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Abstract

The Chinnavilai and Erayumanthurai beach sediments of the Kanyakumari District consist of medium-grained, moderately well-sorted, unimodal,

occasionally bimodal, mesokurtic, leptokurtic and platykurtic. The fine skewed and symmetrical nature of sediments implies the prevalence of high and low

energy, entailing a mixed distribution of coarse and fine sediments. The washing and backwashing of waves cause the coarser sediments to retainment and

entrapped amidst finer sediments. The heavy minerals distribution reflects that the less content in Erayumanthurai samples, whereas the Manavalakurichi,

Enayam, Kurumpanai sediments comprise >60%. The oval shape zircon is devoid of inclusions, whereas, the euhedral zircons comprise subhedral

inclusions. Distinct fractures in zircons are caused due to transportation by waves and currents. The garnet and zircon grains are well-rounded, implying the

source for these sediments are an admixture of medium to high-grade metamorphic rocks, reworked sediments, charnockite, and granite gneisses.
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Introduction

The heavy minerals are resistant to chemical breakdown and

have high density and durability. These are grouped based on

specific gravity between 6.8 and 21 (native gold, cassiterite), light-

heavy minerals specific gravity 4.2 and 5.3 (Ilmenite, rutile,

monazite, zircon) and those with densities (2.9 - 4.1); garnet,

sillimanite, hypersthene. Besides, constructed on their physical and

chemical nature as opaques, micas, ultra-stables and meta-stables

(Folk,1966). The research references are on the texture and

mineralogy of Kerala and Tamil Nadu coastal sediments. Badesab

(2017) have been investigated the heavy mineral dynamics

using magnetic fingerprinting techniques along the North

Maharashtra coast. Gurjar (2020) have studied the muti-

mineral potential of littoral placers along the Vijaydurg and Redi

Point of Maharashtra coast and littoral heavy mineral placers from

selected beaches of Goa, the central west coast. Similarly, Sharath

(2022) studied the provenance based on textural and heavy

mineral characteristics of sediments from the Chaliyar River and

adjoining Beypur Beach, Kerala. Sedimentology and geochemistry

of heavy minerals along Kerala and Tamil Nadu coast with special

reference to Raman Spectroscopy was also done during the recent

times (Gayathri , 2022). Based on the above information, an

attempt has been made to address the heavy distribution and its

provenance along the Chinavilai and the Erayumanthurai Beach

Sediments.
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Study Area

Methodology

The study area lies between Chinnavillai and Eruya-

manthurai areas of the Kanyakumari District, Tamil Nadu, India

(Fig.1). Kanyakumari to Colachel area is underlain by the

peninsular gneissic terrain of Indian. A Sub-recent of Calcareous

limeshell is noticed near Kanyakumari (Bhavathi Perumal ,

2010). All along the west coast from Kanyakumari, the Colachel

area is covered by thick lateritic soil dotted with a scanty outcrop

(Kaliraj , 2017). The major river in the district is Thamiraparani

(popularly as Kuzhithuraiar). The marine landforms along the

Kanyakumari district are restricted to < 1km width due to high relief

of inland areas which represented the slope of the Western Ghats

when compared to the Eastern Coast (Kaliraj , 2017).

A total of 30 samples were collected one is beach and another

one is intertidal zone at 15 locations from Chinnavilai to

Erayumanthurai area for textural and heavy mineral studies.

Granulometric study is an essential part to understand the mode of

transportation and depositional environment of sediments. Using

graphic (Folk and Ward, 1957) and moment methods (Friedman,

1961, 1967, 1979) the weight percentage data of 12 samples were

processed in personal computer by using the modified programme

of Schlee and Websters (1967) procedure. From the statistical

parameters, frequency curves, mean, standard deviation, skewness,

kurtosis, CM diagram, bivariant plots was drawn for the analysis
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proceedings. The sieved fractions of sediments have been made into

light and heavy mineral fractions.

The study area is divided as South of Colachel and North of

Colachel. The grain size studies are used for delineating the subtle

difference in depositional environments (Folk and Ward,1957). The

statistical method has been applied in diagnosing the finer

differences that may exist within a particular environment (Mohan

and Rajamanickam, 1998, 2000). This study endeavours the grain

size characteristics of sediments investigated in the part of the

environment that is subjected to a diversified degree of erosion,

transportation and deposition process. Various textural parameters

are derived from the graphic and moment methods (Table 1).

The different combination of sub-population has been

identified to address the statistical results of the sediments. A

network of perennial rivers traverses between Chinnavailai and

Eraymanthurai, and these rivers transported sediments are

debouched into the ocean. The compactness of beach sediments,

resulting in the onshore and offshore drifting of sediments. The

frequency plot pattern point towards the presence of unimodal and

The individual fractions have

been grouped into seven different fraction 0.25 φ - 0.75 φ, 0.75 φ,

1.25 φ, 1.25 φ - 2.0 φ, 2.0 φ - 2.75 φ, 2.75 φ - 3.25 φ, 3.25 φ - 3.75 φ,

3.75 φ - 4.25 φ for heavy mineral separation.

Results and Discussion

Sediment Properties

Statistical Parameters

bimodal distribution having peaked , . The first

population constitutes 30 to 40% of the sand. The excessive coarser

population of sediments is suggestive of the influence of open sea

conditions and strong winnowing action that in turn results in the

removal of fines, which is supplemented by the gentle beaches

around the region. The mean value ranges from

(Table 1) indicating a medium to fine sand distribution in this area.

The distribution of finer sediments might have accrued from the

displacing of coarser lighter sediments by the panning action of

high-velocity waves. The medium sand along the beaches is

attributed to the high waver energy conditions, causing the finer

sediments to be winnowed away, leading to the accumulation of

heavy minerals of a finer size grade. The sorting of sediments

demonstrates that the nature and mode of transportation of

sediment. The sorting values range fro (Table 1),

specify moderately sorted to moderately well-sorted nature. The

moderately well sorting nature is owing to the prevailing high

energy environment.

The range of skewness is -0.18 to 0.26 (Table 1). The negative

skewness is along the north of Colachel is indicative of the higher

energy conditions entailing a mixed distribution of coarse and fine

sediments. Due to the washing and backwashing of waves, coarser

sediments are retained and get entrapped amidst finer sediments.

The graphic kurtosis ranges from 0.732 to 1.581 and classifies under

Mesokurtic, Platykurtic and Leptokurtic (Table 1) which are

inferring the diversified environment. The movement of longshore

currents and the fluvial discharge of sediments have been

responsible for these two populations mixing. This is also

attributable to the widely varying nature of sediments and the

change in gradients of the coastline. The kurtosis value is probably

due to the transport and mixing of sediments of different energy

environments (Gujar , 2021).

The sediments are beach and the mixing of riverine and

aeolian environments. The bivariant plot of mean vs. standard

deviation, skewness vs. mean, skewness vs. standard deviation,

skewness vs. kurtosis, interprets that the dominant influence of

beach environment. The scatter plot of skewness vs inclusive

graphic standard deviation shows that the samples concentrate in

the beach environment and there is a spread of plots in the river

environment (Fig. 2). The mean against skewness confirms as beach

environment (Fig. 3). The cumulative curve pattern for the

sediments of Chinavilai to Erayumanthurai is expressing similar to

that of Passega (1957) pattern of beach sands. Most of these samples

are closer and parallel to the limit C=M, indicating their rolling

transport.

The common heavy mineral assemblages of Chinnavilai to

Erayumanthurai beaches consist of opaque minerals (Ilmenite and

Magnetite), garnet, zircon, rutile, sillimanite, monazite, kyanite

etc., however opaque concentration dominates the entire

assemblage. The abundant among opaque minerals are magnetite

and ilmenite and in non-opaques; garnet followed by zircon, garnet,

rutile, and sillimanite. Ilmenite is an opaque mineral that is low

compared to magnetite. Monazite is a non-opaque mineral that is

high compared to other non-opaque minerals. Heavy mineral

at 1 φ 2.5 φ and 3 φ

1.03 φ to 2.18 φ

m 0.50 φ to 0.87 φ

et al.

Heavy Mineral Distribution

Depositional Environment

Fig. 1. Location Map of Study Area
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Table 1: Result of Textural analysis in the study area ( 1- Chinnavilai; 2- Manavalakurichi , 3- Periyavilai, 4- Mandaikadu,5- Kottilpadu, 6-Colachel,
7- Kodimunai,8-Vaniyakudi,9-Kurumpanai,10-Pariyakal,11-Midalam,12-Enayam,13-Puthenthurai,14-Thengapattinam,15-Erayumanthurai)

Sample
MEAN Mz

STANDARD
1 SKEWNESS SK1 KURTOSIS KG

1A 1.799 Medium Sand 0.668 Moderatly well sorted 0.229 Fine Skewed 0.89 Platykurtic
1B 1.736 Medium Sand 0.66 Moderatly well sorted 0.057 Symmetrical 1.033 Mesokurtic
2A 1.464 Medium Sand 0.60 Moderatly well sorted 0.094 Symmetrical 1.365 Leptokurtic
2B 1.85 Medium Sand 0.583 Moderatly well sorted 0.142 Fine Skewed 0.997 Mesokurtic
3A 1.073 Medium Sand 0.689 Moderatly well sorted 0.169 Fine Skewed 1.157 Leptokurtic
3B 1.451 Medium Sand 0.534 Moderatly well sorted 0.095 Symmetrical 1.271 Leptokurtic
4A 1.594 Medium Sand 0.64 Moderatly well sorted 0.268 Fine Skewed 1.218 Leptokurtic
4B 1.738 Medium Sand 0.78 Moderatly sorted 0.178 Fine Skewed 1.059 Mesokurtic
5A 1.906 Medium Sand 0.66 Moderatly well sorted 0.139 Fine Skewed 0.82 Platykurtic
5B 1.842 Medium Sand 0.503 Moderatly well sorted 0.108 Fine Skewed 1.007 Mesokurtic
6A 1.853 Medium Sand 0.629 Moderatly well sorted 0.143 Fine Skewed 0.839 Platykurtic
6B 1.828 Medium Sand 0.567 Moderatly well sorted 0.066 Symmetrical 0.942 Mesokurtic
7A 2.188 Fine Sand 0.622 Moderatly well sorted 0.008 Symmetrical 0.888 Platykurtic
7B 2.142 Fine Sand 0.644 Moderatly well sorted -0.04 Symmetrical 0.824 Platykurtic
8A 1.7 Medium Sand 0.578 Moderatly well sorted 0.063 Symmetrical 1.134 Leptokurtic
8B 1.03 Medium Sand 0.874 Moderatly sorted -0.18 Coarse Skewed 0.923 Mesokurtic
9A 1.203 Medium Sand 0.66 Moderatly well sorted -0.058 Symmetrical 1.372 Leptokurtic
9B 1.447 Medium Sand 0.507 Moderatly well sorted 0.084 Symmetrical 1.214 Leptokurtic
10A 1.797 Medium Sand 0.687 Moderatly well sorted 0.184 Fine Skewed 0.939 Mesokurtic
10B 2.032 Fine Sand 0.656 Moderatly well sorted -0.012 Symmetrical 0.743 Platykurtic
11A 1.559 Medium Sand 0.818 Moderatly sorted 0.211 Fine Skewed 1.074 Mesokurtic
11B 1.42 Medium Sand 0.508 Moderatly well sorted 0.219 Fine Skewed 1.235 Leptokurtic
12A 1.844 Medium Sand 0.749 Moderatly sorted 0.204 Fine Skewed 0.732 Platykurtic
12B 2.005 Fine Sand 0.638 Moderatly well sorted 0.135 Fine Skewed 0.762 Platykurtic
13A 1.191 Medium Sand 0.569 Moderatly well sorted -0.033 Symmetrical 1.354 Leptokurtic
13B 1.446 Medium Sand 0.55 Moderatly well sorted 0.105 Fine Skewed 1.258 Leptokurtic
14A 1.504 Medium Sand 0.677 Moderatly well sorted 0.194 Fine Skewed 1.239 Leptokurtic
14B 1.457 Medium Sand 0.553 Moderatly well sorted 0.112 Fine Skewed 1.26 Leptokurtic
15A 1.277 Medium Sand 0.643 Moderatly well sorted 0.059 Symmetrical 1.581 Very Leptokurtic
15B 2.062 Fine Sand 0.678 Moderatly well sorted 0.093 Symmetrical 0.856 Platykurtic
Max 2.188 0.874 0.268 1.581
Min 1.03 0.503 -0.18 0.732
Avg 1.648 0.637 0.101 1.066

�

No. DEVIATION

Fig. 2. Plots of sorting skewness of grain - size distribution for discrimination
of the river and beach sand ( Friedman 1961)

vs.
after

Fig. 3. Plots of mean grain-size for discrimination of beach and
dune sand ( Friedman 1961)

vs.
after

skewness

percentage distribution in Manavalakurichi is 27%, Kurumpanai

(82%), Periyavilai (35 %), Enayam (54 %). In all the sampling

stations, zircon, garnet, sillimanite, monazite and kyanite and

opaques are predominant (Fig. 4; Table 2).

The mineralogical assemblages in beaches depend on parent

rocks in the province, climate conditions agents and mechanism of

transport and hydraulic condition during deposition. The longshore

sediment transport rates are estimated based on the observed data.

The estimated annual gross longshore sediment transport rate is

higher due to recent anthropogenic structures and the net transport

is towards the west. The southwesterly waves move the sediment

northwards, whereas the NE waves transport the sediment

southwards. The beach level has been low in July and high in April

months, ranging is 75m. The total volume of sand transported is

1,810 m only. The range of wave heights is between 0.5 to 2.5m

during 2007 and 0.5 to 2.2 m during 2008, whereas the wave period

is from 8-15.5' and 9.2' to 12.8' for 2007 and 2008, respectively.

During SW monsoon, the southerly movement of the net littoral

drift at all stations is from south to north except for the Kanyakumari

station, where the net drift is southwards. This occurs because the

northerly littoral drift during SW monsoon is small (maximum of

41.31x10 m /month), and a net annual southerly drift is recorded

3

3 3



(Sakthivel and Chandrasekar, 2015). The study indicates that the

beach is essentially stable with seasonal fluctuations. Colachel,

which is being subjected to erosion phase during Southwest

monsoon season, regains the profiles by January or February.

Longshore currents are stronger in June, July andAugust and steady

during the rest of the year (Chandrasekar , 2012). It is

presumed at a few traversing streams originating from the nearby

Western Ghats uphold the supply of heavies to the shoreface. These

heavies are greater in number and varieties probably because of the

proximity of the source region. Later, these dumped heavies are

sorted out hydro dynamically based on their physical properties

largely specific gravity by breakers, surf and swash zone processes

supplemented by longshore currents. The formation and

concentration of heavy minerals differ from place to place based on

sea wave directions and dynamics, interstitial separation,

underwater current, sorting factors influenced by the confluence of

sea and river. This is corroborated by the variations in heavy mineral

accumulation, which probably suggest that the beach morphology

and sediment characters are influenced by energy domains along

the coast (Gujar , 2021). The wave characteristics and energy

are governed by coastal configuration, outcrops and river discharge

(Nayak, 1997). The distribution pattern of Zircon shows an

abundance of rounded zircon and overgrown and outgrown zircons,

the latter might be due to the longer stay of sediments in the

depositional basin and derived primarily from Charnockite

(Sidiquie, 1969). The placer deposits were inferred to have been

accumulated due to the arcuate nature of the coastline, strong

convergence of wave orthogonal and a down warped basinal

structure (Angusamy , 2004).

The zircon, rutile, illemanite and garnet from Kanyakumari

to Colachel area is underlain by the peninsular gneiss and

Calcareous lime shell is noticed near Kanyakumari. The estuary at

Manavalakurichi shows the enrichment of minerals transported by

rivers from the source rock. The assemblages of ilmenite,

sillimanite, zircon, garnet, monazite, kyanite are strikingly uniform

in Manavalakurichi, indicating a uniform provenance throughout

the area. The heavy minerals associated with sediments indicate that

they are derived from metamorphic terrain (Vinoth Kumar and

et al.

et al.

et al.

Fig. 4. Heavy mineral weight percentage in the Study Area

Table 2: Count Percentages of Heavy Minerals of Different Fractions in
the study area (in %)

Location Opaque Garnet
Silli

Zircon Rutile Monazite Others

Chinnavilai 39.52 8.21 8.1 3.2 0.2 0.12 0.1

Manavalakurichi 81.36 8.93 8.2 1 0.7 0.16 0

Periyavilai 69.33 19.5 4.96 5.76 0.36 0.1 0

Mandaikadu 76.52 10.7 7.2 1.02 0.72 0.01 0.01

Colachel 54.93 15.7 6.23 1.8 1.03 0 0

Kurumpanai 69.62 8.52 5.41 1.4 0.1 0.01 0.1

Pariakal 49.23 6.24 4.12 1.2 0.01 0.01 0.1

Enayam 77.52 9.7 5.2 1.2 0.21 - 0.01

Thengapattinam 48.9 7.8 4.6 2.8 0.2 - 0.01

Erayumanthurai 46.4 8.4 4.2 2.3 0.4 0.01 0.05

manite

Asaithambi, 2013). The Kanyakumari coastal erosional accretion

was estimated as – 300.63 m, whereas the net rate of shoreline

changes is – 157.92 m (Kaliraj , 2014). Due to these erosional

activities, the impact of high wave energy wave action on the coast

caused the backwash sediments from the downslope to the coastal

headlands, hence the heavies are dominant in this region

The sediments are unimodal and bimodal, medium to fine-

grained sand moderately sorted to moderately well-sorted,

positively skewed. The heavies are dominant in Manavalakurichi,

Kurumpanai, Periyavilai and Enayam. The grains of garnet, zircon

are well-rounded attributes to the source for these sediments are an

admixture of medium to high-grade metamorphic rocks, reworked

sediments, charnockite, and granite gneisses. The oval shape zircon

is devoid of inclusions, whereas, the euhedral zircons comprise

subhedral inclusions. Distinct fractures in zircons are causing due to

transportation by waves and currents.

Conceptualization, Methodology,

Analysis, Writing Original Draft, Reviewing and Editing.

Field investigation, Analysis, Heavy Mineral Identification.

Reviewing and Editing.

Software, Diagrams and Supervision.

Authors declare no conflict of interest.

The authors express deep gratitude to the Professor and Head,

Department of Geology, University of Madras for providing the

necessary facilities for carrying out this research. We also thank the

anonymous referees for evaluating the manuscript.

et al.

Conclusions

Authors' Contributions

M. Suresh Gandhi :

Gayathri

G. S. :

Maya V. Panicker : Selvin Shyam Paul :

Conflict of Interest

Acknowledgements

10 JGSR,p M. Suresh Gandhi et al. Vol. 8, No.1, January 2023



References

Angusamy, N., Loveson, V.J. and Rajamanickam, G.V. ( 2004). Zircon and

ilmenite from the beach placers of southern coast of Tamil Nadu, east

coast of India . Ind. Jour. Mar. Sci., v. 33(2), pp. 138-149.

Badesab, F., Iyer, S.D., Gujar, A.R., Naik, D.K., Gaonkar, S.S., Luis,

R.A.A., Shirodkar, P. and Naik, S. (2017). Understanding heavy

mineral dynamics using magnetic fingerprinting technique: a case

study of North Maharashtra Coast, India. Environment. Earth Sci.,

v.76, pp. 257-270.

Bhavathi Perumal, S., Thamarai, P. and Elango, L. (2010). Hydrogeolgoical

studies along coastal area of Kanyakumari and Colachel after

Tsunami, South Tamilnadu. Ind. Jour. Environment. Protect.,

v.30(10), pp. 793-813.

Chandrasekar, N., Saravanan, S., Rajamanickam, M., Hentry, C. and

Rajamanickam, G.V. (2012). Correlation between coastal

geomorphology and tsunami inundation along the coast of

Kanyakumari, India. Jour. Ocean Univer. China, v.11910, pp.1-6.

Folk, R.L. (1966). A review of grainsize parameters. Sedimentology, v.

6(2), pp. 73-93.

Folk, R.L. and Ward, W.C. (1957). Brazos River bar: a study in the

significance of grain size parameters. Jour. Sediment. Res., 27(1).

Friedman, G.M. (1961). Distinction between dune, beach and river sands

from their textural characteristics. Jour. Sediment. Petrol., v. 28,

pp.151-153.

Friedman, G.M. (1967). Dynamic processes and statistical parameters

compared for size frequency distribution of beach and river sands.

Jour. Sediment. Res., v. 37(2), pp. 327-354.

Friedman, G.M. (1979). Differences in size distribution of populations of

particles among sands of various origin. Sedimentology, v. 26,

pp. 13-32.

Gayathri, G.S., Gandhi, Suresh M., Aravind, G.H. and Sreela, S.R. (2022).

Sedimentology and Geochemistry of Heavy Minerals along Kerala

and Tamil Nadu Coast with special reference to Raman Spectroscopy.

Jour. Geosci. Res., v. 7(1), pp. 42-55.

Gujar, A.R., Iyer, S.D., Prabhu, G.A., Mislamkar, P.G. and Ambre, N.V.

(2020). Multi-mineral potential of littoral placers along Maharashtra:

investigations between Vijaydurg and Redi Point, India. Mar.

Georesour. Geotechnol., pp.19-42.

Gujar,A.R., Iyer, S.D., Udayaganesan, P.,Ambre, N.V., Mislankar, P.G. and

Dhinesh, S. (2021). Nature, characterization and resource potential of

littoral placer deposits of Goa, central west coast of India. Jour.

Sediment. Environment. v.6, pp. 359-380 https://doi.org/10.1007/

s43217-021-00064-5.

Kaliraj, S., Chandrasekar, N. and Magesh, N.S. (2014). Impacts of wave

energy and littoral currents on shoreline erosion/ accretion along the

south-west coast of Kanyakumari, Tamil Nadu using DSAS and

geospatial technology. Environment. Earth Sci., v. 71, pp.

4523–4542.

Kaliraj, S., Chandrasekar, N. and Ramachandran, K.K. (2017). Mapping of

coastal landforms and volumetric change analysis in the south west

coast of Kanyakumari, South India using remote sensing and GIS

techniques. Egyptia. Jour. Rem. Sens. Space Sci., v. 20(2), pp. 265-

282.

Mohan, P.M. and Rajamanickam, G.V. (1998). Depositional environments:

inferred from grain size along the coast of Tamil Nadu. Jour. Geol.

Soc. India , v. 52(1), pp. 95-102.

Mohan, P.M. and Rajamanickam, G.V. (2000). Buried placer mineral

deposits along the east coast between Chennai and Pondicherry. Jour.

Geol. Soc. India, v. 56(1), pp. 1-13.

Nayak, G.N. (1997). Grain size parameters and heavy minerals as indicators

of depositional environment : A case study of beach sediments from

Goa. Jour. Ind.Assoc. Sedimentol., v.16(1), pp. 127-139.

Passega, R. (1957). Texture as Characteristic of Clastic Deposition. AAPG

Bull., v. 41(9), pp. 152–198.

Sakthivel, S. and Chandrasekar, N. (2015). Wave Refraction Pattern and

Littoral Sediment Transport along the SE Tamilnadu Coast, India.

Jour. Coast. Res., v. 300(2), pp. 291-298.

Siddiquie, H.N. (1969). Zircons from dune sands of Balasore coast, Orissa.

Miscellaneous Publ. 9, Geol. Surv. India, pp. 214-222.

Sharath, Raj B., Sujith, M.S., Nallusamy, Babu, Mohammed Aslam, M.A.

and Lakkundi, T.K. (2022). Textural and Heavy Mineral

Characteristics of Sediments from Chaliyar River and Adjoining

Beypur Beach, Kerala: Implications to Sediment Dynamics and

Provenance. Jour. Geosci. Res., v. 7(1), pp. 31-41.

Schlee, J. and Webster, J. (1967).Acomputer programme for grain size data.

Sedimentology, v. 8, pp. 45-53.

Vinoth Kumar, K.C. and Asaithambi, T. (2013). Seasonal variation of

mineral assemblage along the west coast of Kanyakumari District.

Indian Jour.Advanc. Chem. Sci., v. 2 (1), pp. 71-77.

JGSR, 11pVol. 8, No.1, January 2023 Sediment Properties and Provenance Study of Heavy Minerals



<<
  /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 true
  /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 300
  /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 300
  /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 1200
  /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 <>
    /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.)
  >>
  /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


