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HRZZ-IP-2013-11-1623 

Reconstruction of the Quaternary environment in Croatia using 

isotope methods 

wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ 

izotopnih metoda 

REQUENCRIM, 2014 ς 2018 

 

Program  

 8:40 ς 9:00 Registracija 

9:00 ς 10:30 Otvaranje 
LƴŜǎ YǊŀƧŎŀǊ .ǊƻƴƛŏΥ tǊŜƎƭŜŘ ŀƪǘƛǾƴƻǎǘƛ ƛ ǇƻǎǘƛƎƴǳŏŀ ǇǊƻƧŜƪǘŀ 
wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ 
izotopnih metoda 

bŀŘŀ IƻǊǾŀǘƛƴőƛŏ: Geochemical and isotopic analyses of 
palaeoenvironmental records in the lake sediments of the Plitvice 
Lakes, Croatia 

!ƴŘǊŜƧŀ {ƛǊƻƴƛŏ: Carbon isotope composition in karst aquatic mosses 
and possibility of using it in tufa dating 

10:30 ς 11:00 tŀǳȊŀ Ȋŀ ƪŀǾǳ ƛ őŀƧΣ ǊŀȊƎƭŜŘŀǾŀƴƧŜ ǇƻǎǘŜǊŀ 

11:00 ς 12:30 aŀǑŀ {ǳǊƛŏ: Sige ς ŀǊƘƛǾƛ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ǇǊƻƳƧŜƴŀ 
bƛƴŀ [ƻƴőŀǊ ƛ wƻōŜǊǘ [ƻƴőŀǊƛŏΥ tƻŘǊǳőƧŜ ƛǎǘǊŀȌƛǾŀƴƧŀ ƛ ƳŜǘƻŘƻƭƻƎƛƧŀ 
ƳƻƴƛǘƻǊƛƴƎŀ ǑǇƛƭƧŀΣ ǳȊƻǊƪƻǾŀƴƧŀ ǎƛƎŀ ƛ ƛȊƻǘƻǇƴƛƘ ŀƴŀƭƛȊŀ ǳ ǎǾǊƘǳ 
ǊŜƪƻƴǎǘǊǳƪŎƛƧŜ ǇŀƭŜƻƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ 

aŀǑŀ {ǳǊƛŏΥ tǊŜƭƛƳƛƴŀǊƴƛ ǊŜȊǳƭǘŀǘƛ ƛǎǘǊŀȌƛǾŀƴƧŀ ǎƛƎŀ ǳ ƻƪǾƛǊǳ ǇǊƻƧŜƪǘŀ 
REQUENCRIM 

12:30 ½ŀƧŜŘƴƛőƪŀ ŦƻǘƻƎǊŀŦƛƧŀ 

12:35 ς 13:30 wǳőŀƪ Ȋŀ ǎǾŜ ǇǊƛƧŀǾƭƧŜƴŜ ǎǳŘƛƻƴƛƪŜ 

13:30 ς 14:30 Sanja Faivre: Algni vijenci kao markeri relativne promjene morske 
ǊŀȊƛƴŜ ƛ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀ ǘƛƧŜƪƻƳ ƪŀǎƴƻƎ ƘƻƭƻŎŜƴŀ ŘǳȌ ƛǎǘƻőƴŜ 
obale Jadrana 

Tatjana Bakran-PetricioliΥ tǊŀŏŜƴƧŜ ǎǘŀƴƧŀ ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ǳ IǊǾŀǘǎƪƻƧ 

14:30 ς 15:00 Pauza za kavu, razgledavanje postera 

15:00 ς 16:00 WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏ: Sedre sa Zrmanje i Krupe kao arhivi promjena u 
ǇŀƭŜƻƻƪƻƭƛǑǳ 

Iva Veverec: Evolucija fosilne sedrene barijere Gazin kuk u rijeci 
Zrmanji (Hrvatska) 

½ŀǾǊǑƴŀ ǊŀǎǇǊŀǾŀ ƛ ȊŀǘǾŀǊŀƴƧŜ 
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Popis suradnika na projektu 

HRZZ-IP-2013-11-1623, REQUENCRIM, 2014 ς 2018 

Reconstruction of the Quaternary environment in Croatia using isotope 

methods 

wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ Hrvatskoj tijekom kvartara primjenom izotopnih 

metoda 

5ǊΦ ǎŎΦ bŀŘŀ IƻǊǾŀǘƛƴőƛŏΣ ȊƴŀƴǎǘǾŜƴŀ ǎǳǊŀŘƴƛŎŀ ǳ ǘǊŀƧƴƻƳ ȊǾŀƴƧǳΣ Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ 

.ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл Zagreb, voditeljica projekta 1.9.2014. ς 31.12.2016., 

nada.horvatincic@orb.hr  

5ǊΦ ǎŎΦ LƴŜǎ YǊŀƧŎŀǊ .ǊƻƴƛŏΣ ȊƴŀƴǎǘǾŜƴŀ ǎǳǊŀŘƴƛŎŀ ǳ ǘǊŀƧƴƻƳ ȊǾŀƴƧǳΣ Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ 

.ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл Zagreb, voditeljica projekta 1.1.2017. ς 30.11.2018., 

krajcar@irb.hr  

Dr. sc. Tatjana Bakran-Petricioli, izvanredna profesoricaΣ .ƛƻƭƻǑƪƛ ƻŘǎƧŜƪΣ Prirodoslovno-

ƳŀǘŜƳŀǘƛőƪƛ ŦŀƪǳƭǘŜǘΣ Rooseveltov trg 6, 10000 Zagreb, tbakran@biol.pmf.hr  

Dr. ǎŎΦ WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏΣ ȊƴŀƴǎǘǾŜƴŀ ǎǳǊŀŘƴƛŎŀ ǳ ȊǾŀƴƧǳ ǾƛǑŜ ȊƴŀƴǎǘǾŜƴŜ ǎǳǊŀŘƴƛŎŜΣ Lƴǎǘƛǘǳǘ 

wǳŚŜǊ .ƻǑƪƻǾƛŏΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл Zagreb, jadranka.baresic@irb.hr  

DrΦ ǎŎΦ bŜǾŜƴ .ƻőƛŏ, izvanredni profesor, Geografski odsjek, Prirodoslovno-ƳŀǘŜƳŀǘƛőƪƛ 

fakultet, aŀǊǳƭƛŏŜǾ ǘǊƎ мфκLLΣ млллл ½ŀƎǊŜō, nbocic@geog.pmf.hr  

Dr. sc. Nenad Buzjak, izvanredni profesor, Geografski odsjek, Prirodoslovno-ƳŀǘŜƳŀǘƛőƪƛ 

fakultet, MaruliŏŜǾ ǘǊƎ мфκLLΣ млллл ½ŀƎǊŜō, nbuzjak@geog.pmf.hr  

Dr. sc. Sanja Faivre, redovita profesorica u trajnom zvanju, Geografski odsjek, Prirodoslovno-

ƳŀǘŜƳŀǘƛőƪƛ ŦŀƪǳƭǘŜǘ, aŀǊǳƭƛŏŜǾ ǘǊƎ мфκLLΣ млллл ½ŀƎǊŜō, sfaivre@geog.pmf.hr  

5ǊΦ ǎŎΦ bƛƴŀ [ƻƴőŀǊ, izvanredna profesorica, hŘƧŜƭ Ȋŀ ƎŜƻƎǊŀŦƛƧǳΣ {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀŘǊǳΣ Trg 

ƪƴŜȊŀ ±ƛǑŜǎƭŀǾŀ ф, 23000 Zadar, nloncar@unizd.hr  

Dr. sc. wƻōŜǊǘ [ƻƴőŀǊƛŏ, izvanredni profesor, hŘƧŜƭ Ȋŀ ƎŜƻƎǊŀŦƛƧǳΣ {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀŘǊǳΣ Ulica dr. 

CǊŀƴƧŜ ¢ǳŚƳŀƴŀ нп ƛ, 23000 Zadar, rloncar@unizd.hr  

5ǊΦ ǎŎΦ !ƴŘǊŜƧŀ {ƛǊƻƴƛŏΣ ǎǘǊǳőƴŀ ǎŀǾƧŜǘƴƛŎŀ ǳ ȊǾŀƴƧǳ ȊƴŀƴǎǘǾŜƴŜ ǎǳǊŀŘƴƛŎŜΣ Lƴǎǘƛǘǳǘ wǳŚŜǊ 

.ƻǑƪƻǾƛŏΣ .ƛƧŜƴƛőƪŀ ŎŜǎǘŀ рпΣ млллл Zagreb, asironic@irb.hr  

DǊΦ ǎŎΦ aŀǑŀ {ǳǊƛŏ, redovita profesoricaΣ hŘƧŜƭ Ȋŀ ƎŜƻƎǊŀŦƛƧǳΣ {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀŘǊǳΣ Ulica dr. 

CǊŀƴƧŜ ¢ǳŚƳŀƴŀ нп ƛ, 23000 Zadar, msuric@unizd.hr  

Iva Veverec, prof. geologije i geografije, hǎƴƻǾƴŀ Ǒƪƻƭŀ WŜƭƪƻǾŜŎΣ 5ǊŀƎŀƴŀ tƭŀƳŜƴŎŀ мΣ млосл 
{ŜǎǾŜǘŜΣ ǎǘǳŘŜƴǘ ŘƻƪǘƻǊǎƪƻƎ ǎǘǳŘƛƧŀ  {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀƎǊŜōǳΣ Prirodoslovno-ƳŀǘŜƳŀǘƛőƪƛ 
fakultet, Geografski odsjek, Zagreb, iva.babic@student.geog.pmf.hr   

mailto:nada.horvatincic@orb.hr
mailto:krajcar@irb.hr
mailto:tbakran@biol.pmf.hr
mailto:jadranka.baresic@irb.hr
mailto:nbocic@geog.pmf.hr
mailto:nbuzjak@geog.pmf.hr
mailto:sfaivre@geog.pmf.hr
mailto:nloncar@unizd.hr
mailto:rloncar@unizd.hr
mailto:asironic@irb.hr
mailto:msuric@unizd.hr
mailto:iva.babic@student.geog.pmf.hr


½ŀǾǊǑƴŀ ǊŀŘƛƻƴƛŎŀ w9v¦9b/wLa  HRZZ-IP-2013-11-1623 

7 
 

tǊŜƎƭŜŘ ŀƪǘƛǾƴƻǎǘƛ ƛ ǇƻǎǘƛƎƴǳŏŀ ǇǊƻƧŜƪǘŀ wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ 
Hrvatskoj tijekom kvartara primjenom izotopnih metoda 

LƴŜǎ YǊŀƧŎŀǊ .Ǌƻƴƛŏ 

Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ ½ŀƎǊŜō 

IǊǾŀǘǎƪŀ ȊŀǳȊƛƳŀ ǇƻƭƻȌŀƧ ƛȊƳŜŚǳ ƛǎǘƻőƴƻƎ ƛ ȊŀǇŀŘƴƻƎ ƳŜŘƛǘŜǊŀƴǎƪƻƎ ōŀȊŜƴŀΣ ƪŀƻ ƛ ƛȊƳŜŚǳ 

ŎŜƴǘǊŀƭƴŜ 9ǳǊƻǇŜ ƛ aŜŘƛǘŜǊŀƴŀ ǳ ƪƻƧƛƳŀ ǇǊŜǾƭŀŘŀǾŀƧǳ ǊŀȊƭƛőƛǘƛ ƪƭƛƳŀǘǎƪƛ ǎǳǎǘŀǾƛΦ 5ƛƴŀǊǎƪƛ ƪǊǑ ǇǊŜƪǊƛva 

ǇƻƭƻǾƛŎǳ ǘŜǊƛǘƻǊƛƧŀ IǊǾŀǘǎƪŜ ƛ ƻōƛƭǳƧŜ ǊŀȊƭƛőƛǘƛƳ ƪŀǊōƻƴŀǘƴƛƳ ǎŜŘƛƳŜƴǘƛƳŀ ƪƻƧƛ ǎǳ ǎŜ ǇƻƪŀȊŀƭƛ ŘƻōǊƛƳ 

ŀǊƘƛǾƛƳŀ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ƛ ǇŀƭŜƻƪƭƛƳŀǘǎƪƛƘ ǳǾƧŜǘŀΦ ½ŀ ǊŜƪƻƴǎǘǊǳƪŎƛƧǳ ƪƭƛƳŜ ƛ ƻƪƻƭƛǑŀ ǳ ǇǊƻǑƭƻǎǘƛ ƴŀ ƻǎƴƻǾƛ 

zapisa u karbonatnim arhivima potrebno je provŜǎǘƛ ƪƻƳǇƭŜƪǎƴƻ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊƴƻ ƛǎǘǊŀȌƛǾŀƴƧŜΦ 

wŀȊƭƛőƛǘƛ ƪŀǊōƻƴŀǘƴƛ ǎŜŘƛƳŜƴǘƛ ƪŀƻ Ǒǘƻ ǎǳ ǎƛƎŜΣ ǎŜŘǊŜΣ ǎŜŘƛƳŜƴǘƛ ǳ ƪǊǑƪƛƳ ƧŜȊŜǊƛƳŀ ƛ ƳƻǊǎƪƛ ŀƭƎƴƛ ǾƛƧŜƴŎƛ 

ǇǊǳȌŀƧǳ ƴŜƛȊƳƧŜǊƴŜ ƳƻƎǳŏƴƻǎǘƛ Ȋŀ ǘŀƪǾŀ ƛǎǘǊŀȌƛǾŀƴƧŀΣ ǇƻŘ ǳǾƧŜǘƻƳ Řŀ ȊƴŀƳƻ αǇǊƻőƛǘŀǘƛά ȊŀǇƛǎŜ 

ǎŀőǳǾŀƴŜ ǳ ƴƧƛƳŀΦ tǊƛƳƧŜƴŀ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ ƴŀƳ ǳǇǊŀǾƻ ǘƻ ƛ ƻƳƻƎǳŏǳƧŜΦ 

hǾŀƧ ǇǊƻƧŜƪǘ ƧŜ ǇƻƪǊŜƴǳǘ ǳǇǊŀǾƻ ǎ ŎƛƭƧŜƳ ƻŘƎƻƴŜǘŀǾŀƴƧŀ ƛȊƻǘƻǇƴƛƘ ȊŀǇƛǎŀ ǳ ǊŀȊƭƛőƛǘƛƳ 

ƪŀǊōƻƴŀǘƴƛƳ ǎŜŘƛƳŜƴǘƛƳŀ 5ƛƴŀǊǎƪƻƎ ƪǊǑŀ ƛȊ ǊŀȊƴƛƘ ƪƭƛƳŀǘǎƪƛƘ ȊƻƴŀΦ ¦ ǇƭŀƴƛǊŀƴƧŜ ǇǊƻƧŜƪǘƴƛƘ ŀƪǘƛǾƴƻǎǘƛ 

ǳƪƭƧǳőƛƭŜ ǎǳ ǎŜ ǘǊƛ ƛǎǘǊŀȌƛǾŀőƪŜ ƎǊǳǇŜ ƴŀ ǇƻǘƛŎŀƧ ŘǊΦ ǎŎΦ bŀŘŜ IƻǊǾŀǘƛƴőƛŏ ǎ Lƴǎǘƛǘǳǘŀ wǳŚŜǊ .ƻǑƪƻǾƛŏΥ 

[ŀōƻǊŀǘƻǊƛƧ Ȋŀ ƳƧŜǊŜƴƧŜ ƴƛǎƪƛƘ ǊŀŘƛƻŀƪǘƛǾƴƻǎǘƛ ½ŀǾƻŘŀ Ȋŀ ŜƪǎǇŜǊƛƳŜƴǘŀƭƴǳ ŦƛȊƛƪǳ Lƴǎǘƛǘǳǘŀ wǳŚŜǊ 

.ƻǑƪƻǾƛŏ ǳ ½ŀƎǊŜōǳΣ DŜƻƎǊŀŦǎƪƛ ƻŘǎƧŜƪ ƛ .ƛƻƭƻǑƪƛ ƻŘǎƧŜƪ Prirodoslovno-ƳŀǘŜƳŀǘƛőƪƻƎ ŦŀƪǳƭǘŜǘŀ 

{ǾŜǳőƛƭƛǑǘŀ ǳ ½ŀƎǊŜōǳΣ ǘŜ hŘƧŜƭ Ȋŀ ƎŜƻƎǊŀŦƛƧǳ {ǾŜǳőƛƭƛǑǘŀ ǳ ½ŀŘǊǳΦ tǊƻƧŜƪǘ ƧŜ ǇǊŜŘƭƻȌŜƴ Ȋŀ ŦƛƴŀƴŎƛǊŀƴƧŜ 

IǊǾŀǘǎƪƻƧ ȊŀƪƭŀŘƛ Ȋŀ Ȋƴŀƴƻǎǘ όIw½½ύ ǘƛƧŜƪƻƳ ƴŀǘƧŜőŀƧŀ Ȋŀ ƛǎǘǊŀȌƛǾŀőƪŜ ǇǊƻƧŜƪǘŜ ǊŀǎǇƛǎŀƴƻƎ ǳ ǎǘǳŘŜƴƻƳ 

2013. godine. Odobren ƧŜ Ȋŀ ŦƛƴŀƴŎƛǊŀƴƧŜ ǳ ƛȊƴƻǎǳ ƻŘ м ƳƛƭƛƧǳƴ ƪǳƴŀ ǊŀǾƴƻƳƧŜǊƴƻ ǊŀǎǇƻǊŜŚŜƴƻƳ ƪǊƻȊ 

п ƎƻŘƛƴŜ ǎ ǇƻőŜǘƪƻƳ мΦ ǊǳƧƴŀ нлмпΦ ƎƻŘƛƴŜΦ ±ƻŘƛǘŜƭƧƛŎŀ ǇǊƻƧŜƪǘŀ ƧŜ ƻŘ ǇƻőŜǘƪŀ ǇǊƻƧŜƪǘŀ Řƻ 15.12.2016. 

ōƛƭŀ ŘǊΦ ǎŎΦ bŀŘŀ IƻǊǾŀǘƛƴőƛŏΣ ŀ ƴŀƪƻƴ ǳƳƛǊƻǾƭƧŜƴƧŀ Ǉƻǎǘŀƭŀ ƧŜ ǾŀƴƧǎƪŀ ǎǳǊŀŘƴƛca projekta. Voditeljstvo 

ǇǊƻƧŜƪǘŀ ǇǊŜǳȊŜƭŀ ƧŜ ŘǊΦ ǎŎΦ LƴŜǎ YǊŀƧŎŀǊ .Ǌƻƴƛŏ όǳȊ ǎǳƎƭŀǎƴƻǎǘ Iw½½ύΦ hŘƻōǊŜƴƻ ƧŜ ƛ ǇǊƻŘǳƭƧŜƴƧŜ ǘǊŀƧŀƴƧŀ 

projekta za 3 mjeseca, do 30. studenog 2018. Popis suradnika na projektu dan je u posebnom prilogu. 

LǎǘǊŀȌƛǾŀƴƧŀ ǎǳ ǇƻŘƛƧŜƭƧŜƴŀ ǳ ƴŜƪƻƭƛƪƻ ǊŀŘƴƛƘ ǇŀƪŜǘŀΣ ƻŘ ƪƻƧƛƘ ǎǳ ǎŜ о ƻŘƴƻǎƛƭŀ ƴŀ ƛǎǘǊŀȌƛǾŀƴƧŜ 

ǎǇŜŎƛŦƛőƴƛƘ ƪŀǊōƻƴŀǘƴƛƘ ǎŜŘƛƳŜƴŀǘŀΥ мΦ Reconstruction of paleoevnironmental/paleoclimate settings 

from the speleothem, 2. Reconstruction of paleoevnironmental/paleoclimate settings from freshwater 

carbonates (lake sediments and tufa), 3. Relative sea-level changes reconstruction from algal rims, a za 

ǎǾŀƪƛ ƧŜ ȊŀŘǳȌŜƴŀ ƧŜŘƴŀ ƎǊǳǇŀ ǎǳǊŀŘƴƛƪŀΦ wŀŘƴƛ ǇŀƪŜǘ п ƻōǳƘǾŀǘƛƻ ƧŜ ǎƛƴǘŜȊǳ ǊŜȊǳƭǘŀǘŀ ƛ ȊŀƧŜŘƴƛőƪǳ 

interpretaciju ƻŘƴƻǎƴƻ ƪƻǊŜƭŀŎƛƧǳ ȊŀǇƛǎŀ ƛȊ ǊŀȊƭƛőƛǘƛƘ ƪŀǊōƻƴŀǘƴƛƘ ŀǊƘƛǾŀΣ taket 5 ƻōǳƘǾŀŏŀ diseminaciju 

ƛ ǎǳǊŀŘƴƧǳΣ ǘŜ ǇŀƪŜǘ с ƪƻƻǊŘƛƴŀŎƛƧǳ ƛ ǇǊŀŏŜƴƧŜ ǇǊƻǾƻŚŜƴƧŀ ǇǊƻƧŜƪǘŀΦ Aktivnosti su se provodile u skladu 

s radnim i financijskim planom, a ponekad su bile potrebne manƧŜ ƛȊƳƧŜƴŜ ǇƭŀƴŀΣ Ǒǘƻ ƧŜ Iw½½ ǎ 

ǊŀȊǳƳƛƧŜǾŀƴƧŜƳ ǇǊƛƘǾŀŏŀƭŀ ƛ ƻŘƻōǊŀǾŀƭŀΦ  

¦ ǇǊƻƧŜƪǘǳ ǎǳ ǇǊƻǳőŀǾŀƴŜ ǎƛƎŜ ƛȊ ǘǊƛ ǑǇƛƭƧŜ ǳ ǊŀȊƭƛőƛǘƛƳ ƪƭƛƳŀǘǎƪƛƳ ǇƻŘǊǳőƧƛƳŀΣ ƧŜȊŜǊǎƪƛ ǎŜŘƛƳŜƴǘ 

ƛȊ tƭƛǘǾƛőƪƛƘ ƧŜȊŜǊŀΣ ǎŜŘǊŀ ǎ ǇƻŘǊǳőƧŀ ǊƛƧŜƪŜ ½ǊƳŀƴƧŜΣ ǘŜ ŀƭƎƴƛ ǾƛƧŜƴŎƛ ǎ ƴŜƪƻƭƛƪƻ ƭƻƪŀŎƛƧŀ ŘǳȌ ƘǊǾŀǘǎƪŜ 

obale Jadranskog mora (Slika 1)Φ ¦ ƛǎǘǊŀȌƛǾŀƴƧǳ ǎǳ ǇǊƛƳƛƧŜƴƧŜƴŜ ǎƭƧŜŘŜŏŜ ƛȊƻǘƻǇƴŜ ƳŜǘƻŘŜΥ ƻƳƧŜǊƛ 

stabilnih izotopa 13C/12C i 18O/16O u karbonatnim sedimentima όǳƻōƛőŀƧŜƴƻ ǎŜ ƛȊǊŀȌŀǾŀƧǳ ƪŀƻ ʵ13C i ɻ 18O 

vrijednosti), omjeri izotopa 2H/1H i 18O/16O u vodi (ʵ2H i ʵ18O), radioaktivni izotop 14C i izotopi 

radioaktivnog niza U-¢ƘΦ tǊƛ ǘƻƳŜ ǎǘŀōƛƭƴƛ ƛȊƻǘƻǇƛ ŘŀƧǳ ƛƴŦƻǊƳŀŎƛƧŜ ƻ ƻƪƻƭƛǑƴƛƳ ǳǾƧŜǘƛƳŀ ǳ ǇǊƻǑƭƻǎǘƛΣ 

varijaciji temperature, bioprodukciji u jezerima, te ukazuju na porijeklo ugljika i mehŀƴƛȊƳŜ ǘŀƭƻȌŜƴƧŀ 

karbonata, dok ǎŜ ǊŀŘƛƻŀƪǘƛǾƴƛ ƛȊƻǘƻǇƛ ƪƻǊƛǎǘŜ Ȋŀ ƻŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ karbonatnih sedimenata, kako bi se 

informacije dobivene drugim metodama postavile na vremensku skalu. Izotopni sastav ugljika (13C i 14C) 

u sustavu atmosfera ς voda ς bilje ς ǎŜŘƛƳŜƴǘ ŘŀƧŜ ǘŀƪƻŚŜǊ ƛƴŦƻǊƳŀŎƛƧŜ ƻ Ŏƛƪƭǳǎǳ ǳƎƭƧƛƪŀ ƛ ǇǊƻŎŜǎƛƳŀ ƪƻƧƛ 

se odvijaju unutar navedenog sustavaΣ ŀ ǘƛƳŜ ƛ ƻ ƻƪƻƭƛǑƴƛƳ ǳǾƧŜǘƛƳŀ ƪƻƧƛ ǎǳ ƴŀ ƴƧƛƘ ǳǘƧŜŎŀƭƛΦ 
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Slika 1. Lokacije uzorkovanja karbonatnih sedimenata. 

 
LǎǘǊŀȌƛǾŀƴƧŀ ǾŜȊŀƴŀ ǳȊ ǎƛƎŜ ǳƪƭƧǳőƛǾŀƭŀ ǎǳΥ ǇǊŀŏŜƴƧŜ ƻƪƻƭƛǑƴƛƘ ǳǾƧŜǘŀ όǘŜƳǇŜǊŀǘǳǊŀΣ ǊŜƭŀǘƛǾƴŀ 

ǾƭŀȌƴƻǎǘύ ǳ ǘǊƛ ǑǇƛƭƧŜΣ ǎŀƪǳǇƭƧŀƭƛ ǎǳ ǎŜ ƳƧŜǎŜőƴƛ ǳȊƻǊŎƛ ƻōƻǊƛƴŀ ǳ ōƭƛȊƛƴƛ ǑǇƛƭƧŀ ƛ ǇǊƻƪŀǇƴƛŎŀ ǳ ǑǇƛƭƧŀƳŀΣ 

izmjeren je izotopni sastav oborina i prokapnice (ʵ2H i ʵ18O vrijednosti) te su sakupljeni su uzorci 

stalagmita i recentnog kalcita. U poduzorcima siga izmjeren je ǎŀŘǊȌŀƧ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ όʵ13C i ɻ 18O 

vrijednosti) te provedena analiza izotopa 14C ǘŜ ƛȊƻǘƻǇŀ ǳǊŀƴƛƧŀ ƛ ǘƻǊƛƧŀΦ h ƻǾƻƳ ŘƛƧŜƭǳ ƛǎǘǊŀȌƛǾŀƴƧŀ 

ƎƻǾƻǊƛǘ ŏŜ aŀǑŀ {ǳǊƛŏΣ wƻōŜǊǘ [ƻƴőŀǊƛŏ ƛ bƛƴŀ [ƻƴőŀǊΦ 

LǎǘǊŀȌƛǾŀƴƧŀ ǎŜŘǊŜ ƛ ƧŜȊŜǊǎƪƻƎ ǎŜŘƛƳŜƴǘŀ ƴŀǎǘŀǾƛƭŀ ǎǳ ǎŜ ƴŀ ŘǳƎƻƎƻŘƛǑƴƧŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ƪŀǊōƻƴŀǘƴƛƘ 

ǎŜŘƛƳŜƴŀǘŀ ƴŀ tƭƛǘǾƛőƪƛƳ ƧŜȊŜǊƛƳŀΦ ½ŀ ƛȊƻǘƻǇƴŜ ŀƴŀƭƛȊŜ ƪƻǊƛǑǘŜƴŜ ǎǳ ƧŜȊƎǊŜ ƧŜȊŜǊǎƪƻƎ ǎŜŘƛƳŜƴǘŀ ƛȊ 

tǊƻǑŏŀƴǎƪƻƎ ƧŜȊŜǊŀ ƛ ƧŜȊŜǊŀ YŀƭǳŚŜǊƻǾŀŎΦ wŜȊǳƭǘŀǘŜ ǘƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀ ǇǊŜŘǎǘŀǾƛǘ ŏŜ bŀŘŀ IƻǊǾŀǘƛƴőƛŏΦ Na 

ǇƻŘǊǳőƧǳ tƭƛǘǾƛőƪƛƘ ƧŜȊŜǊŀ ƛ ½ǊƳŀƴƧŜ ǎŀƪǳǇƭƧŜƴŜ ǎǳ ƳŀƘƻǾƛƴŜ ƛȊ ǾƻŘƴƛƘ ǎǳǎǘŀǾŀ ƛ ƻŘǊŜŚŜƴ ƧŜ ƛȊƻǘƻǇƴƛ 

sastav ugljika (a14C i ɻ 13/ύΦ h ǊŜȊǳƭǘŀǘƛƳŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ƳŀƘƻǾƛƴŀ ƎƻǾƻǊƛǘ ŏŜ !ƴŘǊŜƧŀ {ƛǊƻƴƛŏΦ 

LǎǘǊŀȌƛǾŀƴƧŀ ǎŜŘǊŜ ǇǊƻǑƛǊŜƴŀ ǎǳ ƴŀ ǇƻŘǊǳőƧŜ ǊƛƧŜƪŜ ½ǊƳŀƴƧŜ ǎ ǇǊƛǘƻƪƻƳ YǊǳǇƻƳΣ ƎŘƧŜ ǎǳ ǇǊŀŏŜƴƛ 

fizikalno-ƪŜƳƛƧǎƪƛ ǇŀǊŀƳŜǘǊƛ ǾƻŘŜ ƴŀ ƴŜƪƻƭƛƪƻ ƭƻƪŀŎƛƧŀ ŘǳȌ ǘƻƪŀ ǊƛƧŜƪŀ u 4 sezone kako bi se odredili 

ǳǾƧŜǘƛ ǘŀƭƻȌŜƴƧŀ ǎŜŘǊŜΣ ƛ ǳǎǇƻǊŜŘƛƭƛ ǎ ƻƴƛƳŀ ƴŀ ǇƻŘǊǳőƧǳ tƭƛǘǾƛőƪƛƘ ƧŜȊŜǊŀΦ hŘǊŜŚŜƴ ƧŜ ƛ ƛȊƻǘƻǇƴƛ ǎŀǎǘŀǾ 

ugljika (a14C i ʵ13C) u otopljenom anorganskom ugljiku (DIC) u Zrmanji i Krupi. Sakupljeni su uzorci 

recentne sedre iz ǘƻƪŀ ǊƛƧŜƪŜΣ ǘŜ ǎǘŀǊŜ ǎŜŘǊŜ ƛȊǾŀƴ ǎŀŘŀǑƴƧŜƎ ǘƻƪŀΦ hŘǊŜŚŜƴŀ ƧŜ ǎǘŀǊƻǎǘ ǎŜŘǊŜ ƳŜǘƻŘƻƳ 
14/ ƛ ǇƻƪŀȊŀƭƻ ǎŜ Řŀ ǎŜ ƴŀƧǾŜŏƛƳ ŘƛƧŜƭƻƳ ǊŀŘƛ ƻ ƘƻƭƻŎŜƴǎƪƛƳ ǎŜŘǊŀƳŀΣ ŀ ǇǊƻƴŀŚŜƴŜ ƛ ǎǘŀǊƛƧŜ ǎŜŘǊŜ ƎƻǘƻǾƻ 

na granici 14/ ƳŜǘƻŘŜΣ ƻ őŜƳǳ ŏŜ ŘŜǘŀƭƧƴƛƧŜ ƛȊǾƛƧŜǎǘƛǘƛ WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏΦ h ƛǎǘǊŀȌƛǾŀƴƧǳ ǎŜŘǊŜƴŜ ōŀǊƛƧŜǊŜ 

DŀȊƛƴ ƪǳƪ ƴŀ ½ǊƳŀƴƧƛ ƎƻǾƻǊƛǘ ŏŜ LǾŀ ±ŜǾŜǊŜŎΦ  

LǎǘǊŀȌƛǾŀƴƧŀ ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ƪƻƧŜ ƎǊŀŘƛ ŀƭƎŀ Lithophyllum byssoides ŘǳȌ ƛǎǘƻőƴŜ ƻōŀƭŜ WŀŘǊŀƴǎƪƻƎ 

ƳƻǊŀ ǳƪƭƧǳőƛǾŀƭƻ ƧŜ ƛȊǾƛŚŀƴƧŜ ƴƻǾƛƘ ōƛƻƭƻǑƪƛƘ ƛ ƎŜƻƳƻǊŦƻƭƻǑƪƛƘ ƳŀǊƪŜǊŀΣ monitoring algnih vijenaca, 

ƻŘǊŜŚƛǾŀƴƧŜ ƳƻǊŦƻƭƻƎƛƧŜΣ ǳȊƻǊƪƻǾŀƴƧŜ Ȋŀ ƻŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ ό14/ ƳŜǘƻŘŀύ ƛ ǎŀŘǊȌŀƧŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ 

(ʵ13C i ʵ18hύΣ ǘŜ ǇƻǾŜȊƛǾŀƴƧŜ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ ǎ ƳƻǊŦƻƭƻǑƪƛƳ ƪŀǊŀƪǘŜǊƛǎǘƛƪŀƳŀ ƛ ƻƪƻƭƛǑƴƛƳ ǳǾƧŜǘƛƳŀ 
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tijekom kasnog Holocena, ƻŘƴƻǎƴƻ ǇƻǎƭƧŜŘƴƧƛƘ нллл ƎƻŘƛƴŀΦ h ǇǊŀŏŜƴƧǳ ǎǘŀƴƧŀ ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ƛ 

ȊŀƪƭƧǳőŎƛƳŀ ƎƻǾƻǊƛǘ ŏŜ ¢ŀǘƧŀƴŀ .ŀƪǊŀƴ-tŜǘǊƛŎƛƻƭƛΦ ¢ƛƧŜƪƻƳ ƛǎǘǊŀȌƛǾŀƴƧŀ ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ǳǎǘŀƴƻǾƭƧŜƴƻ ƧŜ Řŀ 

ƳŀǊƛƴǎƪƛ ǊŜȊŜǊǾƻŀǊ ŜŦŜƪǘ όaw9ύΣ ƻŘƴƻǎƴƻ ǘȊǾΦ ǇƻőŜǘƴŀ ŀƪǘƛǾƴƻǎǘ 14C u morskim karbonatima, nije 

ŘƻǾƻƭƧƴƻ ǇƻȊƴŀǘ Ȋŀ ǇƻŘǊǳőƧŜ WŀŘǊŀƴŀΣ ŀ ƴŜƻǇƘƻŘŀƴ ƧŜ Ȋŀ ǇǊŜŎƛȊƴƛƧŜ ƻŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ ŀƭƎƛ ƛ ǇǊŀǾƛƭƴǳ 

ƛƴǘŜǊǇǊŜǘŀŎƛƧǳ ŘƻōƛǾŜƴƛƘ ǊŜȊǳƭǘŀǘŀΦ {ǘƻƎŀ ƧŜ ǾŜƭƛƪ Řƛƻ ŀƪǘƛǾƴƻǎǘƛ ƴŀ ǇǊƻƧŜƪǘǳ ǇƻǎǾŜŏŜƴ ǳǇǊŀǾƻ 

ƻŘǊŜŚƛǾŀƴƧǳ ƳŀǊƛƴǎƪƻƎ ŜŦŜƪǘŀ ǊŜȊŜǊǾƻŀǊŀ 14C,  Ǒǘƻ ŏŜ ŘŜǘŀƭƧƴƛƧŜ ǇǊƛƪŀȊŀǘƛ {ŀƴƧŀ CŀƛǾǊŜΦ     

±ŀȌŀƴ Řƛƻ ƻǾƻƎ ǇǊƻƧŜƪǘŀ ǎǳ ŘƛǎŜƳƛƴŀŎƛƧǎƪŜ ŀƪǘƛǾƴƻǎǘƛΦ tƻǇƛǎ ǎǾƛƘ ǊŀŘƻǾŀ ǇǊƛŘǊǳȌŜƴƛƘ ǇǊƻƧŜƪǘǳ 

HRZZ-IP-2013-11-мсно Řŀƴ ƧŜ ǳ ǇƻǎŜōƴƻƳ ǇǊƛƭƻƎǳΦ tǊƻƧŜƪǘ ƧŜ ǾǊƭƻ ǎƭƻȌŜƴ ƛ ƻǇǎŜȌŀƴΣ ȊōƻƎ ƻōƛƳƴƻƎ 

terenskog rada i sakuǇƭƧŀƴƧŀ ǳȊƻǊŀƪŀ őŜǎǘƻ ƴŀ ƴŜǇǊƛǎǘǳǇŀőƴƛƳ ƭƻƪŀŎƛƧŀƳŀΣ ǾŜƭƛƪƻƎ ōǊƻƧŀ ȊŀƘǘƧŜǾƴƛƘ 

analiza koje se dijelom provode u Hrvatskoj (npr. 14C analize), a dijelom u inozemstvu (npr. datiranje 

U-¢Ƙ ƳŜǘƻŘƻƳΣ ƻŘǊŜŚƛǾŀƴƧŜ ǎŀŘǊȌŀƧŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀύΣ ƛ ǎƭƻȌŜƴŜ ƛ ŘǳƎƻǘǊŀƧƴe obrade podataka 

ƻŘƴƻǎƴƻ ƴƧƛƘƻǾƻ ƳŜŚǳǎƻōƴƻ ǇƻǾŜȊƛǾŀƴƧŜ ǊŀŘƛ ǇǊŀǾƛƭƴŜ ƛƴǘŜǊǇǊŜǘŀŎƛƧŜΦ ½ōƻƎ ǘƻƎŀ ōǊƻƧ ƻōƧŀǾƭƧŜƴƛƘ 

ǊŀŘƻǾŀ ǳ őŀǎƻǇƛǎƛƳŀ ǾƛǎƻƪƻƎ őƛƳōŜƴƛƪŀ ǳǘƧŜŎŀƧŀ όLCΣ Impact Factor) nije jako velik ς objavljeno je 5 

ȊƴŀƴǎǘǾŜƴƛƘ ǊŀŘƻǾŀ ǳ ƳŜŚǳƴŀǊƻŘƴƛƳ őŀǎƻǇƛǎƛma. Mnogobrojni novi radovi su ili u postupku recenzije 

ƛƭƛ ƎƻǘƻǾƻ ȊŀǾǊǑŜƴƛΣ ŀ ŘƻōƛǾŜƴƛ ǊŜȊǳƭǘŀǘƛ ǎǳ ōƻƎŀǘŀ ƻǎƴƻǾŀ Ȋŀ ƧƻǑ ƴŜƪƻƭƛƪƻ ǇǳōƭƛƪŀŎƛƧŀΦ  

aŜŚǳǘƛƳΣ ǎǳǊŀŘƴƛŎƛ ǎǳ ǇǊŜŘǎǘŀǾƛƭƛ ǎǾƻƧŜ ǊŜȊǳƭǘŀǘŜ ƴŀ ōǊƻƧƴƛƳ ŘƻƳŀŏƛƳ ƛ ƳŜŚǳƴŀǊƻŘƴƛƳ 

skupovima, te je tako objavljen jedan cjeloviti rad u Zborniku radova, 40 ǎŀȌŜǘŀƪŀ ǳ ȊōƻǊƴƛŎƛƳŀ 

skupova, te nekoliko (neobjavljenih) ǇǊŜŘŀǾŀƴƧŀ ƴŀ ǎǾŜǳőƛƭƛǑǘƛƳŀ ƛƭƛ ǎƪǳǇƻǾƛƳŀΦ LȊƳŜŚǳ ƻǎǘŀƭƻƎΣ 

suradnici su prezentirali radove na International Radiocarbon Conference (2 rada na 2 konferencije), 

International Karstological School u Postojni (8 radova na 4 skupa), Radiocarbon and Diet Conference 

(1 rad), Radiocarbon in Environment (2 rada), 8th International Climate Change: The Karst Record (KR8) 

conference (2 rada), Regional INQUA symposium (3 rada), 9th International Conference on 

Geomorphology (2 rada). Posebno treba istaknuti Isotope Workshop XIII of the European Society for 

Isotope Research (ESIR) u Zadru, 20.-24.9.2015., na ƪƻƧŜƳ ƧŜ ƻŘǊȌŀƴŀ ǇƻǎŜōƴŀ ǇƻƭǳŘƴŜǾƴŀ ǊŀŘƛƻƴƛŎŀ 

ǇƻǎǾŜŏŜƴa projektu REQUENCRIM, na kojoj je prezentirano 8 radova s rezultatima prve dvije godine 

ƛǎǘǊŀȌƛǾŀƴƧŀΦ Planirano je da Iva Veverec izradi ŘƻƪǘƻǊǎƪƛ ǊŀŘ ǇƻŘ ƴŀǎƭƻǾƻƳ αDŜƻƳƻǊŦƻƭƻǑƪŀ ƻōƛƭƧŜȌƧŀ 

ƴŀǎƭŀƎŀ ǎŜŘǊŜ ǎǊŜŘƴƧŜƎ ǘƻƪŀ ǊƛƧŜƪŜ ½ǊƳŀƴƧŜάΣ ƳŜƴǘƻǊƛ {ŀƴƧŀ CŀƛǾǊŜ i Nenad Buzjak. Prijavljena je i izrada 

jednog diplomskog rada: [ǳƪǊŜŎƛƧŀ {ǊǑŜƴΥ aƻƴƛǘƻǊƛƴƎ ƻƪƻƭƛǑƴƛƘ ǳǾƧŜǘŀ ǳ ǑǇƛƭƧƛ aƻŘǊƛő όƳŜƴǘƻǊΥ wΦ 

[ƻƴőŀǊƛŏΣ ƪƻƳŜƴǘƻǊΥ aΦ {ǳǊƛŏύ ƴŀ hŘƧŜƭǳ Ȋŀ ƎŜƻƎǊŀŦƛƧǳ {ǾŜǳőƛƭƛǑǘŀ ǳ ½ŀŘǊǳ, u kojem bi se koristili dijelovi 

ƛǎǘǊŀȌƛǾŀƴja ovog projekta. 

{ǳǊŀŘƴƛŎƛ ǎǳ ƻŘǊȌŀƭƛ р ǊŀŘƴƛƘ ǎŀǎǘŀƴŀƪŀ όнΦфΦнлмпΦΣ нсΦоΦнлмрΦΣ мнΦнΦнлмсΦΣ нтΦмΦнлмтΦ ƛ 

ноΦммΦнлмтΦύ ƴŀ ƪƻƧƛƳŀ ǎŜ ǊŀǎǇǊŀǾƭƧŀƭƻ ƻ ǇǊƻǾŜŘŜƴƛƳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀΣ ŘƻōƛǾŜƴƛƳ ǊŜȊǳƭǘŀǘƛƳŀ ƛ ǇƭŀƴƻǾƛƳŀ 

Ȋŀ ǎƭƧŜŘŜŏǳ ƎƻŘƛƴǳ ƛǎǘǊŀȌƛǾŀƴƧŀΦ  

Otvorena je internetska stranica projekta https://www.irb.hr/requencrim. Projekt ima svoju 

stranicu na portalu ResearchGate https://www.researchgate.net/project/Reconstruction-of-the-

Quaternary-environment-in-Croatia-using-isotope-methods-REQUENCRIMΣ ƪƻƧŀ ƧŜ ǇƻǎƧŜŏŜƴŀ н65 puta 

i ima 25 pratitelja (stanje 9.11.2018.). 

 

Zahvale 

Projekt HRZZ-IP-2013-11-1623 wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ 
izotopnih metoda (Reconstruction of the Quaternary environment in Croatia using isotope methods) ς 
REQUENCRIM financiran je sredstvima Hrvatske zaklade za znanost u razdoblju 1.9.2014. ς 30.11.2018. 

½ŀƘǾŀƭƧǳƧŜƳ ǎǾƛƳ ǎǳǊŀŘƴƛŎƛƳŀ ƴŀ ǇǊƻƧŜƪǘǳ ƴŀ ǳǎǇƧŜǑƴƻƧ ǎǳǊŀŘƴƧƛ ǘƛƧŜƪƻƳ ǇǊƻǾƻŚŜƴƧŀ ǇǊƻƧŜƪǘŀ ƛ na 
ǊŀȊǳƳƛƧŜǾŀƴƧǳ ŀŘƳƛƴƛǎǘǊŀǘƛǾƴƛƘ ȊŀƘǘƧŜǾŀΣ ǳǾƧŜǘŀ ƛ ƻƎǊŀƴƛőŜƴƧŀ. Posebnu zahvalnost dugujemo dr. sc. Nadi 
IƻǊǾŀǘƛƴőƛŏ, ƪƻƧŀ ƧŜ ōƛƭŀ ƛŘŜƧƴƛ ȊŀőŜǘƴƛƪ ǇǊƻƧŜƪǘŀ ƛ ƪƻƧŀ ƧŜ ƻƪǳǇƛƭŀ ǊŀȊƭƛőƛǘŜ ȊƴŀƴǎǘǾŜƴƻ-ƛǎǘǊŀȌƛǾŀőƪŜ ƎǊǳǇŜ ǳ 
ȊŀƧŜŘƴƛőƪƻ ƛǎǘǊŀȌƛǾŀƴƧŜ ƪǊǑƪƛƘ ŦŜƴƻƳŜƴŀ ǳ Irvatskoj primjenom izotopnih metoda.  

https://www.irb.hr/requencrim
https://www.researchgate.net/project/Reconstruction-of-the-Quaternary-environment-in-Croatia-using-isotope-methods-REQUENCRIM
https://www.researchgate.net/project/Reconstruction-of-the-Quaternary-environment-in-Croatia-using-isotope-methods-REQUENCRIM
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Geochemical and isotopic analyses of palaeoenvironmental records 
in the lake sediments of the Plitvice Lakes, Croatia 

bŀŘŀ IƻǊǾŀǘƛƴőƛŏ 

wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 

The presented comprehensive multi-proxy study of lake sediments from two karst lakes of 

ŘƛŦŦŜǊŜƴǘ ǎƛȊŜǎΣ [ŀƪŜ tǊƻǑŏŜ όлΦсу ƪƳ2ύ ŀƴŘ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎ όлΦлн ƪƳ2), both belonging to the karst 

area of the Plitvice Lakes system, involved mineralogical, chemical (C/N and TOC) and carbon isotope 

analyses (a14C and ɻ13C of carbonate and organic fractions) of 6 sediment cores.  

The main aim of the study was to find out the following: 1) How does the lake sediment respond 

to the environmental conditions and what is the difference between two lakes of different sizes? 2) 

Which fraction, organic or carbonate, of the lake sediments better describes paleoenvironmental 

conditions? 3) What can we conclude about the changes in the environment of the Plitvice Lakes during 

the last Ғ150 years by studying Ғ40-cm-long sediment cores?  

Sediment cores were taken in each lake at three positions having different water depths and 

characterized by different environmental conditions. Some sites were close to the shore (P4, P5, Ka2), 

some were influenced by the stream of tributaries (P4, P5), and the process of eutrophication was 

observed at some of them (P4, P5, Ka1). The length of sediment cores varied from 22 cm to 46 cm.  

The correlation of measured values (organic/carbonate ratio w, C/N, and isotope analyses a14C 

and ɻ 13C for organic and carbonate fractions) represented by their mean, minimal and maximal values, 

in 6 sediment cores from the two lakes, with water depth is presented in Figure мΦ [ŀƪŜ tǊƻǑŏŜ ƛǎ ŀƭƳƻǎǘ 

ол ǘƛƳŜǎ ōƛƎƎŜǊ ǘƘŀƴ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎΣ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘŜŜǇŜǊ ŀƴŘ ŀǘ ŀ ƘƛƎƘŜǊ ŀƭǘƛǘǳŘŜΦ ¢ƘŜ ǿŀǘŜǊ 

composition of both lakes showed slight differences and in both lakes water is supersaturated with 

regard to CaCO3, leading to expressed precipitation of lake sediment in the form of calcite. Both lakes 

are oligotrophic.  

Lƴ ǘƘŜ ǎƳŀƭƭ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎ ŀƭƭ ǘƘŜ ŎƻǊŜǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ƛƴ ǊŜƭŀǘƛǾŜƭȅ shallow water, from 1.2 m 

to 14 m in depth. The measured parameters of carbonate and OM fractions (C/N, a14C and ɻ 13C) 

showed similar values for all three cores (Ka1, Ka2, Ka3) with small variations with depth in each core. 

Different water depths above these three cores do not particularly influence either of the measured 

ǇŀǊŀƳŜǘŜǊǎ ƛƴŘƛŎŀǘƛƴƎ Ƴƻǎǘƭȅ ǳƴƛŦƻǊƳ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǎŜŘƛƳŜƴǘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛƴ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎΣ 

regardless of the position of the sediment core inside the lake. All analyses indicated autochthonous 

calcite precipitation. Some differences in the sedimentation rate were observed, and the 

sedimentation rate decreases downstream in the lake (Ka1 > Ka2 > Ka3).  

Lƴ ǘƘŜ ōƛƎ [ŀƪŜ tǊƻǑŏŜ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ŀƳƻƴƎ ǘƘŜ ǘƘǊŜŜ ŎƻǊŜǎ ŀǊŜ ŜǾƛŘŜƴǘΦ Lƴ ǘhe deepest 

point of the Lake (P1, 40 m) all parameters show small variations and all data indicate the 

autochthonous origin of the calcite and mostly aquatic OM with increased primary productivity in the 

surface sediment layers. For shallow points P4 and P5, which are close to the coastline and under the 

influence of thŜ {ǳǑŀƴƧ ǎǘǊŜŀƳ ŀƴŘ ǘƘŜ aŀǘƛŎŀ wiver, respectively, the variations of each parameter are 

larger, particularly for the P5 core. The main reason for this is the strong influence of the land-derived 

material forming the sediment which becomes the mixture of allochthonous and autochthonous 

material. As a consequence, the sedimentation rate of the P4 core is higher than that of the P1 core 

and some extreme hydrological events were recorded. 

In the ōƛƎ [ŀƪŜ tǊƻǑŏŜ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ŀƳƻƴƎ ǘƘŜ ǘƘǊŜŜ ŎƻǊŜǎ ŀǊŜ ŜǾƛŘŜƴǘΦ Lƴ ǘƘŜ ŘŜŜǇŜǎǘ 

point of the Lake (P1, 40 m) all parameters show small variations and all data indicate the 

autochthonous origin of the calcite and mostly aquatic OM with increased primary productivity in the 
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surface sediment layers. For shallow points P4 and P5, which are close to the coastline and under the 

ƛƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ {ǳǑŀƴƧ ǎǘǊŜŀƳ ŀƴŘ ǘƘŜ aŀǘƛŎŀ River, respectively, the variations of each parameter are 

larger, particularly for the P5 core. The main reason for this is the strong influence of the land-derived 

material forming the sediment which becomes the mixture of allochthonous and autochthonous 

material. As a consequence, the sedimentation rate of the P4 core is higher than that of the P1 core 

and some extreme hydrological events were recorded.  

 
Figure 1. Summary results (organic/carbonate composition, C/N, a14C, ɻ 13C) for organic and carbonate 
ŦǊŀŎǘƛƻƴ ƻŦ ǎŜŘƛƳŜƴǘ ŎƻǊŜǎ ƛƴ [ŀƪŜ tǊƻǑŏŜ όtмΣ tпΣ tрύ ŀƴŘ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎ όYŀм, Ka2, Ka3) in 
correlation with water depth. 

 

!ŎŎƻǊŘƛƴƎ ǘƻ ŀƭƭ ǘƘŜ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ tǊƻǑŏŜ ŀƴŘ YŀƭǳŚŜǊƻǾŀŎ ƭŀƪŜ ǎŜŘƛƳŜƴǘǎ ǿŜ Ŏŀƴ ŎƻƴŎƭǳŘŜ ǘƘŜ 

following:  

1ύ Lƴ ǘƘŜ ōƛƎƎŜǊ [ŀƪŜ tǊƻǑŏŜΣ ǘƘŜ ǳǇǇŜǊƳƻǎǘ ƻŦ ŀ ǎŜǊƛŜǎ ƻŦ мс ƭŀƪŜǎΣ ǎŜǘǘƭŜŘ Ƴŀƛƴƭȅ ƛƴ ŘƻƭƻƳƛǘŜ 

and surrounded with mostly deciduous forest, the large differences in sediment composition from 

different cores indicated different conditions of sediment precipitation inside the lake and varied 

sources of sedimentary material. Significant fractions of land-derived both carbonate and organic 

components were indicated by mineralogical, C/N, a14C and ɻ 13C values in the shallow, coastal area 

indicating that the sediment was a mixture of allochthonous and autochthonous fractions. In contrast, 

the composition of deep-water sediment in the same lake indicated in-situ calcite precipitation and 

ŀǉǳŀǘƛŎ ha ǇǊƻŘǳŎŜŘ ƛƴ ǘƘŜ ƭŀƪŜΦ ¢ƘŜ ǎŀƳŜ ŀƴŀƭȅǎŜǎ ƻŦ ǘƘŜ ǎŜŘƛƳŜƴǘǎ ƛƴ ǘƘŜ ǎƳŀƭƭ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎΣ 

settled in the limestone canyon, indicated very homogenous precipitation of autochthonous calcite 

inside the lake, without an allochthonous fraction. Finally, the response of the lake sediment to the 

environmental conditions does not depend particularly on the size of the lake, but the surrounding 

environmental conditions could have great influence on the sediment composition. If one wants to 

study regional and long-term paleoclimatic records in lake sediments, the chosen sampling location 

should be far from local-scale influences where mostly authigenic calcite precipitates from DIC in water 

and organic matter is of limnic origin. Sediment locations closer to the shore and influenced by local 
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water inputs (feeding streams) that may occasionally bring terrigenic material to the lake are more 

appropriate for the determination of local short-term paleoenvironmental events.  

2) The study of two karst lakes where the sediment is composed mainly of calcite showed that 

the OM fraction also has an important role and that analyses of both fractions and the relation 

between them give good overview of the processes in the lake. The a14C and ɻ 13C values of the 

ŎŀǊōƻƴŀǘŜ ŦǊŀŎǘƛƻƴ ǎƘƻǿŜŘ ǘƘŀǘ ŀƭƭ ǎŜŘƛƳŜƴǘ ŦǊƻƳ [ŀƪŜ YŀƭǳŚŜǊƻǾŀŎ ŀƴŘ ŘŜŜǇ-water sediment (P1) 

ŦǊƻƳ [ŀƪŜ tǊƻǑŏŜ ŀǊŜ ŀǳǘƘƛƎŜƴƛŎΣ ƛΦŜΦΣ ŦƻǊƳŜŘ ōȅ ƛƴ ǎƛǘǳ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦǊƻƳ 5L/ ƛƴ ǿŀǘŜǊΣ ǿƘƛƭŜ two 

ǎŜŘƛƳŜƴǘ ŎƻǊŜǎ ƛƴ [ŀƪŜ tǊƻǑŏŜ ŀǊŜ ǘƘŜ ƳƛȄǘǳǊŜ ƻŦ ǘƘŜ ŀǳǘƘƛƎŜƴƛŎ ŀƴŘ ŀƭƭƻƎŜƴƛŎ ŎŀǊōƻƴŀǘŜΦ ¢ƘŜ 

authigenic/allogenic fraction ratio was determined based on ʵ13Ccarb values of sediments. The 

sedimentation rate was determined based on the radiocarbon dating of macrofossils in Lake 

YŀƭǳŚŜǊƻǾŀŎ ǎŜŘƛƳŜƴǘǎ όлΦо ǘƻ лΦт ŎƳκȅǊύ ŀƴŘ ǘƘŜ ƪƴƻǿƴ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ŜȄǘǊŜƳŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ŜǾŜƴǘǎ 

ƛƴ [ŀƪŜ tǊƻǑŏŜ ǎŜŘƛƳŜƴǘǎ όлΦт ŎƳκȅǊύΦ ¢ƘŜǎŜ ǾŀƭǳŜǎ ŀǊŜ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ 

determined sedimentation rates by 210Pb dating. Isotope analyses of the organic fraction and 

correlation with C/N and TOC values of OM give additional information on carbon cycling and evidence 

of the biota that have lived in both lakes.  

3) Using the lake sediment profiles of 30 ς 40 cm in length from the two lakes which cover the 

time period of the last Ғ150 years we can follow the influence of anthropogenic contamination and 

changes of environmental conditions in the area of the Plitvice Lakes. Extreme hydrological events in 

1981 and 2010 were identified by disturbances in carbon isotopes distributions. Local anthropogenic 

influence was not evident, but the response to the global 14C contaminations was observed by the 

occurrence of the a14C peak in both carbonate and organic fractions. Increased bioproductivity in the 

ǊŜŎŜƴǘ ŘŜŎŀŘŜǎ ǿŀǎ ŦƻǳƴŘ ƛƴ [ŀƪŜ tǊƻǑŏŜΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŀ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎŜ ƻŦ ǘƘŜ ƭŀƪŜ 

water temperature in last three decades ό{ƛǊƻƴƛŏ Ŝǘ ŀƭΣ нлмтύ. This process can be associated with the 

enhanced eutrophication in Lake tǊƻǑŏŜ.  

The results of this work, particulary the isotope analyses in the lake sediments will be compared 

with previous study of the Plitvice Lakes sediments formed in the last Ғмрл ȅǊ όIƻǊǾŀǘƛƴőƛŏ Ŝǘ ŀƭΦΣ нллуΣ 

2014). 
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Carbon isotope composition in karst aquatic mosses and possibility 
of using it  in tufa dating 

!ƴŘǊŜƧŀ {ƛǊƻƴƛŏ 

wǳŚŜǊ .ƻǑƪƻǾƛŏ LƴǎǘƛǘǳǘŜΣ ½ŀƎǊŜō 

Hygrophyte (true aquatic and wet-rock) moss and mesophyte (land) moss species were collected 

at the Plitvice Lakes and along the Zrmanja and Krupa rivers water path. Most of the aquatic moss 

species were tuficulous ς tufa forming. Tufa is precipitated on the surface and on the base of the plant 

when plant uses dissolved inorganic carbon (DIC) from water. The carbon isotope concentrations (a14C 

and ʵ13C) were measured in the plants and in DIC. Aquatic mosses can use carbon for the 

photosynthesis from two carbon reservoirs: atmospheric CO2 and DIC. Fraction of the atmospheric 

carbon in moss όa̟tm. C) was calculated from a14C of the atmosphere, of DIC and of mosses. From their 

ʵ13C values and the calculated ̟atm. C, 13C fractionation from CO2 (as a part of DIC) to moss tissue όmʁoss/g-

aq) was also calculated. The recent data were compared with the published data on a14C and ɻ 13C values 

of moss and DIC from Ғол ȅŜŀǊǎ ŀƎƻ ό{ǊŘƻő Ŝǘ ŀƭΦ мфурΤ aŀǊőŜƴƪƻ Ŝǘ ŀƭΦ мфуфύΣ when a14C of the 

atmosphere was 30 % higher. 

All collected moss samples were identified as C3 photosynthetic cycle plants. 13C fractionation 

factor from atmospheric CO2 to terrestrial plant tissue for C3 types of plants is well studied and 

amounts to Ғ-20 ҉Σ ƘƻǿŜǾŜǊ mʁoss/g-aq for aquatic plants depends on numerous conditions (e.g., 

concentrations of HCO3
τ and CO2, pH, amount of available nutrients, water depth, temperature, water 

flow velocity). Currently, it is known that the carbon isotope composition in aquatic plants growing in 

hard-water karst lakes and rivers is strongly influenced by the compositions of DIC, however, mʁoss/g-aq 

has never been determined ŀƭǘƘƻǳƎƘ ŘƛŦŦŜǊŜƴǘ ʶmoss/g-aq values could point to the difference in mosses 

carbon photosynthesis pathway. 

A significant positive correlation of moss a14C and ɻ 13C was found in both periods at Plitvice Lakes 

and at both Plitvice Lakes and Zrmanja-Krupa locations. It was also found that three species of mosses 

(true aquatic Cinclidotus aquaticus and wet-rock Hymenostylium recurvirostrum and Ptychostomum 

pseudotriquetrum) had calculated ̟ atm. C Ғ0 % or even negative implying that they incorporate carbon 

only from DIC, i.e., that they turn to anabiosis during dry periods. For all other submerged mosses 

a̟tm. C ranged up to 66 ҈Φ /ŀƭŎǳƭŀǘŜŘ ʶmoss/g-aq values ranged from -43 ҉ ǘƻ -19 ҉Φ ¢ƘŜ ŀƴŀōƛƻǘƛŎ 

species, as well as a wet-rock Gimnostomum aeruginosum ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ʶmoss/g-aq, -21.1 ҕ 1.9 ҉ ƻƴ 

the average, which was similar to the fractionation factor for C3 plants from atmospheric CO2.  

¢ƘǊŜŜ ƎǊƻǳǇǎ ƻŦ Ƴƻǎǎ ǎǇŜŎƛŜǎ ǿŜǊŜ ǊŜǾƛƭŜŘ ŀŦǘŜǊ ŎƻǊǊŜƭŀǘƛƴƎ ʶmoss/g-aq ǿƛǘƘ ˖atm. C: (i) mosses with 

mʁoss/g-aq Ғ-21 ҉Σ όƛƛύ ƻǘƘŜǊ ǘǊǳŜ ŀǉǳŀǘƛŎ ƳƻǎǎŜǎ όCinclidotus riparius, Rhynchostegium riparioides and 

Fontinalis antipyretica) and (iii) amphiphyte mosses (Palustriella commutata and Eucladium 

verticillatum). ¢ƘŜ ƎǊƻǳǇǎ όƛƛύ ŀƴŘ όƛƛƛύ ƘŀŘ ƭƻǿŜǊ ʶmoss/g-aq values than -20 ҉Φ DǊƻǳǇ όƛƛύ ǎƘƻǿŜŘ 

ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ʶmoss/g-aq ŀƴŘ ˖atm. C. Amphiphyte mosses (iii) had more 

intense 13C fractionation from DIC with higher water flow rates. This grouping clearly shows that by 

ƘŀǾƛƴƎ ŘƛŦŦŜǊŜƴǘ ʶmoss/g-aq values, mosses have different photosynthetic mechanisms and different 

adjustments to the same environment. 

A statistically significant correlation between ɻ 13C of moss ŀƴŘ ˖atm.C was observed for the other 

true aquatic and amphiphyte mosses.  This feature opened a possibility of using ʵ13C of moss remains 

found in inactive tufas for determination of true tufa 14C age, which is often compromised with 

uncertain 14C initial activity. ̟ atm.C from measured ɻ13Cmoss of a fossil moss with unknown age could be 

calculated form the ɻ13Cmoss - a̟tm.C correlation. Knowing a14C of moss and approximating a14C of tufa 
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with a14C ƻŦ 5L/ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘǳŦŀ ŦƻǊƳŀǘƛƻƴΣ ǘƘŜ άŀ14C ƻŦ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜέ ŎƻǳƭŘ ōŜ ŎŀƭŎǳƭŀǘŜŘΦ ¢Ƙƛǎ 

value is the percentage of non-decayed 14C atoms from the day of tufa formation which can then be 

used in a regular formula for 14C age determination. However, there are numerous limitations to this 

age determination, among others is the very large standard uncertainty of tufa ages derived in this 

way. This can be overcome by more moss and DIC sampling and ɻ13C and a14C measurements in order 

to reduce the uncertainty of ɻ13Cmoss - a̟tm.C correlation line. Nevertheless, with this current cognition, 

this procedure could be applied for the moss species Palustriella commutata, the most abundant one 

at the Plitvice Lakes, which introduced the highest amount of the atmospheric carbon and so had the 

lowest uncertainty. 

 

Acknowledgements 

The work was funded by the project HRZZ-IP-2013-11-1623 Reconstruction of the Quaternary 

environment in Croatia using isotope methods (REQUENCRIM), Croatian Science Foundation 2014-

2018, ŀƴŘ ǘƘŜ tǊƻƧŜŎǘ ǿƛǘƘ ǘƘŜ tƭƛǘǾƛŎŜ [ŀƪŜǎ bŀǘƛƻƴŀƭ tŀǊƪ άInfluence of environmental and climate 

changes on the biologically induced calcite precipitation in form of tufa or lake sediment at the Plitvice 

[ŀƪŜǎέ нлмм-2014.  

L ǿƻǳƭŘ ŀƭǎƻ ƭƛƪŜ ǘƻ ǘƘŀƴƪ !ƴǘǳƴ !ƭŜƎǊƻΣ aŀƧŀ ±ǳǊƴŜƪΣ !ƴŘǊƛƧŀƴŀ .ǊƻȊƛƴőŜǾƛŏ ŦƻǊ ǘƘŜƛǊ 

ŎƻƴǘǊƛōǳǘƛƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ bŀŘŀ IƻǊǾŀǘƛƴőƛŏΣ WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏΣ LƴŜǎ YǊŀƧŎŀǊ .ǊƻƴƛŏΣ 5ŀƳƛǊ .ƻǊƪƻǾƛŏ ŀƴŘ 

Ivanka Lovreƴőƛŏ aƛƪŜƭƛŏ, the staff of the Laboratory for the Low-level Radioactivity.   

 

References: 

aŀǊőŜƴƪƻΣ 9ΦΣ {ǊŘƻőΣ 5ΦΣ DƻƭǳōƛŏΣ {ΦΣ tŜȊŘƛőΣ WΦΣ IŜŀŘΣ aΦWΦ мфуфΦ /ŀǊōƻƴ ǳǇǘŀƪŜ ƛƴ ŀǉǳŀǘƛŎ Ǉƭŀƴǘǎ 
deduced from their natural 13C and 14C content. Radiocarbon 31: 785-794. 

{ǊŘƻőΣ 5ΦΣ YǊŀƧŎŀǊ .ǊƻƴƛŏΣ LΦΣ IƻǊǾŀǘƛƴőƛŏΣ bΦΣ hōŜƭƛŏΣ .Φ мфусΦ LƴŎǊŜŀǎŜ ƻŦ ŘƛǎǎƻƭǾŜŘ ƛƴƻǊƎŀƴƛŎ ŎŀǊōƻƴ 
along a river course. Radiocarbon 28: 515-521. 
 

 

  



½ŀǾǊǑƴŀ ǊŀŘƛƻƴƛŎŀ w9v¦9b/wLa  HRZZ-IP-2013-11-1623 

15 
 

 

Sige ς arhivi ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ǇǊƻƳƧŜƴŀ 

aŀǑŀ {ǳǊƛŏ 

Odjel za geografiju, Centar za ƛǎǘǊŀȌƛǾŀƴƧŜ ƪǊǑŀ ƛ ǇǊƛƻōŀƭƧŀΣ {ǾŜǳőƛƭƛǑǘŜ u Zadru, 
Zadar 

{ƛƎŜ ǎǳ ǎŜƪǳƴŘŀǊƴƛ ƪŀǊōƻƴŀǘƴƛ ǎŜŘƛƳŜƴǘƛ ƪƻƧƛ ƴŀǎǘŀƧǳ ǳ ǑǇƛƭƧŀƳŀ ƪǊƛǎǘŀƭƛȊŀŎƛƧƻƳ όƴŀƧőŜǑŏŜύ ƪŀƭŎƛǘŀ 

ƛȊ ǾƻŘŜ ǇǊƻƪŀǇƴƛŎŜ ǇǊŜȊŀǎƛŏŜƴŜ ƴŀ /ŀ/h3 (Slika мύΦ ¢ƛƧŜƪƻƳ ǘŀƭƻȌŜƴƧŀ ƻƴŜ ƛƴƪƻǊǇƻǊƛǊŀƧǳ ǊŀȊƭƛőƛǘŜ ƛȊotope 

ƪƻƧƛ ƻƳƻƎǳŏŀǾŀƧǳ ǊŜƪƻƴǎǘǊǳƪŎƛƧǳ ōǊƻƧƴƛƘ ǇǊƻƳƧŜƴŀ ƪƻƧŜ ǎǳ ǎŜ ƻŘǾƛƧŀƭŜ ǳ ƻƪƻƭƛǑǳ ǳ ǾǊƛƧŜƳŜ ƴƧƛƘƻǾŀ ǊŀǎǘŀΦ 

hǎƛƳ Ǒǘƻ ǎŜ ƴŀ ǘŜƳŜƭƧǳ ǊŀŘƛƻŀƪǘƛǾƴƛƘ ƛȊƻǘƻǇŀ ¦-Th niza i 14C sige mogu razmjerno precizno datirati, 

varijacije stabilnih izotopa ukazuju na paleooƪƻƭƛǑƴŜ ǇǊƻƳƧŜƴŜ ǳ ǎƳƛǎƭǳ ŦƭǳƪǘǳŀŎƛƧŜ ǘŜƳǇŜǊŀǘǳǊŜΣ 

ƪƻƭƛőƛƴŜ ƻōƻǊƛƴŜΣ ǇǊŜǾƭŀŘŀǾŀƧǳŏŜ ǾŜƎŜǘŀŎƛƧŜ ƛ ǎƭΦ  

tŀƭŜƻƪƭƛƳŀǘǎƪŀ ǳƭƻƎŀ ǎƛƎŀ ǇǊŜǇƻȊƴŀǘŀ ƧŜ ƧƻǑ ǇǊƛƧŜ Ǉƻƭŀ ǎǘƻƭƧŜŏŀ όIŜƴŘȅ ϧ ²ƛƭǎƻƴΣ мфсуύΣ ƴƻ 

ƛƴǘŜƴȊƛǾƴƛƧŜ ƪƻǊƛǑǘŜƴƧŜ ǎƛƎŀ ǳ ǇŀƭŜƻƻƪƻƭƛǑƴƛƳ ǎǘǳŘƛƧŀƳŀ ȊŀǇƻőŜƭo je prije 15-ak godina kad su se uvidjele 

ōǊƻƧƴŜ ǇǊŜŘƴƻǎǘƛ ǎƛƎŀ ǇǊŜŘ ŘǊǳƎƛƳ ΨŀǊƘƛǾƛƳŀΩ ǎƭƛőƴƛƘ ǇƻŘŀǘŀƪŀΣ ƪŀƻ Ǒǘƻ ǎǳ ƧŜȊƎǊŜ ƭŜŘŀ ƛ ŘǳōƻƪƻƳƻǊǎƪƛƘ 

sedimenata koje ǇƻƪǊƛǾŀƧǳ ƻŎŜŀƴǎƪŀ ƛ ǇƻƭŀǊƴŀ ǇƻŘǊǳőƧŀΣ Řƻƪ ǎŜ ǎƛƎŜ ƳƻƎǳ ǇǊƻƴŀŏƛ ǳ ƪǊǑƪƻƳ ƻƪƻƭƛǑǳ ƴŀ 

svim kopnenƛƳ ǇƻŘǊǳőƧƛƳŀΦ hǎƛƳ ǘƻƎŀΣ ƴƧƛƘƻǾƻ ƧŜ ŘŀǘƛǊŀƴƧŜ ǘŜƘƴƛƪƻƳ ƳŀǎŜƴŜ ǎǇŜƪǘǊƻƳŜǘǊƛƧŜ 

ƻƳƻƎǳŏƛƭƻ ǊŜƪƻƴǎǘǊǳƪŎƛƧǳ ƻƪƻƭƛǑŀ ǳ Ƨŀƪƻ ǾƛǎƻƪƻƧ ǊŜȊƻƭǳŎƛƧƛΣ ƴŜƪŀŘŀ őŀƪ ƛ Řƻ ǎŜȊƻƴǎƪƛƘ ǇǊƻƳƧŜƴŀΦ ¦Ȋ ǘƻΣ 

ƻǎƛƳ ƴŀƧőŜǑŏŜ ƪƻǊƛǑǘŜƴƛƘ ǾŀǊƛƧŀŎƛƧŀ ƻƳƧŜǊŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ ƪƛǎƛƪŀ ƛ ǳƎƭƧƛƪŀΣ ǳ ǎƛƎŀƳŀ ƧŜ ƳƻƎǳŏŜ ǇǊŀǘƛǘƛ ƛ 

ǾŀǊƛƧŀŎƛƧŜ ƪƻƴŎŜƴǘǊŀŎƛƧŜ ŜƭŜƳŜƴŀǘŀ ǳ ǘǊŀƎƻǾƛƳŀΣ ƳƛƴŜǊŀƭƻǑƪŜ ƛ ǇŜǘǊƻƎǊŀŦǎƪŜ ǇǊƻƳƧŜƴŜΣ ǎŀǎǘŀǾ ŦƭǳƛŘƴƛƘ 

ƛƴƪƭǳȊƛƧŀΣ ǇǊƛǎǳǘƴƻǎǘ ƻǊƎŀƴǎƪƛƘ ƳƻƭŜƪǳƭŀΣ Ǉŀ őŀƪ ƛ ǇƻƭŜƴŀ ƛ ǾǳƭƪŀƴǎƪŜ ǇǊŀǑƛƴŜΦ WƻǑ ƧŜŘƴŀ ƻŘ ǇǊŜŘƴƻǎǘƛ 

siga je njihov rast ǳ ǑǇƛƭƧǎƪƻƳ ƻƪƻƭƛǑǳ ŘƻōǊƻ ȊŀǑǘƛŏŜƴƻƳ ƻŘ ŀǘƳƻǎŦŜǊǎƪƛƘ ǇǊƛƭƛƪŀΣ ŀƭƛ ƛ ƧŜŘƴƻǎǘŀǾƴƻǎǘ 

őǳǾŀƴƧŀ ƛ ŀǊƘƛǾƛǊŀƴƧŀ ǳȊƻǊŀƪŀ Ȋŀ ōǳŘǳŏŜ ŀƴŀƭƛȊŜ όǑǘƻ ƧŜ ǳ ǎƭǳőŀƧǳ ƧŜȊƎǊƛ ƭŜŘŀ ƛ ŘǳōƻƪƻƳƻǊǎƪƛƘ ǎŜŘƛƳŜƴŀǘŀ 

bitno zahtjevnije).  

 

 
{ƭƛƪŀ мΦ {ƛƎŜ ǳ bƻǾƻƧ DǊƎƻǎƻǾƻƧ ǑǇƛƭƧƛ 
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Iako je ƪƭŀǎƛőƴƛ ƪǊǑ kojem pripada i Hrvatska bio koliƧŜǾƪŀ ƪŀǊǎǘƻƭƻǑƪƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀΣ ǎƛƎŜ ǎǳ ǳ 

ȊƴŀƴǎǘǾŜƴƛƳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀ ǳ IǊǾŀǘǎƪƻƧ ǳ ǳǇƻǘǊŜōƛ ƻŘ тл-ƛƘ ƎƻŘƛƴŀ ǇǊƻǑƭƻƎ ǎǘƻƭƧŜŏŀ ƛ ǘƻ ǳ ƻƪǾƛǊǳ 

ŀǊƘŜƻƭƻǑƪƛƘΣ ǇŀƭŜƻƴǘƻƭƻǑƪƛƘ ƛ ǎǇŜƭŜƻƭƻǑƪƛƘ ǎǘǳŘƛƧŀΣ Řƻƪ ǎǳ ǎŜ ǳ ǇŀƭŜƻƻƪƻƭƛǑƴƛƳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀ ǇǊǾƻ 

koristile za rekonstrukciju kolebanja morske razine i tek potom za paleoklimatske rekonstrukcije 

όǇǊŜƎƭŜŘ ǎǾƛƘ ŘƻǎŀŘŀǑƴƧƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀ ǳ {ǳǊƛŏΣ нлмуύΦ ¦ƴŀǘƻő ƳŀƭƻƧ ǇƻǾǊǑƛƴƛ όŀƭƛ ǎ Ҕмлллл ǎǇŜƭŜƻƭƻǑƪƛƘ 

objekata), Hrvatska nudƛ ƛȊƴƛƳŀƴ ǇƻǘŜƴŎƛƧŀƭ ǳ ƻǾƻƧ ŘƛǎŎƛǇƭƛƴƛ ȊōƻƎ ƎŜƻƎǊŀŦǎƪƻƎ ǇƻƭƻȌŀƧŀ ƴŀ ƎǊŀƴƛŎƛ 

ƛȊƳŜŚǳ sredozemnih maritimnih i srednjoeuropskih kontinentskih utjecaja. Pomicanje te granice uslijed 

ƎƭƻōŀƭƴƛƘ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀ ǾŜŏ ƧŜ ȊŀōƛƭƧŜȌŜƴƻ ǳ ǎƛƎŀƳŀ ǎǳǎƧŜŘƴƛƘ ǇƻŘǊǳőƧŀ όLuetscher et al. 2015) i 

ƴŀƳƧŜǊŀ ƧŜ ǇǊƻƧŜƪǘƻƳ w9v¦9b/wLa ǳǎǘŀƴƻǾƛǘƛ ƪŀƪƻ ǎǳ ƘǊǾŀǘǎƪŀ ǇƻŘǊǳőƧŀ ǘƛƧŜƪƻƳ ȊƴŀőŀƧƴƛƘ ƪƭƛƳŀǘǎƪƛƘ 

ŘƻƎŀŚŀƧŀ ό[DaΣ у,2 ka) reagirala po pitanju temperature, distribucije oborina, vegetacije i dr.  

¢ŜƳŜƭƧƴƛ ǇǊŜŘǳǾƧŜǘ Ȋŀ ƻǾŀƪǾŀ ƛǎǘǊŀȌƛvanja, odnosno za vjerodostojnost paleoklimatskog zapisa, 

ƧŜǎǘ ǇǊŜǘǇƻǎǘŀǾƪŀ Řŀ ǎŜ ƪŀƭŎƛǘ ǎƛƎŀ ǘŀƭƻȌƛƻ ǳ ƛȊƻǘƻǇƴƻƧ ǊŀǾƴƻǘŜȌƛ ǎ ǾƻŘƻƳ ǇǊƻƪŀǇƴƛŎƻƳ ǇǊƛ őŜƳǳ ōƛ 

ǾŀǊƛƧŀŎƛƧŜ ƪƛǎƛƪƻǾƛƘ ƛȊƻǘƻǇŀ ōƛƭŜ ƛǎƪƭƧǳőƛǾƻ ƻŘǊŀȊ ǘŜƳǇŜǊŀǘǳǊƴƛƘ ǇǊƻƳƧŜƴŀ όƻŘƴƻǎƴƻ ƪƭƛƳŜ ǎ ƻōȊƛǊƻƳ Řa 

ƧŜ ǳ ǑǇƛƭƧŀƳŀ ǳ ǇǊƛƴŎƛǇǳ ǘŜƳǇŜǊŀǘǳǊŀ ǎǘŀƭƴŀ ƛ ƧŜŘƴŀƪŀ ǇǊƻǎƧŜőƴƻƧ ƎƻŘƛǑƴƧƻƧ ǘŜƳǇŜǊŀǘǳǊƛ ȊǊŀƪŀ ǘƻƎ 

ǇƻŘǊǳőƧŀύΦ ½ōƻƎ ǘƻƎ ǇǊŜŘǳǾƧŜǘŀΣ ƴŀƛȊƎƭŜŘ ƳŀƴƧŜ ōƛǘŀƴΣ ŀƭƛ ƴŜƻǇƘƻŘŀƴ ƛ Ǉƻ ǘǊŀƧŀƴƧǳ ŘǳȌƛ Řƛƻ ƻǾƛƘ 

ƛǎǘǊŀȌƛǾŀƴƧŀ ƧŜ ƳƻƴƛǘƻǊƛƴƎΦ tƻŘ ƳƻƴƛǘƻǊƛƴƎƻƳ ǎŜ ǇƻŘǊŀȊǳƳƛƧŜǾŀ ǇǊŀŏŜƴƧŜ ŀǘƳƻǎŦŜǊǎƪƛƘ ǳǾƧŜǘŀ ǳ 

ǑǇƛƭƧŀƳŀ ƛ ƴŀ ǇƻǾǊǑƛƴƛΣ ƛƴǘŜƴȊƛǘŜǘŀ ǇǊƻƪŀǇŀǾŀƴƧŀΣ ƪƻƭƛőƛƴŜ ƻōƻǊƛƴŀ ǘŜ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ ƪƛǑƴƛŎŜΣ 

prokapnice i recentnog kalcita. Nakon najmanje 1-ƎƻŘƛǑƴƧŜƎ ǇǊŀŏŜƴƧŀΣ ǇƻȌŜƭƧƴƻ ƧŜ Ȋŀ ŀƴŀƭƛȊŜ ǳȊŜǘƛ ǎƛƎŜ 

ƛȊ ǎǘŀōƛƭƴƛƘ ǑǇƛƭƧǎƪƛƘ ǳǾƧŜǘŀΣ ƪƻƧŜ ǎǳ ǇǊƛƘǊŀƴƧƛǾŀƴŜ ǾƻŘƻƳ ǳƧŜŘƴŀőŜƴƻƎ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ (ʵ18h ƛ ʵ2H) i 

őƛƧƛ ƧŜ ǊŜŎŜƴǘƴƛ ƪŀƭŎƛǘ ǘŀƭƻȌŜƴ ǳ ƛȊƻǘƻǇƴƻƧ ǊŀǾƴƻǘŜȌƛ ǎ ǇǊƻƪŀǇƴƛŎƻƳΦ 5ƻŘŀǘƴŀ ǇƻǘǾǊŘŀ ǊŀǾƴƻǘŜȌƴƛƘ ǳǾƧŜǘŀ 

je i repliciranje izotopnog signala u sigama iz istog razdoblja (Dorale and Liu, 2009), a provodi se i tzv. 

IŜƴŘȅ ǘŜǎǘ ŘǳȌ ƭŀƳƛƴŀ ǎƛƎŀ όIŜƴŘȅΣ мфтмύΣ ƪŀƪƻ ōƛ ǎŜ ƛǎƪƭƧǳőƛƭŀ ƳƻƎǳŏƴƻǎǘ ǳǘƧŜŎŀƧŀ ƪƛƴŜǘƛőƪŜ 

frakcionacije na izotopni signal.  

¦ ƻƪǾƛǊǳ w9v¦9b/wLa ǇǊƻƧŜƪǘŀ ǊŜƪƻƴǎǘǊǳƪŎƛƧŀ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ǇǊƻƳƧŜƴŀ ǘŜƳŜƭƧƛƭŀ ǎŜ ƴŀ 

ǾŀǊƛƧŀŎƛƧŀƳŀ ƻƳƧŜǊŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ ƪƛǎƛƪŀ ƛ ǳƎƭƧƛƪŀ όʵ18h ƛ ʵ13C) u kalcitu sedam ǎƛƎŀ ƛȊ ǑǇƛƭƧŀ ǎ ǘǊƛ 

ǊŀȊƭƛőƛǘŀ ǇƻŘǊǳőƧŀΥ bƻǾŜ DǊƎƻǎƻǾŜ ǑǇƛƭƧŜ ƪƻŘ {ŀƳƻōƻǊŀ όǎǊŜŘƛǑƴƧŀ IǊǾŀǘǎƪŀύΣ [ƻƪǾŀǊƪŜ όƎƻǊǎƪŀ IǊǾŀǘǎƪŀύ 

ƛ ǑǇƛƭƧŜ aƻŘǊƛő όǇǊƛƳƻǊǎƪŀ IǊǾŀǘǎƪŀύΦ ¦ bƻǾƻƧ Drgosovoj i Lokvarci monitoring voda provodio se 1 

ƎƻŘƛƴǳΣ ŀǘƳƻǎŦŜǊǎƪƛ ǳǾƧŜǘƛ ǇǊŀŏŜƴƛ ǎǳ ŘǾƛƧŜ ƎƻŘƛƴŜ ǳ bƻǾƻƧ DǊƎƻǎƻǾƻƧΣ ƻŘƴƻǎƴƻ п ƎƻŘƛƴŜ ǳ [ƻƪǾŀǊŎƛΣ 

Řƻƪ ƧŜ ƪƻƳǇƭŜǘŀƴ ƳƻƴƛǘƻǊƛƴƎ ǳ ǑǇƛƭƧƛ aƻŘǊƛő ǳ ǇƻǘǇǳƴƻǎǘƛ ƴŀǎǘŀǾƭƧŜƴ ƛ ƴŜŏŜ ǎŜ ǇǊŜƪƛŘŀǘƛ ƴƛ Ǉƻ ȊŀǾǊǑŜǘƪǳ 

projekta. U-Th datiranje provodilo se na School of Earth Sciences, University of Melbourne, Australija, 
14/ ŘŀǘƛǊŀƴƧŜ ƴŀ Lƴǎǘƛǘǳǘǳ wǳŚŜǊ .ƻǑƪƻǾƛŏ ƛ University of Georgia, Atlanta, SAD, dok su izotopne analize 

voda i kalcita obavljene dijelom na University of Melbourne, a dijelom u Geological and Geochemical 

Research, Research Centre for Astronomy and Earth Sciences Hungarian Academy of Sciences, 

aŀŚŀǊǎƪŀΦ {ŀ ȊƴŀƴǎǘǾŜƴƛŎƛƳŀ ƴŀǾŜŘŜƴƛƘ ǳǎǘŀƴƻǾŀ ǳǎǇƻǎǘŀǾƭƧŜƴŀ ƧŜ ǎǳǊŀŘƴƧŀ ƪƻƧŀ ŏŜ ǎŜ ƴŀǎǘŀǾƛǘƛ ǳ 

ǇƻŘǊǳőƧǳ ƛǎǘǊŀȌƛǾŀƴƧa ǇŀƭŜƻŜƪƻƭƻǑƪƛƘ ȊŀǇƛǎŀ ǳ ǎƛƎŀƳŀ ƛ Ǉƻ ȊŀǾǊǑŜǘƪǳ ǇǊƻƧŜƪǘŀΦ 

Uz ranije navedene prednosti siga pred drugim 'arhivima', brojne su i nesigurnosti i zapreke koje 

se tijekom monitoringa, analiziranja i interpretacije mogu javiti: od jednostavnog kvara opreme koji 

ƴŀǊǳǑƛ ƪƻƴǘƛƴǳƛǊŀƴƛ ƳƻƴƛǘƻǊƛƴƎΣ ǇǊŜǎǘŀƴƪŀ Ǌŀǎǘŀ ǎƛƎŜ ƴŜƻǾƛǎƴƻ ƻ ƻƪƻƭƛǑƴƛƳ ǳǾƧŜǘƛƳŀ ƛƭƛ ǊŜƪǊƛǎǘŀƭƛȊŀŎƛƧŜΣ 

preko nepoznavanja ǇƻőŜǘƴŜ ŀƪǘƛǾƴƻǎǘƛ ǇǊƛƭƛƪƻƳ 14/ ŘŀǘƛǊŀƴƧŀ ƛƭƛ ǇƻǾŜŏŀƴog ǎŀŘǊȌŀƧ ŘŜǘǊƛǘǳǎŀ ǘƛƧŜƪƻƳ 

U-¢Ƙ ŘŀǘƛǊŀƴƧŀΣ Ǉŀ Řƻ ǇǊƻōƭŜƳŀ ƻŘǊŜŚƛǾŀƴƧŀ ŘƻƳƛƴŀntnog uzroka izotopnog signala (temperatura, 

ƪƻƭƛőƛƴŀ ƻōƻǊƛƴŀΣ ǇƻǊƛƧŜƪƭƻ ƻōƻǊƛƴŀ ƛ ŘǊΦύ ό{ǳǊƛŏΣ нлмтύ. bŜƻǾƛǎƴƻ ƻ ǘƻƳŜΣ ƻǾŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ǊŜȊǳƭǘƛǊŀƧǳ 

ǎǇƻȊƴŀƧŀƳŀ ƪƻƧŀ ǳǇƻǘǇǳƴƧǳƧǳ ǎƭƛƪǳ ƪǾŀǊǘŀǊƴƛƘ ǇǊƻƳƧŜƴŀ ǳ 9ǳǊƻǇƛ ƛ ōƛǘ ŏŜ ǘŜƳŜƭƧ ōǳŘǳŏƛƳ 

multidisciplinarnim studijama.      
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Zahvala 

LǎǘǊŀȌƛǾŀƴƧŀ ǎǳ ŦƛƴŀƴŎƛǊŀƴŀ ǇǊƻƧŜƪǘƻƳ Hrvatske zaklade za znanost HRZZ-IP-2013-11-1623 
wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ (Reconstruction of 
the Quaternary environment in Croatia using isotope methods) ς REQUENCRIM, 2014 ς 2018. 

Zahvaljujemo na suradnji obitelji Grgos - ƪƻƴŎŜǎƛƻƴŀǊƛƳŀ bƻǾŜ DǊƎƻǎƻǾŜ ǑǇƛƭƧŜ ƛ aŀǊƧŀƴǳ .ǳȊƻǾǳ 
- ƪƻƴŎŜǎƛƻƴŀǊǳ ǑǇƛƭƧŜ aƻŘǊƛőΣ ǘŜ ƻōƛǘŜƭƧƛ ~ŀŦŀǊ ǳ [ƻƪǾŀƳŀ ƛ ƻōƛǘŜƭƧƛ aŀǘƪƻǾƛŏ ǳ wƻǾŀƴƧǎƪƻƧ Ȋŀ ǇƻƳƻŏ 
prilikom prikupljŀƴƧŀ ƪƛǑƴƛŎŜΦ ¦ǎǇƧŜǑƴŀ ǎǳǊŀŘƴƧŀ ƻǎǘǾŀǊŜƴŀ ƧŜ ǎ WŀǾƴƛƳ ǳǎǘŀƴƻǾŀƳŀ Ȋŀ ȊŀǑǘƛǘǳ ǇǊƛǊƻŘŜ 
½ŀƎǊŜōŀőƪŜ ȌǳǇŀƴƛƧŜ ½ŜƭŜƴƛ ǇǊǎǘŜƴΣ tǊƛƳƻǊǎƪƻ-ƎƻǊŀƴǎƪŜ ȌǳǇŀƴƛƧŜ tǊƛǊƻŘŀ ƛ ½ŀŘŀǊǎƪŜ ȌǳǇŀƴƛƧŜ bŀǘǳǊŀ 
Jadera. Zahvaljujemo 5ǊȌŀǾƴoƳ ƘƛŘǊƻƳŜǘŜƻǊƻƭƻǑƪom zavodu koji nam je ustupaƻ ǾƛǑŜƎƻŘƛǑƴƧŜ ƴƛȊƻǾŜ 
ƳŜǘŜƻǊƻƭƻǑƪƛƘ ǇƻŘŀǘŀƪŀΦ tŜǘǊŀ .ŀƧƻ ƛ wǳǎǎŜƭƭ bΦ 5ǊȅǎŘŀƭŜ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŜƭōƻǳǊƴŜύ ōƛƭƛ ǎǳ ƴŀƳ ƻŘ 
ƛȊƴƛƳƴŜ ǎǘǊǳőƴŜ ƛ ǇǊŀƪǘƛőƴŜ ǇƻƳƻŏƛ ǇǊƛƭƛƪƻƳ ƛȊƻǘƻǇƴƛƘ ŀƴŀƭƛȊŀΦ tƻǎŜōƴŀ ȊŀƘǾŀƭŀ ƴŀ ǇƻƳƻŏƛ ƛŘŜ ƛ ōǊƻƧƴƛƳ 
kolegama i prijateljima koji su nŀƳ ǎŜ Ȋƴŀƭƛ ǇǊƛŘǊǳȌƛǘƛ ǘƛƧŜƪƻƳ ǘŜǊŜƴǎƪƛƘ ƛȊƭŀȊŀƪŀΣ ǳƪƭjǳőǳƧǳŏƛ ƛ ǾŜŏƛ ōǊƻƧ 
djece kojima smo, nadamo se, pobudili interes za znanost i prirodu. 
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tƻŘǊǳőƧŜ ƛǎǘǊŀȌƛǾŀƴƧŀ ƛ ƳŜǘƻŘƻƭƻƎƛƧŀ ƳƻƴƛǘƻǊƛƴƎŀ ǑǇƛƭƧŀΣ ǳȊƻǊƪƻǾŀƴƧŀ 
ǎƛƎŀ ƛ ƛȊƻǘƻǇƴƛƘ ŀƴŀƭƛȊŀ ǳ ǎǾǊƘǳ ǊŜƪƻƴǎǘǊǳƪŎƛƧŜ ǇŀƭŜƻƻƪƻƭƛǑŀ ǳ 

Hrvatskoj tijekom kvartara 

bƛƴŀ [ƻƴőŀǊΣ wƻōŜǊǘ [ƻƴőŀǊƛŏ 

Odjel za geografiju, Centar Ȋŀ ƛǎǘǊŀȌƛǾŀƴƧŜ ƪǊǑŀ ƛ ǇǊƛƻōŀƭƧŀΣ {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀŘǊǳΣ 
Zadar 

tƻŘǊǳőƧŜ ƛǎǘǊŀȌƛǾŀƴƧŀ 

½ŀ ǇƻǘǊŜōŜ ǇŀƭŜƻƪƭƛƳŀǘǎƪƛƘ ƛ ǇŀƭŜƻƪƻƭƛǑƴƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀ ǘŜƳŜƭƧŜƴƛƘ ƴŀ ǎƛƎŀƳŀ ƴǳȌƴƻ ƧŜ ǇƻȊƴŀǾŀǘƛ 

ƻōƛƭƧŜȌƧŀ ǑǇƛƭƧǎƪƻƎ ƻƪƻƭƛǑŀ ǳ ƪƻƧŜƳ ǎǳ ǎƛƎŜ ƛǎǘŀƭƻȌŜƴŜ ƪŀƻ ƛ ƪƭƛƳŀǘǎƪŀ ƻōƛƭƧŜȌƧŀ ǑƛǊŜƎ ǇƻŘǊǳőƧŀ ƛǎǘǊŀȌƛǾŀƴƛƘ 

ǑǇƛƭƧŀ ȊōƻƎ ǳǎǇƻǊŜŘōŜ ǎŀŘŀǑƴƧŜƎ ǎǘŀƴƧŀ ǎŀ ȊŀōƛƭƧŜȌŜƴƛƳ ǇŀƭŜƻƪƭƛƳŀǘǎƪƛƳ ǎƛƎƴŀƭƛƳŀΣ ŀ ǎ ƪƻƴŀőƛƳ ŎƛƭƧŜƳ 

ǳǘǾǊŚƛǾŀƴƧŀ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ǇǊƻƳƧŜƴŀ ƪƻƧŜ ǎǳ ǳǘƧŜŎŀƭŜ ƴŀ ǘŀƭƻȌŜƴƧŜ ǎƛƎŀ ǳ ǇǊƻǑƭƻǎǘƛΦ ½ŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ǳ 

sklopu REQUENCRIM prƻƧŜƪǘŀ ƻŘŀōǊŀƴŜ ǎǳ ǘǊƛ ǑǇƛƭƧŜ ǳ ǊŀȊƭƛőƛǘƛƳ ƪƭƛƳŀǘǎƪƛƳ ȊƻƴŀƳŀ ƛ ƴŀ ǊŀȊƭƛőƛǘƛƳ 

ƴŀŘƳƻǊǎƪƛƳ ǾƛǎƛƴŀƳŀ ό{ƭƛƪŀ мύΦ {ǾŜ ǘǊƛ ǎǳ ǘǳǊƛǎǘƛőƪƛ ǳǊŜŚŜƴŜ ǑǇƛƭƧŜ όǘȊǾΦ ǎƘƻǿ ŎŀǾŜǎύΦ 

 
{ƭƛƪŀ мΦ [ƻƪŀŎƛƧŜ ƛ ƴŀŎǊǘƛ ǑǇƛƭƧŀ ǎ ƴŀȊƴŀőŜƴƛƳ ƳƧŜǎǘƛƳŀ ƳƧŜǊŜƴƧŀ ǘŜƳǇŜǊŀǘǳǊŜ ƛ ǊŜƭŀǘƛǾƴŜ ǾƭŀȌƴƻǎǘƛ ȊǊŀƪŀ 

(TH), uzorkovanja vode (W), te s lokacijama s kojih su uzete sige. 
 
~ǇƛƭƧŀ [ƻƪǾŀǊƪŀ όтсл Ƴ ƴΦǾΦύ ǎƳƧŜǑǘŜƴŀ ƧŜ ǳ DƻǊǎƪƻƳ ƪƻǘŀǊǳΣ с ƪƳ ƧǳȌƴƻ ƻŘ 5ŜƭƴƛŎŀ ǳ ōƭƛȊƛƴƛ 

ƴŀǎŜƭƧŀ [ƻƪǾŜ ό{ƭƛƪŀ мύΦ ~ǇƛƭƧŀ ǎŜ ƴŀƭŀȊƛ ǳƴǳǘŀǊ ǇƻŘǊǳőƧŀ ǎ /Ŧō ƪƭƛƳƻƳ Ǉƻ YǀǇǇŜƴǳΦ ¢ƻ ƧŜ ƪƭƛƳŀǘǎƪƛ ǘƛǇ 

ƪƻƧƛ ǇǊŜǾƭŀŘŀǾŀ ǳ ƪƻƴǘƛƴŜƴǘŀƭƴƻƧ IǊǾŀǘǎƪƻƧΣ ŀƭƛ ƧŜ ƴŀ ǇƻŘǊǳőƧu Gorskog kotara modificiran nadmorskom 

ǾƛǎƛƴƻƳ Ǒǘƻ ōƛǘƴƻ ǳǘƧŜőŜ ƴŀ ƪƻƭƛőƛƴǳ ƻōƻǊƛƴŀ όƻǊƻƎǊŀŦǎƪƛ ŜŦŜƪǘύΣ Ǉŀ ƧŜ ǇƻŘǊǳőƧŜ ƻƪƻ [ƻƪǾŀǊƪŜ ƴŀƧƪƛǑƻǾƛǘƛƧŜ 

ƻŘ ǎǾƛƘ ƛǎǘǊŀȌƛǾŀƴƛƘ ƭƻƪŀŎƛƧŀ ǎ ǇǊƻǎƧŜőƴƻƳ ƎƻŘƛǑƴƧƻƳ ƪƻƭƛőƛƴƻƳ ƻōƻǊƛƴŀ ƻƪƻ оллл ƳƳΣ Řƻƪ ƧŜ ǇǊƻǎƧŜőƴŀ 
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ƎƻŘƛǑƴƧŀ ǘŜƳǇŜǊŀǘǳǊŀ ȊŀōƛƭƧŜȌŜƴŀ ƴŀ ƪƭƛƳŀǘƻƭƻǑƪƻƧ ǇƻǎǘŀƧƛ 5ŜƭƴƛŎŜ ƛȊƴƻǎƛƭŀ уΣп ϲ/ όмфумΦ-2014.). 

[ƻƪǾŀǊƪŀ ƧŜ ƛ ƳƻǊŦƻƭƻǑƪƛ ƴŀƧǎƭƻȌŜƴƛƧƛ ǎǇŜƭŜƻƭƻǑƪƛ ƻōƧŜƪǘ ǳ ƪƻƧŜƳ ǎǳ ǎŜ ǇǊƻǾƻŘƛƭŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ǳ ǎƪƭƻǇǳ 

ƻǾƻƎ ǇǊƻƧŜƪǘŀ ƧŜǊ ƧŜ ǊƛƧŜő ƻ ǑǇƛƭƧƛ őƛƧŀ ƧŜ ǳƪǳǇƴŀ ŘǳƭƧƛƴŀ ммтф ƳΣ Řǳōƛƴŀ нтт ƳΣ ŀ ǇǊƻǘŜȌŜ ǎŜ ƴŀ ǘǊƛ ǊŀȊƛƴŜ 

ŦƻǊƳƛǊŀƴŜ ǳ ǾŀǇƴŜƴŎƛƳŀ ŘƻƴƧŜ ƧǳǊŜΦ ±ŜƎŜǘŀŎƛƧǎƪƛ ǇƻƪǊƻǾ ƛȊƴŀŘ ǑǇƛƭƧŜ őƛƴƛ ƎǳǎǘŀΣ ǇǊŜǘŜȌƴƻ ŎǊƴƻƎƻǊƛőƴŀ 

ǑǳƳŀΦ 

bƻǾŀ DǊƎƻǎƻǾŀ ǑǇƛƭƧŀ ƴŀƭŀȊƛ ǎŜ ǳ ōƭƛȊƛƴƛ {ŀƳƻōƻǊŀ ƴŀ ƻōǊƻƴŎƛƳŀ {ŀƳƻōƻǊǎƪƻƎ ƎƻǊƧŀ ƴŀ ноу Ƴ 

ƴΦǾΦΣ ǳ ǇƻŘǊǳőƧǳ ƛƴǘŜƴȊƛǾƴƻ ƻƪǊǑŜƴƛƘ ƭƛǘƻǘŀƳƴƛƧǎƪƛƘ ǾŀǇƴŜƴŀŎŀ ƴŜƻƎŜƴǎƪŜ ǎǘŀǊƻǎǘƛ ƛ ƴŀƧƳŀƴƧƛ ƧŜ ƻŘ ǘǊƛ 

ƛǎǘǊŀȌƛǾŀƴŀ ƻōƧŜƪǘŀ ǎ ǳƪǳǇƴƻƳ ŘǳƭƧƛƴƻƳ ƻŘ ǎǾŜƎŀ фт Ƴ ƛ ŘǳōƛƴƻƳ ƻŘ мп Ƴ ό{ƭƛƪŀ мύΦ ~ǇƛƭƧŀ ƧŜ ƳƻǊŦƻƭƻǑƪƛ 

jednostavna i sastoji se od dvije dvorane spojene kanalom koji je ƳƧŜǎǘƛƳƛŎŜ ǇǊƻǑƛǊƛǾŀƴ ǊŀŘƛ ƭŀƪǑŜƎ 

ǇǊƛǎǘǳǇŀ ǇƻǎƧŜǘƛǘŜƭƧŀΦ Yŀƻ ƛ [ƻƪǾŀǊƪŀΣ ƛ bƻǾŀ DǊƎƻǎƻǾŀ ǑǇƛƭƧŀ ǎŜ ǘŀƪƻŚŜǊ ƴŀƭŀȊƛ ǳ ǇƻŘǊǳőƧǳ ǎŀ /Ŧō ƪƭƛƳƻƳΣ 

ŀƭƛ ǎŀ Ȋƴŀǘƴƻ ƳŀƴƧƻƳ ƪƻƭƛőƛƴƻƳ ƻōƻǊƛƴŀ ƻŘ ƻƴŜ ǳ DƻǊǎƪƻƳ ƪƻǘŀǊǳΦ tǊƻǎƧŜőƴŀ ƎƻŘƛǑƴƧŀ ƪƻƭƛőƛƴŀ ƻōƻǊƛƴŀ 

je na postaji SaƳƻōƻǊ ƛȊƴƻǎƛƭŀ млтс ƳƳΣ Řƻƪ ƧŜ ƪƛǑƻƳƧŜǊƴŀ ǇƻǎǘŀƧŀ wǳŘŜ όƻƪƻ с ƪƳ ƻŘ ǑǇƛƭƧŜύ ȊŀōƛƭƧŜȌƛƭŀ 

ǾƛǑŜƎƻŘƛǑƴƧƛ ǇǊƻǎƧŜƪ ƻŘ ммтс ƳƳΦ bŀƧǾŜŏŀ ƪƻƭƛőƛƴŀ ƻōƻǊƛƴŀ ǇŀŘƴŜ ǘƛƧŜƪƻƳ ƭƧŜǘƴƛƘ ƳƧŜǎŜŎƛ ǎ 

ƳŀƪǎƛƳǳƳƻƳ ǳ ǊǳƧƴǳ Ǉŀ ǾŜŏƛƴŀ ƻōƻǊƛƴŀ ŘƻƭŀȊƛ ǳ ƻōƭƛƪǳ ƪƻƴǾŜƪŎƛƧǎƪƛƘ ƪƛǑŀΣ Řƻƪ ǎu zimski mjeseci 

ǳƎƭŀǾƴƻƳ ǎǳǑƛ ȊōƻƎ ǳǘƧŜŎŀƧŀ ǎǳƘƛƘ ƛ ƘƭŀŘƴƛƘ ƪƻƴǘƛƴŜƴǘŀƭƴƛƘ ȊǊŀőƴƛƘ Ƴŀǎŀ ό{ƛōƛǊǎƪŀ ŀƴǘƛŎƛƪƭƻƴŀύΦ tƻŘǊǳőƧŜ 

ƛȊƴŀŘ ǑǇƛƭƧŜ ǇǊŜƪǊƛǾŜƴƻ ƧŜ ǳƎƭŀǾƴƻƳ ǎƳǊŜƪƻǾƻƳ ǑǳƳƻƳΦ 

~ǇƛƭƧŀ aƻŘǊƛő ǎƳƧŜǑǘŜƴŀ ƧŜ ƴŀ ƻōǊƻƴŎƛƳŀ ±ŜƭŜōƛǘŀ у ƪƳ WL ƻŘ {ǘŀǊƛƎǊŀŘa Paklenice na 32 m n.v. 

ό{ƭƛƪŀ мΦύΦ ~ǇƛƭƧŀ ƧŜ ǎŜ ǎŀǎǘƻƧƛ ƻŘ ŘǾŀ ƎƭŀǾƴŀ ƪŀƴŀƭŀ ǳƪǳǇƴŜ ŘǳƭƧƛƴŜ унф Ƴ ƛ ƴŀǎǘŀƭŀ ƧŜ ǳƴǳǘŀǊ нΣр ƪƳ ǑƛǊƻƪŜ 

ǊŀǎƧŜŘƴŜ ȊƻƴŜ ǳ ŘƻōǊƻ ǳǎƭƻƧŜƴƛƳ ƎƻǊƴƧƻƪǊŜƴŘƛƳ ǾŀǇƴŜƴŎƛƳŀΦ tƻŘǊǳőƧŜ ǳ ƪƻƧŜƳ ǎŜ ƴŀƭŀȊƛ ǑǇƛƭƧŀ aƻŘǊƛő 

ƛƳŀ /Ŧŀ ƪƭƛƳǳ Ǉƻ YǀǇǇŜƴǳΦ ¢ƻ ƧŜ ǎǳōƳŜŘƛǘŜǊŀƴǎƪŀ ƪƭƛƳŀ ōŜȊ ƛȊǊŀȌŜƴƻƎ ǎǳǑƴƻƎ ǊŀȊŘƻōƭƧŀΦ {ǊŜŘƴƧŀ 

ƎƻŘƛǑƴƧŀ ƪƻƭƛőƛƴŀ ƻōƻǊƛƴŀ ƴŀ ǇƻǎǘŀƧƛ {ǘŀǊƛƎǊŀŘ tŀƪƭŜƴƛŎŀ ƧŜ мнлт ƳƳΣ Řƻƪ ƧŜ ǎǊŜŘƴƧŀ ƎƻŘƛǑƴƧŀ 

ǘŜƳǇŜǊŀǘǳǊŀ ȊǊŀƪŀ мсΣм ϲ/ όмфумΦ-нлмпΦύΦ Lŀƪƻ ǎŜ ǑǇƛƭƧŀ ƴŀƭŀȊƛ ƴŀ ǎǾŜƎŀ он Ƴ ƴŀŘƳƻǊǎƪŜ ǾƛǎƛƴŜΣ ǇǊƛǎǳǘŀƴ 

ƧŜ ƻǊƻƎǊŀŦǎƪƛ ŜŦŜƪǘ ȊōƻƎ ƴŜǇƻǎǊŜŘƴŜ ōƭƛȊƛƴŜ ±ŜƭŜōƛǘŀΦ ¦ƴŀǘƻő ƴŜǇƻǎǘƻƧŀƴƧǳ ƛȊǊŀȌŜƴƻƎ ǎǳǑƴƻƎ ǊŀȊŘƻōƭƧŀ 

podaci o potencijalnoj evapotranspiraciji (PET) pokazuju izraziti manjak vode tijekom ljetnih mjeseci 

ǘŀƪƻ Řŀ ǎŜ ǾƻŘƻƴƻǎƴƛƪ ǳƴǳǘŀǊ ƪƻƧŜƎ ǎŜ ƴŀƭŀȊƛ ǑǇƛƭƧŀ aƻŘǊƛő Ǉǳƴƛ ƎƻǘƻǾƻ ƛǎƪƭƧǳőƛǾƻ ǘƛƧŜƪƻƳ ƘƭŀŘƴƛƧŜƎ 

ŘƛƧŜƭŀ ƎƻŘƛƴŜ όwǳŘȊƪŀ Ŝǘ ŀƭΦΣ нлмнύΦ ¦ ǾŜƎŜǘŀŎƛƧǎƪƻƳ ǇƻƪǊƻǾǳ ƛȊƴŀŘ ǑǇƛƭƧŜ ŘƻƳƛƴƛǊŀƧǳ ōƛƭƧƴŜ ȊŀƧŜŘƴƛŎŜ 

ǘƛǇƛőƴŜ Ȋŀ ǎǳōƳŜŘƛǘŜǊŀƴǎƪŀ ƪǊǑƪŀ ǇƻŘǊǳőƧŀ όǊŀȊƭƛőƛǘŜ ƎǊƳƻƭƛƪŜ ōƛƭƧƪŜ ƛ ǊƛƧŜǘƪŀ ǘǊŀǾŀύΦ hƪƻƭƛǑ ƛȊƴŀŘ ǑǇƛƭƧŜ 

aƻŘǊƛő ȊƴŀőŀƧƴƛƧŜ ƧŜ ƳƻŘƛŦƛŎƛǊŀƴ ƛ ŀƴǘǊƻǇƻƎŜƴƛƳ ǳǘƧŜŎŀƧŜƳΣ ƴŀƧǇǊƛƧŜ ƪǊƻȊ ƪǊőŜƴƧŜ ŀǳǘƻƘǘƻƴŜ ǾŜƎŜǘŀŎƛƧŜΣ 

ŀ ȊŀǘƛƳ ƪǊƻȊ ǎŀŘƴƧǳ ǎǘŀōŀƭŀ őŜƳǇǊŜǎŀ ƛ ōƻǊƻǾŀΦ  

 
aŜǘƻŘƻƭƻƎƛƧŀ ƳƻƴƛǘƻǊƛƴƎŀ ǑǇƛƭƧŀΣ ǳȊƻǊƪƻǾŀƴƧŀ ǎƛƎŀ ƛ ƛȊƻǘƻǇƴƛƘ ŀƴŀƭƛȊŀ 

U sklopu REQUENCRIM projekta monitƻǊƛƴƎ ƧŜ ǇǊƻǾƻŚŜƴ ǎ ŎƛƭƧŜǾƛƳŀ ǇǊƻŎƧŜƴŜ ŘƻƳƛƴŀƴǘƴƛƘ 

ŀǘƳƻǎŦŜǊǎƪƛƘ ǳǘƧŜŎŀƧŀ ǳ ǇƻŘǊǳőƧǳ ƛǎǘǊŀȌƛǾŀƴƛƘ ǎǇŜƭŜƻƭƻǑƪƛƘ ƻōƧŜƪŀǘŀΣ ƻŘǊŜŚƛǾŀƴƧŀ ƳƛƪǊƻƪƭƛƳŜ ǑǇƛƭƧŀΣ 

ƪŀǊŀƪǘŜǊƛȊŀŎƛƧŜ ƪǊǑƪƛƘ ǾƻŘƻƴƻǎƴƛƪŀΣ ƳƧŜǊŜƴƧŀ ǾŀǊƛƧŀŎƛƧŀ ǎŀǎǘŀǾŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ όʵ18hΣ ʵ2H) iz oborina i 

prokapnice, te odabira stalagmita najprikladnijih za daljnje izotopne analize. 

½ŀ ǇƻǘǊŜōŜ ǇǊŀŏŜƴƧŀ ŀǘƳƻǎŦŜǊǎƪƛƘ ǳǾƧŜǘŀ ǳ ǑǇƛƭƧŀƳŀ ƛ ƴŀ ǇƻǾǊǑƛƴƛ ǇƻǎǘŀǾƭƧŜƴƛ ǎǳ Iƻōƻϯ data 

ƭƻƎƎŜǊƛ Ȋŀ ǾƛǎƪƻǊŜȊƻƭǳŎƛƧǎƪƻ ōƛƭƧŜȌŜƴƧŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛ ǊŜƭŀǘƛǾƴŜ ǾƭŀƎŜ ȊǊŀƪŀΣ ǇƻŘŜǑŜƴi za mjerenje u 

ƛƴǘŜǊǾŀƭƛƳŀ ƻŘ м ǎŀǘŀ ό{ƭƛƪŀ нŀύΦ ¦ǊŜŚŀƧƛ ǎǳ ǳ ǑǇƛƭƧŀƳŀ ǇƻǎǘŀǾƭƧŀƴƛ ƴŀ ǳŘŀƭƧŜƴƻǎǘƛƳŀ ƻŘ рл ƳΣ ул Ƴ ƛ мтл 

m od uƭŀȊŀ ό{ƭƛƪŀ мύΦ ±ŀƴƧǎƪƛ ǳǊŜŚŀƧƛ ǇƻǎǘŀǾƭƧŜƴƛ ǎǳ ƴŀ ƴŀƧǇǊƛƪƭŀŘƴƛƧƛƳ ƳƧŜǎǘƛƳŀ ǳ ōƭƛȊƛƴƛ ǑǇƛƭƧŀ όмл Ƴ ƻŘ 

ulaza u NG, 80 m od ulaza u LOK i 500 m od ulaza u MOD). 

aƧŜǊŜƴƧŜ ƛƴǘŜƴȊƛǘŜǘŀ ǇǊƻƪŀǇŀǾŀƴƧŀ ǇǊƻǾŜŘŜƴƻ ƧŜ ƪƻǊƛǑǘŜƴƧŜƳ ŀǳǘƻƳŀǘǎƪƻƎ ŀƪǳǎǘƛőƴƻƎ ōǊƻƧŀőŀ 

kapljica (Drip logger {ǘŀƭŀƎƳŀǘŜϯΣ /ƻƭƭƛǎǘŜǊ ϧ aŀǘǘŜȅΣ нллрύΦ tƻǎǘŀǾƭƧŜƴƻ ƧŜ ǎŜŘŀƳ ǳǊŜŚŀƧŀ ό{ƭƛƪŀ нŎύ 

ƪƻƧƛ ǎǳ ōƛƭƧŜȌƛƭƛ ǾǊƛƧŜŘƴƻǎǘƛ ōǊƻƧŀ kapljica u jednom satu na mjestima uzorkovanih siga (Slika 2b). 

aƧŜǎŜőƴƛ ƪƻƳǇƻȊƛǘƴƛ ǳȊƻǊŎƛ ƻōƻǊƛƴŀ ƛ ǇǊƻƪŀǇƴƛŎŜ ǇǊƛƪǳǇƭƧŀƴƛ ǎǳ ǳ ǇƭŀǎǘƛőƴƛƳ ǇƻǎǳŘŀƳŀ όмл ƭ ƛ мΣр ƭύ  ƴŀ 

ǳƴŀǇǊƛƧŜŘ ƻŘǊŜŚŜƴƛƳ ƳƧŜǎǘƛƳŀ ǳ ōƭƛȊƛƴƛ ǑǇƛƭƧŀ ό{ƭƛƪŀ нŘύ ƻŘƴƻǎƴƻ ƴŀ ƳƧŜǎǘƛƳŀ ǇƻǎǘŀǾƭƧŀƴja drip loggera 

ό{ƭƛƪŀ нŎύΦ ¢ŀƪƻŚŜǊΣ ƪŀƪƻ ōƛ ǎŜ ǇǊƻŎƛƧŜƴƛƭŀ ǇƻőŜǘƴŀ 14/ ŀƪǘƛǾƴƻǎǘ ƪŀƻ ƛ Ȋŀ ǇǊƻǾƧŜǊǳ ǊŀǾƴƻǘŜȌƴƛƘ ǳǾƧŜǘŀ 

ǘŀƭƻȌŜƴƧŀΣ ƴŀ ǎǘŀƪƭŜƴƛƳ ǇƭƻőƛŎŀƳŀ ǎŀƪǳǇƭƧŀƴ ƧŜ ƛ ǊŜŎŜƴǘƴƛ ƪŀƭŎƛǘ ό{ƭƛƪŀ нŜύΦ 
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Slika 2. a) TH logger; b) aktivna siga MOD-31 koja je uzeta za analize; c) drip-logger postavljen na mjesto 

uzorkovane sige MOD-омΤ Řύ ǇǊƛƪǳǇƭƧŀƴƧŜ ƪƛǑƴƛŎŜ ǳ [ƻƪǾŀƳŀΤ Ŝύ ǇǊƛƪǳǇƭƧŀƴƧŜ ǊŜŎŜƴǘƴƻƎ ƪŀƭŎƛǘŀ ǳ [ƻƪǾŀǊŎƛΦ  

 

¦ȊƻǊŎƛ ǎƛƎŀ ƛȊŀōǊŀƴƛ Ȋŀ ƛǎǘǊŀȌƛǾŀƴƧŜ ƪǾŀǊǘŀǊƴƛƘ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ǇǊƻƳƧŜƴŀ ǳȊŜǘƛ ǎǳ ƻǇǊŜȊƴƻ ǇƻƳƻŏǳ 

ȌƛőŀƴŜ ǇƛƭŜΣ ŘŀƭŜƪƻ ƻŘ ǘǳǊƛǎǘƛőƪƛƘ ǇǳǘƻǾŀ ƪŀƪƻ ōƛ ǎŜ ǎƳŀƴƧƛƻ ŜǎǘŜǘǎƪƛ ƎǳōƛǘŀƪΦ tǊƛƪǳǇƭƧŜƴƻ ƧŜ ǎŜŘŀƳ 

stalagmita (NG-3, NG-7, LOK-1, LOK-2, MOD-31, MOD-32 i MOD-3оύΦ {Ǿƛ ǎǘŀƭŀƎƳƛǘƛ ǎǳ ǳȊŘǳȌƴƻ 

prepiljeni (Slika 3), ispolirani i pregledani kako bi se odredila njihova pogodnost za daljnje analize 

όƻŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ ƛ ǾŀǊƛƧŀŎƛƧŀ ƻƳƧŜǊŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ ǾƛǎƻƪŜ ǊŀȊƭǳőƛǾƻǎǘƛύΦ   

Analize omjera stabilnih izotopa kisika i ǾƻŘƛƪŀ όʵ18h ƛ ʵ2H) u uzorcima oborina i prokapnice 

provedena su u laboratoriju u School of Geography, The University of Melbourne (Australija). 

bŀǇǊŀǾƭƧŜƴŜ ǎǳ ŀƴŀƭƛȊŜ нмм ǳȊƻǊŀƪŀ ǾƻŘŜΣ ǳȊ ǳǇƻǘǊŜōǳ ǳǊŜŚŀƧŀ Picarro L2120 cavity ring-down isotope 

analyser. Analize su provedene na Ғн Ƴ[ ǇƻŘǳȊƻǊƪŀ ŦƛƭǘǊƛǊŀƴŜ ǾƻŘŜ  ƪƻǊƛǑǘŜƴƧŜƳ ƛƴǎǘǊǳƳŜƴǘŀ ǳ high-

precision ƴŀőƛƴǳ ǊŀŘŀ όǑŜǎǘ ƛƴƧŜƪŎƛƧŀ Ǉƻ ǳȊƻǊƪǳύΦ ¦ȊƻǊŎƛ ƛȊƻǘƻǇƴƛƘ ƻƳƧŜǊŀ ƴƻǊƳŀƭƛȊƛǊŀƴƛ ǎǳ ƴŀ 

ƳŜŚǳƴŀǊƻŘƴǳ ±-{ah² ǎƪŀƭǳ ƪƻǊƛǎǘŜŏƛ ŦǳƴƪŎƛƧǳ ǇǊƛƧŜƴƻǎŀ ǳ őŜǘƛǊƛ ǘƻőƪŜ ǇƻƳƻŏǳ ŘǾŀ ƳŜŚǳƴŀǊƻŘƴŀ 

(GISP2, VSMOW) i dva interna standarda (WOOLIES, LAKE).  

Analize omjera stabilnih izotopa ugljika i ƪƛǎƛƪŀ όʵ13/ ƛ ʵ18O) na 450 uzoraka kalcita siga iz 

Lokvarke provedene su u Geological and Geochemical Research, Research Centre for Astronomy and 

9ŀǊǘƘ {ŎƛŜƴŎŜǎ IǳƴƎŀǊƛŀƴ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ όaŀŚŀǊǎƪŀύ ǳǇƻǘǊŜōƻƳ ŀǳǘƻƳŀǘƛȊƛǊŀƴƻƎ ǳǊŜŚŀƧŀ Ȋŀ 

pripreme uzoraka GASBENCH II ǇǊƛőǾǊǑŏŜƴƻƎ ƴŀ Thermo Finnigan Delta Plus XP maseni spektrometar. 

Izotopne varijacije όʵ13/ ƛ ʵ18O) na 910 poduzoraka iz 2 ǎƛƎŜ ƛȊ bƻǾŜ DǊƎƻǎƻǾŜ ǑǇƛƭƧŜΣ ǘŜ ммсл ǇƻŘǳȊƻǊŀƪŀ 

ƛȊ о ǎƛƎŜ ƛȊ aƻŘǊƛőŀ ŀƴŀƭƛȊƛǊŀƴŜ ǎǳ na University of Melbourne (Australija) na Analytical Precision 

AP2003 continuous-flow isotope-ratio masenom spektrometru. 

hŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ ǎƛƎŀ ǇǊƻǾŜŘŜƴƻ ƧŜ ƴŀ ǘŜƳŜƭju analiza radioaktivnih izotopa ugljika (14C) te 

uranija i torija (U-¢Ƙ ƴƛȊύ ƪƻƧŜ ǎƛƎŜ ǎŀŘǊȌŜΦ ¦-Th mjerenja su izvedena na Nu Instruments Plasma MC-

ICPMS (Multi Collector Inductively Coupled Plasma Mass Spectrometry) u School of Earth Sciences, The 

University of Melbourne (Australija) gdje je do sada analizirano ukupno 48 poduzoraka iz siga iz Nove 

DǊƎƻǎƻǾŜ ƛ aƻŘǊƛő ǑǇƛƭƧŜ ƪƻƧŜ ǎǳ ƛƳŀƭŜ ȊŀŘƻǾƻƭƧŀǾŀƧǳŏǳ ƪǾŀƭƛǘŜǘǳ ƛ ƪƻƭƛőƛƴǳ ¦ ƛ ¢ƘΦ Yŀƪƻ ōƛ ǎŜ ƪǊƻƴƻƭƻƎƛƧŀ 

ŘƻŘŀǘƴƻ ǇƻǇǊŀǾƛƭŀ ƧƻǑ ƧŜ мр ǇƻŘǳȊƻǊŀƪŀ ǳ ǇǊƛǇǊŜmi za U-Th datiranje. 
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{ƭƛƪŀ оΦ ¦ȊŘǳȌƴƛ ǇǊŜǎƧŜŎƛ ǳȊƻǊŀƪŀ ǎƛƎŀ ƛȊ ƛǎǘǊŀȌƛǾŀƴƛƘ ǑǇƛƭƧŀ 

½ōƻƎ ǾŜƭƛƪƻƎ ǳŘƧŜƭŀ ŘŜǘǊƛǘǳǎŀ ǳ ǎƛƎŀƳŀ όƛƴƪƻǊǇƻǊƛǊŀƴŜ őŜǎǘƛŎŜ ƎƭƛƴŜύ ƪƻƧƛ ƪƻŘ ƻŘǊŜŚƛǾŀƴƧŀ ǎǘŀǊƻǎǘƛ 

metodom U-¢Ƙ ǳȊǊƻƪǳƧǳ ǇƻƎǊŜǑƪǳΣ ǳȊƻǊŎƛ ǎƛƎŀ [hY-1 i LOK-2 iz Lokvarke nisu bili pogodni za U-Th 

ŀƴŀƭƛȊŜΣ ǘŜ ƧŜ ǎǘŀǊƻǎǘ ƻŘǊŜŚŜƴŀ ƳŜǘƻŘƻƳ 14C. Priprema za datiranje ukupno 12 uzoraka je napravljena 

u Laboratoriju za mjerenje niskih radioŀƪǘƛǾƴƻǎǘƛ Lƴǎǘƛǘǳǘŀ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ Řƻƪ ǎǳ ƳƧŜǊŜƴƧŀ ƴŀ 

provedena na 500kV compact Pelletron AMS u Center for Applied Isotopes Studies, University of 

Georgia (SAD). Osim datiranja 12 poduzoraka siga, mjerena je i 14C aktivnost na 3 uzorka recentnog 

kalcita. 

Zahvala 

LǎǘǊŀȌƛǾŀƴƧŀ ǎǳ ŦƛƴŀƴŎƛǊŀƴŀ ǇǊƻƧŜƪǘƻƳ Hrvatske zaklade za znanost HRZZ-IP-2013-11-1623 
wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ ς REQUENCRIM. 
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Preliminarni rezultati ƛǎǘǊŀȌƛǾŀƴƧŀ ǎƛƎŀ ǳ ƻƪǾƛǊǳ projekta 
REQUENCRIM  

aŀǑŀ {ǳǊƛŏ 

hŘƧŜƭ Ȋŀ ƎŜƻƎǊŀŦƛƧǳΣ /ŜƴǘŀǊ Ȋŀ ƛǎǘǊŀȌƛǾŀƴƧŜ ƪǊǑŀ ƛ ǇǊƛƻōŀƭƧŀΣ {ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀŘǊǳΣ 
Zadar 

tǊǾŀ ŦŀȊŀ ǇŀƭŜƻƻƪƻƭƛǑƴƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀ ƴŀ ǘŜƳŜƭƧǳ ȊŀǇƛǎŀ ƛȊ ǎƛƎŀ ƻōǳƘǾŀŏŀ ƳƻƴƛǘƻǊƛƴƎ ǊŜŎŜƴǘƴƛƘ 

ǳǾƧŜǘŀ ǘŀƭƻȌŜƴƧŀ ǎƛƎŀ ǳ bƻǾƻƧ DǊƎƻǎƻǾƻƧ ǑǇƛƭƧƛΣ [ƻƪǾŀǊŎƛ ƛ aƻŘǊƛőǳΣ ƪƻƧƛƳ ǎŜ ǘǊŜōŀƭŀ Řƻōƛǘƛ ǇƻǘǾǊŘŀ ƻ 

pouzdanosti izotopnih zapisa u sigama, te otkriti dominantne recentne atmosferske utjecaje u 

ǇƻŘǊǳőƧǳ ƴƧƛƘƻǾŀ ǘŀƭƻȌŜƴƧŀΦ ¦ǎǘŀƴƻǾƭƧŜƴƻ ƧŜ Řŀ ǳ ǎǾŜ ǘǊƛ ǑǇƛƭƧŜ ǾƭŀŘŀƧǳ ǇǊŀǾƛ ǑǇƛƭƧǎƪƛ ǳǾƧŜǘƛ ǳ ǎƳƛǎƭǳ 

ǳƧŜŘƴŀőŜƴŜ ǘŜƳǇŜǊŀǘǳǊŜ ȊǊŀƪŀ όbƻǾŀ DǊƎƻǎƻǾŀ 11,н ϲ/, Lokvarka 7,р ϲ/Σ aƻŘǊƛő 16,с ϲ/, sa sezonskim 

ŀƳǇƭƛǘǳŘŀƳŀ ǳƴǳǘŀǊ м ϲ/ύ ƛ ǊŜƭŀǘƛǾƴŜ ǾƭŀȌƴƻǎǘƛ ȊǊŀƪŀ όмлл҈ύ Ǒǘƻ ƧŜ ƧŜŘŀƴ ƻŘ ǇǊŜŘǳǾƧŜǘŀ Řŀ ƛȊƻǘƻǇƴƛ ȊŀǇƛǎ 

ǳ ǎƛƎŀƳŀ ǳƪŀȊǳƧŜ ƴŀ ǾƛǑŜƎƻŘƛǑƴƧŜ όƪƭƛƳŀǘǎƪŜύ ǇǊƻƳƧŜƴŜΦ LƴǘŜƴȊƛǘŜǘ ǇǊƻƪŀǇŀǾŀƴƧŀ ƴŀ ƳƧŜǎǘƛƳŀ ƎŘƧŜ ǎǳ 

ǳȊŜǘŜ ǎƛƎŜ ǾŀǊƛǊŀƻ ƧŜ ƻŘ ƛȊƴƛƳƴƻ ǳƧŜŘƴŀőŜƴƻƎ όƴǇǊΦ о ƪŀǇƛκǎŀǘ ǳ ǑǇƛƭƧƛ aƻŘǊƛőύΣ Ǉŀ Řƻ ƛȊǊŀȊƛǘƻ ǾŀǊƛƧŀōƛƭƴƻƎ 

tj. ovisnog o intenzitetu oborina (npr. u Lokvarci) (Slika 1). Na temeljǳ ƘƛŘǊƻƎŜƻƭƻǑƪƛƘ ȊƴŀőŀƧƪƛ 

vodonosnika, odnosno pojedinih mjesta prokapavanja determiniranih na temelju varijacija intenziteta 

ƛ ƪƻƭƛőƛƴŜ ǇǊƻƪŀǇŀǾŀƴƧŀ ό{ƭƛƪŀ нύ ƳƻƎƭŀ ǎŜ ǾŜŏ ŘƛƧŜƭƻƳ ǇǊŜǘǇƻǎǘŀǾƛǘƛ ǳƴǳǘǊŀǑƴƧŀ ǎǘǊǳƪǘǳǊŀ ǇǊƛǇŀŘŀƧǳŏƛƘ 

siga i njihova kvaliteta za ŘŀƭƧƴƧŜ ŀƴŀƭƛȊŜ ό{ǳǊƛŏ Ŝǘ ŀƭΦΣ нлмтύΦ 

 

 

 

 

 

 

 

 

 

 

 

 
Slika 1. Intenziteti prokapavanja na mjestima 
uzorkovanih siga u odnosu na intenzitet oborina 

Slika 2. Klasifikacija tipova 
prokapavanja 
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Izotopni ǎŀǎǘŀǾ ǾƻŘŜ ǇǊƻƪŀǇƴƛŎŜ όʵ2I ƛ ʵ18O), na svim ƳƧŜǎǘƛƳŀ ǇǊƻƪŀǇŀǾŀƴƧŀ όƻǎƛƳ ŘƧŜƭƻƳƛőƴƻ 

na LOK-1), ƧŜ ƛȊǊŀȊƛǘƻ ǎǘŀōƛƭŀƴΣ ƻŘƴƻǎƴƻ ǇǊƻƪŀǇƴƛŎŀ ƧŜ ŘƻōǊƻ ƘƻƳƻƎŜƴƛȊƛǊŀƴŀ ōŜȊ ƛȊǊŀȌŜƴƛƘ ǎŜȊƻƴǎƪƛƘ 

varijacija (Slika 3), Ǒǘƻ ǘŀƪƻŚŜǊ ƛŘŜ ǳ ǇǊƛƭƻƎ őƛƴƧŜƴƛŎƛ Řŀ ŏŜ ǾŀǊƛƧŀŎƛƧŀ ƛȊƻǘƻǇƴƛƘ ȊŀǇƛǎŀ ǳ ǎƛƎŀƳŀ ƻŘǊŀȌŀǾŀǘƛ 

ǾƛǑŜƎƻŘƛǑƴƧŜ ƻƪƻƭƛǑƴŜ ǇǊƻƳƧŜƴŜΦ ¦ǎǇƻǊŜŘōƻƳ ƭƻƪŀƭƴƛƘ ƭƛƴƛƧŀ ƳŜǘŜƻǊǎƪŜ ǾƻŘŜ ƛ Ř-ǎǳǾƛǑƪŀ ǳǘǾǊŚŜƴƻ ƧŜ Řŀ 

ǎŜ ƴŀ ǎǾŜ ǘǊƛ ƭƻƪŀŎƛƧŜ ƳƛƧŜǑŀƧǳ ŀǘƭŀƴǘǎƪƛ ƛ ǎǊŜŘƻȊŜƳƴƛ ǳǘƧŜŎŀƧƛΦ  

 

 

 
 

{ƭƛƪŀ оΦ aƧŜǎŜőƴŜ ǾŀǊƛƧŀŎƛƧŜ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ όʵ2I ƛ ʵ18hύ ƪƛǑƴƛŎŜ ƛ ǇǊƻƪŀǇƴƛŎŀΣ ǘŜ usporedba 
lokalnih s globalnom linijom meteorske vode (GMWL) 

 

5ǊǳƎƛ ƛ ƎƭŀǾƴƛ Řƛƻ ƻǾƛƘ ƛǎǘǊŀȌƛǾŀƴƧŀ ƻōǳƘǾŀǘƛƻ ƧŜ ŀƴŀƭƛȊǳ ƛȊƻǘƻǇƴƛƘ ǎƛƎƴŀƭŀ ȊŀōƛƭƧŜȌŜƴƛƘ ǳ 

ǾŀǊƛƧŀŎƛƧŀƳŀ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ όʵ13/ ƛ ʵ18O) apsolutno datiranih siga. Preliminarni rezultati mjerenja 

ǎǘŀǊƻǎǘƛ ǎƛƎŀ ŘŀƧǳ ǊŀǎǇƻƴ ƻŘ aL{ мл Ǉŀ Řƻ ǎŀŘŀǑƴƧƻǎǘƛ ό{ƭƛƪŀ пύ ǎ ǾŜŏƻƳ ƪƻƭƛőƛƴƻƳ ǇƻŘŀǘŀƪŀ ƛȊ ƘƻƭƻŎŜƴŀ 

jer su ciljano bile uzimane aktivne sige. 

hōƧŜ ǎƛƎŜ ƛȊ bƻǾŜ DǊƎƻǎƻǾŜ ǑǇƛƭƧŜ όbD-3 i NG-7) su u potpunosti holocenske starosti te je izotopni 

ȊŀǇƛǎ ƻőŜƪƛǾŀƴƻ ƴŜǑǘƻ ƳŀƴƧŜ ǾŀǊƛƧŀōƛƭƴƻǎǘƛΦ aŜŚǳǘƛƳΣ ǎ ƻōȊƛǊƻƳ ƴŀ ǾǊƭƻ ƘƻƳƻƎŜƴǳ ǘŜƪǎǘǳǊǳ ƪŀƭŎƛǘŀ ōŜȊ 

ǇǊƛǎǳǘƴƛƘ ƘƛƧŀǘǳǎŀ Ǒǘƻ ƧŜ ǇƻǎƭƧŜŘƛŎŀ ǳƧŜŘƴŀőŜƴƻƎ Řƻǘƻƪŀ ƻǘƻǇƛƴŜΣ ƛ ǘŀƭƻȌŜƴƧŀ ǳ ǳǾƧŜǘƛƳŀ ƛȊƻǘƻǇƴŜ 

ǊŀǾƴƻǘŜȌŜ Ǒǘƻ ƧŜ ǇƻǘǾǊŚŜƴƻ IŜƴŘȅ ǘŜǎǘƻƳ ƛ ŀƴŀƭƛȊƻƳ ǊŜŎŜƴǘƴƻƎ ƪŀƭŎƛǘŀΣ ǇƻƪǳǑŀǘ ŏŜ ǎŜ ŘŜǘŀƭƧƴƛƧŜ 

ǊŜƪƻƴǎǘǊǳƛǊŀǘƛ ǇŀƭŜƻƪƭƛƳŀǘǎƪƛ ǎƛƎƴŀƭƛ ƻŘ ǇǊƛƧŜ уΣн ƪŀ ƛ пΣн ƪŀ ƪƻƧƛ ǎǳ ȊŀōƛƭƧŜȌŜƴƛ ǳ ƳƴƻƎƛƳ ƘƻƭƻŎŜƴǎƪƛƳ 

ǎƛƎŀƳŀ όŜΦƎΦ 5ǊȅǎŘŀƭŜ Ŝǘ ŀƭΦΣ нллсΤ ½ŀƴŎƘŜǘǘŀ Ŝǘ ŀƭΦΣ нлмсΤ [ƻƴőŀǊ Ŝǘ ŀƭΦΣ нлмтύΦ Lŀƪƻ ƪǊŀǘƪƻƎ ǾǊŜƳŜƴǎƪƻƎ 

raspona, petrografijŀΣ ƪǾŀƭƛǘŜǘŀ ǎƛƎƻǾƛƴŜ ƛ ƪƻƴŎŜƴǘǊŀŎƛƧŀ ¦ ƛ ¢Ƙ őƛƴŜ ƻǾŜ ǎǘŀƭŀƎƳƛǘŜ ƴŀƧōƻƭƧƛƳŀ ƻŘ ǎǾƛƘ 

uzorkovanih siga.   
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Sige iz Lokvarke (LOK-1 i LOK-оύΣ ǎǳ ƴŀȌŀƭƻǎǘ ōƛƭŜ ƴŀƧƭƻǑƛƧŜ ƪǾŀƭƛǘŜǘŜ ȊōƻƎ ƴŜǳƧŜŘƴŀőŜƴƻƎ 

prihranjivanja ovisnog o promjenjivom intenzitetu oborina (fracture flow). Takvi pukotinski otvori 

ƻƳƻƎǳŏǳƧǳ ǇǊƻƭŀȊŀƪ ƛ ƎƭƛƴƻǾƛǘƻƎ ŘŜǘǊƛǘǳǎŀ ƪƻƧƛ ƛƴƪƻǊǇƻǊŀŎƛƧƻƳ ǳ ǎƛƎŀƳŀ ƻƴŜƳƻƎǳŏǳƧŜ ŘŀǘƛǊŀƴƧŜ ¦-Th 

metodom. Metodom 14/ ƛǇŀƪ ǎǳ ƻŘǊŜŚŜƴƛ ƛƴǘŜǊǾŀƭƛ Ǌŀǎǘŀ ǎƛƎŀΣ ƴƻ ȊōƻƎ ōƭƛȊƛƴŜ ƭƛƳƛǘŀ ƳŜǘƻŘŜ όптΣу-45,6 

ka) i izrazito heterogenog teksture, uzorak LOK-3 izuzet je iz daljnjih analiza. Na stalagmitu LOK-1 

ǘŀƭƻȌŜƴƻƳ ƻŘ ǇǊƛƧŜ пнΣт ƪŀ Řƻ ǇǊƛƧŜ мнΣф ƪŀ ƻǎƛƳ ƛȊƻǘƻǇƴƻƎ ǇǊƻŦƛƭŀ ƴŀǇǊŀǾƛǘ ŏŜ ǎŜ ƛ ŀƴŀƭƛȊŜ ŦƭǳƛŘƴƛƘ 

inkluzija. 

{ƛƎŜ ƛȊ ǑǇƛƭƧŜ aƻŘǊƛő όah5-31, MOD-32, MOD-ооύ ƻōǳƘǾŀŏŀƧǳ ƴŀƧŘǳlje vremenske intervale od 

ǇǊƛƧŜ оср ƪŀ .t Řƻ ǎŀŘŀǑƴƧƻǎǘƛ ό{ƭƛƪŀ пύΦ ±ŜƭƛƪŜ ŀƳǇƭƛǘǳŘŜ ʵ13C (Ғмм҉ύ ƛ ʵ18O (Ғр҉ύ ǳǇǳŏǳƧǳ Řŀ ǎǳ 

ȊŀōƛƭƧŜȌŜƴŜ ȊƴŀőŀƧƴŜ ǇǊƻƳƧŜƴŜ ǘŜƳǇŜǊŀǘǳǊŜΣ ƪƻƭƛőƛƴŜ oborina, vegetacijskog pokrova i sl., a njihova 

ǘƻőƴŀ ƎŜƻƪǊƻƴƻƭƻǑƪŀ ŘŜǘŜǊƳƛƴŀŎƛƧŀ ōƛǘ ŏŜ ƳƻƎǳŏŀ ƴŀƪƻƴ ŘƻŘŀǘƴƛƘ ¦-Th datacija koje su u tijeku. 

LǎǘƻŘƻōƴƛ Ǌŀǎǘ ǇƻƧŜŘƛƴƛƘ ŘƛƧŜƭƻǾŀ ǊŀȊƭƛőƛǘƛƘ ǎƛƎŀ Řŀǘ ŏŜ ǳǾƛŘ ǳ ŜǾŜƴǘǳŀƭƴǳ ǊŜǇƭƛƪŀŎƛƧǳ ƛȊƻǘƻǇƴƻƎ ǎƛƎƴŀƭŀ 

koja bi ŘƻŘŀǘƴƻ ǇƻǘǾǊŘƛƭŀ ǊŀǾƴƻǘŜȌƴŜ ǘŀƭƻȌƴŜ ǳǾƧŜǘŜ ǇǊŜǘǇƻǎǘŀǾƭƧŜƴŜ ǾŜŏ IŜƴŘȅ ǘŜǎǘƻǾƛƳŀΦ 

 

 
Slika 4. Vremenski raspon kojeg pokrivaju analizirane sige 

 

¢ƛƧŜƪƻƳ ŎƛƧŜƭƻƎ ǘǊŀƧŀƴƧŀ ǇǊƻƧŜƪǘŀ ǎǳǎǊŜǘŀƭƛ ǎƳƻ ǎŜ ǎ ǊŀȊƭƛőƛǘƛƳ ȊŀǇǊŜƪŀƳŀ ƛƭƛ ǇǊƻōƭŜƳƛƳŀ ƻŘ ƪƻƧƛƘ 

su se neki moƎƭƛ ƻőŜƪƛǾŀǘƛ ƪŀƻ Ǒǘƻ ǎǳ ƴǇǊΦ ǎǳǑƴŀ ǊŀȊŘƻōƭƧŀ ƛƭƛ ŘƻƎŀŚŀƧƛ ǎ ƛȊƴƛƳƴƻ ǾƛǎƻƪƛƳ ƛƴǘŜƴȊƛǘŜǘƻƳ 

ƻōƻǊƛƴŀ όƴǇǊΦ ммΦ ǊǳƧƴŀ нлмтΦ ǳ {ǘŀǊƛƎǊŀŘǳ ƛ ½ŀŘǊǳύΣ ǇǊŜƪƛŘƛ ǊŀŘŀ ƛƴǎǘǊǳƳŜƴŀǘŀ ȊōƻƎ ǇƻǘǊƻǑŜƴƛƘ ōŀǘŜǊƛƧŀΣ 

ƧŜŘƴƻǎǘŀǾƴƻ ǇǳŎŀƴƧŜ ƻǇǊŜƳŜ ȊōƻƎ ƛȊƭƻȌŜƴƻǎǘƛ ŀǘƳƻǎŦŜǊƛƭƛƧŀƳŀ ƛ ǎƭΦ ό{ǳǊƛŏΣ нлмтύΦ 5ǊǳƎƛ ǾƛŘ ȊŀǇǊŜƪŀ ƧŜ 

ōƛƻ ƻōƧŜƪǘƛǾƴŜ ǇǊƛǊƻŘŜ ƧŜǊ ǎǳ ŀƴŀƭƛȊŜ ǊŀŚŜƴŜ ǳ ƭŀōƻǊŀǘƻǊƛƧƛƳŀ ǳ ƪƻƧƛƳŀ ƧŜ őŜǎǘƻ ōƛƭƻ ǇƻǘǊŜōƴƻ αőŜƪŀǘƛ 

ǊŜŘά ƴŀ ŘƻǎǘǳǇƴƻǎǘ ƛƴǎǘǊǳƳŜƴǘŀΣ ǘŜ ǎŜ ƴŜǇǊŜƪƛŘƴƻ ƪŀǎƴƛƭƻ ǎ ǇǊŜŘǾƛŚŜƴƛƳ ǇƭŀƴƻƳΦ aŜŚǳǘƛƳΣ ōƛƭƻ ƧŜ ƛ 

ƴŜƻőŜƪƛǾŀƴƛƘ ǎƛǘǳŀŎƛƧŀ ǇƻǇǳǘ ǘŜ ƪŀŘ ƧŜ ǳ ƴŜƪƻƭƛƪƻ ƴŀǾǊŀǘŀ ȌƛǾƻǘƛƴƧŀ όǾƧŜǊƻƧŀǘƴƻ ƪǳƴŀύ ǊŀȊōŀŎƛǾŀƭŀ 

ƻǇǊŜƳǳ ǳ ǑǇƛƭƧƛ aƻŘǊƛőΣ ƻŘƴƻǎƴƻ ƪŀŘ ƧŜ ŀǳǎǘǊŀƭǎƪŀ ŎŀǊƛƴǎƪŀ ǎƭǳȌōŀ ǳ ƪŀǊŀƴǘŜƴƛ ǇǊƻŎƛƧŜƴƛƭŀ ōƛƻƭƻǑƪǳ 

ƻǇŀǎƴƻǎǘ ǘŜ ƻȊǊŀőƛƭŀ ǳȊƻǊƪŜ ǾƻŘŜ ƛ ƴŀǊǳǑƛƭŀ ƛƴƛŎƛƧŀƭƴƛ ƛȊƻǘƻǇƴƛ ǎŀǎǘŀǾΦ ¦ƴŀǘƻő ǎǾŜƳǳΣ ǊŜȊǳƭǘŀǘƛ ǎǳ ǳ 

ƴŀƧǾŜŏƻƧ ƳƧŜǊƛ ȊŀŘƻǾƻƭƧŀǾŀƧǳŏƛ ƛ ōƛǘ ŏŜ ȊƴŀőŀƧŀƴ ǇǊƛƭƻƎ ǊŜƪƻƴǎǘǊǳƪŎƛƧƛ ƪǾŀǊǘŀǊƴƻƎ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧΣ ŀƭƛ 

i na regionalnoj i globalnoj razini.  
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Zahvala 

LǎǘǊŀȌƛǾŀƴƧŀ ǎǳ ŦƛƴŀƴŎƛǊŀƴŀ ǇǊƻƧŜƪǘƻƳ Hrvatske zaklade za znanost HRZZ-IP-2013-11-1623 
wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ (Reconstruction of 
the Quaternary environment in Croatia using isotope methods) ς REQUENCRIM, 2014 ς 2018. 
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Algni vijenci kao markeri relativne promjene morske razine i 
ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀ ǘƛƧŜƪƻƳ ƪŀǎƴƻƎ ƘƻƭƻŎŜƴŀ ŘǳȌ ƛǎǘƻőƴŜ ƻbale 

Jadrana 

Sanja Faivre1, Tatjana Bakran-Petricioli2Σ WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏ3Σ 5ŀƳƛǊ .ƻǊƪƻǾƛŏ3 
1{ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀƎǊŜōǳΣ tǊƛǊƻŘƻǎƭƻǾƴƻ-ƳŀǘŜƳŀǘƛőƪƛ ŦŀƪǳƭǘŜǘΣ DŜƻƎǊŀŦǎƪƛ ƻŘǎƧŜƪΣ ½ŀƎǊŜō 
2{ǾŜǳőƛƭƛǑǘŜ ǳ ½ŀƎǊŜōǳΣ tǊƛǊƻŘƻǎƭƻǾƴƻ-ƳŀǘŜƳŀǘƛőƪƛ ŦŀƪǳƭǘŜǘΣ .ƛƻƭƻǑƪƛ ƻŘǎƧŜƪΣ Zagreb 

3Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ ½ŀƎǊŜō 

 

bŀƧǾŜŏƛ ōǊƻƧ ƛǎǘǊŀȌƛǾŀƴƧŀ ǇŀƭŜƻ-ƳƻǊǎƪŜ ǊŀȊƛƴŜ ƪŀƪƻ ǳ {ǾƛƧŜǘǳ ǘŀƪƻ ƛ ŘǳȌ ƛǎǘƻőƴŜ ƻōŀƭŜ WŀŘǊŀƴŀ 

ƻŘƴƻǎŜ ǎŜ ƴŀ ǊŀȊŘƻōƭƧŜ ƪŀǎƴƻƎ ƘƻƭƻŎŜƴŀΦ ½ŀ ƛǎǘǊŀȌƛǾŀƴƧŜ ǊŜƭŀǘƛǾƴŜ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ǘƛƧŜƪƻƳ ǇƻǎƭƧŜŘƴƧƛƘ 

2000 godina koriste sŜ ƛ ƪƻƳōƛƴƛǊŀƧǳ ǊŀȊƭƛőƛǘƛ ƳŀǊƪŜǊƛ όƎŜƻƳƻǊŦƻƭƻǑƪƛΣ ǎŜŘƛƳŜƴǘƻƭƻǑƪƛΣ ōƛƻƭƻǑƪƛΣ 

ŀǊƘŜƻƭƻǑƪƛ ƛ ǇƻǾƛƧŜǎƴƛ ƛȊǾƻǊƛύ ƪƻƧƛ ǎǳ Řƻ ǎŀŘŀ ƪƻǊƛǑǘŜƴƛ ƛ ǳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀ ŘǳȌ ƛǎǘƻőƴŜ ƻōŀƭŜ WŀŘǊŀƴŀ όƴǇǊΦ 

Fouache i dr., 2000; Faivre i Fouache, 2003; Antonioli i dr. 2004; Benac i dr., 2004; Faivre i dr., 2010, 

2011, 2013; Faivre i Butorac, u tisku). 

LȊǾŀƴ ǘǊƻǇǎƪƻƎ ǇƻƧŀǎŀ ƴŀƧȊƴŀőŀƧƴƛƧƛ ƎǊŀŘƛǘŜƭƧƛ ōƛƻƪƻƴǎǘǊǳƪŎƛƧŀ ǎǳ ƪƻǊŀƭƛƴǎƪŜ ŀƭƎŜ ƪƻƧŜ ǇǊƛǇŀŘŀƧǳ 

crvenim algama, a karakterizira ih tvrdi talus ƻƧŀőŀƴ ǾŀǇƴŜƴŀőƪƛm naslagama ǳƴǳǘŀǊ ǎǘŀƴƛőƴƛƘ ǎǘƧŜƴƪƛΦ 

Rasprostranjene su na stjenovitim obalama cijelog svijeta. Pod povoljnijim uvjetima alga Lithophyllum 

byssoides ƎǊŀŘƛ ŀƭƎƴŜ ǾƛƧŜƴŎŜ ǳǇǊŀǾƻ ǳ Ȋƻƴƛ ōƛƻƭƻǑƪŜ ǎǊŜŘƴƧŜ ǊŀȊƛƴŜ ƳƻǊŀ ƪƻƧƛ ǎŜ ƳƻƎǳ ŘŀǘƛǊŀǘƛ 

metodom 14C. Algni vijenci uglavƴƻƳ ǎŜ ƛǎǘǊŀȌǳƧǳ ǳ aŜŘƛǘŜǊŀƴǳ ό[ŀōƻǊŜƭΣ мфусύ ƛ ǇƻƪŀȊŀƭƛ ǎǳ ǎŜ ŘƻōǊƛƳ 

ƛƴŘƛƪŀǘƻǊƻƳ ƴŜƪŀŘŀǑƴƧŜ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ŘǳȌ ƳƛƪǊƻǇƭƛƳƴƛƘ ƻōŀƭŀ ό[ŀōƻǊŜƭ ƛ ŘǊΦΣ мффпΣ [ŀōƻǊŜƭ ƛ [ŀōƻǊŜƭ-

5ŜƎǳŜƴΣ мффсΤ CŀƛǾǊŜ ƛ ŘǊΦΣ нлмоύΣ ƧŜǊ ŀƭƎŜ ƳƻƎǳ ȌƛǾƧŜǘƛ ǎŀƳƻ ǳ Ȋƻƴƛ ǇƭƛƳŜ ƛ ƻǎŜƪŜΦ ¢ƻ ƧŜ ǳƧŜŘƴƻ ƴŀƧǾƛǑŀ 

ōƛƻƎŜƴŀ ƪƻƴǎǘǊǳƪŎƛƧŀ ƴŀ aŜŘƛǘŜǊŀƴǳ όwƻǾŜǊŜ ƛ ŘǊΦΣ нлмрύΦ LǎǘǊŀȌƛǾŀƴƧŜ ōƛƻƭƻǑƪƛƘ ƳŀǊƪŜǊŀ ƳƻǊǎƪŜ ǊŀȊƛƴŜ 

ŘǳȌ ƛǎǘƻőƴŜ ƻōŀƭŜ WŀŘǊŀƴŀ ǇƻőŜƭƻ ƧŜ ǊŜƭŀǘƛǾƴƻ ƴŜŘŀǾƴƻ όCŀƛǾǊŜ ƛ ŘǊΦΣ нлмлΣ нлмоύ ǎ ŎƛƭƧŜƳ ŘƻōƛǾŀƴƧŀ 

preciznijih rezultata za analizu i ǳǎǇƻǊŜŘōǳ ǊŀȊƭƛőƛǘƛƘ ǇƻƪŀȊŀǘŜƭƧŀ ƳƻǊǎƪŜ ǊŀȊƛƴŜΦ 

tƻǘŜƴŎƛƧŀƭ ŀƭƎƴƛƘ ōƛƻƪƻƴǎǘǊǳƪŎƛƧŀ Řŀƴŀǎ ƧŜ ƴŜŘƻǾƻƭƧƴƻ ƛǎƪƻǊƛǑǘŜƴ ȊōƻƎ ƴŜ ǊŀȊǊƛƧŜǑŜƴƻƎ ǇƛǘŀƴƧŀ 

ƳŀǊƛƴǎƪƻƎ ǊŜȊŜǊǾƻŀǊ ŜŦŜƪǘŀ όaw9ύΣ ƛƭƛ ŜŦŜƪǘŀ ǎǇǊŜƳƴƛƪŀΣ ǇƻǘǊŜōƴƻƎ Ȋŀ ǘƻőƴǳ ƪŀƭƛōǊŀŎƛƧǳ ǊŜȊǳƭǘŀǘŀ 

dobivenih 14C anaƭƛȊƻƳ ƪŀǊōƻƴŀǘŀ ƳŀǊƛƴǎƪƻƎ ǇƻŘǊƛƧŜǘƭŀΦ hǎƛƳ ǘƻƎŀ ōǳŘǳŏƛ Řŀ ŀƭƎŀ ȌƛǾƛ ǳ Ȋƻƴƛ ǇƭƛƳŜ ƛ 

ƻǎŜƪŜΣ ǘƧΦ Řŀ ƧŜ ǇƻǘƻǇƭƧŜƴŀ ǘƛƧŜƪƻƳ ǇƭƛƳŜΣ ŀ ƛȊƭƻȌŜƴŀ ŀǘƳƻǎŦŜǊǎƪƛƳ ǳǾƧŜǘƛƳŀ Ȋŀ ǾǊƛƧŜƳŜ ƻǎŜƪŜ ǇƻǎǘŀǾƭƧŀ 

se pitanje koji ugljik koristi alga L. byssoides i pitanje visine marinskog rezervoar efekta. Stoga je veliki 

Řƛƻ ƻǾƻƎ ǇǊƻƧŜƪǘŀ ōƛƻ ǇƻǎǾŜŏŜƴ ǳǇǊŀǾƻ ǊŀȊǊƧŜǑŀǾŀƴƧǳ ǇƛǘŀƴƧŀ ƳŀǊƛƴǎƪƻƎ ǊŜȊŜǊǾƻŀǊ ŜŦŜƪǘŀ ǳ WŀŘǊŀƴǳ 

(Faivre i dr., 2015).  

Lŀƪƻ ǎǳ ƛǎǘǊŀȌƛǾŀƴƧŀ ǾŀǊƛƧŀōƛƭƴƻǎǘƛ aw9 ǎǾŜ őŜǑŏŀ ƛƳŀ Ƨŀƪƻ Ƴŀƭƻ ǇƻŘŀǘŀƪŀ Ȋŀ WŀŘǊŀƴΦ tǊǾŀ 

ƛǎǘǊŀȌƛǾŀƴƧŀ aw9 ƴŀőƛƴƧŜƴŀ ǎǳ ƴŀ с uzorka infralitoralnih organizama iz pre-bomb razdoblja, (Siani i dr., 

нлллΤ wŜƛƳŜǊ ƛ aŎ/ƻǊƳŀŎΣ нллнύΣ ŘŀƪƭŜ ƻǊƎŀƴƛȊƳƛ ƪƻƧƛ ǎǳ ƛȊǾŀŚŜƴƛ ƛȊ ƳƻǊŀ ǇǊƛƧŜ ǘŜǊƳƻƴǳƪƭŜŀǊƴƛƘ 

pokusa. Rezervoar tih uzoraka varira od 242 - 487 14C god. 

½ŀ ƻŘǊŜŚƛǾŀƴƧŜ aw9 ǇǊǾŜƴǎǘǾŜƴƻ ǎŜ ƪƻǊƛǎǘŜ ǑƪƻƭƧƪŀǑƛΣ Řƻƪ ǎŜ ƻ aw9 ŀƭƎƛ ǾǊƭƻ Ƴŀƭƻ ȊƴŀΦ .ǳŘǳŏƛ Řŀ 

u muzejima u Hrvatskoj ne postoje uzorci alge Lithophyllum byssoidesa iz Jadrana iz razdoblja prije 

1950. analizirane su najprije druge vrste alga (Corallina officinalis i Jania rubensύ ƛ ǑƪƻƭƧƪŀǑƛ ƪƻƧŜ őŜǎǘƻ 

nalazimo u algnim biokonstrukcijama. Rezultati 14C starosti i MRE morskih organizama pokazuju veliki 

raspon 14C ǎǘŀǊƻǎǘƛ ƛ ǊŜȊŜǊǾƻŀǊŀ ƻŘ рм ҕ нс Řƻ усф ҕ ро ƎƻŘ 14C (Faivre i dr., 2015). Rezervoari analiziranih 

pre-ōƻƳō ƭƧǳǑǘǳǊŀ ǑƪƻƭƧƪŀǑŀ ƛ ŀƭƎƛ ƛȊ WŀŘǊŀƴǎƪƻƎ ƳƻǊŀ ōƛǘƴƻ ǎŜ ǊŀȊƭƛƪǳƧǳΣ ƛŀƪƻ ƛ ǑƪƻƭƧƪŜ ƛ ŀƭƎŜ ƴŀǎǘŀƴƧǳƧǳ 

őǾǊǎǘŜ ǇƻŘƭƻƎŜΣ ƻŘ ƳŜŘƛƻƭƛǘƻǊŀƭƴŜ ȊƻƴŜ Řƻ ǇƭƛǘƪƻƎ ƳƻǊŀΣ ƛ ƧŜŘƴƛ ƛ ŘǊǳƎƛ ƪƻǊƛǎǘŜ / ƛȊ ƳƻǊǎƪŜ ǾƻŘŜ ƛȊ 5L/-a, 

ŀƭƎŜ ƪŀƻ ǇǊƛƳŀǊƴƛ ǇǊƻƛȊǾƻŚŀőƛΣ ŀ ǑƪƻƭƧƪŀǑƛ όŘŀƎƴƧŜύ ƪŀƻ ǎŜƭŜƪǘƛǾƴƛ ǇǊƛƳŀǊƴƛ ǇƻǘǊƻǑŀőƛΦ  
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{ ƻōȊƛǊƻƳ ƴŀ ŘƻōƛǾŜƴŜ ǊŜȊǳƭǘŀǘŜ ƛǎǘǊŀȌƛǾŀƴƧŀ όǾŜƭƛƪǳ ǾŀǊƛƧŀōƛƭƴƻǎǘ aw9ύ ƴŀǎǘŀǾƛƭƛ ǎƳƻ 

ǇǊŜǘǊŀȌƛǾŀƴƧŜ ƳǳȊŜƧǎƪƛƘ ȊōƛǊƪƛ u Europi (u potrazi za algom L. byssoides) te uspjeli dobiti i analizirati 

ǳƪǳǇƴƻ у ǳȊƻǊŀƪŀ ƛȊ aŜŘƛǘŜǊŀƴŀ ƛ ƧŜŘŀƴ ǳȊƻǊŀƪ ƛȊ !ǘƭŀƴǘƛƪŀΦ bŀőƛƴƧŜƴŜ ŀƴŀƭƛȊŜ 14C uzoraka poznate 

starosti dale su direktne dokaze o rezervoaru alge L. byssoides ƪƻƧƛ ǇǊƻǎƧŜőƴƻ ƛȊƴƻǎƛ wόǘύ оос ҕ пт 14C 

god i DR -ну ҕ пм 14C god. za karbonatne frakcije. Dobivene vrijednosti MRE znatno su homogenije i 

ƎŜƴŜǊŀƭƴƻ ǎǳ ƴƛȌŜ ǳ ƻŘƴƻǎǳ ƴŀ ǾǊƛƧŜŘƴƻǎǘƛ ǊŜȊŜǊǾƻŀǊŀ ǑƪƻƭƧƪƛ ƛȊ aŜŘƛǘŜǊŀƴŀ ǳ ƛǎǘƻƳ ǊŀȊŘƻōƭƧǳ ƪƻƧƛ ƛȊƴƻǎƛ 

пот ҕ ммр 14C godΣ ҟw млл ҕ фф 14/ ƎƻŘΦ Lŀƪƻ ƧŜ ǊŜȊŜǊǾƻŀǊ ŀƭƎƛ ƴƛȌƛ ƻŘ ǊŜȊŜǊǾƻŀǊŀ ǑƪƻƭƧƪŀǑŀ ǊŀȊƭƛƪŀ ƴƛƧŜ 

ǎǘŀǘƛǎǘƛőƪƛ ȊƴŀőŀƧƴŀ ōǳŘǳŏƛ Řŀ ǎŜ ǊŜȊǳƭǘŀǘƛ ǇǊŜƪƭŀǇŀƧǳ ǳƴǳǘŀǊ мˋ ȊōƻƎ ǾŜƭƛƪŜ ǾŀǊƛƧŀōƛƭƴƻǎǘƛ aw9 ƪƻŘ 

ǑƪƻƭƧƪŀǑŀΦ 

¦ ǑŜǎǘ ƻŘ ŘŜǾŜǘ ǳȊƻǊŀƪŀ L. byssoides ǳƻőŜƴŀ ƧŜ ȊƴŀőŀƧƴŀ ǊŀȊƭƛƪŀ ƛȊƳŜŚǳ ǊŜȊŜǊǾƻŀǊŀ ƪŀǊōƻƴŀǘƴƛƘ 

i organskih frakciƧŀ ƧŜǊ ƧŜ aw9 ƻǊƎŀƴǎƪƛƘ ŦǊŀƪŎƛƧŀ Ȋƴŀǘƴƻ ǾŜŏƛΦ ʵ13C organskih frakcija alge L. byssoides 

varira od моΦп҉ Řƻ -муΦт҉ ±t5. Ǒǘƻ Ȋƴŀőƛ Řŀ ǎǳ ǾǊƛƧŜŘƴƻǎǘƛ ǊŜƭŀǘƛǾƴƻ ƘƻƳƻƎŜƴŜ ǳƴǳǘŀǊ ǾǊǎǘŜΦ 

5ƻōƛǾŜƴŜ ʵ13C vrijednosti ne pokazuju nedvojbeno koji ugljik alge koriste alƛ ƴŜǑǘƻ ƴƛȌŜ ǾǊƛƧŜŘƴƻǎǘƛ 

rezervoara R(t) karbonatnih frakcija L. byssoides ǳ ƻŘƴƻǎǳ ƴŀ aw9 ǑƪƻƭƧƪŀǑŀ ǳ aŜŘƛǘŜǊŀƴǳ ƳƻȌŜ 

ǳǇǳŏƛǾŀǘƛ ƴŀ ǇŀǊŎƛƧŀƭƴƻ ƪƻǊƛǑǘŜƴƧŜ ǳƎƭƧƛƪŀ ƛȊ ŀǘƳƻǎŦŜǊŜ Řƻ ŎŎŀ нл ҈ ƴƻ ǘƻ Ȋŀ ǎŀŘŀ ƴƛƧŜ ƳƻƎǳŏŜ ǎǘŀǘƛǎǘƛőƪƛ 

potvrditi. Homogene vrijednosti L. byssoides ɻ13/ ǳǇǳŏǳƧǳ ƴŀ ǾǊƭƻ ƻǑǘǊƻ ǊŀȊƎǊŀƴƛőŜƴŜ ǳǾƧŜǘŜ ƻƪƻƭƛǑŀ 

mediolitoralne zone u kojoj alga raste. bŀǑ ǊŀŘ ǳƧŜŘƴƻ ƴŀƎƭŀǑŀǾŀ ǾŀȌƴƻǎǘ ǇŀȌƭƧƛǾƻ ǇƻǇƛǎŀƴƛƘ ƛ ƻőǳǾŀƴƛƘ 

ƳǳȊŜƧǎƪƛƘ ȊōƛǊƪƛ Ȋŀ ǎǳǾǊŜƳŜƴŀ ƛǎǘǊŀȌƛǾŀƴƧŀ ǳ ǇǊƛǊƻŘƴƛƳ ȊƴŀƴƻǎǘƛƳŀ ό.ŀƪǊŀƴ-Petricioli i dr. 2014). 

YƻŘ ƛǎǘǊŀȌƛǾŀƴƧŀ ǇŀƭŜƻƻƪƻƭƛǑŀ όƎƭƻōŀƭƴƛƘ ǇǊƻƳƧŜƴŀ ǳ ƻƪƻƭƛǑǳύ ǇǊŜŎƛȊƴƻ ƻŘǊŜŚƛǾŀƴƧŜ ǎǘŀǊƻǎǘƛ 

ǳȊƻǊŀƪŀ ƻŘ ƛȊƴƛƳƴŜ ƧŜ ǾŀȌƴƻǎǘƛΦ {ǾŜ ǾŜŏƛ ƛƴǘŜǊŜǎ Ȋŀ ǇǊŜŘǾƛŚŀƴƧŜƳ ǊŜƭŀǘƛǾƴƛƘ ǇǊƻƳƧŜƴŀ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ƛ 

Ȋŀ ǳǘǾǊŚƛǾŀƴƧŜƳ ǳȊǊƻƪŀ ǘƛƘ ǇǊƻƳƧŜƴŀ όaƛƭƴŜ ƛ ŘǊΦΣ нллфύ ȊŀƘǘƛƧŜǾŀ ŘƻōǊƻ ǇƻȊƴŀǾŀƴƧŜ ǇǊƻǑƭƻǎǘƛ ƧŜǊ ǎŀƳƻ 

ŘƻōǊƻ ǇƻȊƴŀǾŀƴƧŜ ƛ ǊŀȊǳƳƛƧŜǾŀƴƧŜ ǇǊƻƳƧŜƴŀ ǳ ǇǊƻǑƭƻǎǘƛ ƻƳƻƎǳŏǳƧŜ ƛ ǊŜŀƭƴƻ ǇǊŜŘǾƛŚŀƴƧŜ ōǳŘǳŏƛƘ 

ǇǊƻƳƧŜƴŀΦ YŀŘŀ ƧŜ ǊŀȊŘƻōƭƧŜ ƛǎǘǊŀȌƛǾŀƴƧŀ ƪǊŀǘƪƻΣ ƪŀƻ Ǒǘƻ ƧŜ ǘƻ ǳ ƴŀǑŜƳ ǎƭǳőŀƧǳ όнллл ƎƻŘΦύ ǘŀŘŀ ƧŜ 

preciznost jƻǑ ǾŀȌƴƛƧŀΦ 

U okviru projekta Reconstruction of the Quaternary environment in Croatia using isotope 

methods ƴŀŘŀƭƧŜΣ ƛǎǘǊŀȌƛǾŀƴƧŀ ǊŜƭŀǘƛǾƴŜ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ƴŀőƛƴƧŜƴŀ ǎǳ ƴŀ ǇƻŘǊǳőƧǳ LǎǘǊŜΦ !ƴŀƭƛȊƛǊŀƴŜ ǎǳ 

őŜǘƛǊƛ ŀƭƎƴŜ ǎǘǊǳƪǘǳǊŜ ƴŀ ǘǊƛ ƭƻƪŀŎƛƧŜΣ ŘǾƛƧŜ ǎǘǊǳƪǘǳǊŜ ƴŀ ǇƻŘǊǳőƧǳ ƧǳȌƴŜ LǎǘǊŜ ƛ ŘǾƛƧŜ ƴŀ ǇƻŘǊǳőƧǳ ƛǎǘƻőƴŜ 

ƛǎǘŀǊǎƪŜ ƻōŀƭŜΦ ¦ ƻŘƴƻǎǳ ƴŀ ŀƭƎƴŜ ǾƛƧŜƴŎŜ ǳ aŜŘƛǘŜǊŀƴǳ őƛƧŀ ǑƛǊƛƴŀ ƳŀƪǎƛƳŀƭƴƻ ŘƻǎŜȌŜ ƛ н ƳΣ ƛƭƛ ƻƴŜ ƴŀ 

ǇƻŘǊǳőƧǳ {ǊŜŘƴƧŜƎ WŀŘǊŀƴŀ ƎŘƧŜ ŘƻǎŜȌǳ м,у Ƴ όCŀƛǾǊŜ ƛ ŘǊΦΣ нлмоύ ŀƭƎƴƛ ǾƛƧŜƴŎƛ ƴŀ ǇƻŘǊǳőƧǳ LǎǘǊŜ Ȋƴŀtno 

su manjih dimenzija. 

Na terenu je obavljeno kartiranje i uzorkovanje vijenaca. Dubine su korigirane na srednju morsku 

ǊŀȊƛƴǳΦ 5ŀǘƛǊŀƴƻ ƧŜ ǳƪǳǇƴƻ пт ǳȊƻǊŀƪŀ ŀƭƎƛ ƛ ƭƧǳǑǘǳǊŀ ǑƪƻƭƧƪŀǑŀ ƛȊ ŀƭƎƴƛƘ ōƛƻƪƻƴǎǘǊǳƪŎƛƧŀ ǎ ǊŀȊƭƛőƛǘƛƘ 

dubina. Dobiveni su rezultati kƻǊƛƎƛǊŀƴƛ Ȋŀ ƭƻƪŀƭƴƛ ǊŜȊŜǊǾƻŀǊ ŜŦŜƪǘΦ ¢ƛƳŜ ǎŜ ƧŜ ƎǊŜǑƪŀ ǾŜȊŀƴŀ Ȋŀ ǎǘŀǊƻǎǘ 

ǳȊƻǊŀƪŀ ȊƴŀőŀƧƴƻ ǎƳŀƴƧƛƭŀ ƛ ƻƳƻƎǳŏƛƭŀ ƛȊǊŀŘǳ ǇǊŜŎƛȊƴŜ ƪǊƛǾǳƭƧŜ ǊŜƭŀǘƛǾƴŜ ƳƻǊǎƪŜ ǊŀȊƛƴŜ Ȋŀ ǊŀȊŘƻōƭƧŜ ƻŘ 

мрлл ƎƻŘƛƴŀ ƴŀ ǇƻŘǊǳőƧǳ LǎǘǊŜΦ ±ŜǊǘƛƪŀƭƴŀ ƎǊŜǑƪŀ ƛȊƴƻǎƛ ҕмл ŎƳ, Ǒǘƻ ƧŜ ǳ ƻŘƴƻǎǳ na druge dostupne 

markere gotovo zanemarivo. 

5ƻōƛǾŜƴƛ ǇƻŘŀŎƛ ƻƳƻƎǳŏǳƧǳ ŘƛǎǘƛƴƪŎƛƧǳ őŜǘƛǊƛƧǳ ƻǎƴƻǾƴƛƘ ŦŀȊŀ ǇǊƻƳƧŜƴŀ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ƪƻƧe 

ƳƻȌŜƳƻ ǇƻǾŜȊŀǘƛ ǎ ŦŀȊŀƳŀ ōǊȊƛƘ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀΦ ¢ƛƧŜƪƻƳ ǊŀƴƻƎ ǎǊŜŘƴƧŜƎ ǾƛƧŜƪŀ ƳƻǊǎƪŀ ǊŀȊƛƴŀ 

bila je stabilna, potom jŜ ŘƻǑƭƻ Řƻ ǳōǊȊŀƴƻƎ Ǌŀǎǘŀ ƳƻǊǎƪŜ ǊŀȊƛƴŜ ǘƛƧŜƪƻƳ ǘƻǇƭƻƎ ǎǊŜŘƴƧŜƎ ǾƛƧŜƪŀΦ bŀ 

prijelazu u malo ledeno doba vidljiva je velika fluktuacija temperature i stabilizacija relativne morske 

ǊŀȊƛƴŜΣ Řƻƪ ǳ ŘǊǳƎƻƳ ŘƛƧŜƭǳ ƳŀƭƻƎ ƭŜŘŜƴƻƎ Řƻōŀ ŀƭƎŜ ƴŜ Ǌŀǎǘǳ Ǒǘƻ ǳǇǳŏǳƧŜ ƴŀ vjerojatni pad relativne 

razine mora. U industrijskom razdoblju ponovo dolazi do rasta relativne morske razine. Korelacija 

ƛȊƳŜŚǳ ƎƭƻōŀƭƴƛƘ ƪƭƛƳŀǘǎƪƛƘ ŦŀȊŀ ƛ d18O alga jasno pokazuje da klimatske promjene na sjevernom 

Jadranu odgovaraju globalnim promjenamŀ ǘŜ Řŀ ǎǳ ŀƭƎƴƛ ǾƛƧŜƴŎƛ Ƨŀƪƻ ŘƻōǊƛ ƛƴŘƛƪŀǘƻǊƛ ǇŀƭŜƻƻƪƻƭƛǑŀ ƧŜǊ 

ƻƳƻƎǳŏǳƧǳ ǊŜƪƻƴǎǘǊǳƪŎƛƧǳ ǇŀƭŜƻƪƭƛƳŜ ƛ ǇŀƭŜƻ ƳƻǊǎƪŜ ǊŀȊƛƴŜΦ 5ƻōƛǾŜƴƛ ǎǳ ǊŜȊǳƭǘŀǘƛ ǇƻǘƻƳ ǇƻǾŜȊŀƴƛ ǎ 

drugim indikatorima promjena morske razine. 
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Zahvale 

hǾŀ ǎǳ ƛǎǘǊŀȌƛǾŀƴƧŀ ƴŀőƛƴƧŜƴŀ ǳ ƻƪǾƛǊǳ ǇǊƻjekta Reconstruction of the Quaternary environment in 
Croatia using isotope methods ς REQUENCRIM ς HRZZ-IP-11-2013-1623 uz dodatno sufinanciranje iz 
tƻǘǇƻǊŀ {ǾŜǳőƛƭƛǑǘŀ ǳ ½ŀƎǊŜōǳ ǘƛƧŜƪƻƳ 2014., 2015. i 2016. godine.  
¿ŜƭƛƳƻ ȊŀƘǾŀƭƛǘƛ ƛ tǊƛǊƻŘƻǎƭƻǾƴim muzejima u Rijeci i Zagrebu, Narodnom muzeju u Zadru, 
PǊƛǊƻŘƻǎƭƻǾƴƻƳ ƳǳȊŜƧǳ ƛ ȊƻƻƭƻǑƪƻƳ ǾǊǘǳ ǳ {Ǉƭƛǘǳ ƪŀƻ ƛ tǊƛǊƻŘƻǎƭƻǾƴim muzejima ǳ tŀǊƛȊǳ ƛ .Ŝőǳ ǘŜ 
{ǾŜǳőƛƭƛǑǘǳ ǳ IŀƳōǳǊƎǳ Ǒǘƻ ǎǳ ƴŀƳ ǳǎǘǳǇƛƭƛ ǳȊƻǊƪŜ ōŜȊ ƪƻƧƛƘ ŘiƧŜƭƻǾŜ ƻǾƻƎ ƛǎǘǊŀȌƛǾŀƴƧŀ ƴŜ ōƛ ōƛƭƻ ƳƻƎǳŏŜ 
napraviti.  
¢ŀƪƻŚŜǊ ȌŜƭƛƳƻ ȊŀƘǾŀƭƛǘƛ 5ƻƴŀǘǳ tŜǘǊƛŎƛƻƭƛǳ ƴŀ ǇƻƳƻŏƛ ǘƛƧŜƪƻƳ ǳȊƻǊƪƻǾŀƴƧŀ ƴŀ ǇƻŘǊǳőƧǳ tǊŜƳŀƴǘǳǊŜ. 
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Algni vijenci koje gradi koralinska alga Lithophyllum byssoides u mediolitoralu predstavljaju 

ǾŀȌŀƴ ƳŀǊƪŜǊ ǊŜƭŀǘƛǾƴŜ ǇǊƻƳƧŜƴŜ ǊŀȊƛƴŜ ƳƻǊŀΦ bŀǑŜ ƴŜŘŀǾƴƻ ȊŀǇƻőŜǘƻ ƛǎǘǊŀȌƛǾŀƴƧŜ ǇŀƭŜƻ-ƻƪƻƭƛǑŀ ƛ 

paleo-ƪƭƛƳŜ ƴŀ ŀƭƎƴƛƳ ǾƛƧŜƴŎƛƳŀ ŘǳȌ ƛǎǘƻőƴŜ ƻōŀƭŜ WŀŘǊŀƴŀ ƪƻǊƛǑǘŜƴƧŜƳ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ ǇƻƪŀȊŀƭƻ ƧŜ 

da se morfologija algƴƛƘ ǾƛƧŜƴŀŎŀ ƳƻȌŜ ǇƻǾŜȊŀǘƛ ǎ ƻŘǊŜŚŜƴƛƳ ǇŜǊƛƻŘƛƳŀ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀ ǘƛƧŜƪƻƳ 

ȊŀŘƴƧŀ ŘǾŀ ǘƛǎǳŏƭƧŜŏŀΦ ¦ ƻƪǾƛǊǳ ƛǎǘǊŀȌƛǾŀőƪƻƎ ǇǊƻƧŜƪǘŀ IǊǾŀǘǎƪŜ ȊŀƪƭŀŘŜ Ȋŀ Ȋƴŀƴƻǎǘ ōǊΦ Iw½½-IP-11-2013-

мсно wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ ƛȊƻǘƻǇƴƛƘ metoda (REQUENCRIM) 

ŦƻƪǳǎƛǊŀƭƛ ǎƳƻ ǎŜ ƴŀ ƛǎǘǊŀȌƛǾŀƴƧŜ ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ǎ ŎƛƭƧŜƳ Řŀ ǳǘǾǊŘƛƳƻ ƪǊƻƴƻƭƻƎƛƧǳ ǊŜƭŀǘƛǾƴƛƘ ǇǊƻƳƧŜƴŀ 

ǊŀȊƛƴŜ ƳƻǊŀ ŘǳȌ ƘǊǾŀǘǎƪŜ ƻōŀƭŜ ǘŜ ǇƻǾŜȊŀƴƻǎǘ ƳƻǊŦƻƭƻǑƪƛƘ ǎǘǊǳƪǘǳǊŀΣ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀ ƛ ǇǊƻƳƧŜƴŀ 

razine mora u kasnom holocenu. IsǘǊŀȌǳƧǳŏƛ ƳƻƎǳŏƛ ǳǘƧŜŎŀƧ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀΣ ǇƻǾŜŏŀƴƧŀ 

ǘŜƳǇŜǊŀǘǳǊŜ ƛ ǊŀȊƛƴŜ ƳƻǊŀ ƴŀ ȌƛǾŜ ŀƭƎŜ Lithophyllum byssoides ȊŀǇƻőŜƭƛ ǎƳƻ ǇǊŀŏŜƴƧŜ ǎǘŀƴƧŀ ǇƻǎǘƻƧŜŏƛƘ 

ŀƭƎƴƛƘ ǾƛƧŜƴŀŎŀ ƴŀ ŘǾƛƧŜ ƭƻƪŀŎƛƧŜ ŘǳȌ ƘǊǾŀǘǎƪŜ ƻōŀƭŜ όƻǘƻƪǳ ±ƛǎǳ ƛ ƴŀ 5ǳƎƻƳ ƻǘƻƪǳύΦ .ƛƭƧŜȌƛƭƛ ǎƳƻ 

ǘǊŜƴǳǘƴƻ ǎǘŀƴƧŜ ȌƛǾƛƘ ǘŀƭǳǎŀ ŀƭƎŜ όȌƛǾΣ ŘƧŜƭƻƳƛŎŜ ŜǊƻŘƛǊŀƴΣ ǇƻǘǇǳƴƻ ŜǊƻŘƛǊŀƴκƴŜ ǇƻǎǘƻƧŜŏƛύ dva puta 

ƎƻŘƛǑƴƧŜ όǘƛƧŜƪƻƳ ƭƧŜǘŀ ƛ ȊƛƳŜύΦ ¦ ƪƻƴǘŜƪǎǘǳ ǇǊƻƧŜƪǘŀ ǊŜȊǳƭǘŀǘƛ ǎǳ Ƨŀǎƴƻ ǇƻƪŀȊŀƭƛ ǇƻǾŜȊŀƴƻǎǘ ǇƻǊŀǎǘŀ 

razine mora/temperature mora i promjena u morfologiji aƭƎƴƻƎ ǾƛƧŜƴŎŀΦ ¦ ǇǊŜȊŜƴǘŀŎƛƧƛ ŏŜ ōƛǘƛ ǇǊƛƪŀȊŀƴŜ 

i prodiskutirane metode ƪƻǊƛǑǘŜƴŜ ǳ ǇǊƻŎƧŜƴƛ ǎǘŀƴƧŀ ǇǊŀŏŜƴƛƘ ȌƛǾƛƘ ǘŀƭǳǎŀ ƪŀƻ ƛ ƛȊŀȊƻǾƛ ǎ ƪƻƧƛƳŀ ǎƳƻ ǎŜ 

ǎǳƻőƛƭƛ ǳ ƻǾƻƳ ƛǎǘǊŀȌƛǾŀƴƧǳΦ bŀǑŜ je ƛǎǘǊŀȌƛǾŀƴƧŜ ǇƻƪŀȊŀƭƻ Řŀ ƛŀƪƻ ŀƭƎŀ ǊŀǎǘŜ ƻƴŀ danas ne gradi vijence 

Ǒǘƻ ǎŜ ƳƻȌŜ ǇƻǾŜȊŀǘƛ ǎ ǘǊŜƴǳǘƴƛƳ ōǊȌƛƳ ǇƻǊŀǎǘƻƳ ǊŀȊƛƴŜ ƳƻǊŀΦ tƻǎǘƻƧŜŏƛ ŀƭƎƴƛ ǾƛƧŜƴŎƛ Řŀƴŀǎ ǎǳ ǇƻŘ 

ȊƴŀőŀƧƴƛƳ ǳǘƧŜŎŀƧŜƳ ōƛƻŘŜƎǊŀŘŀŎƛƧŜ ƛ ŘŜǘŜǊƛƻǊŀŎƛƧŜΦ 

 

Zahvala 

LǎǘǊŀȌƛǾŀƴƧŀ ǎǳ ŦƛƴŀƴŎƛǊŀƴŀ ǇǊƻƧŜƪǘƻƳ Hrvatske zaklade za znanost HRZZ-IP-2013-11-1623 
RekonstruƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ ǘƛƧŜƪƻƳ ƪǾŀǊǘŀǊŀ ǇǊƛƳƧŜƴƻƳ ƛȊƻǘƻǇƴƛƘ ƳŜǘƻŘŀ (Reconstruction of 
the Quaternary environment in Croatia using isotope methods) ς REQUENCRIM, 2014 ς 2018. 
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Intertidal algal rims build by coralline alga Lithophyllum byssoides represent an important 

marker for relative sea-level change. Our recently started palaeoenvironment and palaeoclimate 

research on algal rims along the eastern Adriatic coast using isotope methods showed that algal rims 

morphology could be related to the distinguished periods of climate changes during last two millennia. 

In the framework of the Croatian Science Foundation research project no. HRZZ-IP-11-2013-1623 

Reconstruction of the Quaternary environment in Croatia using isotope methods (REQUENCRIM) we 

focus on research of algal rims in order to establish the chronology of relative sea level changes along 

the Croatian coast and the link between the morphological structure, climate change and sea level 

change for the late Holocene. To explore the potential effects of climate change, raising temperature 

and sea level on living Lithophyllum byssoides we started monitoring of existing algal rims on two 

locations along the Croatian coast (on Vis Island and on Dugi otok Island). In order to record the present 

state of alga living thalli (living, partly eroded, completely eroded/non-existing) the monitoring has 

been performed twice a year (during summer and winter). In the context of the project results clearly 

show the relationship between the increased sea level rise/sea temperature rise and the changes of 

algal rim morphology. The methods used for the assessment of the prospected living thalli, as well as 

challenges we faced will be explained and discussed in the presentation. Our research showed that 

although the alga grows today, it does not form rims at this time and that could be connected to recent 

faster sea level rise. The existing algal rims are today subjected to considerable biodegradation and 

deterioration. 
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Sedre sa Zrmanje i Krupe ƪŀƻ ŀǊƘƛǾƛ ǇǊƻƳƧŜƴŀ ǳ ǇŀƭŜƻƻƪƻƭƛǑǳ 

WŀŘǊŀƴƪŀ .ŀǊŜǑƛŏ 

Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏ, Zagreb 

{ŜƪǳƴŘŀǊƴƛ ƪŀǊōƻƴŀǘƛ ǇƻǇǳǘ ƧŜȊŜǊǎƪƻƎ ǎŜŘƛƳŜƴǘŀ ƛ ǎƛƎŀ ǇǊƛȊƴŀǘƛ ǎǳ ƪŀƻ ǇŀƭŜƻƻƪƻƭƛǑƴƛ ŀǊƘƛǾƛ 

ȊŀƘǾŀƭƧǳƧǳŏƛ ƴƧƛƘƻǾƻƳ ǇƻƭŀƎŀƴƻƳ ǘŀƭƻȌŜƴƧǳ ǳ ǳǾƧŜǘƛƳŀ ƛȊƻǘƻǇƴŜ ǊŀǾƴƻǘŜȌŜ ό5ŜƳŜƴȅ ƛ ŘǊΦ нлмтΣ wǳŘȊƪŀ 

i dr. 2012, Drysdale ƛ ŘǊΦ нллрύΦ {ŜŘǊŀΣ ƪƻƧŀ ƧŜ ǘŀƪƻŚŜǊ ǎŜƪǳƴŘŀǊƴƛ ƪŀǊōƻƴŀǘΣ ƛƳŀ ǇƻǘŜƴŎƛƧŀƭŀ ǳ 

ǇŀƭŜƻƛǎǘǊŀȌƛǾŀƴƧƛƳŀΣ ŀƭƛ ȊōƻƎ ǳƎƭŀǾƴƻƳ ƴŜǊŀǾƴƻǘŜȌƴƻƎ ǘŀƭƻȌŜƴƧŀ ƪŀǊōƻƴŀǘŀΣ ōǊȊƻƎ ƛ ƴŜƧŜŘƴƻƭƛƪƻƎ Ǌŀǎǘŀ 

ǳ ǊŀȊƴƛƳ ƛ őŜǎǘƻ ǘŜǑƪƻ ǳƻőƭƧƛǾƛƳ ǎƳƧŜǊƻǾƛƳŀΣ ǘŜ ƛƴƪƻǊǇƻǊƛǊŀƴƧŀ ŘŜǘǊƛǘƛőƴƻƎ ƳŀǘŜǊƛƧŀƭŀΣ ƳŀƴƧŜ ƧŜ ƛǎǘǊŀȌŜƴŀ 

ƛ ǳǇƻǘǊŜōƭƧŀǾŀƴŀ ό.ƭȅǘƘ ƛ ŘǊΦ нлмтύ ǳ ƛǎǘǊŀȌƛǾŀƴƧǳ ǇŀƭŜƻƻƪƻƭƛǑŀΦ hōȊƛǊƻƳ Řŀ ƧŜ ǳ ƻŘǊŜŚŜƴƛƳ ǇƻŘǊǳőƧƛƳŀ 

ǎŜŘǊŀ ƧŜŘƛƴƛ ŘƻǎǘǳǇƴƛ ƳŀǘŜǊƛƧŀƭ ƪƻƧƛ ƳƻȌŜ ǇƻǎƭǳȌƛǘƛ ǳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀ ǇŀƭŜƻƻƪƻƭƛǑŀΣ ǘƛƧŜƪƻƳ ŘǳƭƧŜƎ ƴƛȊŀ 

ƎƻŘƛƴŀ ǇƻƪǳǑŀǾŀƭƻ ǎŜ ǳǘǾǊŘƛǘƛ ǇǊŀǾƛƭƴƻǎǘƛ ǳ ƴŀǎǘŀƧŀƴƧǳ ǎŜŘǊŜƴƛƘ ƴŀǎƭŀƎŀ ƛ ƻōǊŀȊƭƻȌƛǘƛ ǊŜȊǳƭǘŀǘŜ ŘƻōƛǾŜƴŜ 

datiranjem metodama 14C i U-¢ƘΣ ǘŜ ƻŘǊŜŚƛǾŀƴƧŜƳ ǎŀǎǘŀǾŀ ǎǘŀōƛƭƴƛƘ ƛȊƻǘƻǇŀ όʵ13/ ƛ ʵ18O) (Pazdur i dr. 

мфффΣ IƻǊǾŀǘƛƴőƛŏ ƛ ŘǊΦ нллоύΦ ½ōƻƎ ōǊȊƻƎ ƛ ƴŜǇǊŀǾƛƭƴƻƎ Ǌŀǎǘŀ ǎŜŘǊŜΣ ǊŜȊǳƭtati datiranja metodom 14C 

őŜǎǘƻ ƴƛǎǳ ǇƻǳȊŘŀƴƛ Ǒǘƻ ƧŜ ǎƭǳőŀƧ ǎŀ ǎǘŀǊƛƧƛƳ όǇƭŜƛǎǘƻŎŜƴǎƪƛƳύ ƴŀǎƭŀƎŀƳŀ ȊōƻƎ őŜƎŀ ǎŜ ǎǘŀǊŜ ǎŜŘǊŜ 

datiraju metodom U-¢ƘΣ ŀƭƛ ƛ ǳ ƻǾƻƳ ǎƭǳőŀƧǳ ǘǊŜōŀ ōƛǘƛ ƻǇǊŜȊŀƴΦ bŀƛƳŜΣ ǎŜŘǊŀ ƪƻƧŀ ƴƛƧŜ ƪƻƳǇŀƪǘƴŀ 

ǎŀŘǊȌƛ ȊƴŀőŀƧƴǳ ƪƻƭƛőƛƴǳ ŘŜǘǊƛǘƛőƴog materijala koji je kontaminiran torijem. Kod ovakvih uzoraka, kao 

ƧŜŘƴŀ ƻŘ ǇƻǳȊŘŀƴƛƘ ƳŜǘƻŘŀ ŘŀǘƛǊŀƴƧŀ ǳȊƻǊŀƪŀ ƎƻǊƴƧŜƎ ǇƭŜƛǎǘƻŎŜƴŀ ǇǊŜŘƭƻȌŜƴƻ ƧŜ ŘŀǘƛǊŀƴƧŜ ƻǊƎŀƴǎƪƻƎ 

dijela uzoraka sedre metodom 14C kao jedinog pouzdanog materijala u sedri (Blyth i dr. 2017, Brook i 

dr. 2011).  

{ŜŘǊŀ ƧŜ ǑƛǊƻƪƻ ǊŀǎǇǊƻǎǘǊŀƴƧŜƴŀ ǳ ŘƛƴŀǊǎƪƛƳ ƪǊǑƪƛƳ ǊƛƧŜƪŀƳŀ ƛ ƧŜȊŜǊƛƳŀ IǊǾŀǘǎƪŜΣ ŀ ǳ ƻǾƻƳ ǊŀŘǳ 

ǇǊƛƪŀȊŀƴƻ ƧŜ ƛǎǘǊŀȌƛǾŀƴƧŜ ǎŜŘǊŜ ƴŀ ½ǊƳŀƴƧƛ ƛ YǊǳǇƛ ǎ ǇƻǎŜōƴƛƳ ƴŀƎƭŀǎƪƻƳ ƴŀ ƴŀƭŀȊƛǑǘŜ ǎǘŀǊƛƧŜ ǎŜŘǊŜ ǳ 

kanjonu rijeke Zrmanje kod sela Sanaderi. 

½ǊƳŀƴƧŀ ƧŜ ŘǳƎŀ сф ƪƳΣ ŀ ƛǎǘǊŀȌƛǾŀƴŀ ƧŜ ƻŘ ƴƧŜƴƻƎ ƛȊǾƻǊŀ Řƻ ƎǊŀŘŀ hōǊƻǾŎŀ ǳ ƪƻƧŜƳ ƧŜ ǾƻŘŀ ǊƛƧŜƪŜ 

ǳ ȊƴŀǘƴƻƧ ƳƧŜǊƛ ōƻŏŀǘŀ ȊōƻƎ ōƭƛȊƛƴŜ WŀŘǊŀƴǎƪƻƎ ƳƻǊŀ ǳ ƪƻƧŜ ½ǊƳŀƴƧŀ ǳǘƧŜőŜ όǳŘŀƭƧŜƴƻǎǘ hōǊƻǾŎŀ ƻŘ 

ƳƻǊŀ ƛȊƴƻǎƛ мл ƪƳύΦ LǎǘǊŀȌƛǾŀƴƧŜƳ ƧŜ ƻōǳƘǾŀŏŜƴŀ ƛ ǊƛƧŜƪŀ Krupa, pritok Zrmanje, koja je duga svega 8 

ƪƳΣ ŀƭƛ ƛȊǊŀȊƛǘƻ ōƻƎŀǘŀ ǾƻŘƻƳΦ hōƧŜ ǊƛƧŜƪŜ ƪŀǊŀƪǘŜǊƛȊƛǊŀƧǳ ǎŜŘǊŜƴŜ ōŀǊƛƧŜǊŜ ƴŀǎǘŀƭŜ ǘŀƭƻȌŜƴƧŜƳ 

ŀǳǘƛƎŜƴƻƎ ƪŀƭŎƛǘŀ ƪƻƧŜ ǎǳ ƛ ŘŀƭƧŜ ŀƪǘƛǾƴŜ Ǒǘƻ ǎǳ ǇƻǘǾǊŘƛƭƛ ǊŜȊǳƭǘŀǘƛ ǇǊƻǾŜŘŜƴƛƘ ŦƛȊƛƪŀƭƴƻ ƪŜƳƛƧǎƪƛƘ ŀƴŀƭƛȊŀ 

voda. VoŘŜ ǎǳ ǳȊƻǊƪƻǾŀƴŜ ƴŀ ф ƭƻƪŀŎƛƧŀ ƴŀ ǊƛƧŜŎƛ ½ǊƳŀƴƧƛΣ ǘŜ о ƭƻƪŀŎƛƧŜ ƴŀ YǊǳǇƛΣ ǳƪƭƧǳőǳƧǳŏƛ ƳƧŜǎǘƻ ǳǘƻƪŀ 

Krupe u Zrmanju. 

Izmjerene vrijednosti temperature, pH i koncentracije bikarbonata i kalcija pokazale su da su 

uvjeti za nastajanje sedre zadovoljeni na svim lokalitetima (ISATΣ ƛƴŘŜƪǎ ȊŀǎƛŏŜƴƧŀ ƪŀƭŎƛƧŜǾƛƳ ƪŀǊōƻƴŀǘƻƳ 

Ғрύ ƻǎƛƳ ƴŀ ƛȊǾƻǊƛƳŀ όLSAT <1). 14/ ŀƪǘƛǾƴƻǎǘƛ ƻŘǊŜŚŜƴŜ ǳ ƻǘƻǇƭƧŜƴƻƳ ŀƴƻǊƎŀƴǎƪƻƳ ǳƎƭƧƛƪǳ όdissolved 

inorganic carbon, DIC, a14CDIC) pokazale su porast u rijeci Zrmanji u nizvodnom toku od a14CDIC Ғту Ǉa/ 

όƛȊǾƻǊ ǊƛƧŜƪŜ ½ǊƳŀƴƧŜύ Řƻ Ғфл Ǉa/ ό.ŜǊōŜǊƻǾ ōǳƪύΦ ʵ13/ ǾǊƛƧŜŘƴƻǎǘƛ όʵ13CDICύ ǎǳ ǳƎƭŀǾƴƻƳ ǳƧŜŘƴŀőŜƴŜ ǳ 

ƴƛȊǾƻŘƴƻƳ ǘƻƪǳ όƛȊƳŜŚǳ -12,8 i -ммΣп ҉ύΦ bŀ YǊǳǇƛ ƴƛƧŜ ǳƻőŜƴ ǇƻǊŀǎǘ ŀ14CDIC ƛ ƛȊƴƻǎƛ Ғуу Ǉa/ ǳ ŎƛƧŜƭƻƳ 

ǘƻƪǳΣ Řƻƪ ʵ13CDIC ima blagi porast nizvodno (od -14,2 do-моΣо ҉ύΦ  

14/ ŘŀǘƛǊŀƴƧŀ ƴŀǎƭŀƎŀ ǎǘŀǊƛƘ ǎŜŘǊƛ ǇǊƻƴŀŚŜƴƛƘ ǳ ƪŀƴƧƻƴƛƳŀ ƴŀ ƭƻƪŀŎƛƧŀƳŀ DŀȊƛƴ ƪǳƪΣ ±ǊŀǘƻƭƻƳ ƪƻŘ 

hƎŀǊƻǾƻƎ ōǳƪŀΣ ƻǘƻőƛŏ kod Berberovog buka (Zrmanja) i kod Manastira na Krupi pokazala su da se 

ƴŀƧǾŜŏƛƳ ŘƛƧŜƭƻƳ ǊŀŘƛ ƻ ƘƻƭƻŎŜƴǎƪƛƳ ǎŜŘǊŀƳŀ Ǒǘƻ ǎǳ ǇƻƪŀȊŀƭŀ ƛ ǊŀƴƛƧŀ ƛǎǘǊŀȌƛǾŀƴƧŀ όIƻǊǾŀǘƛƴőƛŏ ƛ ŘǊΦ 

нллоύΦ aŜŚǳǘƛƳΣ ƴŀ ƭƻƪŀƭƛǘŜǘǳ ǳ ǎŜƭǳ {ŀƴŀŘŜǊƛ ǇǊƻƴŀŚŜƴƛ ǎǳ ǳȊƻǊŎƛ ǎŜŘǊŜ ƴŀ ǊŀȊƴƛƳ ǾƛǎƛƴŀƳŀ ǳ ƪŀƴƧƻƴǳ 

iznad Zrmanje, a izmjerene a14C su pokazale raspon starosti od recentnih i holocenskih sedri naŚŜƴƛƘ 

ǳȊ ǎŀƳǳ ǊƛƧŜƪǳ Řƻ ǳȊƻǊŀƪŀ ǎǘŀǊƛƘ олллл Řƻ плллл ƎƻŘƛƴŀ ǇǊƻƴŀŚŜƴƛƘ ƴŀ ǾǊƘǳ ƪŀƴƧƻƴŀ όƻƪƻ нл Ƴ ƛȊƴŀŘ 

nivoa rijeke). Od ukupno 7 uzoraka stare sedre za koje su rezultati datiranja metodom 14C upitni, samo 

dva uzorka su djelovala prikladno za datiranje metodom U-Th kojom su izmjerene starosti od oko 
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130 ллл ƎƻŘƛƴŀΦ hōȊƛǊƻƳ ƴŀ ǎǳƳƴƧǳ ƪƻƴǘŀƳƛƴŀŎƛƧŜ ŘŜǘǊƛǘƛőƴƛƳ ǘƻǊƛƧŜƳ ǇǊƛǎǘǳǇƛƭƻ ǎŜ 14C datiranju 

ƻǊƎŀƴǎƪƛƘ ƻǎǘŀǘŀƪŀ ǎŜŘǊƛΣ ŀ ƴŀƧǾŜŏŀ ƛȊƳƧŜǊŜƴŀ ǎǘŀǊƻǎǘ ƛȊƴƻǎƛƭŀ ƧŜ ƻƪƻ муллл ƎƻŘƛƴŀΦ ¦ǎǇƻǊŜŘōŀ ǎǘŀǊƻǎǘƛ 

dobivenih datiranjem organskog dijela sedri 14/ ƳŜǘƻŘƻƳ ƛ ƛȊƻǘƻǇƴƻƎ ǎŀǎǘŀǾŀ ƪƛǎƛƪŀ ǳ ƪŀǊōƻƴŀǘǳ όʵ18O) 

ǳƪŀȊŀƭŀ ƧŜ ƴŀ ƳƻƎǳŏƴƻǎǘ Ǌŀǎǘŀ ǎŜŘǊŜ ƛ ǳ ƎƭŀŎƛƧŀƭƴƻƳ aL{н ǊŀȊŘƻōƭƧǳ ǳ ƻǾƻƳ ŘƛƧŜƭǳ IǊǾŀǘǎƪŜΦ 
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Evolucija fosilne sedrene barijere Gazin kuk u rijeci Zrmanji 
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½ǊƳŀƴƧŀ ƛ ƴƧŜȊƛƴŀ ƴŀƧǾŜŏŀ ǇǊƛǘƻƪŀ YǊǳǇŀ ǎǳ ŦƭǳǾƛƻƪǊǑƪŜ ǊƛƧŜƪŜ 5ƛƴŀǊǎƪƻƎŀ ƪǊǑŀ ǳ ƪƻƧƛƳŀ ǎŜ ǘŀƭƻȌƛ 

ǎŜŘǊŀΦ bŀ ƴƧŜȊƛƴ ƴŀǎǘŀƴŀƪ ƛ ƎŜƻƳƻǊŦƻƭƻǑƪŀ ƻōƛƭƧŜȌƧŀ ǳǘƧŜőǳ ōǊƻƧƴƛ őƛƳōŜƴƛŎƛΣ ǇƻǇǳǘ ƪƭƛƳŜΣ ǘŜƪǘƻƴƛƪŜΣ 

hidrologije, fizikalno-kemijskih svojstava vode, izmjena CO2 ǘŜ ǇǊƛǎǳǘƴƻǎǘ ȌƛǾƛƘ ƻǊƎŀƴƛȊŀƳŀΦ YŀǊōƻƴŀǘƴŀ 

ǇƻŘƭƻƎŀ ǘŜ ǇƻǾƻƭƧƴŀ ƪƭƛƳŀ ǳȊ ƘƛŘǊƻŘƛƴŀƳƛƪǳ ƳƻȌŜ ǳǘƧŜŎŀǘƛ ƴŀ ǊŀȊǾƻƧ ƛ ōǊȊƛƴǳ ǘŀƭƻȌŜƴƧŀ ǘŜ ƻōƭƛƪƻǾŀǘƛ 

razƭƛőƛǘŜ ƎŜƳƻǊŦƻƭƻǑƪŜ ǘƛǇƻǾŜ ǎŜŘǊŜƴƛƘ ƴŀǎƭŀƎŀΦ aŜŚǳ ƴƧƛƳŀΣ ǾŀȌƴƛƧƛ ŦƭǳǾƛƻƪǊǑƪƛ ǊŜƭƧŜŦƴƛ ƻōƭƛŎƛ ǎǳ ǎŜŘǊŜƴŜ 

ōŀǊƛƧŜǊŜ ƪƻƧŜ ƴŀǎǘŀƧǳ ƪŀƻ ǊŜȊǳƭǘŀǘ ǘŀƭƻȌŜƴƧŀ ƪŀƭŎƛƧŜǾƻƎ ƪŀǊōƻƴŀǘŀΦ hƴŜ ƻƳƻƎǳŏǳƧǳ ǊŜƪƻƴǎǘǊǳƪŎƛƧǳ 

ǇŀƭŜƻƪƭƛƳŜ ƛ ǇŀƭŜƻƻƪƻƭƛǑŀΣ ȊōƻƎ őŜƎŀ ǇƻŘǊǳőƧŜ ǊƛƧŜƪŜ ½ǊƳanje i Krupe predstavlja izvrstan potencijal za 

ǘŀƪǾŀ ƛǎǘǊŀȌƛǾŀƴƧŀΦ ¦ ƻǾƻƳŜ ǊŀŘǳ ǇǊƛƪŀȊŀƴƛ ǎǳ ǊŜȊǳƭǘŀǘƛ ŘŀǘƛǊŀƴƧŀ ŦƻǎƛƭƴŜ ǎŜŘǊŜ ƴŀ ōŀǊƛƧŜǊƛ DŀȊƛƴ ƪǳƪ ǳ 

ǊƛƧŜŎƛ ½ǊƳŀƴƧƛ ǊŀŘƛ ǎǇƻȊƴŀǾŀƴƧŀ ƎŜƻƪǊƻƴƻƭƻǑƪƛƘ ƻōƛƭƧŜȌƧŀ ƛ ǊŀȊǳƳƛƧŜǾŀƴƧŀ ƴƧŜȊƛƴŜ ŜǾƻƭǳŎƛƧŜΦ tǊƻǾŜŘŜƴŜ 

analize fizikalno-kemijskih parametara vode u Zrmanji i Krupi pokazale su postojanje povoljnih uvjeti 

sedrenja i u Krupi i u Zrmanji. 

Cƻǎƛƭƴŀ ǎŜŘǊŜƴŀ ōŀǊƛƧŜǊŀ DŀȊƛƴ ƪǳƪ ǎƳƧŜǑǘŜƴŀ ƧŜ ƴŀ ƭƛƧŜǾƻƧ ƻōŀƭƛ ǎǊŜŘƴƧŜƎŀ ǘƻƪŀ ǊƛƧŜƪŜ ½ǊƳŀƴƧŜ 

όппϲ ммΣсмуϥ bΣ мрϲ 47,615' 9ύ ƴŀ ƴŀŘƳƻǊǎƪƻƧ Ǿƛǎƛƴƛ ƻŘ нфΣф Ƴ ǳ ǇƻŘǊǳőƧǳ ǳƳƧŜǊŜƴƻ ǘƻǇƭŜ ǾƭŀȌƴŜ ƪƭƛƳŜ 

s jakim modifikatorskim utjecajem reljefa i Sredozemnog mora. Visina barijere iznosi 11,37 m, a danas 

predstavlja fosilnu sedru s vrlo oskudnom vegetacijom, dok su u njezinom donjem dijelu vidljive 

ǇƻǎƭƧŜŘƛŎŜ ŜǊƻȊƛǾƴƻƎ ŘƧŜƭƻǾŀƴƧŀ ǾƻŘŜΦ aŜǘƻŘƻƳ ǘŜǊŜƴǎƪƻƎ ƛǎǘǊŀȌƛǾŀƴƧŀ ƴŀ ƴƧŜȊƛƴƻƧ ƭƛƧŜǾƻƧ ǎǘǊŀƴƛ 

prikupljeno je 17 uzoraka fosilne sedre, koji su ƻōǊŀŚŜƴƛ ǳ CƛȊƛőƪƻƎŜƻƎǊŀŦǎƪƻƳ ƭŀōƻǊŀǘƻǊƛƧǳ 

Geografskog odsjeka PMF-a u Zagrebu. Uzorci su datirani metodom 14C, ǘŜƘƴƛƪƻƳ ǘŜƪǳŏƛƴǎƪƻƎ 

ǎŎƛƴǘƛƭŀŎƛƧǎƪƻƎ ōǊƻƧŀőŀ ό[{/ύ ǳ [ŀōƻǊŀǘƻǊƛƧǳ Ȋŀ ƳƧŜǊŜƴƧŜ ƴƛǎƪƛƘ ǊŀŘƛƻŀƪǘƛǾƴƻǎǘƛ ƴŀ Lƴǎǘƛǘǳǘǳ wǳŚŜǊ 

.ƻǑƪƻǾƛŏ ǳ ½ŀƎǊŜōǳΦ 

wŜȊǳƭǘŀǘƛ ŘŀǘƛǊŀƴƧŀ ǇƻƪŀȊŀƭƛ ǎǳ Řŀ ǎŜ ǘŀƭƻȌŜƴƧŜ ƻŘǾƛƧŀƭƻ ǘƛƧŜƪƻƳ ǘǊƛ ǊŀȊƭƛőƛǘŀ ƪƭƛƳŀǘǎƪŀ ǊŀȊŘƻōƭƧŀ 

hƻƭƻŎŜƴŀΣ ǘƧΦ ƻŘ ромоҕтф ƎƻŘ Ŏŀƭ .t Řƻ мсмуҕту ƎƻŘ Ŏŀƭ .tΦ 5ƛƻ ōŀǊƛƧŜǊŜ do 0,10 m nastao je u atlantiku 

(5000-8000 god. BP), od 0,5 m do 5,70 m u subborealu (5000-2500 god. BP), a preostali dio od 6,95 m 

do 11,37 m u subatlantiku (2500-0 god. BP). Dobiveni ǊŜȊǳƭǘŀǘƛ ŘŀǘƛǊŀƴƧŀ ƛ ǾƛǎƛƴŜ ǳǇǳŏǳƧǳ Řŀ ƧŜ Ǌŀǎǘ 

barijere od 0,31 cm/god bio uglavnom pravilan (Slika 1.). S ozbirom da je u razdoblju rasta holocenska 

ƪƭƛƳŀ ǇƻƪŀȊŀƭŀ ȊƴŀőŀƧƴǳ ǾŀǊƛƧŀōƛƭƴƻǎǘ ƪǊƻȊ ǇǊƻƳƧŜƴŜ ƛȊ ƴŀƧǘƻǇƭƛƧŜƎ ƛ ǾƭŀȌƴƻƎ ǊŀȊŘƻōƭƧŀ ǳ ǘƻǇƭƻ ƛ ǎǳƘƻ ǘŜ 

ǳ ƘƭŀŘƴƻ ƛ ǾƭŀȌƴƻΣ ƳƻȌŜ ǎŜ ǇǊŜǘǇƻǎǘŀǾƛǘƛ Řŀ ƧŜ ōƛƭƻ ȊƴŀőŀƧƴƛƘ ǇǊƻƳƧŜƴŀ ǳ ǘŜƳǇŜǊŀǘǳǊŀƳŀ ƛ ǇŀŘŀƭƛƴŀƳŀΦ 

bƧŜȊƛƴ ǾŜǊǘƛƪŀƭƴƛ ǇǊƻŦƛƭ ǘŜ ǎŀŘŀǑƴƧŀ ǊŀȊƛƴŀ ǾƻŘŜ ǳƪŀȊǳƧǳ Řŀ ƧŜ ǳ ǇǊƻǑƭƻǎǘƛ ǾƧŜǊƻƧŀǘƴƻ ŘƻƭŀȊƛƭƻ Řƻ ǇǊƻƳƧŜƴŀ 

ƛ ǳ ƘƛŘǊƻƭƻǑƪƻƳ ǊŜȌƛƳǳ Ǒǘƻ ƛƳǇƭƛŎƛǊŀ ƛ ƳƻƎǳŏŜ ǇǊƻƳƧŜƴŜ ǳ ƻƪƻƭƛǑǳΦ  

hǎƛƳ ƪƭƛƳŀǘǎƪƛƘ ƛ ōƛƻƭƻǑƪƛƘ őƛƳōŜƴƛƪŀΣ Ȋŀ ǘŀƭƻȌŜƴƧŜ ǎŜŘǊŜ ƳƻǊŀƧǳ ōƛǘƛ ȊŀŘƻǾƻƭƧŜƴƛ ŦƛȊƛƪŀƭƴƻ-

ƪŜƳƛƧǎƪƛ ǇŀǊŀƳŜǘǊƛ ǾƻŘŜΣ ǇƻǇǳǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ǇIΣ ǾƻŘƭƧƛǾƻǎǘƛ ƛ ƪƻƭƛőƛƴŜ ƪƛǎƛƪŀ te optimalne koncentracije 

iona Mg2+, Ca2+ i HCO3
-Φ ¦ȊƻǊƪƻǾŀƴƧŜ ǾƻŘŜ ƛȊǾǊǑŜƴƻ ƧŜ ƴŀ őŜǘƛǊƛ ƭƻƪŀŎƛƧŜ ǳ ½ǊƳŀƴƧƛ ƛ ǘǊƛ ƭƻƪŀŎƛƧŜ ǳ YǊǳǇƛΦ 

Rezultati mjerenja parametara vode te laboratorijske analize potvrdili su da u rijekama postoje povoljni 

uvjeti za sedrenje.  
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Slika 1. Odnos visine i starosti barijere Gazin kuk 

 

Dobiveni rezultati pokazali su da su sedrene naslage prepoznate kao paleoklimatski i 

ǇŀƭŜƻƻƪƻƭƛǑƴƛ ȊŀǇƛǎƛΦ {ǘƻƎŀ ƻǾƻ ƛǎǘǊŀȌƛǾŀƴƧŜ ƳƻȌŜ ǇƻƳƻŏƛ ǳ ŘŀƭƧƴƧŜƳ ǇǊŀŏŜƴƧǳ ƳƻǊŦƻƭƻƎƛƧŜ ƛ ŘƛƴŀƳƛƪŜ 

ǘŀƭƻȌŜƴƧŀ ǎŜŘǊŜ ǘŜ ǘǳƳŀőŜƴƧǳ ƪƭƛƳŀǘǎƪƛƘ ǇǊƻƳƧŜƴŀΣ ƪŀƻ ƛ ǊŜƪƻƴǎǘǊǳƪŎƛƧƛ ǇŀƭŜƻƻƪƻƭƛǑŀ ǳ ƻǾƻƳŜ ŘƛƧŜƭǳ 

5ƛƴŀǊǎƪƻƎŀ ƪǊǑŀΦ 

 

Zahvala 

Ovaj rad dio je znanstvenog projekta HRZZ-IP-11-2013-1623 wŜƪƻƴǎǘǊǳƪŎƛƧŀ ƻƪƻƭƛǑŀ ǳ IǊǾŀǘǎƪƻƧ 

tijekom kvartara primjenom izotopnih metoda, financiranoga od Hrvatske zaklade za znanost, uz 

potporu Zaklade Hrvatske akademije znanosti i umjetnosti te Hrvatskih voda. 
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ƛǎƻǘƻǇŜ ƳŜǘƘƻŘǎΥ ǇǊƻƧŜŎǘ w9v¦9b/wLaΦ ¦Υ YǊŀƧŎŀǊ .ǊƻƴƛŏΣ LΦΣ IƻǊǾŀǘƛƴőƛŏΣ bΦ ϧ hōŜƭƛŏΣ .Φ όǳǊΦύ 

Book of Abstracts - 9{Lw ƛǎƻǘƻǇŜ ²ƻǊƪǎƘƻǇ ·LLLΦ ½ŀƎǊŜōΣ Lƴǎǘƛǘǳǘ wǳŚŜǊ .ƻǑƪƻǾƛŏΣ ǎǘǊΦ тф-79. 
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Izvezeno sa https://www.bib.irb.hr/pretraga/?operators%3Dand%7CHRZZ-IP-2013-11-1623%7Ctext%7Cproject  
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Fotogalerija 

Sve fotografije prikazane u fotogaleriji snimili su suradnici projekta REQUENCRIM. 
 
¢ŜǊŜƴǎƪŀ ƛǎǘǊŀȌƛǾŀƴƧŀ 

 
Krupa, Manastir ς uzorkovanje vode 

 

 
Izvor Krupe ς uzorkovanje vode i mjerenje temperature vode 

 




































