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Abstract. This paper has been aimed at demonstrating the applicability of the ground penetrating
radar to acquiring basic information on lake sediments and geomorphological conditions of their
deposition in the basin of Maty Staw lake. The lake area is one of the most comprehensively studied
part of the Polish part of the Karkonosze Mountains. The application of radar soundings enabled
a fast and environmentally friendly verification as well as updating the results of previous research
on the thickness and structure of the sediments of this glacial lake. Maty Staw lake is formed at the
postglacial depression in the granite bedrock. The bottom of the lake is composed of limnic depos-
its of the maximum thickness reaching up to 15 m. The postglacial formations occurring below them
probably contain a buried moraine of the youngest recessional phase. Solid rock is located about
25 meters beneath the current bottom of the lake.

Key words: GPR surveys, lacustrine deposits, Karkonosze Mts., Maty Staw lake

INTRODUCTION

The thickness and characteristics of the sediments deposited in the ba-
sins of postglacial lakes constitute an important record of the changing climate
and environmental conditions. Therefore, their recognition is one of the key ob-
jectives of the paleographic studies (e.g. Cohen 2003; Fritz 2008; Kapusta
et al. 2010). Studying sediments with the employment of direct methods (e.g.
coring) are expensive, difficult to implement in the high mountain conditions,
and often excessively intruding into the environment, which does not comply
with legal forms of protection. This paper presents the attainability of obtaining
basic information about lake sediments and geomorphological conditionings of
their deposition with the application of ground penetrating radar (GPR) sur-
veys. The research concerns Maty Staw lake in the Karkonosze Mountains since
its geomorphological and geological conditions have been intensely studied.
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This enabled mutual comparison and validation of the results of both direct ob-
servations and geophysical surveys.

The research on the morphology of the bottom, the thickness, structure
and age of the sediments deposited in Maty Staw lake started in the mid-twen-
tieth century. The earliest bathymetric measurements were carried out by
T.Komar (1949), while the first drillings into the moraine surrounding the lake
were performed by H. Piasecki (1958) (Fig. 1). In March 1982, coring the lim-
nic sediments was started on the initiative of Professor J. Kondracki. The sam-
ple of the total length of 8.82 m was retrieved and subjected to specific palyno-
logical and microfaunistical analysis. Additionally, two radiocarbon dates were
obtained from the core (Wicik 1984, 1986). The subsequent dating of organic
sediments collected in the vicinity of the lake was performed by H. Chmal and
A. Traczyk (1998). The dated material came from intermoraine depressions.
At the same time, the age of the moraine was determined through thermolu-
minescence dating (Chmal, Traczyk 1999). In 2007, GPR surveys were car-
ried out in the zone between the youngest and oldest moraines in the cirque of
Maty Staw. The weathering degree of the moraine blocks was examined with the
Schmidt hammer, and rock samples were collected for dating with the cosmo-
genic isotope ’Be method (Engel et al. 2011). Three cores (each c. 8 m long)
were retrieved from the sediments filling the basin of the former glacial lake in
the intermoraine zone. The physical as well as chemical properties of the ex-
tracted material were examined, while radiocarbon and thermoluminescence
dates were simultaneously obtained (Engel et al. 2008; Engel et al. 2014).
The results, not always consistent, show that Matly Staw lake formed at the end of
the last glaciation, i.e. at the turn of the Pleistocene and the Holocene. The basin
was formed in the moraine deposits accumulated probably in the overdeepen-
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Fig. 1. The Karkonosze National Park (KNP). Location of the study area indicated by black dot. Dotted
line — boundary of KNP; dashed-dotted line - state border; grey colour - forest (Parzéch 2008-revised)
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ing of glacial origin within the granite bedrock. This paper presents the results
of GPR surveys which were employed to verify and systematise the results of the
previously conducted studies on the origin and structure of the sediments of
the glacial cirque. The acquired geophysical data have also provided new details
concerning the development of the environment of the Karkonosze Mountains.

SCOPE OF RESEARCH

The Maly Staw depression is the largest glacial cirque in the Polish part of
the Karkonosze Mountains. Its total area is 0.59 km?, the length — about 1430 m,
and the width — 420 m. The bottom of the depression is located at the alti-
tude of 1175 m asl and surrounded by rock walls of the relative height of 110 m
(Kasprzak, Traczyk 2013). In the cirque, there are three secondary hollows.
The biggest of them and the best developed is the overdeepening of Matly Staw
lake (Traczyk 1989). The area of the lake covers 2.88 ha, whereas its water lev-
el is located at the 1183 m asl (Komar 1985). The catchment area of the lake
partially includes the Pliocene alignment surface (Réwnia pod Sniezka) situated
at the altitude of approx. 1400 m asl (Migon 2005). Maty Staw lake is located in
the cold climatic zone, whereas a significant portion of its catchment belongs to
the very cold zone (Hes s et al. 1980). The average annual precipitation amounts
to approx. 1400-1500 mm (Sobik et al. 2013).

The results of bathymetric surveys show that the overdeepening of Matly
Staw lake comprises two parts (Komar 1985). The depth of the western part
reaches 7.3 m, whereas of the eastern, several times larger part — 5.3 m. Both
parts of the basin are separated by a wide and flat crest, located approximately
2.5 m beneath the water level. The southern and south-western sides of the lake
are most intensively supplied with water, which coincidences with the deve-
lopment of the alluvial-talus cones there. The outflow of water is located in the
northern part of the lake.

RESEARCH METHODS

The GPR method was employed to identify the thickness and structure of
the lacustrine sediments. The GPR surveys is based on the emission of electro-
magnetic waves of a specific signal frequency into the ground and recording the
waves reflected off structures having different dielectric properties. The ratio
of the power of the signal transmitted to the received defines variable electri-
cal characteristics of the examined structures (Neal 2004). A RAMAC/GPR CUII
(Mala GeoScience) impulse radar and unshielded antennas of the 25 MHz center
frequency were used in the survey. The spacing between the transmitting and
receiving antenna dipoles was 4 m.



Fig. 2. Location of the GPR profiles
(a and b) and the geometric centre of
the CMP measurement (c) (2008 — Kar-
konoski Park Narodowy)

The measurements were carried out on the surface of the lake covered with
ice and snow, along and across the feature (Fig. 2). A radar pulse was generated
at aregular time interval of 0.1 s. The density of traces (recording the amplitude
of the radar signals returning to the receiving antenna within the time unit) was
approximately 15 per meter of the profile. The time windows of the recording
were between 760 and 900 ns. The radio-wave velocity of electromagnetic waves
in the ground was determined with the CMP (common mid-point) method. The
survey was performed on the surface of the lake (the geometric centre of the
measurement marked in Fig. 2). The course of the main features on the CMP pro-
file denoting structural boundaries in the ground was identified ten times. Basing
on the obtained data, average radio-wave velocities as well as depths of the reg-
istered reflections were calculated. The standard deviations of the results were
employed to estimate the measurement uncertainty.

The vertical resolution of the radar sounding with the 25 MHz antennas
a function of dielectric properties of the surveyed materials. The measurements
were performed within the complex of geological formations of radically dif-
ferent properties (water, mineral material, ice cover). The vertical resolution
(% of electromagnetic wavelength) ranged from 0.33 m (water) to 1.68 m (ice).
Its average value was 0.725 m. The detection depth reaches about 30 meters.
RadExplorer v. 1.42 (DECO-Geophysical Ltd.) software was used for data pro-
cessing and interpretation. The processing flow included shifting the constant
component of the signal (DC-shift), adjusting the time of the pulse input to the
ground (time-zero-adjustment), strengthening of the amplitude of the received
signal, deconvolution and the frequency filtering. Basing on the velocity model,
the vertical scale of the GPR profile expressed in time was converted into the
depth. The radio-wave velocity of individual layers was obtained through the
CMP measurement.



RESULTS AND INTERPRETATION

The boundaries identified on the GPR profiles show a complex of geological
structures of different characteristics which form the lake cirque and its filling.
The superficial layer was composed of the melting snow-ice cover. This stratum
is not visible on the radar images due to its thickness smaller than the vertical
resolution of the measurement. The bottom of the lake is depicted as a clear
horizon registered in the deepest part at the level of 268 ns (the two-way travel
time). The maximum depth of Maty Staw lake along the measurement lines was
approx. 5.5 m (Komar 1985). Therefore, the average radio-wave velocity in this
area was 4.1 cm ns™. This value is not representative of both ice and water. It is
the resultant of the combination of the velocity of the radar waves travelling in
both of these environments. On the basis of the CMP sounding, a clear reflection
of the wave off the ground was identified at the depth of 8.56 m. The calculated
radio-wave velocity equal to 5.55 cm ns™! ‘integrates’ snow-ice cover, water and
shallow lacustrine deposits. The radar waves in the sediments filling the other
part of the lake cirque reached the velocity of 7.0 to 9.9 cm ns..

Within the measurement segments from 0 to 35 meters (m) of the longi-
tudinal profile (Fig. 3a) and from 130 to 150 meters of the cross-section profile
(Fig. 3b), the registered sediments form alluvial cones. Within the lake, the sed-
iments floor (the current bottom of the lake) exhibits a strong reflective hori-
zon. The laminar texture of the image of the upper part of these formations
may testify to well sorted-out lacustrine sediment and its tiered/layered struc-
ture. A great part of the structure of these deposits is probably composed of
fine-fraction alluvial and organic material. Their thickness varied from approx.
2mto 15 m (Fig. 3a and 3b). They cover coarse-fraction formations, which were
registered on the radar-profiles in the form of a multi-reflection structure. What
are ‘the outcrops’ of this material is the terminal moraine which closes the
cirque of the lake from the north and rises to approx. 7 m above the water level
(Fig. 3a; 250-270 linear meters), and the eastern lateral moraine. On the section
of 160-180 meters of the longitudinal profile, this material forms a swelling of
the height of approx. 5 m, which may be a fossil-bearing younger recessional
moraine (Fig. 3a). The most deeply registered reflective horizon reflects the
contact of the moraine deposits with the granite bedrock. The structure of the
profile exhibits a clear contrast between the loose, multi-fraction sediment and
the solid rock. In the part of the profile which presents the granite bedrock there
are no reflections.

In the light of the acquired data, Maty Staw lake formed at the site of the
glacial overdeepening of the granite bedrock. The greatest depths of this rock
cirque were recorded in the central part of the lake (Fig. 3a and 3b). In the section
from 120 to 150 meters of the longitudinal profile (Fig. 3a), its bottom is locat-
ed approx. 25 m beneath the contemporary lake bottom. The moraine material
does not only fill up but also builds up the glacial cirque by a few meters. The
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water reservoir formed in loose material. The largest thickness of the moraine
formations deposited on the rock bar of the glacial cirque (the terminal moraine)
is approx. up to 20 m. Within the lake basin, there is probably another younger
terminal moraine buried in the lacustrine formations.

DISCUSSION

On the basis of the GPR data it can be assumed that the thickness of the ter-
minal moraine at the site of the water outflow from Maty Staw lake reaches up to
20 m (Fig. 3a). This value is consistent with the results of the coring performed
at the same site by H. Piasecki (1958). This points out to the high accuracy of
the selected model of the radio-wave velocity in the identified layers of the re-
flective profile (Fig. 3; the layers I to IV).

On the basis of the bathymetric measurements carried out by T. Komar
(1949) and the results of coring in the vicinity of the lake, H. Piasecki (1958)
claimed that the bottom of the lake was formed by the moraine material of the
maximum thickness of 14 m. In his work, however, he made no reference to the
thickness of the layer of the sediments deposited on the moraine formations.
Not until the drilling carried out in 1982 had the existence of the several meters’
layer of limnic sediment been confirmed. The coring was performed in the cen-
tral eastern part of the lake, resulting in the collection of the core of the length

czas / time [ns]

gtebokos¢ / depth [m]

0 135 270

czas / time [ns]

gtebokos¢ / depth [m]

odlegtosc / distance [m]

Fig. 3. GPR profiles (25 MHz) of the Maty Staw cirque: a - longitudinal profile, b — cross-section profile

(see Fig. 2); 1 - layer of snow, ice and water Il - lacustrine deposits, Il - alluvial material [V — moraine

formations, V - granite bedrock; the arrow indicates the fossil frontal moraine (?). Profiles do not
take into account the relief of the terrain
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of 8.82 m, consisting of clay, dust, sand and organic matter (Wicik 1984, 1986).
However, the information about the total thickness of the limnic sediments in
the studied site was not acquired. The obtained GPR data show that it is ap-
prox. 12 m.

On the basis of the location and the results of the dating of the organic ma-
terial contained in the collected limnic sediment, B. Wicik (1984, 1986) con-
cluded that the footwall/bottom mineral formations, being merely 25 cm thick,
began to accumulate in Maty Staw lake “during a humid episode preceding the
Pre-Boreal period”. Given the fact that the thickness of the mineral formations is
several times greater than previously assumed and may account for more than
1/4 of the thickness of all the limnic formations at the site of the coring, it may
be concluded that perhaps the beginning of their sedimentation should be dated
back to the end of the Allergd (?). This view is in agreement with the results of
19Be dating of the terminal moraine closing the cirque of Maty Staw lake which
point out that its age is 13.6 ka (Engel et al. 2011).

SUMMARY AND CONCLUSIONS

The employment of the GPR surveys enabled prompt verification and up-
dating of the results of the previous studies of the sediments of Maty Staw lake.
The acquired data indicate that Maly Staw is a moraine lake, which formed at
the glacial overdeepening of the granite bedrock. The solid rock is located ap-
proximately 25 m below the current bottom of the lake. The maximum thickness
of the limnic sediments reaches up to 15 m. They probably began to form in the
Allergd. These formations may comprise the youngest buried recessional mo-
raine from the period of the last glaciation of the Karkonosze Mountains.

The employment of GPR methods allows obtaining information about the
thickness and structure of limnic deposits and about geomorphological con-
ditionings of the development of moraine lakes. Due to the small size and low
weight of the measuring apparatus, they may be recommended especially for the
study on high-altitude environments. In addition, the non-invasive nature of GPR
surveys allows a widespread employment of this method in protected areas of
particularly high conservation values.

ACKNOWLEDGEMENT

The authors would like to thank the employees of the Karkonosze Moun-
tains National Park and especially Roksana Knapik for their logistical support,
Adam Kotarba for his provoking discussions during the time of writing the arti-
cle, and Krzysztof Parzéch for providing the map.



12

I University of Silesia

Faculty of Earth Science

Department of Geomorphology

60 Bedzinska str., 41-200 Sosnowiec, Poland
email bogdan.gadek@us.edu.pl

email mariusz.grabiec@us.edu.pl

2 University of Silesia
Centre for Polar Studies
60 Bedzinska str., 41-200 Sosnowiec, Poland

? Institute of Geography and Spatial Organization PAS
Department of Geoenvironmental Research

22 Sw. Jana str., 31-018 Krakéw, Poland

e-mail: kedzia@zg.pan.krakow.pl

REFERENCES

Chmal H,Traczyk A, 1998. Postglacial morphological development of the Karkonosze and Izerskie
Mountains in the light of river, limnic and slope sediments analysis. [in:] Geoecological problems
of the Karkonosze Mountains. J. Sarosiek, J. Stursa (eds.), Wydawnictwo Acarus, Poznan, 81-87.

Chmal H, Traczyk A, 1999. Die Vergletscherung des Riesengebirges. Zeitschrift flir Geomorpho-
logie N. F. Suppl., 113, 11-17.

Cohen A.S., 2003. Paleolimnology: the history and evolution of lake systems. Oxford University
Press, New York, 500 pp.

Engel Z., Braucher R, Traczyk A, Laetitia L., AsterTeam, 2014. 'Be exposure age
chronology of the last glaciation in the Krkonose Mountains, Central Europe. Geomorphology
206, 107-121.

Engel Z,Ktizek M, Treml V,, Nyvit D., Traczyk A., 2008. Nowe dane o zlodowaceniu
Karkonoszy na podstawie badan w dolinie taby, Upy i Lomnicy. Landform Analysis 9, 111-114.

Engel Z, Traczyk A, Braucher R, Woronko B., Kfizek M., 2011. Use of 10Be exposure
ages and Schmidt hammer data for correlation of moraines in the Krkonose Mountains, Poland/
Czech Republic. Zeitschrift fiir Geomorphologie 55 (2), 175-196.

Fritz C.S., 2008. Deciphering climatic history from lake sediments. Journal of Paleolimnology 39,
5-16.

Hess M., NiedzwiedZ T, Obrebska-Starklowa B., 1980. O prawidtowosciach pietrowego
zroznicowania stosunkow klimatycznych w Sudetach. Rocznik Naukowo-Dydaktyczny WSP
w Krakowie 71, Prace Geograficzne 8, 167-201.

Kapusta J, Stankoviansky M, Boltiziar M., 2010. Changes in Activity and Geomorphic Ef
fectiveness of Debris Flows in the High Tatra Mts Within the Last Six Decades (on the Example of
the Velicka Dolina and Dolina Zeleného Plesa Valleys). Studia Geomorphologica Carpatho-Bal-
canica, 44, 5-35.

Kasprzak M, Traczyk A., 2013. Uksztattowanie powierzchni. [in:] Przyroda Karkonoskiego Parku
Narodowego. R. Knapik, A. Raj (eds.), Karkonoski Park Narodowy, Jelenia Gora, 47-90.

Komar T, 1949. Maty i Wielki Staw w Karkonoszach. Wierchy 19, 172-189.

Komar T, 1985. Wody powierzchniowe. [in:] Karkonosze polskie. A. Jahn (ed.), Zaktad Narodowy
Ossolinskich, Wroctaw, 165-190.

Migon P, 2005. Karkonosze — rozwdj rzezby terenu. [in:] Karkonosze. Przyroda nieozywiona i czto-
wiek. M.P. Mierzejewski (ed.), Wydawnictwo Uniwersytetu Wroctawskiego, Wroctaw, 323-352.

Neal A, 2004. Ground-penetrating radar and its use in sedimentology: principles, problems and progress.
Earth-Science Reviews 66, 261-330.



13

Parzé6ch K., 2008. Morfodynamika koryt erozyjnych w pietrach leSnych i skutecznos¢ zabiegow przeci-
werozyjnych na obszarze Karkonoskiego Parku Narodowego. [in:] Monitoring ekosystemow les-
nych w Karkonoskim Parku Narodowym. A. Mazur, A. Raj, R. Knapik (eds.), Wyd. Karkonoski
Park Narodowy, Jelenia Gora, 56-71.

Piasecki H., 1958. Maty Staw w Karkonoszach jako przyktad akumulacyjnego jeziora karowego.
Czasopismo Geograficzne 29 (75), 75-78.

Sobik M.,Btas M.,,Migata K.,,Godek M.,Nasiotkowski T., 2013. Klimat. [in:] Przyroda Kar-
konoskiego Parku Narodowego. R. Knapik, A. Raj (eds.), Karkonoski Park Narodowy, Jelenia
Gora, 147-186.

Traczyk A, 1989. Zlodowacenie doliny fomnicy w Karkonoszach oraz poglady na ilos¢ zlodowacern
plejstoceniskich w Srednich gorach Europy. Czasopismo Geograficzne 60 (3), 267-285.

Wicik B., 1984. Osady jezior tatrzariskich i etapy ich akumulacji. Prace i Studia Geograficzne UW
5, 55-69.

Wicik B., 1986. Asynchronicznos¢ procesow wietrzenia i sedymentacji w zbiornikach jeziornych Tatr
i Karkonoszy w postglacjale. Przeglad Geograficzny 58 (4), 809-823.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


