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Abstract:

24 species and 110 506 specimens of mollusks were collected and identified from 250 samples of the loess pro-

file at Madaras, South Hungary. According to changes in the mollusk fauna, six malacological—-paleoecological
zones can be identified in this profile. The Quaternary malacological data from the Madaras loess section
suggest that the Middle and Late Pleniglacial development of the mollusk fauna, and local climatic and envi-
ronmental conditions in this area differed from other loess regions in Europe.
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1. Introduction

The investigation was carried out on a 10 m vertical loess
profile exposed in a brickyard at Madaras, on the north-
ern edge of Bacska Loess area, South Hungary. The ge-
ographic name of this region is the Telecska Hills, and
it is a nature reserve area [1] approximately 500 m north
of the Hungarian-Serbian border in the Bécska region
(Figure 1). Bacska is the southwesternmost region of
the Great Hungarian Plain, an extensive area occupying
100 000 km? of the Carpathian Basin. Sand movement in
the Bacska area began at a relatively high altitude during
the drier climatic periods of Late Pleistocene [2, 3], and
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wind-blown sand had shaped a diverse landscape by the
early phase of the last glacial period. All sandy areas
were covered by 10-11 m thick loessy horizons during the
Middle and Late Pleniglacial phases [3-5].

The aim of this paper is to develop a more reliable pa-
leoecological and paleoclimatological framework for the
loess-paleosol sequences in the Bacska area using the
remains of Quaternary gastropods.

2. Methods

The 10 m section of loess analyzed in the Madaras brick-
yard wall was sampled at every 4 cm intervals for Qua-
ternary malacological analyses, following sediment clean-
ing. Mollusk shells for malacological studies were derived
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Figure 1. Map showing the location of the study site within Hun-
gary. 1 = The brickyard at Madaras.

from sediment samples of 1 dm? in all the profiles in order
to gain comparable results regarding the composition of
the fauna, and species and specimen numbers. Sampling
was carried out according to the methods advocated by
Krolopp [6]. Sediment samples were screen-washed using
a mesh of 0.5 mm, and the retrieved shells were taxonomi-
cally identified using the works of Cameron & Redfern [7],
Kerney et al. [8], Liharev & Rammel'meier [9], LoZek [10]
and Sods [11, 12].

Once the specimens were taxonomically identified, the
abundance and dominance values of individual species
were put into tables for every profile. Charts were
then prepared to depict, using numbers and percentages
of specimens, the distribution of individual species with
depth for the whole profile. The dominance values of in-
dividual species were also plotted according to depth for
those profiles with considerable mollusk material. After-
wards, the individual species were clustered into paleoe-
cological and biogeographical groups based on the works
of Krolopp & Siimegi [13-15], Siimegi [16], and Siimegi
& Krolopp [5, 17], taking into account their ecological
requirements, including such parameters as temperature,
humidity, and vegetation cover. This approach can be con-
sidered innovative in Quaternary mollusk research inter-
nationally [16]. Ecological studies on recent and fossil
mollusk faunas [18-20, 34], plus biogeographic distribution
maps and data [8-11, 21-23], have been used for sorting.
Fluctuations in the abundance and dominance values of
individual paleoecological and biogeographical groups ac-
cording to depth are depicted for each profile using charts
and tables prepared with the help of the Psimpoll software
package [24].

Climatic reconstructions were conducted on the Madaras
fossils using the malacothermometer method [16, 25, 26,

35], based on the recent biogeographic patterns of 11
dominant gastropod species from a composite malaco-
fauna [16, 26, 35] For the selected gastropod species,
optimal climatic conditions were determined, along with
the minimum and maximum temperature tolerances (i.e.
the gastropods’ activity range), based on meteorological
station data [16, 25, 26, 35].

The stratigraphic position of different sedimentological
layers in the Madaras brickyard's loess wall were iden-
tified using the methods of Markovi¢ et al. [27, 28], but
based on a local stratigraphic system. Previous chronos-
tratigraphic investigations of the Bacska Loess area indi-
cated that the loess and paleosol horizons formed during
the final phases of the last glacial period [3, 29]. Based
on this data and the work of Markovi¢-Kukla [30], lo-
cal stratigraphical units were assigned following Chinese
loess stratigraphic nomenclature schemes [31], with the
unit prefix “K” referring to the standard section at the
nearby Katymar brickyard site [29].
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Figure 2. Lithological profile of the Madaras brickyard outcrop.
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3. Study profile

The Madaras brickyard is located at 46° 02" 14.39" N
and 19° 17° 15.01" E, at 131.8 m ASL. Based on sedi-
mentological parameters, eight sedimentary layers were
distinguished within the 10 m profile exposed (Figure 2).
Between the depths of 10.0 and 9.9 m, there are moder-
ately sorted, yellowish-brown (10 YR 6/4), coarse sandy
silts (eolian loess with high sand content) with a signif-
icant carbonate content, which contain minor carbonate
concretions of 1-1.5 cm and a mass of crotovinas. This
sandy loess layer is porous, loosely cemented and, in
some parts, finely laminated, often developing thin beds
of fine sand. The startigraphic position of this layer is
K L1LL3, with this loess layer developed during the Mid-
dle Pleniglacial.

There is a significant decrease in carbonate content, and
the amount and size (0.1-0.5 cm) of carbonate concre-
tions between 9.9 and 8.7 m, with a concomitant rise
in the clay and fine-silt fractions when compared to the
bedrock. This intensively brunified paleosol (K L1 SS2)
is made up of pale brown (10 YR 6/3), clayey silt, with
a few small burnt charcoal fragments of Scots pine (Pi-
nus sylvestris). The stratigraphic position of this paleosol
suggests that it formed during the second phase of the
Middle Pleniglacial.

A light pale brown (10 YR 7/3), weakly brunified layer is
developed on top of this paleosol, between 8.7 and 8.0 m.
A typical interfingering zone is observable at the bound-
ary of the paleosol and overlying loess layers. There was
likely an alternatation of weathering and dust accumu-
lation during this period, creating a gradual transition
between the two units with the progressive cessation of
pedogenesis.

Between the depths of 8.0 and 5.5 m, there are moder-
ately sorted, yellowish-brown (10 YR 6/4), coarse sandy
silts (eolian loess), developed in the terminal phase of the
Middle Pleniglacial (K L1 LL2). No cryogenic sedimen-
tary features have been observed in this loess layer at
Madaras.

From 5.5 to 45 m and on top of this eolian loess layer is
a light pale brown (10 YR 7/2) weakly brunified layer with
slim fossil carbonate-filled roots, and small carbonated
noodles (K L1 SS1).

Between the depths of 45 and 1.5 m exists moderately
sorted, yellowish-brown (10 YR 6/4), coarse sandy silts
(eolian loess). This loess layer probably developed in the
terminal phase of the Late Pleniglacial (K L1 LL1). No
cryogenic sedimentary indicators have been found in this
Madaras loess layer.

On top of this Late Pleniglacial eolian loess is a layer of
pale brown (10 YR 7/3), weakly brunified sediment (1.5—

0.25 m), and pale brown (10 YR 6/3) clayey, fine silt (the
recent soil horizon, from 0.25 m to the surface; K SO layer).
Many spherical, relatively soft carbonate nodules and hu-
mus infiltrations in old root channels can be found in this
layer near the contact with the modern soil surface (S0).

4. Results

24 species and 110 506 specimens were collected
and identified from 250 samples of loess profile at
Madaras. According to changes in the mollusk fauna, six
malacological-paleoecological zones can be identified in
the loess profile (Figures 3, 4).

Between 10.0 and 9.9 m, freshwater gastropods and ter-
mophilous and mesophilous terrestrial gastropods can be
found. The malacofauna composition suggests that tem-
perate grasslands with short periodic pools formed dur-
ing this phase. The July paleotemperature would have
reached 18-20°C.

Soon after, freshwater species disappear from the pro-
file and the xerothermophilous Granaria frumentum (10%)
and Pupilla triplicata (70%) reached their maximum dom-
inance between 9.9 and 8.5 m. The collective presence of
Pupilla triplicata, Chondrula tridens, Granaria frumentum,
and Pupilla muscorum in this zone, as well as the gen-
eral composition of the fauna, refers to the emergence of
a steppe under mild, dry conditions of vegetation seasons
with mean July paleotemperatures of 18-20°C.

The next malacological horizon can be found between 8.5
and 6.0 m. In this section, Granaria frumentum disap-
pears, and the dominance of the thermophilous species
declines to be replaced by a number of cold-resistant and
cryophilous species, such as the Boreo—alpine Columella
columella [10], which prefers tundra-like environments,
and north Asian xeromontan Vallonia tenuilabris. Also in-
creasing in this section is the dominance of mesophilous
species. The fauna in this zone indicates the develop-
ment of a cold climatic phase and typical loess fauna in
the analyzed region. The faunal composition of this zone
is not homogenous, with some short dominance changes
of species with different ecological tolerances suggesting
dynamic climatic changes in the analyzed area during the
terminal phase of the Middle Pleniglacial and beginning
of the Late Pleniglacial. The malacothermometer data
shows the July paleotemperature changed between 19 and
12°C.

Between 6.0 and 4.4 m, all thermophilous species dis-
appear, the dominance of cold-resistant and cryophilous
species declines, with an increase in the number of shade-
loving forest species, such as Orcula dolium and Dis-
cus ruderatus. Punctum pygmaeum reached its maximum



Julia Hupuczi, Pal Simegi

0901
“oos
—008
0,
0

foos
a0y
oo
J00z

001

2 oF T : - Cocy,,
2E “ay,
= iy
E %
SE e - ¥ %7,,0/
& © £ [T T TP i ; it
< ™ T T ey
= < £ IR 40 L e,
] 2 ‘ o
ol 2 U
g =4
E & SE T L1 1 R L 1 e
k- oF T 'r-J-|\ v ,“i|\~U.|l--‘ Ll HJ T g,
I E I I I ’r/4,
]
2
=
=
E
g
£
H
o
=
=
:
a
z
Z
E
-3
4 —— — B Dby,
B v
3 T T R T P%-,[o::d,,%,
s
e,
a Yay,
= TG P 1,,,%
B gy,
£
SE
oF LI TE
2 oF I 1
£ 2
E
g
=
H

090F0T 0 0T

poyw
JDJWOULIIYIOIV[EW U0 PISTY
armeaaduwnoaped {np

Figure 3. Malacofauna compositional changes, and malacothermometer results for the loess section of the Madaras brickyard.

dominance (40-70%) in this zone, and it, plus some other
shade-loving species, such as Clausilia dubia, Vitrina pel-
lucida, and Vitrea crystallina, suggest that the open for-
est environment developed and expanded in the analyzed
region. The appearance of Orcula dolium and Discus
ruderatus, and the maximum dominance of the aforemen-

tioned Punctum pygmaeum, Clausilia dubia, Vitrina pel-

lucida and Vitrea crystallina, suggests that a relatively
milder climate must have emerged in this horizon, charac-
terized by mean July paleotemperatures of about 15£1°C.
It is likely that the weathering process increased during
this period and a weathering layer formed on the loess
surface.

After 44 m, the fauna changes very dynamically. The
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Figure 4. Dominance relations of mollusk groups with different ecological preferences, based on malacothermometer results, for the Madaras

profile.

dominance of the mesophilous species declines, and cold-
resistant and cryophilous species such as Trichia hisp-
ida, Columella columella, Vallonia tenuilabris and Pupilla
sterri dominates in their place. The July paleotemperature
decreased and stabilized between 11 and 14°C. Cold and
humid growing seasons developed in this climatic phase,

with a mosaic of vegetation within tundra-like, steppe-
like, and scrub- and tree-covered environments formed in
the studied area.

The next malacological phase formed between 1.5 and
0.7 m. The thermophilous species reappear and the domi-
nance of cryophilous species declines. The cold-resistant
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and mesophilous species that favor steppe-like environ-
ments dominate. Based on the malacofaunal composition,
a transitional climatic and environmental phase devel-
oped during the last loess-forming period, with increased
weathering processes and a leaching layer forming on the
loess surface prior to Holocene soil-forming processes.

Above 0.7 m, the numbers of mollusk species decline and
a special fauna develops where the shells of extinct and
Late Holocene migratory species can be found together in
the recent soil layer. This taphocoenosis is characterized
by different ecological groups, and must have formed as
a result of the bioturbation related to soil formation. The
zone of modern soil on top of the loess sequence is not
complete, and may have been eroded as a result of either
natural or artificial processes.

5. Discussion

Changes in the Quaternary malacofauna, observed within
the brickyard loess wall at Madaras, suggest a num-
ber of dynamic climatic and local environmental changes
in the Bacska loess area during the Middle and Upper
Pleniglacial periods. In the lower loessy horizon (K L1
LL3) and paleosol layers (K L1 SS2), which developed on
top of the deepest loess deposits during the interstadi-
als, the proportions of xerophilous and xerothermophilous
mollusks (Pupilla triplicata, Chondrula tridens, Helicop-
sis striata) were the highest in this part of the coun-
try [16]. Thermophilous immigrant forms from the Balkans
(e.g. Granaria frumentum) also intruded into the central
parts of Great Hungarian Plain, corresponding to their
northernmost distribution boundary for this period. On
the other hand, due to its relatively low topography, this
region is geographically open towards the south, likely
enabling the rapid expansion of thermophilous elements
into the area from refugia located along the northern mar-
gin of the Balkans (e.g. around the Fruska Gora Hills)
during the interstadials and terminal phase of the Middle
Pleniglacial [16].

During the terminal phase of the Middle Pleniglacial and
beginning of the Late Pleniglacial, the composistion of
the mollusk fauna changed drastically. In this phase (K
L1 LL2 loess zone), thermophilous species disappeared,
cold-resistant and cryophilous elements were uncommon,
and the mesophilous species, such as Vallonia costata and
Pupilla muscorum, dominated.

The layers corresponding to this cold maximum are over-
lain by loess sequences containing a highly unique mol-
lusk fauna. Here there is a peak in the dominance of the
mesophilous, Holarctic species Punctum pygmaeum (40—
70%), which prefers larger vegetation cover [32]. Never-

theless, woodland elements such as the Central European
Clausilia dubia, Vitrea crystallina and Nesovitrea hammo-
nis, and Holarctic Vitrina pellucida [33], plus the Boreo-
alpine Discus ruderatus are also present in the fauna in
considerable numbers. Thanks to the cooler and more
humid conditions, an expansion of open forest vegetation
initiated concomitant pedogenesis in the southern part of
the Carpathian Basin during this time (K L1 SS1 horizon).
This short period of relatively mild and humid climate was
followed by another strong cooling, a period characterized
by the expansion of cold-loving (cryophilous) and cold-
resistant elements, primarily the Boreo-alpine Columella
columella, north Asian Vallonia tenuilabris, Eurosiberian
Succinea oblonga and European Trichia hispida, as well
as the complete decline of mesophilous elements from
the accessory fauna. This change marks the emergence
of another cold maximum within the last phase of Late
Pleniglacial (K L1 LL1).

After this cold peak, the cold-loving (cryophilous) el-
ements underwent a gradual retreat and finally com-
pletely disappeared from the Hungarian loess deposits. In
their place, some thermophilous species reappeared and
there was a peak in the dominance of cold-resistant, hy-
grophilous elements (Succinea oblonga and Trichia hisp-
ida). These latter taxa appear in large numbers in the
profiles, sometimes representing 90% of the total fauna.
This period, which could have developed in Late Glacial
phase, is characterized by somewhat milder and more hu-
mid conditions as well as the last appearance of the loess
fauna in the Carpathian Basin. Above this Late Glacial
loess is a black soil layer formed during the Holocene.
Therefore, the malacological data from the loess section of
Madaras shows that the Middle and Late Pleniglacial de-
velopment of the fauna and the local environments in this
area differed from the other loess regions of Hungary [16].

References

[1] Nebojszki L., A Telecskai-dombok ldbanal. Természet
Vilaga, 2005, 136, 405

[2] Mihéltz |, Az Eszak-Alfold keleti részének foldtani
térképezése. Foldtani Kozlony, 1953, 96, 403-413

[3] Molnar B., Krolopp E., Latest Pleistocene geohistory
of the Bécska Loess Area, Acta Mineralogica and Pet-
rographica, 1978, 17, 39-52

[4] Krolopp E. A madarasi téglagyari loszfeltaras
malakoldgiat vizsgalata, Cumania, 1989, 11, 13-27

[5] Simegi P, Krolopp E., Quartermalacological analy-
ses for modelling of the Upper Weichselian paleoenvi-
ronmental changes in the Carpathian basin, Quatern.
Int., 2002, 91, 53-63




The Late Pleistocene paleoenvironment and paleoclimate of the Madaras section (South Hungary), based on preliminary records from mollusks

[6] Krolopp E., Biostratigaphic division of Hungarian
Pleistocene Formations according to their Mollusc
fauna, Acta Geologica Hungarica, 1983, 26, 62-89

[7] Cameron RA.D., Redfern M., British Land Snails,
Academic Press, London, 1976

[8] Kerney M.P., Cameron RA.D., Jungbluth J.H., Die
Landschnecken Nord- und Mitteleuropas. P. Parey,
Hamburg-Berlin, 1983

[9] Liharev .M., Ramme'lmeier E.S., Land Snails of the
Fauna of the USSR. Akademia NaukSSSR, Moskva,
Leningrad, 1952 (In Russian)

[10] Lozek V. Quartarmollusken der Tschechoslowakei.
Rozpravy Ustredniho ustavu geologického, Praha,
1964, 31, p. 374

[11] Soés L, A Kérpat-medence
Akadémiai Kiadd, Budapest, 1943

[12] Soés L., Puhatestiiek, In: Székessy, A. (ed.): Fauna
Hungariae — 19.1, 19.2, 19.3, Akadémiai Kiadd, Bu-
dapest, 1955-1959 (in Hungarian)

[13] Krolopp E., Stimegi P, A magyarorszagi lészok
képzddésének paleodkoldgiai rekonstrukcidja

Szo6r Gu. (ed.) Fa-
ciesanalitikai, paleobiogeokémiai és paleodkoldgiai
kutatasok. MTA Debreceni Bizottsdga, Debrecen,
1992

[14] Krolopp E., Stimegi P., Paleoecological reconstruction

Mollusca-faunéja.

Mollusca-fauna alapjan. In:

of the Late Pleistocene, based on Loess Malacofauna
in Hungary, GeoJurnal, 1995, 36, 213-222

[15] Krolopp E., Siimegi P., A sagvari losz-rétegsor csi-
gafaundja. Malakoldgiai Tajékoztato, 2002, 20, 7-14

[16] Siimegi P, Loess and Upper Paleolithic environment
in Hungary. Aurea Press, Nagykovacsi, 2005

[17] Simegi P, Krolopp, E., A magyarorszagi wiirm kort
loszok képzédésének paleodkoldgiai rekonstrukcidja.
Foldtani Kozlony, 1995, 125, 125-148

[18] Ant H., Faunistische, 6kologische und tiergeographis-
che Untersuchungen zur Verbreitung der Landsch-
necken in Nordwestdeutschland. Abhandlungen des
Landesmuseums fiir Naturkunde Miinster, 1963, 25,
p. 125

[19] Boycott A. E., The habitats of land Mollusca in
Britain, J. Anim. Ecol., 1934, 22, 1-38

[20] Evans, J.G., Land Snails in Archeology. Seminar
Press, London, 1972,

[21] Baba K., Magyarorszag szérazféldi csigainak 4llat-
foldrajzi besoroldséhoz felhasznalt faj-area térképek,
Folia Musei Historico-naturalis Museti Matraensis,
1983, 8, 129-132

[22] Baba K., Magyarorszdg szarazfoldi csigdinak allat-
foldrajzi besoroldsdhoz felhasznalt faj-area térképek.
I, Folia Musei Historico-naturalis Musei Matraensis,
1986, 11, 49-69

[23] Klemm W., Die Verbeitung der rezenten Land-
Gehause-Schnecken in Osterreich. Denkschriften der
Osterreichischen Akademie der Wissenschaften Math.
Nat., 1974, 117, 1-513

Benett K.D., PSIMPOLL - a quickBASIC program
that generates PostScript page description files of
pollen diagrams. INQUA Comission for the study of

[24

the Holocene: working group on data handling meth-

ods, Newsletter, 1992, 8, 11-12

Hertelendi E., Stimegi P., Sz6ér Gy., Geochronologic

and paleoclimatic characterization of Quaternary sed-

iments in the Great Hungarian Plain, Radiocarbon,

1992, 32, 399-408

[26] Siimegi P, fels6-pleisztocén
fejlddéstorténete  finomrétegtani  (iiledékfoldtani,
6slénytani, geokémiai) vizsgélatok alapjan. Egyetemi
Doktori Ertekezés, Debrecen, 1989

[27] Markovi¢ S.B., Kosti¢ N., Oches E. A., Palaeosols in
the Ruma Loess Section, Rev. Mex. Cienc. Geol., 2004,
21, 79-87

[28] Markovi¢ B.S., Bokhorst M., Vandenberghe J., Mc-
coy W.D., Oches E., Hambach U., et al., Late Pleis-
tocene loess-paleosol sequences in the Vojvodina re-
gion, North Serbia, J. Quaternary Sci., 2008, 23, 73-
84

[29] Stimegi P, Magyarorszdg negyedidGszak végi
kdornyezettorténete (Late Quaternary environmental
history of Hungary), MTA doktori értekezés (DSc the-
sis), 2007, (in Hungarian)

[30] Markovi¢ S.B., Kukla G.J., Magnetic susceptibility
and grain size record in Stari Slankamen section.
Book of Abstracts. Loessfest 99, Bonn, 1999, 152-153

[31] Kukla G.J., Loess stratigraphy in Central China, Qua-
ternary Science Reviews 1987, 6, 191-219

[32] Krolopp E., Siimegi P, Dominance level of the species
Punctum pygmaeum (Draparnaud, 1801) a biostrati-
graphical and palaeoecological key level for the Hun-

25

Hajddsag

garian loess sediments of the Upper Wiirm, Soosiana,
1991, 19, 17-23

[33] Krolopp E., Siimegi P., Vorkommen von Vestia turgida
(Rossmassler, 1836) in den Pleistozdanen Sedimenten
Ungarns, Soosiana, 1990, 18, 5-10

[34] Sparks BW., The ecological interpretation of Quater-
nary non-marine Mollusca. Proceedings of the Lin-
nean Society of London, 1961, 172, 71-80

[35] Siimegi P, Az EK-magyarorszaqi loszteriiletek dssze-
hasonlité dskornyezeti rekonstrukcidja és rétegtani
értékelése (Comparative paleoecological reconstruc-
tion and stratigraphical value of the NE Hungarian
loess regions). Kandidatusi értekezés (CSc thesis),
1996, (in Hungarian)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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 <>
    /POL <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


