomorphological research in the vicinity of
the Obri Hrad site has been carried for over 4 years and
included a vast number of various methods and tech-
niques. Aside from the detailed geomorphological map-
ping (1:5,000), covering whole area of the Losenice stre-
am catchment, and special geomorphological mapping
(1:500), focused on the most interesting localities, many
other methods were employed. From these, we shall
discuss following in this article: detailed morphomet-
rical profiling, measurements of the rock strength and
site-focused morphological mapping.

4.1 DETAILED MAPPING OF THE SITE

The slopes surrounding the northern spur of the
Valy hill is regarded as a core area of the geomorpholo-
gical works in the catchment of the Losenice valley.
During several campaigns the site was mapped in the
scale 1:500, so that all the relief forms and phenomena
were recorded and analysed (Fig. 3). Also, several mo-
nitoring posts using various techniques were installed
on these slopes.

Among the most significant, even determining
phenomena for the development and current shape of
the slopes are the structurally influenced slope defor-
mations. What is most striking fact, found during the

mapping, is that there is very unequal evidence of the
slope movements: there are prominent, steep, fresh-
looking, step-like scarps just beneath the flat relief of
the spur, followed by the slopes, covered with rock blocks
and debris. Under the slopes, however, there are prac-
tically no accumulations, that would correspond to the
scarps above. Further investigation within the river
valley floor (including the mapping of the consequences
of 2002 flood, see HARTVICH 2007, HARTVICH,
LANGHAMMER and VILIMEK 2007) revealed very
high activity of the fluvial transport.

It was calculated that the discharge under the Obi{
Hrad site may have reached 60-75 m%s (HARTVICH
2007), which results into extreme load power within
the narrow valley. Thus it is possible to explain the
missing accumulations, material from which is cur-
rently deposited along the river course. This was con-
firmed by a dug probe in the Losenice floodplain, which
revealed a surprising amount of roughly reworked bo-
ulders (up to 50 cm), bearing traces of only short river
transport, so that it can be classified as fluvio-deluvial
debris.

The majority of the slopes is covered with rock deb-
ris, and in several places passing into open block fields.
These block fields tend to be rather unstable, with
block size up to 3 meters in the longest axis. During
the mapping, the chief slope breaklines were also re-
corded. These served as yet another input into the
slope analysis.

1= 26 50 410 661 70
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Fig. 3 Map of selected geodyna-
mically significant elements on the
eastern slope.

1 — possible remnant of a rockslide
on the left bank, 2 — relief breakline,
3 - extension zones, 4 — scattered
blockfields, 5 — contour lines, 6 —
scarps, 7 — extension depressions,
8 - lines of geophysical profiles,
9 - floodplain, 10 - rock outcrops,
11 —river, 12 — bank lateral erosion,
=1 13 remnants of the Celtic walls,
= 14 - dense blockfield
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Fig. 4 Seven profiles across the eastern slopes under Obri Hrad site. No vertical exaggeration. Thin grey
hachure indicates approximate inclination of the foliation planes

4.2 MORPHOMETRICAL PROFILING

One of the best ways to gather accurate informa-
tion on the slope or valley morphology is a construction
of transversal profiles. There are several possibilities
of their construction, both field techniques and digital
data extractions using the DEMs. In this work, we used
alaser range finder LaserAce, an optical device allowing
measuring both horizontal and vertical distances, with
a high accuracy (~ first cm), and at the same time
considerably fast and user-friendly. Using this device,
we have measured 7 profiles on the northern and eas-
tern slopes of the Obi#i Hrad spur (Fig. 4). The profile
paths were situated so that the most significant relief
features were covered, particularly such phenomena
as the slope breaklines, outcrops, blockfields or scarps.

As was previously described (HARTVICH 2005a),
one of the factors, causing the high activity of the slope
movements on the eastern slopes of the Valy hill, is the
configuration of the slope in respect to the rock structu-
res, particularly the orientation and dip of the foliation
planes. Unlike in the case of the most slopes in the

vicinity, the Ob#i Hrad eastern slopes are steeper than
the foliation planes, having at the same time similar
orientation of the dip (kataclinal overdipped slopes,
see MEENTENMEYER and MOODY 2000), as can be
seen on the Fig. 4. This results into enhanced sliding of
the slope material along the tilted planes.

We are not going to discuss each profile separately,
there are, however, some common features observable.
The profiles tend to have either steeper upper sections,
or showing significant steps or cliffs, generally later
identified as corresponding to position of the slope de-
formation scarps. The central portions of the slope are
usually almost straight, in average inclined about 25°.
The lowermost part of the slopes is generally slightly
convex, showing a significant increase in steepness,
which is due to direct connection to the activity of the
river incision as well as sideward erosion.

In order to trace more subtle morphological pro-
perties of the slopes and also to support the suggesti-
ons with solid data, a local slope inclination was calcu-
lated for each profile. After smoothing of the curve using

. M S
] a0
3 4 iy 1 35
-0 I 25| Fig. 5 Fine-tuning of the profile information
ol [ 20| gathering. Profile (white line) can be made
ol 15| clearer by a smoothened line of local
101 inclination (black line). The segments below
gl U 5 | show the local trends on the inclination line,
ki k .53 " . : D:- L - .5‘:- . _n'] which also tells about local curvature: black
. "R " | _very concave, 50% grey — straight slope,
white — very concave. The inset shows a
I " I ] position of a possible scarp
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Fig. 6 Elementary statistic table of the rock
strength measurement data. Itis clear that
the dataset fell into two clusters (harder
and softer) by both variance and R average

amoving average function, the local trends were obser-
ved on each profile. The local trends were classified
into five categories, representing convex to concave slo-
pe shape (Fig 5). The segments of the profiles were
drawn into the profile map

The significance of the sequence of the segment
type is obvious — a transfer from the convex to concave
part of the slope indicates a step in the relief. As can be

R
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Fig. 7 Map of position of the measured rock strength
sites (I-VII)

1-3 size of the circle grows with groving R average, 4
— possible scarp outcrops with the hardest rocks, 5 -
Celtic walls, 6 — rock outcrops, 7 scarps according to

mapping

seen from the Fig. 4 these steps occur either directly
under the flat top of the spur, or in the lower part of the
slopes, closely to the river....

4.3 Rock STRENGTH MEASURING

The rock strength measurement was carried out
in order to confirm a hypothesis that the prominent
rock steps beneath the Ob#i Hrad site. The rebound
value (R) depends on the physical properties of the rock
surface, which are changing in dependence of the time,
elapsed since the rock face exposure, due to the we-
athering of the minerals on the surface. Therefore, we
inferred that the potential rockslide scarps would ap-
pear harder (being exposed for a shorter time) than the
other rock faces. It was necessary to take into account
specific structural properties of the gneisses — the fo-
liation planes, predisposing the presence of weaker
surfaces within the rock, which could influence the re-
sults of rock strength measurements. Therefore, all the
measured surfaces were selected so that their orienta-
tion to the foliation is approximately the same and its
influence on the measurement is thus minimized.

The methodics of the measurements was taken over
from several works. On each measured surface, 25 mea-
surements were taken — the literature recommendati-
ons vary from 9 (BORRELLI et al. 2007) to 50 (SHA-
KESBY et al. 2006). The measurements were taken at
least 15 cm from the plane border and so that they avo-
ided visible cracks or diskontinuities in the rock (AY-
DIN and BASU 2005). The measured point was smo-
othened slightly using a grindstone, which decreases the
variations of measurements (KATZ et al. 2000) — this
fact was verified during the measurements.

In total, eight surfaces were measured, four of which
were the presumed scarps, the other common rock sur-
faces for comparison (Fig. 6). The data were analysed
statistically, we calculated the standard deviation and
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variance coefficient, as is suggested by MENTLIK
(2005). The eight datasets fell into two surprisingly
different groups, both by the R value and the variance
coefficient.

The four harder rock faces, with R close to 70, were
the supposed scarps and the inner wall of the rock out-
crop ,Brana“ (,The Gate®), currently measured by auto-
matic extensometers as well as dilatometers (Fig. 7).
The other four were all the other rock faces, measured for
comparison, where the R oscillates between 50-60. In
accordance with the literature (SHAKESBY et al. 2006)
the variance decreases with growing R value.

5 X-RAY DIFFRACTION ANALYSIS

The x-ray diffraction analysis, a common technique
used in inorganic chemistry, was performed on the sam-
ples collected along the profile No. 2. The method was
employed in order to validate a hypothesis that the
remnants of the accumulation on the right bank are
accumulations of a slide, originating on the left bank of
the river. The idea was that even though both sides of
the valley are built by orthogneisses, it might be possib-
le to find differences in the mineral composition along
a cross-section across the valley due to facial changes
during the metamorphic processes. By comparison of
the spectra of the samples we might be able to assess
the origin of the accumulation.

5.1 METHODOLOGY DESCRIPTION

The X-ray powder diffraction (XRD) method was
used for identification of the differences among stu-
died samples. First, two samples of different origin
were studied by XRD and we have recognized, that X-
ray powder patterns of these samples exhibit impor-

tant differences. These differences are caused by diffe-
rent relative content of main minerals and their crystal-
linity. Therefore we have used this method for determi-
nation of similarity of selected samples.

The URD-6 diffractometer was used. This old de-
vice (Freiberg, DDR 1988) was reconstructed and uplo-
aded with a new software. The original hi-voltage gene-
rator was replaced by new commercial Seiffert (BRD
2004) generator. The Cu,a radiation was used in com-
bination with secondary monochromator. The device
was callibrated with use of Al,O, standard (NIST676).

X-ray powder patterns were measured in continuo-
us regime and written by recorder. Both peak positions
and the heights of the peaks were used for qualitative
and semiquantitative detetrmination respectively. The-
se values were read visualy from the diffractograms.

5.2 RESULTS AND THEIR SIGNIFICANCE

In total, we have analysed 11 samples, but sample
No. 7 was omitted — it had too biased spectrum, pro-
bably due to the weathering. We shall not describe in
detail all the spectra, the quantified results are shown
clearly and concisely on Fig. 8.

The semiquantitative determination of relative
composition of the samples were studied with use of
“Reference intensity method of quantitative X-ray
diffraction analysis” (DAVIS 1988). The reference in-
tensity ratio (RIR) constants were taken from the same
monography. The minerals were identified with use of
PDF-1 database (International Centre for Diffraction
Data, Pennsylvania). According to the approximate
knowledge of mineralogical composition of the sam-
ples all the samples were tested for the presence of the
following minerals (the number in the parenthesies
means the “card number” in PDF database):

100%: |
90%
80% 4 =N
TO0% [ |
60%
£, O micrachne .
L llimanite 2 2M1 muscovite
40 M biotite (2 - quartz
0% '
0% + . Fig. 8 Relative mineral content in the
== samples 1 — 11 according to the
109% roentgen diffraction analysis. Notice
the similarity between samples 3-5 and
0% sample 6, coming from the ac-
12 3 4 5 6 T 8 9 10 11 |cumulation across the river
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Microcline (19-932)
Muscovite (6-263)
Orthoclase (31-966)
Muscovite 2M2 (25-649)
alfa-quartz (33-1161)

If we project the results into the profile (Fig. 9),
interesting features can be observed. Generally, it can
be said that the samples 3-5 from the center of the
slope are very much alike, and they are also very simi-
lar to the sample 6, which was taken from the presu-
med slide accumulation. The sample No. 11 is also
similar, particularly due to the presence of the sillima-
nite. The content of 1 M biotite differentiates the sam-
ples No. 8 and 9. The projection into the profile (Fig. 9)
might suggest a logical conclusion that the mineral
content changes not only horizontally, but also vertical-
ly with the respect to the foliation planes.

6 DISCUSSION AND INTERPRETATION
OF THE RESULTS

Throughout the article, we have been collecting
evidence, pointing towards considerable activity of the
geomorphological processes, including the slope mor-
phology, rock destruction depth and distribution, rock
strength variations, archaeological results, floodplain
dynamics, scarp shape and position, opening zones
presence, as well as the mineral composition througho-
ut the valley cross-section. Now we should compile the
sources and connect into a unifying hypothesis.

The spatial distribution of relevant phenomena
(Figs. 2, 4 and 6) shows certain pattern. The signifi-
cant mapped scarps, built by the hardest (= least we-
athered rocks), coincide with the abrupt ending of the
remnants of the Celtic walls and also of the rather
sound, unweathered rock. The mineral composition,
marked by high quartz and microcline content and by

missing sillimanite and 1M biotite slightly differs from
the other samples.

Further down slope, very deep destruction of the
rock surface (up to 25 m) prevails, and yet further the
straight, though still considerably steep (between 23°
and 28°) slopes are covered with thick debris layers
and loose, unstable blockfields. Here, the high content
of sillimanite is the best distinguishing factor together
with missing 1M biotite. Between profiles 4 and 5, howe-
ver, there is a step-like scarp outcrop approximately in
the middle of the slope, followed by a semicircular de-
pression and a blockfield, thus forming an exception
from the otherwise straight slope profiles in this slope
segment.

The valley floor is separated from these uncurved
slopes by a prominent breakline, indicating the reach
of the direct influence of the riverbank erosion, which
can be seen on practically all the profiles. The accumu-
lations of the slope deformations are for the most part
removed by intensive river activity, with only small
remnants of the — probably — younger phases. One of
these can be found at the valley bottom where the pro-
file No. 2 passes. Here, from the assumed accumula-
tion scrap, a sample No. 6 for the roentgen analysis
was taken, showing very similar content to the sam-
ples from the central parts from the left slope (No. 3-5),
particularly in the content of sillimanite. At the same,
this sample was without 1M biotite, so unlike the other
samples (8 and 9), taken from the nearby right bank
slope (Fig. 9). This could confirm the assumption that
the material is really an accumulation remnant, origi-
nating on the opposite slopes under the Obii Hrad.
Furthermore, we can assume that it was one of the
younger phases, because:

1. it came from the middle of the slope, not from
upper part,

2. it can be still found near the valley bottom in the
reach of flood events,

3. it is still morphologically distinguishable from
the rest of slope, from which it is separated by a 2-
3 meter high step.

i . 10
:_! 1_. - - 140
1‘_1' - 1120 =
L St " L 100 :
e m_lx 5 T TTee-_.___ 11 £|Fig.9Position of the samples
e ._HE:I If" o L for thg roentgen diffr_action
AL gy £ analysis along the profile No.
R

2. The arrow indicates pos-
sible origin of the accumu-
lation, from which sample 6
was taken. The dashed lines
indicate clusters of the mine-
ralogically most similiar sam-
ples
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To the approximately same phase should be coun-
ted two other, smaller deformations. One of them can
be associated with the the above described scarp in the
mid-slope. It ends abruptly by a steep step on the end
of a blockfield, currently in the direct reach of the river
lateral erosion. There are some hints suggesting that
it is currently the most active zone of the slope, alt-
hough the slope movements tend here to be rather shal-
low and of lesser volume:

1. there are no traces of the accumulation on the val-
ley bottom (small volume was instantly removed),

2. the blockfield is apparently very unstable, as is
confirmed by preliminary yields of the extensometric
measurements,

3. the preliminary results of the clast analysis in se-
veral profiles on the blockfield show significant downslo-
pe orientation of the longer axes,

4. the depth and size of the semicircular depression
does not allow for large volume of the sliding material.

This younger generation of slope deformations does
not reach further than approximately to the middle of
the slope, thus its activity does not interfere with the
archaeological site. On the other hand, there are the
most prominent scarps just under the inner citadel,
which can be associated with 1-2 older generations of
the sliding (Fig. 10). These movements were deeper
and probably developed on a strong structural predis-
position, which was documented previously (HART-
VICH 2005).

The mechanics of the rock sliding is determined by
the orientation of the foliation layers, predisposing the

shear planes, and deep weathering along the joints of
approximately NW-SE direction, documented by the
geophysical profiling.

As the luminescence isotope absolute dating has
not been performed yet, thus the time pin-pointing of
the origin of the rocksliding is based on indirect, relati-
ve signs. The rock strength measurements indicated
that the scarp faces are significantly younger than com-
parable rocks (see the chapter Geomorphological atti-
tude), the hardest of all being the inside wall of the
outcrop ,Brdana“ (,The Gate®). Here, the velocity of the
opening of the fissures has been measured for four ye-
ars, with the fastest movements reaching 4 mm, i.e.
approximately 1mm per year, which would - in the case
of a constant movement velocity - mean that the ope-
ning has been proceeding for roughly 1,000-1,500 ye-
ars. This would have two consequences:

1. original hypothesis of the archaeologists, that the
,Gate“ was actually an entrance into the citadel is thus
ruled out, for the Celts built the site approximately
2,500 years ago,

2. this is the hardest, therefore youngest rock face -
but not by much, the difference in average R being 0,9-
2 % (the scarps) and 14,3 — 18,7 % (other rock faces).

Consequently, we can speculate that the three ty-
pical scarp faces being slightly older than the assumed
age of the gate fissure (1,000-1,500 years) would put
the age of the slides somewhere around the age of the
building of the Citadel. Taking into account the spatial
distribution of the scarps and related phenomena, the
missing portion of the fortification and the time coinci-
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Fig. 10 A synthetic map, showing
the position of 2-3 generations of
slope deformations on the E and
NE slopes of Obfi Hrad spur

1 - floodplain, 2 - rock outcrops,
3 — relief breaklines, 4 — river, 5 —
contour lines, 6 — slide scarps, 7 —
slide accumulation across the river,
8 - remnants of the Celtic fortifi-
cations, 9 — extension depressions,
10 - 3rd. slide generation (youn-
gest), 11 and 12 - 1st/2nd gene-
ration (older). The arrow indicates
the outcrop ,Gate” with fast ope-
ning fissure

100 m
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dence, we have in our opinion strong (although indirect)
evidence for the conclusion that there was very likely
an interaction between the citadel and the slope pro-
cesses, most likely that part of the — then newly built or
unfinished — citadel was damaged by the rockslide.

Such an event would certainly disrupt the continu-
ation of the site development, possibly it might even
lead to abandoning of the citadel. This would comply
with the lack of archaeological material findings - the
site would be never actually used.

Even though the accumulations of this older and
larger generation cannot be traced today, there is still
some evidence that the activity of these rockslides may
persist. As was mentioned, the monitoring on the “Gate”
outcrop shows, particularly across an apparently fresh
opening, rather high velocities, reaching 1 mm per year.
As this opening:

1. is the most significant opening in the outcrop

2. can be traced further from the outcrop

3. the measured movement velocity does not respond
on the seasonal influences

Therefore we think that what we measure is very
likely but a surface manifestation of a deeply based,
creep movement. This can be linked to a so far unexpla-
ined area of deep rock disintegration, recorded by the
geophysical profiling (see the chapter). If we extend the
line of the opening, it continues in the direction 110°-
115° (most important structural joint orientation, see
HARTVICH 2005b) along a significant step towards
the scarps just above this deeply disintegrated area.
This coincidence may be seen as an indicator of either
re-activation of the larger slides of the 1% generation
(reaching almost to the citadel) or their persisting, cy-
clic creep movement. We do not have yet all the data to
confirm this hypothesis; it would require another,
possibly extensometric measuring between the scarps
and a suitable outcrop down slope.

Finally, there are some more questions, arisen
during the analysis of the collected information. We
have silently presumed — particularly in the event sequ-
ence reconstruction — that the activity of the geomor-
phological processes is more or less equal throughout
the site history. This presumption may be, however,
questioned at least from three angles, taking into acco-
unt:

1. climatic oscillations and changes during the last
3000 years,

2. possible seismic influences (even from a distant
event may have influence on strongly disintegrated
spur),

3. other disturbances/ singular events, such as excep-
tional floods, landcover changes (related to both the
climate and human activity).

It is clear that if we want in the future estimate
possible endangerment of the archaeological site, it
will be necessary to include at least some information
on these phenomena. Some steps had already been
taken in order towards observation of the response of
the site on particular climatic events: a network of va-

rious observation points is under construction, its cru-
cial elements being automatic catchment discharge
measurements, data from the nearby climatic station
Churanov, automatic extensometric monitoring and
automatic on-site temperature measuring.

7 CONCLUSION

Using a rather wide range of methods from vario-
us scientific disciplines, we were able to assess the
position, mechanics, and in a way also relative timesca-
le for 2-3 generations of rockslides on the eastern slo-
pes of the spur of the Valy Hill under the archaeological
site of Obti Hrad. The younger generation, which is
partly active due to its association with the erosive
activity of the Losenice River, reaches only to the mid-
dle of the slope and there are still some traces of its
accumulation in the narrow valley bottom. On the other
hand, the most prominent remainders of the older ge-
nerations are the scarps and possibly also the missing
parts of the Celtic fortifications. This older generation
is larger, deeper and is strongly determined by the struc-
tural conditions. The material, accumulated on the
valley bottom, is already removed by the river activity,
which is very intensive particularly during the flood
events.

The collaboration between the specialists in diffe-
rent fields allowed complementing the final hypothes-
is from various points of view, which proved very useful.
We concluded (see the discussion) that it is very likely
that the older generation of the sliding coincided spa-
tially and probably also temporarily with the Celtic
site construction. However, it is necessary to remark
that — despite the above mentioned indications — this
scenario is a hypothesis, validity of which shall be con-
tested during our further research. Aside from the men-
tioned luminescence dating of the scarp exposure, we
intend to expand the database of the rocks strength
measurements, continue in all the three types of on-
site monitoring, examine the mechanics of the slide by
numerical and photoplastic modelling.
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