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Abstract

The research comprised field study of Quaternary sediments on Krk, Rab and Pag Islands, Senjska
Draga, Jablanac, South Velebit, the coast of Velebit Channel, and Northern Dalmatia (Novigrad Sea,
Karin Sea, Obrovac, Paljuv and Smilèiæ), detailed logging, outcrop mapping and radiometric dating,
and the sedimentological data confirmed glacigenic interpretation of the studied sediments, namelly:
Glacial sediments, tills or tillites form ground, medial or lateral moraines, and their main
characteristics are clasts with glacial striae, ice-shaped (faceted, bullet-shape and conical) and
ice-shattered clasts. Glacifluvial sediments comprise glacial outwash deposits of braided streams and
flood plains, and fluvial deposits of meandering rivers. The glacigenic origin is based on their
occurrence with tills or tillites, and glacially-derived debris. Glacilacustrine sediments comprise
clay-silt sediments with classic varves, and varve-like calcisiltites with drop-stones. Glacideltaic
sediments are conglomerates, calcarenites and calcisiltites in alternation. Ice-striated clasts, and their
association with glacilacustrine sediments, document their glacigenic origin.

The following depositional paleoenvironments were reconstructed: a) glacial environment is
documented by ground and lateral moraines. The ground moraines are indentified as Rujno, Paklenica
and Novigrad members and two tentative members are Sklopine and Raduè. The Paklenica member,
found also on Krk and Rab Islands, documents the furthest extent of glaciation. Another characteristic
landform of ice-contact zone are kame terraces well preserved on the Krk and Pag Islands. b)
proglacial environment influenced by melting ice and glacial outwash processes is widespread in
Northern Dalmatia, and proglacial lacustrine sediments of �drilo, Seline and Novigrad. c) periglacial
environment, is recognized in sediments of Novigrad section, were ice-wedge casts and kettle-forms
occur, which indicate freezing and thawing of sediment.

The sedimentological data proved far seawards extention of the Dinaric glaciation which at the most
advanced phase reached islands of Krk, Rab and Pag, a large part of Northern Dalmatia, and the whole
Velebit Channel. Chronostratigraphic correlation of sediments is based on allostratigraphy and  !C
and U-series ages of sediments, which allowed attribution of the Middle Pleistocene age to most of the
studied sediments.
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Doktorska disertacija

PLEISTOCENSKE GLACIJALNE I PERIGLACIJALNE NASLAGE KVARNERA, SJEVERNE

DALMACIJE I JU�NOG VELEBITA - DOKAZ DINARIDSKE GLACIJACIJE
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Ovaj rad obuhvaæa terensko istra�ivanje kvartarnih sedimenata na Krku, Rabu i Pagu, u Senjskoj dragi,
Jablancu, na ju�nom Velebitu, du� obale Velebitskog kanala i u sjevernoj Dalmaciji (Novigradsko
more, Karinsko more, Obrovac, Paljuv i Smilèiæ), snimanje detaljnih sedimentoloških stupova,
kartiranje izdanaka i radiometrijsko datiranje. Sedimentološki podatci su potvrdili glacigenu
interpretaciju istra�enih sedimenata, i to: glacijalnih sedimenata, tilova i tilita koji tvore podinske,
središnje i boène morene, a njihova su glavna karakteristika klasti s ledenjaèkim strijama, ledom
oblikovani klasti (fasetirani, konièni i kopljasti) i raspuknuti klasti, glaciofluvijalnih sedimenata koji
obuhvaæaju sedimente ispiranja, istalo�ene u prepletenim koritima i poplavnim ravnicama, te
sedimente meandrirajuæih rijeka koji su pridru�eni tilovima i tilitima, a sadr�e ledom doneseni detritus,
glaciolakustrinskih sedimenatai koji obuhvaæaju glinovito-siltne sedimente s klasiènim varvama i
varvama sliène siltite s ledenjaèkim utruscima, te glaciodeltaiènih sedimenata zastupljenih
konglomeratima, kalkarenitima i kalcisiltitima u izmjeni, na èije ledenjaèko porijeklo ukazuju klasti sa
strijama i njihovo pojavljivanje u zajednici s glaciolakustrinskim sedimentima. Rekonstruirani su
sljedeæi talo�ni okoliši: a) glacijalni koji obuhvaæaju podinske, središnje i boène morene. Podinske
morene su izdvojene kao alo-èlanovi Rujno, Paklenica i Novigrad, te dva moguæa èlana Sklopine i
Raduè. Paklenica-èlan dokumentira najdalji doseg leda. U zoni kontakta s ledom razvijene su
kame-terase na otoku Krku i Pagu, b) proglacijalni okoliš pod utjecajem lada koji se topio i glacijalnog
spiranja a koji je rasprostranjen u sjevernoj Dalmaciji s jezerskim sedimentima kod �drila, Selina i
Novigrada, i c) periglacijalni okoliš koji se nalazi u Novigradskom podruèju i obuhvaæa ledenjaèke
klinove i kotlaste forme koje ukazuju na višekratno smrzavnaje i taljenje sedimenata i tla.
Sedimentološki podatci potvrdili su daleko prostiranje Dinaridske glacijacije koja je u
najintenzivnijem razdoblju zahvatila Krk, Rab i Pag te velik dio sjeverne Dalmacije i Velebitski kanal.
Kronostratigrafska korelacija sedimenata zasniva se na alostratigrafiji i datiranju po 14C i U-seriji, što
je omoguæilo odreðivanje srednje pleistocenske starosti za veæinu istra�enih sedimenata.
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INTRODUCTION
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2.

PREVIOUS RESEARCH OF PLEISTOCENE DEPOSITS

IN EASTERN ADRIATIC AND COASTAL DINARIDES,

A REVIEW
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3.

STUDY AREA AND ITS GEOLOGICAL FRAMEWORK
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3.2.1. VELIKO AND MALO RUJNO / SV(R)

 !" #"$%&' ()* +($' ,-.)' /0-*1 2')" 3'4"5/ 0!" (5"( '6 ( 7'-)0(%) 4($$"1 '6 (8'-0 9 &7

 

:;<= > ? &7 @%*" ()* 9 &7 $')AB<  !%/ 4($$"1 %/ *%4%*"* %) 0@' C(50/D #"$%&' ,-.)' $'3(0"* (0 ($0%0-*"

8"0@"") E;; ()* E9; 7 (</<$< ()* +($' ,-.)' 8"0@"") F9; ()* E;; 7 (</<$<  !(0 *%4%*" %/ (

7'5C!'$'A%3($ 8(55%"5 > 0!" ,-.()/&( &'/( 7'5(%)" 5%*A" :E;; > GE; 7 (</<$<BD (/ 5"3'A)%2"* 81 H%&$"5

:?GFIBD @!%3! "J0")*/ *%(A')($$1 (35'// 0!" 4($$"1 %) HK>LM *%5"30%') :N%A< I<9;< OD N%A< I<9?<B<

#"$%&' ()* +($' ,-.)' 4($$"1/ (5" *"4"$'C"* %) 0!" P'@"5 ()* +%**$" Q-5(//%3 @"$$ 8"**"*

$%7"/0')"/ @!%3! /0""C$1 :R;S> ==SB *%C /'-0!@"/0@(5*/ :L'&(T "0 ($<D ?GF9BD ()* %) #"$%&' ,-.)' 0!"1

(5" "4") /0""C"5 :F;S> E=SB< U'0! #"$%&' ()*+($' ,-.)' !(4" *%/0%)30%4" @%*" ()* 6$(0 8'00'7 /-56(3"

:N%A< I<9?<B 4"51 A")0$1 %)3$%)"* "(/0@(5*/<

 !

 !"#$% &'()' * + ,-.%//!.% !0-"% 12 3%/!415#671 -789-/15#671 :!.; 5#6-7<4-=1<- !7 .;%0!88/%> 8!?!8!7" .;% .:1

?-//%@<' ,A-/% !< B 40' CD11"/%E-$.; !0-"%F' G + D%1/1"!A-/ <%..!7" 12 3%/!41 -78 9-/1 5#671 <.#8@ H17% CD%7%$-/

D%1/1"!A-/ 9-I JKJ))')))> ,;%%. D1<I!L> ,14-M %. -/> JNOPF'

,/!4- &'()' * + ,-.%/!.<4! <7!0-4 3%/!41" Q 9-/1" 5#67-> .% 5#6-7<4% 41<% !H0%R# 8?!6% 81/!7%' 96%$!/1 6% B 40'

CD11"/%E-$.; <7!0-4F' G + D%1/1S4- 4-$.- !<.$-T7% H17% 3%/!41 Q 9-/1 5#671 CU<71?7- "%1/1S4- 4-$.- JKJ))')))>

/!<. D1<I!L> ,14-M %. -/'> JNOPF'



 !"# $%&'# () *#+,"-.-"/ *#0-1-2 3(.4 5"-().#*-'- )-2(+-'.) 4-1-(' ('.-1,1-.-2 !) .("" !'2

6"!*(#7"%0(!" *#'6"#+-1!.-)8 9%. .4- )-2(+-'. *#0-1 #7 .4- :-"(;# $%&'# () +%*4 .4(''-1 !'2 ,1-)-10-2

#'"/ ,!.*4/8 1-,1-)-'.-2 9/ .("" !'2 1-3#1;-2 .(""8 1-),-*.(0-"/< =4() ).%2/ ('*"%2-2 .4- $%&'# 0!""-/

!'2 !2&!*-'. !1-!) )#%.4 !'2 )#%.43-). #7 $%&'#8 34("- '#1.4-1' !1-!) 3-1- '#. ).%2(-2 2%- .# +('-

7(-"2) ).("" !*.(0- !. .4- .(+- #7 1-)-!1*48 !'2 +#). !1- '#. *"-!1-2 /-.<

=4- 5"-().#*-'- )-2(+-'.) #7 $%&'# !1-! 3-1- ('.-1,1-.-2 !) >,,-1 5"-().#*-'- 7"%0(#6"!*(!"

*#'6"#+-1!.-) 9/ ?#;!@ -. !"< ABCDEF !) 6-#"#6(*!" +!, #7 .4- !1-! )4#3) AG(6< H<IJ< KF< ?*4%9-1.

ABCJDF 2(7-1-'.(!.-2 .4-+ !)  !"#$%&'#(') *+,-"+.)'&#) #' .4- 6-#"#6(*!" +!, BLDM<JJJ< N(;"-1

ABCDHF ('.-1,1-.-2 .4- $%&!');! O#)! +#1!('- 1(26- AG(6< H<IP<F !) .-1+('!" +#1!('- #7 "!). 6"!*(!"<

 !

 !"#$% &'()' *+% ,-$.+/%0. 12$. -3
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3.2.2. VELIKA PAKLENICA / SV(VP)

 !" #"$%&' ('&$")%*' +,-./ 01)" *1234%+"+ ,!" '4"'
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$1==". %) .",'%$@

 !" =")"4'$$/ IHCBJ 14%"),". *')/1) 15 #"$%&'
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4"*14.%)= ', 214" ,!') O??
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 !"#$% &'(&' )**"+%,-$./ 0-.%++!.% !1-"%

0/*20 ./% 3%+!4- 5-4+%6!7- 0.#89 :*6%'

;+!4- &'(&' )**"+% ,-$./ 0-.%+!.04! 06!1-4
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 !"#$% &'()' *$+",-.!-, -/0 ",-.!-,

1%0!2%/31 -3 13#04 1!3%

5676*89:);: 7 !"' &')<'8 !/ 3=%

,+>%$ ?-$3 +@ 3=% 6%,!A- *-A,%/!.-

.-/4+/' *=+3+ 3-A%/ !/ :BB)'
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5676*89:);: 75,' &')<'8' 5/!2,C%/+

:BB)'

 !"#$% &'((' *$+",-.!-, -/0 ",-.!-,

1%0!2%/31 -3 13#04 1!3% 5676*89:D

7 !"' &')<'8 !/ 3=% ,+>%$ 1%.3!+/ +@

3=% 6%,!A- *-A,%/!.- .-/4+/E

>=%$% +#3.$+? 2-??!/" >-1 0+/%

71%% F=-?3%$ )8' *=+3+ 3-A%/ !/

:BB)'

5,!A- &'((' *$+",-.!C-,/! ! ",-.!C-,/!

1%0!2%/3! /- ,+A-.!C! 5676*89:D

75,' &')<'8 # 0+/C%2 0!C%,# A-/C+/-

6%,!A- *-A,%/!.- "0C% C% !GH$I%/+

A-$3!$-/C% !G0-/A- 7H!0! *+",' )8'

5/!2,C%/+ :BB)'

 !"#$% &'(J' 53#04 1!3% 5676*89:&

7 !"' &')<'8 !/ 3=% ,+>%$ 1%.3!+/ +@

3=% 6%,!A- *-A,%/!.- .-/4+/ >=%$%

",-.!+@,#H!-, -/0 ",-.!-, 0%?+1!31

>%$% ,+""%0 !/ 0%3-!, 71%% F=-?3%$

)8' *=+3+ 3-A%/ !/ :BB)'

5,!A- &'(J' K+A-.!C- 5676*89:&

75,' &')<'8 # 0+/C%2 0!C%,# A-/C+/-

6%,!A% *-A,%/!.% "0C% 1# 0%3-,C/+

1/!2,C%/! ",-.!+@,#H!-,/! ! ",-.!C-,/!

1%0!2%/3! 7H!0! *+",' )8' 5/!2,C%/+

:BB)'



 !

 !"#$% &'()' *+,-!,+ .%/01!21 3%+04

56!7, 8#9, !6 2:% ;!..+% 1%-2!06 0<

2:% =%+!9, >,9+%6!-, -,6?06

@+0-,2!06 A=@=>BCDDE  !"' &'FG'B'

>:020 2,9%6 !6 DHHI'

A+!9, &'()' *+,-!J,+6! 1%.!;%62!

!1/$%. 56!7, 8#9% # 1$%.6J%;

.!J%+# 9,6J06, =%+!9% >,9+%6!-%

@+09,-!J, A=@=>BCDDE  !"' &'FG' B'

A6!;+J%60 DHHI'

 !"#$% &'(G' K:% #//%$ L,++%? 0<

2:% =%+!9, >,9+%6!-, 3$009

%M2%6.!6" ANCOPE 4:%$% "+,-!,+

,6. /$0"+,-!,+ .%/01!21 ,$% <0#6.'

>:020 2,9%6 !6 DHHF'

A+!9, &'(G' *0$6J, .0+!6, /0209,

=%+!9, >,9+%6!-, /$#Q,6J, RSCATE

".J% 1% 6,+,U% "+,-!J,+6! !

/$0"+,-!J,+6! 1%.!;%62!' A6!;+J%60

DHHF'

 !"#$% &'IH' 56 0#2-$0/ 0<

12$,2!<!%. 3$%--!, !62%$/$%2%. ,1 ,

9,;%C2%$$,-%E +0-,2%. ,2 2:% ON

1+0/% 0< 2:% #//%$ >,9+%6!-, L,++%?

@+0-,2!06 A=@=>BCV&E  !"' &'FG'B'

>:020 2,9%6 !6 DHH&'

A+!9, &'IH' SU.,6,9 #1+0J%6!: 3$%W,

90J% 1# !62%$/$%2!$,6% 9,0

9,;%C2%$,1, @+09,-!J, A=@=>BCV&E

 !"' &'FI'B' A6!;+J%60 DHH&'



3.2.3. MALA PAKLENICA / SV(MP)

 !"# $%&' (')*(+# ,% %&-. ,!' -%/'(0%#, 1*(,

%2 ,!' 3*-* 4*5-'&"6* 6*&.%& 7'6*8#' 4-'"#,%6'&'

#'+"0'&,# *(' 1('#'(9'+ *&+ ':1%#'+ %&-. "& 2(%&, %2

,!' 6*&.%&; < )'&'(*- ':,'&#"%& %2 3*-* 4*5-'&"6* "#

=>?@A BC"); D;ED;F; G,# 0"++-' 1*(, "# * &*((%/ )%()'

BC"); D;HI;F *&+ ,!'& ", /"+'&# "&,% * 9?#!*1'+ 9*--'.

,8(&"&) &%(,!/'#,/*(+# *&+ *)*"& &%(,!'*#,/*(+#

,%/*(+# ,!' #1("&) *('* %2 ,!' 3*-* 4*5-'&"6* 7(%%5

BC"); D;EDF; J',*"-'+ %8,6(%1 0*11"&) "& #6*-' IKLM

/*# 1'(2%(0'+ *, -%6*,"%& @NB34F?OP BC"); D;LQ;F;

 !%#' +'1%#",# *(' 0*(5'+ %& ,!' R'&'(*- R'%-%)"6*-

3*1S @!'', T*+*( B3*U6'& ', *-;S IQHMF BC"); D;LL; VFS

*#  !""#$%!" &'!$(" )(*+,%-, ;

 !

 !"#$% &'()' *+#,- .!+%

*/01234)5 !6 +7% 89::%- ;%<=$%

+7% "%=$"% =< 19:9 29>:%6!?9

@7%$% ":9?!=<:#8!9: ,%A=.!+. 9$%

A$%.%$8%,' 27=+= +9>%6 !6 )BBC'

*:!>9 &'()' D.+$9E69 :=>9?!F9

*/01234)G # ,=:!6! !.A$%,

>96F=69 19:% 29>:%6!?% ",F% .#

.9H#896% ":9?!=<:#8!F9:6%

69.:9"%' *6!I:F%6= )BBC'

 !"#$% &'(J' K "=$"% !6 +7% :=@%$ .%?+!=6 =< +7% 19:9 29>:%6!?9 ?96-=6' K6 9$$=@ A=!6+. 9+ I%"94;$%??!9 0:=?9+!=6

*/01234)GL  !"' &'CG'3 !6+%$A$%+%, 9. +!::!+% 0.%% MA+' C3' N7%$% !. 9 A%$.=6 !6 $%, ?!$?:% <=$ .?9:%' 27=+= +9>%6 !6 )BBO'

*:!>9 &'(J' P:969? # ,=6F%I ,!F%:# 19:% 29>:%6!?%' *+$%:!?9 A=>9Q#F% .9H#896% I%"94;$%H% 0:=>9?!F9 */01234)G

0*:' &'CG'3 !6+%$A$%+!$96% >9= +!:!+ 08!,! 2=":' C3' R.=;9 # ?$8%6=I >$#"# Q9 IF%$!:=' *6!I:F%6= )BBO'



3.2.4. STARIGRAD - SELINE / SV(SS)

 !" #$%&'(&%) * #"+'," -$.)/ 01," 213"&- $!" %&"% 4&15 $!" 6.-%7% 213" 89 :5 ,1&$! 14

#$%&'(&%); $!", #$%&'(&%)*<%:+",'2%; #"+'," 3'++%(" %,) '$- -.&&1.,)',(- +12%$") ', 4&1,$ 14 =%+%

<%:+",'2%; %,) $!" 21-$%+ %&"% 4&15 #"+'," $1 >13%,?-:% @A'(B CBDEB %,) CBDFBGB
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%,) +%/ 13"& <%+"1("," +'5"-$1," K&"22'%- %,) I%&$+/ 13"& Q&"$%2"1.- +'5"-$1,"- ', $!" %&"% 14 #"+',"
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$!" ("1+1('2%+ 5%I K/ #2!.K"&$ @8F9LGB  !"-" 21,(+15"&%$"- S"&" +1((") %$ #"+'," 21%-$%+ -"2$'1,

@+12%$'1, #T@##G*CE %,) *CLR -"" Q!%I$"& EG %&" !"&"', ',$"&I&"$") %- (+%2'1)"+$%'2 )"I1-'$-B U$!"&

$!", 5",$'1,") )"I1-'$- %&" 5"(%*)'%5'2$- %,) 5"(%*K&"22'%- 41.,) ', 6.-%7% 213" %,) ', $!"

21%-$%+ 01," 4&15 #"+'," $1 >13%,?-:%; ',$"&I"$") %- 51&%',"- @-"" Q!%I$"& DG; %,) 4',"*(&%',")

-")'5",$- %+-1 +1((") %$ #"+'," -"2$'1, %&" ',$"&I&"$") %- (+%2'1+%2.-$&'," @-"" Q!%I$"& EGB

 !" 5",$'1,") 5"(%*)'%5'2$- %,) 5"(%*K&"22'%- $!%$ S"&" &"2",$+/ &"21(,'0") K.$ ,1$

-$.)'") ', )"$%'+; %,) +12%$") %+1,( $!" &1%) K"$S"", #"+'," %,) >13%,?-:% @+12%$'1,- #T@##G*CV; *CF;

*W9R A'(BCBDFBG %&" ',2+.)") ', $!" $!"-'- K"2%.-" 14 $!"'& '5I1&$%,2" 41& I%+"1",3'&1,5",$%+

&"21,-$&.2$'1,; K.$ %&" 21,-')"&") %- I&"+'5',%&/ -$.)/ -'$"- S'$!', $!'- Q!%I$"&B

 !
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 !"#" $% & #'&()*+, "-.'%+#" &// &/'01 ,!" 2+%&3& *'4" 56$17 87987: ;!"#" <+%, .#"/$=$0&#>
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", &/7 5BL98: 56$17 87MM7 D:7
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 !

 !"#$% &'(&' )*% $+,-./!-% %01+/#$% +2

34%!/5+6%7% "4,6!,4 ,7-

"4,6!+4,6#/5$!7% /%-!8%75/ 94+6,5!+7

:;9::<.&=>  !"' &'?('<' 3*+5+ 5,@%7 !7
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3.3. NORTHERN DALMATIA (ND)
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3.3.3. SMILÈIÆ AND PALJUV / ND(N)
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3.3.5. NORTHERN DALMATIA SITES IN PRELIMINARY STUDY
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4.

RESEARCH METHODS
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4.2. LABORATORY METHODS

4.2.1. SEDIMENTARY ANALYSES

K3;)03$)0, 3.3 ,(#( )' &)  #&$#+ 0)&" (3C: #( 3.+ (3C: #( )'  ))(# (#+!C#.$( 8#0# *$! !-#+

+*0!.> C, 3''! !3$!). 8!$% BIE1L0)M#"$ <NOPQ1NOO@A5 6%# (3C: #( 8#0# (*;M#&$#+ $) 3 & 3((!& >03!.

(!-# 3.3 ,(#( ;, (!#9!.>5 J3C: #( 8#0# +0!#+ 3.+ (!#9#+ *(!.> 3 (#$ )' (!#9#( '0)C QR $) RSS 5 6%#.

$%# (#+!C#.$( 8#0# & 3((!'!#+ 3&&)0+!.> $) =0!#+C3. 3.+ J3.+#0( <NOTPA5 E'$#0 (!#9!.>F &)30(# (3.+

3.+ >039# '03&$!).( )' #3&% (3C: # 8#0# (*;M#&$#+ $) 3 C3&0)(&):!& 3.+U)0 C!&0)(&):!& 9!(*3 

3.3 ,(!( )' :30$!& # (%3:#F (:%3#0!&!$,F 0)*.+.#(( 3.+ (*0'3&# $#D$*0#F (#:303$# , ')0 #3&%

(!#9#1'03&$!). )' ).# (3C: #F 3.+ $%#. 0#(* $( 8#0# &)C;!.#+ 3.+ ($3$!($!&3  , :0)&#((#+5 V3&% )' $%#(#

(!#9#+ '03&$!).( 83( (*;M#&$#+ $) 3 C3&0)(&):!& 3.+U)0 3 C!&0)(&):!& +#$#0C!.3$!). )' :30$!& #

 !$%) )>,5

 !

 !"#$% &'(' )*++!," -. %/0%,1!2% -#03$-+ #1!," * 3$-34#% 0%35,!4#%'  !,6!," * 1#!0*78% +-1!0!-, 9*1 2%$: 0$!3;:

+$-3%6#$% *0 05% <*=;*>?*$-; 10#6: 1!0% -, @$; !18*,6' A5-0- 0*;%, !, BCCD'

E8!;* &'(' @*$0!$*,F% 10$G-" H =!$-;-" !I6*,;* ;-$!=0%,F%G ;$-;! 0%5,!;%' A$-,*8*J%,F% -+0!G*8,% +-I!3!F% 7!8-

+$-78%G*0!K,- ,* 8-;*3!F! <=;*>?*$-; ,* -0-;# @$;#' E,!G*; !I BCCD'



 !"!#$!#%"& '()%*$$#+, )- ,("+.&)/*!(#% 0"!" 1"$ "$ "+ "00#!#)+"& /*!2)0 -)( #+!*('(*!"!#)+ )-

" $*0#/*+!"(3 *+4#()+/*+!5 6! 1"$ "''&#*0 -)( $*0#/*+!$ "! !2* 7(89:";8"< =",9:);"+" "+0 >)4#,("0

$!.03 &)%"!#)+$5 ?*$.&!$ )- !2* "''&#*0 $!"!#$!#%"& /*!2)0< "$ 0*$%(#@*0 &"!*(< %)+-#(/*0 #+!*('(*!"!#)+

@"$*0 )+ -#*&0 $!.03 )- $*0#/*+!"(3 $!(.%!.(*$< &#!2)-"%#*$ "+0 !2*#( (*&"!#)+5

A*!*(/#+"!#)+ )- $*0#/*+!"(3 *+4#()+/*+! )+ !2* @"$#$ )- ,("+.&)/*!(#% "+"&3$#$ )- (*%*+!

$*0#/*+!$ 1"$ '*(-)(/*0 @3 4"(#).$ ".!2)($5  !*1"(! BCDEFG 0*-#+*0 "+ "(*" )- (#4*( H)+*< 1"4* H)+*

"+0 %"&/ 1"!*( )+ " 0#",("/ )- !2* "$#/*!(3 %)*--#%#*+! B 7 I $8*1+*$$G "+0 /*0#"+ B'2#G ("!#)< "+0

("!#) @*!1**+ '2#90*4#"!#)+ BJ."(!#&* 0*4#"!#)+G "+0 /*0#"+5 :.&&*( "+0 K%K"+.$ BCDLMG 0*!*(/#+*0

"(*"$ )- "&& @"$#% $*0#/*+!"(3 *+4#()+/*+!$ )+ &),90#",("//* @"$*0 )+ ("!#) )- J."(!#&* 0*4#"!#)+ "+0

/*0#"+5

N2* %)/'"(#$)+ )- 0"!" )@!"#+*0 #+ !2#$ (*$*"(%2 1#!2 !2*$* 0#",("/$ %)+-#(/*0

#+!*('(*!"!#)+ )- $*0#/*+!"(3 *+4#()+/*+!$ -)( /)$! )- !2* $"/'&*$ "$ 1#&& @* /*+!#)+*0 #+ -)&&)1#+,

O2"'!*($5

=*!(),("'2#% %)/')$#!#)+ )- $"+0< ,("4*& "+0 @).&0*( 0*')$#!$ 1"$ $!.0#*0 #+ !2#+9$*%!#)+$5

 *&*%!*0 $"/'&*$ )- $"+0 "+0 -#+* ,("4*& 0*')$#!$ 1*(* !"8*+ "+0 /#P*0 1#!2 *')P3 (*$#+< "+0 !2*+ %.!

#+!) !2#+9$*%!#)+$5 O&"$$#% !2#+9$*%!#)+$ 1*(* '()0.%*0 -()/ ()%8 $"/'&*$ )( &#!2)%&"$!$ !"8*+ -()/

%)"($*9,("#+*0 $*0#/*+!$5

 "/'&*$ )- %*/*+!*0 $*0#/*+! 1*(* %.! "+0 $!"+0"(0 !2#+ $*%!#)+$ 1*(* /"0* -)(

/#%()$%)'#% '*!(),("'2#%"& "+"&3$#$5  )/* $"/'&*$ 1*(* %.! "+0 ')&#$2*0< *!%2*0 #+ 0#&.!*0 QO& "+0

$!"#+*0 1#!2 "&#H"(#+* ?*09 "+0 7R*O> "+0 "+ "%*!"!* '**& 1"$ '()0.%*0 -)( /#%()$%)'#% "+"&3$#$

B:)./" CDSDT K"(U"+"% CDFVG5 =.(')$* )- $!"#+#+, 1"$ !) 0*!*(/#+* ("!#) )- %"(@)+"!* "+0

+)+%"(@)+"!* %)/')+*+< *$'*%#"&&3 #+ 0#"/#%!#!*$5

N2* (*$.&!$ )@!"#+*0 @3 0*$%(#@*0/*!2)0$ 1*(* .$*0 "$ -.+0"/*+!"& 0"!" -)( -.(!2*( (*$*"(%2

%)+!#+.*0 3*"($ &"!*(< "-!*( CDDF5

 !
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5.

SEDIMENTARY CHARACTERISTICS OF STUDIED

PLEISTOCENE DEPOSITS

5.1. INTRODUCTION
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5.2. GLACIGENIC SEDIMENTS

 !"#$%&'$# (&)*+$,+ &'#*-)"++ "!! ,.)&+ */ +&($-&',+ (&)*+$,&( $' ($0&#, #*',"#, 1$,2 $#&

3%!"#$"!4 *0 5. $#& $'/!6&'#& 3%!"#$/!67$"!8 %!"#$!"#6+,0$'&8 %!"#$-"0$'&49  !"#$"! (&)*+$,+ "0& 5.

(&/$'$,$*' +&($-&',+ #"00$&( 5. "#,$7& *0 +,"%'"', $#& "'( "##6-6!",&( $' $#&:#*',"#, ;*'&+8 '"-&!.

+65%!"#$"!8 $'%!"#$"! "'( +6)0"%!"#$"!9 <0*(;$=*7+=. "'( >"' ?**' 3@AA@4 1&0& ,2& /$0+, 12*

(&+#0$5&( "'( ($+#6++&( $' (&,"$! %!"#$%&'$# +&($-&',+ /0*- +&($-&',*!*%$#"! "+)&#,9 B2&$0 (&,"$!&(

($+,$'#,$*' "'( +65($7$+$*' */ +&($-&',"0. &'7$0*'-&',+8 /"#$&+ "'( /"#$&+ "++*#$",$*' 1"+ "(*),&( "+

,2& /0"-&1*0= /*0 ,2& +,6($&( C!&$+,*#&'& %!"#$%&'$# (&)*+$,+9 B2$+ /0"-&1*0= 1"+ +$-)!$/$&( "'(

-*($/$&( "##*0($'% ,* +)&#$/$# #*'($,$*'+ */ +,6(.$'% "'#$&', %!"#$"! &'7$0*'-&',+8 12$#2

)0&(*-$'"',!. 0&/&0 ,* (&%0&& */ )0&+&07",$*' */ +&($-&',"0. 5*($&+ "'( !"'(/*0-+9

B2& +,6($&( +&($-&',+ $',&0)0&,&( "+ %!"#$%&'$# $'#!6(& +&($-&',+ */ %!"#$"!8 %!"#$/!67$"!8

%!"#$(&!,"$# "'( %!"#$!"#6+,0$'& &'7$0*'-&',+9  !"#$"! (&)*+$,+ (&+#0$5&( $' D2"),&0 E9F9@9 &'#*-)"++

"!! +&($-&',+ "##6-6!",&( $' ($0&#, #*',"#, 1$,2 $#&8 '"-&!. ,$!!+ *0 ,$!!$,&+9  !"#$/!67$"!8 %!"#$(&!,"$#

"'( %!"#$!"#6+,0$'& +&($-&',+8 (&+#0$5&( $' D2"),&0+ E9F9F9 ,20*6%2 E9F9G98 "0& */ )0*%!"#$"! "'(

)&0$%!"#$"! &'7$0*'-&',+8 "!,2*6%2 ,2&. #"' "+ 1&!! *0$%$'",& $' $#&:#*',"#, ;*'&+8 +6#2 "+

="-&:,&00"#& (&)*+$,+9 B2&+& "0& )"0,!. (&+#0$5&( $' ,2$+ D2"),&0 "'( )"0,!. "+ %!"#$"! !"'(/*0- $'

D2"),&0 H9

 !

 !"#$% &'(' )*+,!+* -%.!/%01+$2 %03!$40/%01- +0. "*+,!"%0!, -%.!/%01-' 5 6 !,% ,+787*+1%+#9 : 6 ,!$;#%9 < 6 3+**%2

"*+,!%$9 ( 6 /%.!+* /4$+!0%-9 & 6 *+11%$+* /4$+!0%- +0. =+/%61%$$+,%-9 > +0. ? 6 1%$/!0+* 4$ %0. /4$+!0%-9 @ 6

"*+,!4A*#3!+* 4#1B+-C 7*+!09 D 6 7$4"*+,!+* *+=%9 5E 6 !,%6F*4,=-9 55 6 C+0"!0" 3+**%2'

G*!=+ &'(' )*+,!H+*0! 1+*4I0! 4=4*!J! ! "*+,!"%0! -%.!/%01!' 5 6 *%.%0+ =+7+87*+149 : 6 ,!$=9 < 6 .4*!0-=! *%.%0H+=9 ( 6

-$%.!J0H+ /4$%0+9 & 6 F4K0% /4$%0% ! =+/%61%$+-%9 > ! ? 6 L+3$J0% /4$%0%9 @ 6 "*+,!4A*#3!H+*0+ $+30!,+ !-7!$+0H+9 D 6

7$4"*+,!H+*04 H%L%$49 5E 6 *%.%0! F*4=43!9 55 6 3!-%M+ .4*!0+'



5.2.1. GLACIAL SEDIMENTS - TILLS AND TILLITES
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6.

GEOMORPHOLOGICAL EVIDENCE
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6.1.2. KAME TERRACES
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Batomalj kame terrace
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Gajevi kame terrace
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6.1.2.2. Kame terraces of Pag Island
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Metajna kame terrace
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6.2. GLACIAL EROSIONAL LANDFORMS
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6.3. PROGLACIAL AND PERIGLACIAL LANDFORMS
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EDUCATION

 !(*+!, +$- #".'$-+!, "-/.+%('$ -=*#+)!4 +) <#3$!=' 6$-#*+#> () :DEF G#" 3$#)*!4 *&!
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9*,4!)!% !)@+$-)"' 92-@!)+#W' X: HH> P",H!$@+"!4 =0 1$-.> Y$>"%> Z[,=-8+$ \#=+BS +) :DR; #* *&!
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V!-0/!.R*.4*"*#D K$3*.,/$", 05 E$020E8 *"7 3*2*$0",020E8D W*#62,8 05  #!$"#$+D X"!1$.+!,8 05

Y*E.$MC

 G@$"0Z0!# 102#*"!+/ 05 ,-$ <7.!*,!# 055+-0.$ *"7 /*!"2*"7J +30"+0.$7 M8 ,-$ @.0*,!*"

R!"!+,.8 05  #!$"#$+ *"7 :;<=;*5,*32!" >!2 ?.076#,!0" @0A 93.04$#, 2$*7$. K.A [0\F0
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6[X& =bGZ=(

 !"#!$!%& '#( 9  !"#!$!%& '( <Z\\b@A _7!%-!D-1$ 1K DH, BaD,"$!7 +-$!"-F,2& ^-,7F D"-U _Q-F,(

LF"-!Z\\b M$D,"$!D-1$!7 _,71I-%!7 C1$I",22 1$ DH, LF"-!D-% !",! =>GZ\(b(Z\\b(& R"*-$1& XZGXX(
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