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wktTfEABAGA 1FNDB2YyFdGyA ASRAYSY(GdA 1tr2 OilG2 adz aA3S:
LINHzOF 2dz ySAT Y2SNYyS Yz23adzwyz2adA T+ GF1SF AadNF OAd
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oAfl RN &a0d® bl RI | 2NBFIAYSEADS kapjekazvoditadivd NB Ot 2 ¢

LINR2S1GF LINBdz St 2S RN a0d LyS& YNI2OIFINI . NRYAS
projekta za 3 mjeseca, do 30. studenog 2018. Papainika na projektu dan je u posebnom prilogu.
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interpretacijuz Ry 2ay 2 1 2NBf I OA2dz T | LI adket 510 dMKIdiséoihaciul A K | |
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NI T dzyaeaSglyaSy LINARK@IoFEF A 2R20N} @Lfl @

I NP 2S1ildz adz LINRdz6 | @ yS &aAaA3asS Al GNR OLMAt2S d:
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Slika 1. Lokacije uzorkovanja karbonatnih sedlmenata

LadNI OA @t y&N 3 S@ Szl tyad dz6dki@ £ || &adzY LIN} 6SyaS 2712¢tA
gt Oy2ai0 dz GNA OLAEt2Ss al |{daXaltAr adz a8 vYa$Sase
izmjeren je izotopni sastav oborina i prokapni¢éHi 180 vrijednosti) te 8 sakupljeni su uzorci
stalagmita i recentnog kalcita. U poduzorcima siga izmjerenljeRNDI 2 & 0 HMBQHTS0A K AT 2 i
vrijednosti) te provedena analiza izotop®C i S AT 2G2 LI dzNI yA 2l A G2NA2F @
A2¢2NRG 6S al OF {dNRAOS w26SNL [2y6FNRG A bAyl [ 2

LAGNI OAGlyal aASRNB A 281 SNE123 ASRAYSYGl yIFadl
ASRAYSYLAF yI ttAGOABYRIAT2S] BARNO®S 8 #dz28 8 LF KD
t NEOo6lFyal23 2ST SN A 2ST SN} YIt dzSSNR G OdNawST dzf G |
LI2PRNHzG2dz t t AGGAGTAK 281 SN} A wNXlye$ al {dX 28y $
sastavugliika@“Ci1®¥ 0 ® h NBT dzf GF GAYlE AAGNY OAGlIyal YI K2JAyl

LAGNI OAQlyal &aSRNB LINROANBYLlI adz y+ LER2RNMz2S N
fizikalnol SYA2a1 A LI NI YSGNR @2RS yl4sgBriexdkdibj & odredlif | OA 2|
dzd2SiA GFt20Sy2a2l aSRNBI A dzALRNBRAEA & 2yAYLE yI
ugljika @“Ci 113C) u otoplienom anorganskom ugljiku (DIC) u Zrmaniji i Krupi. Sakupljeni su uzorci
recentnesedreid 21+ NA2S1Sz (S aidlF NS &ASRNBE Al @ly &b Rl Oye
WA LRUFTEFE2 a8 RIF &S ylra2a@gSoAY RA2St2Y NI}IRA 2 K2
nagranicty YSG2RSS 2 6SYdz 6S RSEOAEY¥ARSA Al KMINGCSAIIKEdz
DFTAY {(dzl Yyl ®%NXIy2A 3A2@2NAR0G 6S LGOI +SHSNBOO®

LAGNI OA@GlI yel It 3y Likopkyhud BygsoidR dzQ 2280 ANy RA2 o If A%
Y2N} dz]l f Bdz0A SF y2S2F2FAK 0A 2t 2 Oohitéringhalgrtn&igenagaNFF 2 £ 2 O
2RNBSAGIy2S Y2NF2ft23A2S8s di 2XNB@PRY@SAT & RRNBSRK J&
(BCith oz GS LROGSTAGry2S AT 2G2Ly 23 alaidl g a Y2NF
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tjekom kasnog Holocen®2 Ry 2 ay 2 Ll af 2SRY2AK wHwHnnn 3JA2RAYLF ® h
TF1t2dzzOAYIl 32 @2 NRIINASOR 2¢f FAGdE eyAle S 1F2{WNIAYE G NI OA @I y 2l
YENRY&TA NBT SN2 N ST¥S{1 0 06 aMW®uwmorskinRkAdnatyha, nij@l do L2

R2@z2fay2 LRIyYyFrd T+ LRRNHz2S WFERNIYylFZ | yS2LK2RIYy
AYGSNILINBGF OA2dz R20ABSYAK NBTdzA GG {d23F 2S5 @
2RNBSAGIy2dz YIENAYHQ,@E2 STS1TREGINCEENBEFINNR L T I GA

+ Oy RA2 2@23 LINRB2S1Gl &dz RA&ASYAyYylI OracalsS i
HRZAP201311MmcHo RlIYy 28 dz Ll2aSoy2yY LINRAf23dzd t NRp2Sii
terenskog rada i sakuf 2 y2l dzZl 2N} {1} 6Sad2 ylI ySLINRAGdLI 6y A
analiza koje se dijelom provode u Hrvatskoj (Aff. analize), a dijelom u inozemstvu (npr. datiranje
Ut K YS(i2R2Y3I 2RNBSAGIy2S &l RNDI 2le obané godatakar K AT 2
2Ry2ay2 VYeAK2@2 YSSdaz2oy2 LROSTAGIyYy2S NI RA LINT ¢
NI R2@I dz 6Fa2LAaArYl @AmpAd Ragoy dhjd jako Felikd objavijenaije2sS O 2 |
TYylryali@dSyAK NI R2@I nda Mid&hozyfiIndvigaoriswili upbstukiLikcankije

AfA 20202 T ONOSYAZ | R20AGSYA NBIT dzZA GFGA adz o623
aSSdziAYZ &dzNI RyAOA adz LINBRaill @At A agdgz2eS NBI c
skupovima, te je tako objfen jedan cjeloviti rad u Zborniku radovdQ & I OS G | 1 | dz T 02 NJ

skupova, te nekolikqneobjavijenih)LINS R @l y2l yI a@Sdz6At AO0GAYI AfA
suradnici su prezentirali radove maternational Radiocarbo@onference(2 rada na 2 konfencije),
International Karstological SchaolPostojni(8 radova na 4 skupaRadiocarbon and Di€tonference
(1 rad),Radiocarbon in Environme(& rada) 8" International Climate Chang&he Karst Record (KR8)
conference (2 rada), Regional INQUAsymposium (3 rada) 9" International Conference on
Geomorphology2 rada) Posebno treba istaknutsotope Workshop XlliI of the European Society for
Isotope Research (ESiRJadru, 2024.9.2015.na]l 22SY 28 2RNDIyl LasSoyl LJ
LJ2 & @& pofekiu REQUENCRIM, na kojgpiezentirano8 radova s rezultatima prve dvije godine
A & G NI Olandnyj@dadva Veverecizral 1 G 2 NA1 A NI R LER2R Yyl &af2@2Y al
yIEatr3r aSRNB aNBRya2S3a (217 iNehadBozjaiSRavienie iyzeda > Y Sy
jednog diplomskog radd dzl NBOA 2l { NOSyYyY az2yAdG2NAy3a 212t A0yA
[2Y6FNARGT 1 2YSYyid2NY ad { dzNRK 30 ,wkbjenhoRse ifistizdijelbvi 352 I N
A & (0 Nja Qvagdtojgkta

{ dzNJ RYAOA adz 2RNDI f A p N} RYAK aladlyl 1l O H
HOOMMDPHAMT @O yI 122AYF a8 NI}IALINI gfalft2 2 LINRPOSR
I a4t 2SRS6dz 32RAYdz A&0GN)I OAQlyal &

¢
S

Otvorena je iternetska stranica projektéttps://www.irb.hr/requencrim. Projekt ima svoju
stranicu na portalu ResearchGatettps://www.researchgate.net/project/Reconstructicof-the-
Quaternaryenvironmentin-CroatiausingisotopemethodsREQUENCRIM | 2 21 2 85plti2 32536 Sy
i ima 25pratitelja (stanje 9.11.2018.)

Zahvale

ProjektHRZAP-201311-1623wS 1 2y a i NHz]l OA 2 212t AOF dz | NBI G& 2
izotopnih metoda(Reconstruction of the Quaternary environment in Croatia using isotope methods
REQUENCRIfvianciran je sredstvima Hrvatske zaklade za znanost u ramdoBlp014¢ 30.11.2018.

Bl K@Ffadz2SY a@AY &ddz2NF RYAOAYlF yI LINR2S|dadz yI dz
NI T dzyAaS@lyadz  RYAYAad NI (Rogeyfnu Kahvalhost duguie@id dE scakidd® S G I
| 2N 2€BABS o0Afl ARS2yA T 6SGyA]l ALANBNRISQAND &1 § 22!
T 2SRyaAIBNI20A B y 2 S  tvatdkd prijen@nSizo@pniB ryfdtodadz |
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Geochemical and isotopic analyses of palaeoenvironmental records
in the lakesedimentsof the Flitvice Lakes Goatia

bl RIF | 2Nl GAYS6A06
WdzSSNJ . 201 20A08 LyauAaiddziSz wl

The presented comprehensive myftioxy study of lake sediments from two karst lakes of
RAFFSNBY (G aiili Sa® [ RS [t NBOwS PubdtBoeprngihgdo tiekatsh v 1 Y
area of the Plitvice Lakes system, involved mineralogical, chemical (C/N and TOC) and carbon isotope
analyses (#C and *C 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 sediesgaind
to the environmental conditions and what is the difference between two lakes of different sizes? 2)
Which fraction, organic or carbonate, of the lake sedimergsids describes paleoenvironmental
conditions? 3) What can we conclude about the changes in the environment of the Plitvice Lakes during
the lastF150 years by studyingd0-cm-long sediment cores?

Sediment cores were taken in each lake at three positlmangng different waterdepths 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 ohem (P4, P5, Kal). 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 andfiGes a
and! *C for organic andarbonatefractions) represented by their mean, minimal andximal values,
in 6 sediment cores from the two lakes, with water depth is presentedindigd [ 1S t N2 O6 S A
on GAYS& o6A3F3ISNI GKFYy [F1S YItdzZSSNRGI O &AAAYATFAC
composition of both lakes showed sligtifferences and in both lakes water is supersaturated with
regard to CaCgleading to expressed precipitation of lake sediment in the form of calcite. Both lakes
are oligotrophic.

Ly GKS avlrtt [F1S YIt dzSSNR G| 6hallow Wateriiflod 1.202 NBa 6
to 14 m in depth. The measured parameters of carbonate and OM fractions (EMNaad! *C)
showed similar values for all three cores (Kal, Ka2, Ka3) with small variations with depth in each core.
Different water depths above ttse three cores do not particularly influence either of the measured
LI NI YSGSNB AYRAOFGAY3 Y2aidte dzyAF2NY O2yRAGAZ2Y A
regardless of the position of the sediment core inside the lake. All analyses indicatetithotumus
calcite precipitation. Some differences in the sedimentation rate were observed, and the
sedimentation rate decreases downstream in the lake (Kal > Ka2 > Ka3).

Ly G4KS 6A3 [F1S tNROOS aAayATAOl yi heRIzepeBtSNBEy OS
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 @ndaich are close to the coastline and under the
influence oftt6  { dzOl y 2 & (i NS livér, résgeRtively ke vasidtiand\oDdach warameter are
larger, particularly for the P5 core. The main reason for this is the strong influence of theédaved
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.

Intheo A3 [F1S t N2POOS AAIYAFAOIY:H RAFFSNBYyOSa | Yz
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 increasmagpy 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
{ dRVeryfe3pedtivel,Enke Variatioyishf edcK Sarametei dreO |

AYyFtdzsSyOS 27
larger, particularly fothe P5 core. The main reason for this is the strong influence of thedarnded

iKS

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

material. As a consequence, the sedimentation rate of the P4 core is highethiduaof the P1 core

and some extreme hydrological events were recorded.
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Figure 1. Summary results (organic/carbonate composition, CHG a**C) for organic and carbonate
AaSRAYSy
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correlation with water depth.
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the composition of dep-water sediment in the same lake indicatedsitu calcite precipitation and
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settled in the limestone canyon, indicated very homogenous precipitation tfcathonous calcite
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and surrounded with mostly deciduous forest, the large differences in sediment compositon fr
different cores indicated different conditions of sediment precipitation inside the lake and varied
sources of sedimentary material. Significant fractions of {deidved both carbonate and organic
components were indicated by mineralogical, C/MCaandi *C values in the shallow, coastal area
indicating that the sediment was a mixture of allochthonous and autochthonous fractions. In contrast,

arvys

byt es

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 hawgeat influence on the sediment composition. If one wants to
study regional and lonterm paleoclimatic records in lake sediments, the chosen sampling location

should be far from locadcale influences where mostly authigenic calcite precipitates fronin&ter

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 locahortterm 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 gooaveniew of the processes in the lake. Th&@ and! **C values of the
OFNBP2yFGS FTNIOGAZ2Y &aK26SR GKI G I twhter 8e8iRenty(BlY i T NP
FNRBY [F1S tNROSGS IINB |dziKAISYAO0:I AdSodr @@ N¥YSR 0
AaSRAYSYy(d O2NBa Ay [F1S tNROBS IINB (GKS YAEUGdNNS
authigenic/allogenic fraction ratio was determined based ©¥Can values of sediments. The
sedimentation rate was determined based on thadiocarbon datig of macrofossils in Lake
YIfdZSSNRGEO aSRAYSyiGad ondo 2 ndt OYKkEND FyR (K
AY [F1S tNRBOO6S aSRAYSyia onedtr OYkeNLP® ¢KSasS gt
determined sedimentation rates by'%Pb 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 8@0 cm in length from the two lakes which cover the
time period of the lasF150 years we can follow the influence of anthropogenic contamination and
changes of environmental conditions in the area of the Plitiiiees. 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 glotf&l contaminations was observed by the
occurrence of the 4C peak in both carbonate and organic fractions. Increased bioproductivity in the
NEOSYyd RSOFRSa ¢l a F2dzyR Ay [1S tNRO8S:E 6KAOK
water temperature in last three decadés{ A NB y A 6 . THisiprocebean ba assotiaied with the
enhanced eutrophication in LakeNR2.O 6 S

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 inthélagt 1 @ NJ A 6 2 I B A P& H
2014).
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Carbon isotope composition in karst aquatic mosses and possibility
of usingit in tufa dating

l YRNB2F {ANRBYAGOD
WdzSSNJ . 201 20A08 LyauAaiddziSz wl

Hygrophyte (true aquatic and wabck) moss and mesophyte (lanaoss species wemllected
at the Plitvice Lakes and along the Zrmanja and Krupa rivers water [daist of the aquatic moss
species were tu€ulousg tufa forming Tufa is precipitated on the surface and on the base of the plant
when plant useslissolved inorganic carbon (Df&)m water. Thecarbon isotope concentrations (&
and 1130 were measured in the plants and in DIC. Aquatic moss@s use carbon for the
photosynthesis from two carbon reservairatmospheric C®and DIC Fraction of the atmospheric
carbon in mos® am.c) was calculatedrom at“Cof the atmosphere, of DIC and of mosses. From their
1 ¥Cvalues and the calculated.m. ¢, **Cfractionation fromCQ (as a part of DIC) to moss tisSughss/g
ag) Was also calculated. The recent data were compared with the published dat&amd! *Cvalues
ofmossand DIC froon &SI NR |32 O0{NR26 Si mwheddGobtheo T al NI
atmosphere was 30 % higher.

All collectedmosssampleswere identified asC3 photosynthetic cycle plantSC fractionation
factor from atmosphericCQ to terrestrial plant tissue for C3 types of plants is well studied and
amounts toF-20': T K 2 #S&S i aquatic plants depends on numerous conditions (e.g.,
concentrations oHCQ@" andCQ, pH, amount of available nutrients, water depth, temperature, water
flow velocity).Currently, it is known that the carbon isotope compositiomduatic plants growing in
hardwater karst lakes and riveis strongly influenced by the compositions of DIC, howes@Es/gaq
has never been determindd f (i K 2 dz3 K moRigh, ¥aluds N@ilg ointsto the difference in mosses
carbon photosynthesipathway.

A significant positive correlation ofossal“Cand1 **Cwas foundn both periodsat Plitvice Lakes
and at both Plitvice Lakes and ZrmaHKjaupalocations It was also found thatiree species of mosses
(true aquaticCinclidotus aquaticuand we-rock Hymenostylium recurvirostrumnd Ptychostomum
pseudotriquetrumhadcalculated- am.cF0 %or even negativémplyingthat they incorporate carbon
only from DIC, i.e., that they turn to anabiosis durdrg periods. For all other submerged mosses
.amcranged up to 66 ® / | f Q&zhgvaleRrangedrom -43':  G-BQ: P ¢ KS |yl 0A2(
species, as well as a wegick Gimnostomum aeruginosui I R K S mofgde PE.EA 9: 2 y
the average, which was similar to the fractionation fadtmrC3 plantgrom atmospheric C©O

¢KNBS INBdzLIA 2F Y244 &LISOhsad MIGMISH) MNoSBitS R | ¥
BmossigaqF-227 2 O A A0 20 KSNJ CiNdidStuslrifjadas, RAyAchosteyi@ra Sparioided
Fontinalis antipyretica)and (iii) amphiphytemosses PRalustriella commutataand Eucladium
verticillatum). ¢ KS I NP dzLJA 0 A A U moduigdy Ralues Ahark2Q: dK | IRNEf d2Ld SN As0 & |
A0FAGAAGAON T E & &ATY Ankhadl VRim c OB phiNdyte masded (i) hadSnioeS Sy &«
intense *Cfractionation from DIC with higher water flow rates. This grougilegrly shows that by
KI @AY 3 Rasv8NES yhdsses have different photosynthetic mechanisms and different
adjustments to he same environment.

A statistically significartorrelationbetweent 3Cof moss: Y Rumcwvas observed fothe other
true aquatic and amphiphytmosses This feature opened a possibility of usingC ofmoss remains
found in inactive tufas for determination of true tufdC age, which is often compromised with
uncertain*Cinitial activity.. amcfrom measured *Gnoss0f a fossil moss with unknown age could be
calculated form the **Gness- + am.c coOrrelation. Knowing ACof moss and approximating of tufa

13
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witha“C2 ¥ 5L/ 0 (GKS GAYSC2F UKSI | FEAXLIKILFSE OXKE @I
value is the percentage of nedecayed“Catoms from the day of tufa formation whictan then be

used in a regular formula fdfCage 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 al@ $ampling and**Cand &‘Cmeasurements in order

to reduce the uncertainty of ®Gnoss-+ amc correlation line. Nevertheless, with this current cognition,

this procedure could be applied for the moss speéliabustriella commutatathe most abundant one

at the Plitvice Lakes, which introduced the highest amount of the atmospheric carbon and so had the
lowest uncertainty.
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{A3S adz aS{dzy RENYA {1 NB2ylFGyA aSRAYSyi{iA 122A
AT @2RS LINR1 I LW A SlikawiBT t A288¢% Ul tepBaotopey S Ay
122A 2Y23dz0l @ 2dz NB1 2y aidNHzl OA2dz 6NRB2YyAK LINRY2SYyl
haiAyY OG2 &8 ylI GSYS¢tTadiza NE Sige 2nbgl taangeyhd (ieciind @afiratil Ji
varijacije stabilnih izotopa ukazuju na paléod f A Oy S LINRY2SyS dz aviafdz 7Ff
12tA6AYS 202NRAYS>Y LINBOf I RI @F2dzdS @S3aSalroresS A af

tfS21tAYFGA&LTl dz 23F aA3dl LINBLRIyLFGF 28 220
AYiSyT AgyAiesS 1 2NROGSy2S a&bhjbrijedsakdodingka@sy Sefuvidlg A Y & i
ONR2YyS LINBRy2adGA &aA3dl LINBR RNHAAY WIENKAGZAYIQ af A
sedimenatakojelLJ2 { NR @ 2dz 20SFyall A LEREIFNYylF L2RNdzG2FI R2
svim kopneA Y LR RNHzZ62A Yl ® haAy G233 yeAkKz2g2 2SS RI
2Y23dz0At2 NB12yadNHzZ OAcdz 212t A0 dz 2112 @Arazilze
2aAAY yIF26S06S 1 2NAOGSYAK @I NRM2HDAR Fa R2ISYSINI 2 S 20
gt NA2FOA2S 12yOSyGiNrOA2S StSYSylhidl dz GN}320AYLHE:
Aylfdd A2 LINREAdziyz2ald 2NHIFIyalAK Y2t S d -z LI 61 °
siga je njihovrastz OLAf 2a12Y 212t A0dz R20NER TIC)u 5Sy2Y 2R
6dz@yal A I NKAGANYryal dZ 2NF1F T+ 6dzRdzS FylFtATS
bitno zahtjevnije).

{tAll mM® {A3S dz b2g22 DNH2a2022 OLJ
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lakoje 1 f I & A Kojérh pripabdd Hrvatska bio k8IS@1 F 1 NBR (G2t 201 AK AadN
TYylLyaiodSyAY AaGNI OAGlI y2AXIK d@2RNPEGANZDE @23 dzBIA @ NE
F NKS2f 201 AKZ LI fS2yida2f201AK 228135 tATAZYO | MEK( N (0dER
koristile za rekonstrukciju kolebanja morske razine i tek potom za paleoklimatske rekonstrukcije
6LINBIf SR a0AK R2al RFOy2AK AaGNY OAGly2al dz { dz2NAS X
objekata), Hrvatska nid AT YA Yl Yy LR GSyOAalt dz 2022 RAAOALI AY
A T Y Sr8ddzemnih maritimnih i srednjoeuropskih kontinentskih utjecaja. Pomicanje te granice uslijed
3t 20t YAK (fAYFGATAK LINRY2Syl @Sbueti®retd. acif)icSOSy 2
YIEY2SNI 2S5 LINRPeS{d2Y w9v! 9b/wLa dzadly208AGA 1112
R2 3 St 212 kapréafiralZpo pitanju temperature, distribucije oborina, vegetacije i dr.

¢ SYSt 2y A LINB R dz@varfajiodriodno za gercddBtbjnodt paledklim@atskog zapisa,

2Sai LINBiGLRadl g1l R &a$S 1+FtOAG aAr3al GlFt20A2 dz
B NA2F OA2S 1 AAA120AK AT 202L o0AfS Aaifadzal @2 2
2SS dz OLMAt 2l Yl dz LINAYOALMz GSYLISNI GdzNI &adGttylF A
LR RNHz62F 0 %623 (23 LINBRdz@2SGlF = yI AT 3IEtSR Ylyes
A&GN OA Gl yel 2S Y2YAUG2NAYIDLINRPBSYW2YAUANR YIS NXNE @A
OLAt2IYF A YI LRGNDAYAI AYyGSyT AGSOF LINB{F LI Sty
prokapnice i recentnog kalcita. Nakon najmanjd 2 RA Oy 283 LN} 6 Sy 2l = LR OSt 2y
AT &0 oA fHAKG FGLIAE 22259 AdKdz dZINRA KNI Yy 2A G y 1P 2R)2Y dz2 SR
6A2A 2SS NBOSyilGyAr 1FEtOAG GFt20Sy dz AT2G2Ll22 NI gy
je i repliciranje izotopnog signala u sigama iz istog razdoblja (Damdl&iy 2009), a provodi se i tzv.

| SyRe G8ad RdzO tFYAyYyl &A3l 61 SyRés wmptm0os {1 1:
frakcionacije na izotopni signal.

! 21 PANYz wOv! 9b/ wLa LINR2S{Gl NBE{12yaidNdz OAael
G NR2FOA2F Y 2Y2S8SN} &il A %) ukalciidedam2AH I {ATEA A QLIA A2
NI T EAG6AGE LR2RNHzZ2FY b2@S DNH2ad2@3S OLAf2S {2R {IY
A OLIAt2S az2RNARG 6 LINAryo20oNd ilLbkvalciNddniteridg] vbda grovodio be21@2 2 T
J2RAYdzZ FGY2aFSNER|{A dz@eSiA LN} O6SYyA &adz RArAcS 3I2R
R21 2SS 12YLX SOty Y2yAG2NAy3 dz OLIAft2A az2RNARG dz LR
projekta. U-Th datiranje provodilo sea School of Earth Sciencédniversity of Melbourne, Australija,
YW RFGANIyYy2S ylI L yUnivelsily dfiGdergia,dxtastdy BADR Siydoghk analike
voda i kalcita obavljene dijelom na UniversityMélbourne, a dijelom useological and Geochemical
Research, Research Centre for Astronomy and Earth Sciences Hungarian Academy of Sciences,
al SIENB1F® {F Tyryaid@SyAOAYl yI@SRSYAK dadl y20l
LJ32 RNHz6 2 dzalilatidNg Okl /@1 AK T F LA AL dz aA3LYl A L2 119

A
RN

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 opreime koj
YI NHZOA 1 2YUAYdZANF YA Y2YAUG2NAYy3IsS LINBadlkyll NIadl
preko nepoznavagjLl2 6 Sy S | | G A0y R& it A NLINBGaN IRIND | 122 RSaiINR (i dza |
U¢K RFEGANIY2FZ LI R2 Livd@gouirdkd izotophéyNiBriala gemyedatura, R2 YA Y
12tA6AYIlF 202NRAY I 20 {LIZNN\BES|H@BPWIR@R2 NeR U2 YAS SR\ A a d N
alLRi yreryYl 122l dz2RGldzy2dz2dz aftAldz 1Q@FNIGFNYAK |
multidisciplinarnimstudijama.
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Zahvah

LaidNI OA@GlEyal &dz Hnaike yzékiadel zg znanbSIRBAR-20]1 31 R1623
wS12yaidNdz OA2l 212t A0F dz | NI (a1 2 2(Récanduddichyf 1 @1 NIi
the Quaternary environment in Croatia usiagtope methods¢ REQUENCRIM, 2042018.

Zahvaljujemo na suradmjbiteljiGrgos|{ 2 Y OS&aA 2y I NAYl b2@3S DNH24d2@S
-12yO0SaAirz2yl Ndz OLIAE2S a2RNAGT (S 20A0St2A ~F FI NJ
prilikom prikupljr y2F ({1 AOYyAO0S® ! 4L1SOyl adzaNI Ryal 2adGdalF NBy!
%l INB OHZR $A2S 1St Sy-N2 NINE & B FtNIdNEARTR 8l | 21 R NBE1 S Oc
Jadera Zahvaljuiemd NDOYB YK A R NP Y St SagobRofi @af jeustups2 @A OS3I2 RA Oy 2
YSG§S2NRt201AK LRRFGFI]F® tSGNY . F22 A wdzaaSftt
ATYAYYS &iGNHZ6YS A LINI{GAS6YS LRY23A LINRfA12Y A
kolegama i prijateliima kojisunY &S Tyl f A LINA RNHzOA (i jfiz6 dz8 @84 2 X
djece kojima smo, nadamo se, pobudili interes za znanost i prirodu.
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‘ Q.,,;, g & “MOD-32
{tAlF m® [21F0A28 A yIFONIA OLAf2E aogyliOyRradyA Y Ny
(TH), uzorkovanja vode (W), te s lokacijama s kojih su uzete sige.
~LAter [219FNYlF o6Tcn Y yogosr aveSoisSyl 28 dz
ylanal- [21 0S8 o6{fAll mMO® ~LMAt2l a8 yrtlTA dzydzil |
12e LINB @t I Rl @I dz {2y (A Yy &Goiskof kbtard mddificlzan Gadmosskdm | f A
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A2 RADFELISNT GdzNF TFoAt 2808yl yI (tAYFG20RP] 22 LR
[ 21 DFNyF 28 A Y2NF2ft201A ylaatz208SyAacAa aLlstsS2t20
2023 LINP2S{1dGF 2SNJ 2SS NA2SH RAzOANKE 2ATBACE IBSLINA dA
F2NY¥ANIYS dz OF LIWSYOAYlF R2ye2S 2diNBE® +S3ISilFOoAacalA
OdzY |l &

b2@l DNH2&a2@l OLMAtel ylrtlrTA a$S dz of ATAYA {I Y2
YOZdr dz A RIFHBROY 2 21 NOSYAK fAG20FYYA2AalAK @I Ll
A&GNF OAGI Yl 202810l & dzldzlly2Y RdzZ 2Ay2Y 2R a@S3t
jednostavna i sastoji se od dvije dvorane spojene kanalom kdfigeS & G A YA OS LINE OA NA G
LINR addzld LlRazsSiraasStareo Y2 A [219FN)JFX A b2@dF DN

FEA al Tyldy2 Ylyaz2zy 12tA6AYy2Y 262NAyl 2R 2y$8 dz
jenapostajjSE2 6 2 NJ AT y2aArftl mnTtc YYXI R21 2SS 1A02Y2SNYyI
GAOSI2RA0OY2A LINRP&aa2S1T 2R MMTCc YYD bl 2@So6l 12fA«

Y1 &AYdzY2Y dz NMz2ydz LI @OSO6AYyl 202 NRhuzimskiRngelsdeil A dz
dz3t | oy2Y adzOA 10623 dziaSOlal adzKAK A KflFRYyAK {12y
ATYFER OLAE2S LINB{INRGSy2 2SS dAfl @y2Y aYNB1202Y Od
~LAft2F az2RNAGS6 avyaSOoidiSyl 2S5 ylaP&edthyXm¥iv. +Sf So
6{fAll MPODP ~LAf2F 2SS aS aradz2eir 2R R@GI 3t Gyl 1
NI} 32SRyS 12yS dz R2o0NR dzaf22SyAY JI2NYy22]1 NBYRAY &I
AYE /FF 1 €AYdz LRYSRALIGNY At (€2 188 YRz ST AT NI OSy2:
J2RA0y2F 12tA6AYLF 202NAYl yI LkRadGlkaAa {GFNAINIR
0SYLISNI GdzNI T Ndsiskn amc® mL lcY 2 oamSpymdr £ 2+ yFfFT A yI &
2S 2NRPINF F&1A STS|1ld 1023 ySLRaNBRyS o6fAlTAYyS St S
podaci o potencijalnoj evapotranspiraciji (PET) pokazuju izraziti manjak vode tijekom ljetnih mjeseci
GF12 RI &8 @2R2y2ayAi] AMNEBENILRzZRSI2480Y ! A &E{ A2 @b
RA2StIl 3I2RAYS o6wdzRT {1 Sd Ff®dX HamuHOD® ! GSISGL OA
GALAGYS T+ &dzoYSRAGSNI yail (1ND1F LRRNMHz2F O6NIT )
a2RNAG TylélrayrasS 28 Y2RATFAOANIY A FyidNRLRZ2ISYAY
I TFGAY I NRBIT &FRyedz adlolfl 6SYLINBa&lF A 02NRJI

aSi2R2t23A2F Y2yAdG2NRy3Il OLMAt2rS dd 2N) 20l vyel

U sklopu REQUENCRIM projekta nomith y 3 2S5 LINRP @2SSy & OAf 2S@AY
FGY23aFSNBR]1AK dziaSOlal dz LI2RNMz62dz A&AGN)F OAGDIlI yAK &
1TFNF{GSNAT I OACS {ND|IAK @2R2y2ayAi] BEIzie cobdiba 21 3 N
prokapnice, te odabira stalagmita najprikladnijih za daljnje izotopne analize.

Yl LRGUGNBO6S LINIOdSyeal IGY2aFTSNAR]AK dz#e fala dz OLJ
f233SNRA T OAa12NBT 2t dzOA2al12 oAt 2S0Hyhgednjeius Y LIS NI
AYGSNBEFEAYEF 2R m abdl 6{tA1ll HlOd ! NBSI2A &dz dz C
modd FTF 6{fA1ll WDai+dty2Ry|M dMBSH 2k 2LINR 1 f I RYA2AY
ulaza u NG, 80 m od ulaz& @K i 500 m od ulaza u MOD).

a2SNBy2sS AyiaSyT AdSaGr LINRZIFLFGFy2al LINRGSRSy2 2
kapljica (Drip loggef G € F IYH 2$% AAaGSN) 9 alGdSex wnnpoO® t2adl

122A &dz o0Af 2S Gdplick u BEdBnE AR yi22 mjestima azho@ahih siga (Slika 2b).

a2SaS6yA 12YLRTAGYA dzZl 2NOA 202NAYLF A LINR{IlLWYAOS
dzy F LINA 2SR 2RNBSSyAY YaSadGAYl dz of Al Aa/diipldgdstat 2 0 {
G{ftA1l HOOUD® ¢l 12SSNE YI 13 (ioaPyasdiLNRAARSYAT ILNRDDER
G t20Syelz yI &id4F1tSyAY LX26AO0FYl &l 1dzLd 2y 28 A
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or a2l e
Slika 2a) TH logger; b) aktivha siga M@Dkoja je uzet za analize; ¢) dApgger postavljen na mjesto
uzorkovane sigeMGBPMT RO LINAR {1 dzZLJ 21 y2S {AOYyAOS dz [ 21 9F YI T ¢

T 2NOA aA3dIE AT LFONYYA T A&GNI OAGlLya2S 1 G NI Ny
OA6LYyS LAESS RIFIfES12 2R GdzZNAAGAGTAK Lidzizgl 1112
stalagmita (N&, NG7, LOKL, LOK2, MOD31, MOD32 i MOB3o 0 ® { @A &Gt F3IAYAGA
prepiljeni (Slika 3), ispolirani i pregledani kako bi se odredila njihova pogodnost za daljnje analize
02RNBSAOlIye2S adGFNRPadGA A G NRrR2IFOA2F 2Y2SNI &il oAt

Analize omjera stabilnih izotopa kisik&@ 2 R A ¥hl-  #d) Wwuzorcima oborina i prokapnice
provedena su u laboratoriju u School of Geography, The University of Melbourne (Australija).
bl LN} @t 2SSy S &adz 'yl AT S H wmMWicazb P2NI0 tabity b wrnSsbtopdzi  dzLJ?2
analyser Analize su provedene ds Y[ L2 Rdzl 2NJ + FAf 4 NA NI y Sighg2 RS 1
precisiony I 6 Aydz N} Rl 60Said AyeS{OA2l LR dzd 2NJdz0d ! ]
YSSdzy| NRRdz A1 fdz 1 2NREAGSOA Fdzy 12GM2 dR AIINAY2SSS/d2yal | NP
(GISP2, VSMOW) i dva interna standarda (WOOLIES, LAKE).

Analize omjera stabilnih izotopa ugljikd iA & A'} | ¥®)inha 450 uzorakkalcita siga iz
Lokvarke provedene su u Geological and Geochemical Research, Research Centrenimmpstind
9FNIK {OASyOSa 1dzydINAlYy ! OFRSYe 2F {OASyOSa o6a
pripreme uzorakaSASBENCHLUNJA 6 @ NIOTh& nyoF-mnigerl Delta Plus XBseni spektrometar.

Izotopne varijacijé ¥/  %0)na 910 poduzorakaizA 3S AT b2 @S DNH2&d20S OLMf
AT o aA3SsS AT a aRUikebsityof IMglbodrde [(Audhlija)Snaralgtical Precision
AP2003 continuoulow isotoperatio masenom spektrometru

hRNBSAGIFy2aS &l NB &I Ajuandizhlradicdktiend SRdpy wljikda$te y I G SY
uranijaitorija (Ut K Yy AT 0 1 2 2Fh miederjaSu iavedBridIBs imdstryments Plasma MC
ICPM&EMulti Collector Inductively Coupled Plasma Mass Spectromesghool of Earth Sciences, The
University of Melbourne (Australija) gdje je do sada analizirano ukupno 48 poduzoraka iz siga iz Nove
DNH24&20S A a2RNARG6 OLMAf2S 1225 adz AYFLES 1TFR2@2¢t 2l
R2RIFGYy2 LR2LINI At 2z2nhza®BhdatinjelJ2 Rdzl 2 NI 1 | dz LINA LINB
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{tAlF od® !1 RdOYA LINB&2SOA dd 2NI 1+ &AL

%o23 @GSt A123 dzReStl RSGNRGAzaAlF dz aA3F Yl O0AY{ 2N
metodom U¢ K dzI NB | dz2 dz LJ2 3 NB QL Dkziz LakbagkeNdD hili gododnt za i Y
FytFtAal Sz S 28 & iY¥oNmipréma 2ariatiBugeSuiupno Y2ufoakageiapravljena
u Laboratoriju zamjerenje niskh radid { 6 A @y 2aiA LyadAdGdzil wdzSSNI . 20
provedena na500kV compact PelletroAMSu Center for Applied Isotopes Studies, University of
Georgia (SAD). Osim datiranja 12 poduzoraka siga, mjereft&Jeaktivnost na 3 uzorka recentnog
kalcita.

Zahvah

LaGNI OAQGlEyeal adz THiyitskg Gakldeyda znaid®RZAR201311-1623
wS12yaiNt] OrA2r 212t A0F dz | NI (4] 22cREQBENCRM | &1 NI

Literatura

Collister, C., Mattey, D. 2005. High resolution measurement of water drip rates in caves using an
acoustic drip counter. America@eophysical Union Fall Meeting 2005. San Francisco, USA, pp.
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wdzZRT 12 50X aO5SNN20GAl2teOSyBdRRAYI 4 NBORMR! A &
Cave (Croatia). Journal of Quaternary Science 275985
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Preliminarni rezultatihA & G NI OA @1 y plrojekdar I  dz 2
REQUENCRIM

al OF { dzNRA &
hR2St 1T 3823aNrFAa2dzx /SydlFNI T A&aidNF O,
Zadar

t N FETF LI €S8S2212t A0yAK A&GNI OABly2l yI (GSYS
dzg2Silyahl tAAA@$ dz b2@22 DNH2az2@g22 OLAt2ATI [21 3 NL
pouzdanosti izotopnih zapisa u sigama, te otkriti dominantne recentne atmosferske utjecaje u
L2 RNHz62dz y2AK2@l (Ff20S8Syal o ! aipy201BRERaAl 2S dzBE S
dz2 SRy I 6SyS GSYLISNI (i dzNS ,doNarRalp Eb 8 218 NK SEB& dnskith
'YL AGdzRFE YD dzy deBE NG w Oy S @t Oy2adA T NI odmnmE:0
dz &A3F Yl dfIF2RED S QAR Y &1 S0 LINRBY2SySo LyidGSyl
dzl SGS aA3aS GIFNANI2 28 2R AT YyAYYy2 dz2SRyI6Sy23 6yL
tj. ovisnog o intenzitetu oborina (npr. u Lokvarci) (Slika 1). Na tdmelK A RNR2 3S2f 2 O1 A K
vodonosnika, odnosno pojedinih mjesta prokapavanja determiniranih na temelju varijacija intenziteta
A 12fTA6AYS LINR1FLI@FIyel o6{tA1F WO Y23t &S @So |
sigainjihova kvaliteta &2 t 2y 2S I yI ft AT S O6{ dz2NAd S I f dI HAMTOD

O«
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Slika 1. Intenziteti prokapavanja na mjestima Slika 2. Klasifikacija tipova

uzorkovanih siga u odnosu na intenzitet oborina prokapavanja
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lzotopria | & G |
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1

2t A
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NJ ARS dz LINAft 23 6Ay2SyAO0OA RI 06585
LINEY2SySod | aLRNEBRORY @i d N SWK?
- OA2S YaeSOradz FitlyGaiar A &NBF

varijacija (Slika 3P i 2 S
or ORIy 28 2] y
asS yr agsS GNRx f 21
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2SS
Oy S

I
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400 Precipitation 0 ( )
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E = MOD MWL = 6.77 x §'30+ 3.82 .
E 250 5 2 A [-20
z g S
£ 200 -8 5 o)
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: 150 -10 g + MODR =
100 12 g E
*  MOD-31W 60 T
50 -14 e MOD-32W 0
sI_— 1 16 MOD MWL GMWL &°H=8x5"0 + 10 -80
T g2 e ®aen Lo e8 @R

o
=]

{tA1l od a28SasS6yS GRNRRIVOA 3 DYAIOS i dgspojea |
lokalnih s globalnom linijom meteorske vode (GMWL)

5NHZAA A 3Jfl FYyA RA2 20AK A&0GNI OAQlyel 20dKJI
g NR 2l OA2l YI AW 2 &Q)laps@utho datiranihh bigdl Preliminarni rezultati mjerenja
adFNRadA aAral RIFadz N} aLRy 2R aL{ wmn LI R2 al RI Oy
jer su ciljano bile uzimane aktivne sige.

hoaS aAaasS Al b2 3ENGDNHEDERIDS halobéhskessBrogi te [ izotopni
TFHLADIYRS YRS O0G2 YlIyaS GFENA2lIoAfy2aiGAd aSSdziAYI a
LINR adziyAK KAZ2lGdzal OlG2 2SS Ll2at 2SRAOI dz2SRyIlF 6Sy?2
NI} gy23S0S 0OiG2 28 LRGONBSy2 | SyRe|dBaiG2YSA aByIRSS,
NB12yadNUZA NI GA LI € S21tAYFGATA aA3dylFfA 2R LINR2S

AA3ILYl o0Sd3IP 5N£'“|fs SGi Ftf®dX HwnncT %yOKSGGE Si

raspona, petrografij = 1 @I t AGSGl aA3a2@0AyS A 1 2yOSyidNr OAcl |
uzorkovanih siga.
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Sige iz Lokvarke (LOKi LOKO 0 X &dz ylF OFt2aid oAtS ylratz20raeSs
prihranjivanja ovisnog o promjenjivom intenzitetu oborirfea¢ture flow). Takvi pukotinski otvori
2Y23dz6dz2dz LINREFTF] A IfAy20A0Gd23 RSGENRGdATFh 1224
metodom. Metodom* A LJ { &dz 2RNBSSyA AyOiSNBFtA Nuzeil aidl
ka) i izrazito hetevgenog teksture, uzorak LEXKizuzet je iz daljnjih analiza. Na stalagmitu 110K
GFt208Sy2Y 2R LINA2S nHIT 1+ R2 LINAR2S MHZdD 1+ 2484
inkluzija.

{A3S AT OLA-812MODa22NRORA G U 6 2 & &zK Dlje Grén@ ke yhtergale dxl
LINA2S ocp (I .t R2 &l Rl O¥Revaw: ) BGAfpfrAd] I dzLddpokizeds R
TFroAt28S0SyS Tyl 6layS Lberine Sgeciisk® pakdwli sl daNifhava | 2 £ A
G26yF 3IAS21NBy2f201F RS{SN)NAY I -Didathcijadkdielsu 6 Gekuy 2 3 dzd I
LaAd2R20yYA NIad LR22SRAYAK RA2St2@F NITEABAGAK &A-
kojabiR2 R Gy2 LRIEONRAfTI NI @By2GS0yS GFft20yS dweasSisS L

]
11.7 10 8 6 4 2 Recent ka BP

Holocen

|
400 350 300 250 200 150 100 50 11.7 ka BP

Gornji pleistocen

Slika 4Vremenski raspon kegpokrivaju analizirane sige

¢tAc2S12Y OA2St23 GNXalyeal LINR2S1OdF &adzaNBOGFtA &
susenekimf A 286S1AQFGA 112 O0G2 &adz yLINY adzOyl NIT R20
202NAYlF OYLIN® mMmM® NHzZYl HaMT® dz { dF NAINF Rdz A %I R
2SRyz2ail @gy2 LdzOFyeS 2LINBYSato28{ dz2NAaDSyYaadh o 6 X
o0A2 202S10AQ0YyS LINANRRS 2SNJ adz FyFrfAlT S NISSyS dz
NBRaG yI R2a0dzLlly2ad AyadNHzySyidalrs GS &S ySLINB{ARY:
yS26S] Akt yOMKR F aALIR LJdzd S 11 R 2SS dz yS12tAl12 VyI ONI
2LINBYdz dz OLIAf2A az2RNRG6Z 2Ryz2ayz2 {(1IFR 28 |dzadNIfa
2L ay2aid GS 2T NI 6AfLF dzd 2N] S OG2HRIS2 64 aydSNGEIA f NS T Adgf A
yI2a@dSs622 Y2SNR 1l R2g2t2l @F2d2dA A oAl 6S TylLélaly
i na regionalnoj i globalnoj razini.
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Zahvah

LadNI OA@GlEyal &dz Hnkaike yzékhadel zg znanasNBREZZD] 3 R1623
wS12yaidNyzl OA2l 2712t A0F dz | NBI (&1 2 2(Récandibdichyt | @1 NI
the Quaternary environment in Croatia using isotope methQ@REQUENCR]M014¢ 2018.
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Algni vijenci kao markeri relativne promjene morske razine i
1TAYlIUAa]lAK LINRYZSSYIl uASS ke (I ay
Jadrana

Sanja Faivre Tatjana BakrasPetriciol?’> WI RNJ 3 I 5 . ¥ NBIOADN] 2
Y $Sdz6AT AQOGS dz “NHHB&UZE AGNANEFR2 84 8@ E DS2:
A GSdz6 At AOGS dz kv NSOl AtGNJMNIFR 2| JF M@y . A 2

SLyauAddzio wdzSSNJ . 201 290A053 %I INI

bl 20S6A 0NP2 -YAZNENIOANGTyAReyS LI H1S2 dz { gA2SihGdz (1
2Ry24S 4S8 yI NIrTR20t2S8S (lay23 K2ft208Syl & %l AadN
2000 godina koriste$ A {2YOAYANI 2dz NITEASGAGA YINJSNR 63¢
I NKS2t201A A LRGA2SAYA AT G2NRO (1 22A adz R2 al RI
Fouache i dr., 2000; Faivre i Fouache, 2003; Antonioli i dr. 2004; Beéna2004; Faivre i dr., 2010,

2011, 2013; Faivre i Butoractisky.

LT @y GNRLA123 LkRalal ylralylrélayAai 3IANFRAGSE 2
crvenim algama, a karakterizira ih tvrdi taBi2 I @ b Yy Snyrlasfayahadzy dzii I NJ a G+ yA S8y A K
Rasprostranjene su na stjenovitim obalama cijelog svijeta. Pod povoljnijim uvjetimathlggahyllum
byssoidesaNJ} RA | £ 3yS @A2SyO0S dzLIN} @2 dz 1 2yA o0A2f2018S
metodomC. Algni vijenciuglgv2 ¥ &S A &GN} Odz2dz dz aSRAGSNI ydz o[ | 62
AYRALFG2NRY yS1FRFEOy2S Y2NE1S NITAYyS RdzO YA NBLJX
553dzSy s mMdppc T CFEAGNBE A RNIWYI HnamoO I 238S NE2ISIRF2 YWa Rd
0A23aSYyl 12yaldNHzq OA2F yI aSRAGSNIydz ow2@SNB A RNX
RdzO AadG26yS 206FtS WIERNIyl LR26St2 2S5 NBtlIGAGy2 y
preciznijih rezultata za analizdid LI2 NBRodz NI Tt AGAGAK LR1FTIFGSt2l Y21

2
t20SyOA2lrt Ff3IAYAK 0A212yaidNHzz OA2l RlIyla 2SS y
YIENAy&ai123 NBTSNWB2F N S¥FS1idlF o6aw9uxr AfA SF¥S1dGl &
dobivenih®Cand AT 2Y { I Nb2y Il GF YIFNRyaiz23 LRRNA2SGEF® ha
24818z 2o RIF 28 LriG2LX 28yl (GA2812Y LXAYSET | ATt
se pitanje koji ugljik koristi alda byssoidespitanje visine mariskog rezervoar efekta. Stoga je veliki

RA2 2¢23 LINR2S1i0l o0A2 LRadSO6Sy dzZINI g2 NI T NBSOI &
(Faivre i dr., 2015).

LF{2 &dz A&GN)} OA@Lyel @I NR2FoAfy2a0A aw9 &agds
A& NIY@N  aw9 Y | uzdrkd df@aoralnitiodganizama iz preomb razdoblja(Siani i dr,
HannT wWSAYSNI A ald/ 2NXYIFOX wnnuHoX RIETES 2NBFYAT YA
pokusa. Rezervoar tih uzoraka varira od 2487C god.

%l 2RNBSADlIy2S aw9 LINBSyaioSyz2z a$ (12NRadsS 012
u muzejima u Hrvatskoj ne postoje uzorci alggmophyllum byssoidesa Jadrana iz razdoblja prije
1950. analizirane su najprije druge vrste algar@llina oficinalisi Janiaruben®y A O12f 211 OA 1 |
nalazimo u algnim biokonstrukcijamezultati*C starosti i MRE morskih organizama pokazuiju veliki
rasponCa G N2 AGA A NBT SN2 MC(Fa@rRidp R015). RezervodR Analigidp F p o
pre6 2Y0 f 2dz0idzNF O12t21+FOF A Ff3IA AT WHERNIya&aiz23 v
6ONERGS LRRf23SY 2R YSRA2f{AG2NItYyS T2yS R2a LI Al 2
F£3S 1F2 LINAYFINYRAOAINRRE DSBS G AT 2 DFL2$RIADTY A LINA Y

s‘
L
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{ 26T ANRY ylI R20A@OSYyS NBITdA GFIGS A&aGNI OAQIl ye
LINB (i NI OA @1 y 2 Qu Ettol ($ @eialza &gorfl obyskdjddste uspjeli dobiti i analizirati
dz] dzLly2 y dzZl 2NF 1+ AT aSRAGSNI yI A “G&eéky porzht NI |1 A
starosti dale su direkine dokaze o rezervoaru dlgbyssoide} 2 2 A LINE aweoSi6vy 20acl yr2 amT
godi DR-H 'y H“C gomiza karbonatne frakcije. Dobivene vrijednosti MRE znatno su homogenije i
ASYySNIfy2 &dz yAOS dz 2Ry2adz yI @NA2SRy2aiiA NBIT SNB
0T ECgedip kw mM¥n AR Rpp LI 12 2S5 HBF BBI2ZNINI OF AL 2 YA OIA
atrdAatA61A TylFérayl o6dzRdzA RIF &8 NBT dzZf GF GdA LINBS
ol1z2tall OF @

L 984G 2R RBySBidedzA® SWF 1BS Tylsleyl NFTEALF ATY
i organskihfrak@ I 2SNJ 28 aw9 2 NBI y3 brakiskiff fkcila@dedyssoides | Gy 2 ¢
varira odMo ®dm':-MR@T1::  *t 5. OG2 TylFr6A RIF adz GNRA2SRyz2ai
52 6 A @'&yWhjednosti ne pokazuju nedvojbeno koji ugljik alge koriste aly SOG 2 yAOS GNA
rezervoara R(tkarbonatnih frakcijaL. byssoideslz 2 Ry 2adz yI aw9 O12ftall OF
dzLJdz6 A @F G A y I LI NDA2I fy2 {HNKOGYS 262 didif 2a Rl Ay A 2 Si
potvrditi. Homogene vrijednosti. byssoides®¥  dzLJdzd dz2dz y I @ONI 2 2O0GNR NI T :
mediolitoralne zone u kojoj algaraste.; O NI} R dz2SRy2 vyl 3t OF @ @I Oy24ai
Ydzd S2a1AK TOANYA T &dz@NBYSy|l MPétriciblldO20#4).y 2  dz LINA

Y2R A&0GNI OA@Glyeal LItS2212tA0 63t206FfyAK LINEP
dzZl 2NI 1} 2R AT YyAYYS 28 @I Oy2aiAd { @3S OSO6A AyidSNB:
T dzi ONBAGIy2SY dd NPHhndhbd KT LIKBX2SPE &aANFS LRI KNA
R2O0NR LRTYylI@lyaS A NITdzraegSglyeS LINRY2Syl dz LINE
LINEY2Syl® YIFRIF 28 NITR26ft2S8 Aa0GNIOAGlIye2al {NFiG]2
preciznost O @ Oy A2l o

U okviru projektaReconstruction of the Quaternary environment in Croatia using isotope
methodsy | RI £t 283 A &GN} OAGlyeal NBtFGABYS Y2NE1S NIT Ay
6SUANR | f3AyS &G NHz 0 dzNBI yILI2 ENBz6 8 &1 2 QARSI L RONB SA 4R
AadldFNBR1S 206FftSd ! 2Ry2adz yI |f3yS @AaSy0S dz aSRA
L2 RNHz6 2dz { NEBRyY 2S3y WY RONEWVA SRR2E RIEIARS OWzn motho | £ Iy A
su manjih dimenzija.

3

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

NI TAydzd 5FGANFY2 28 dzldly2 nt dd 2NF 1+ F€3A A f¢
dubina. Dobiveni su rezultatBkNA IA NI yA T F 21 FfyA NBIT SN2 NI STS8
dd 2NI |} Tyltétay2 AYEyertl A 2Y23d8Atl Al N} Rdz LINE

Mpnn 3J2RAYILF Yyl LR RNYz62dz L&, DONERP 255 Mdaeydsydioe 3 NS O
markere gotovo zanemarivo.

520AQDBSYA LRRFOA 2Y23dzddz2dz RA&AGAY ] OA2dzed SGA NI .
Y208y2 LRGSTFGA & FLETFYF oNIAK (1tAYFGATAK LINRBYR2
bila je stabilna, potom§ R2 Of 2 R2 dzoNJ Fy23 NI adl Y2NER{1S NIT A\
prijelazu u malo ledeno doba vidljiva je velika fluktuacija temperature i stabilizacija relativne morske
NI} TAYySY R21 dz RNHzZA2Y RA2Sft dz YI f 2vigrojatd pasd nglatisne R2 06 |
razine mora. U industrijskom razdoblju ponovo dolazi do rasta relativne morske razine. Korelacija
AT YSSdz 3t 206!l f yAdRO dlga Jadnd pPokakuje ka Kiirmalske prdmjene na sjevernom
Jadranu odgovaraju globalnim promjenam G S Rl adz Ff 3yA @A2SyOA 2112 F
2Y23dz6dz2dz NBl2yadNHzl OA2dz LI £S21tAYS A LI ES2 Y2NI
drugim indikatorima promjena morske razine.
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Zahvaé

h@gl &adz A&0GNJ OA @I y Sjékta Rekodstryt®S ¢f lthe Quat@rriag erNittmmediy i

Croatia using isotope methodsREQUENCRIYHRZAP-11-20131623 uz dodatno sufinanciranje iz

t 20 L2 NI { @Sdz6 Af A2004.} 201k i 20163g8dne.dz GA2S1 2 Y

¢StAY2 11 K@l f kniiruzeiha ut RiECINR FagrébfiNaddyiom muzeju u Zadru,
PNANRR2Aat20y2Y YdzZ S2dz A 1 22t armdhzefna@NI tzNBZ dzLIHA A (0 &6
{ @Sdz6 A £ A OGQIEA 2z 8 dz Y\OldxNHBdda (i dzZ26E B &l 2R S & &l NI D3 DK YR
napraviti.

¢F12SSNJ OStAY2 T I K@GFtAGA 52y Gadk tySi NW2ORNHZG A3z yil NA
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PN 6 Sye2S adlyel f3ayAK @A2Sy
Tatjana Bikran-Petricioli!, Sanja Bivre? i Donat Retricioli®

LA2E201A 2Ra2BNISYINANE RR a frRiZgpeouSaagrdbd S dzo A
2Geografski odsjek, Prirodoslovrg | 4 SYF GA 61 A Tl 1dZ 4Su { gSd
Zagreb
3D.I.L.V. d.o.0. za ekologiju mora, voda i podzemlja, Obal@&r&&orinija 52,
23281 Sali

Algni vijenci koje gradi koralinska algahophyllumbyssoidesu mediolitoralu predstavljaju
G OFY YIEN]LSNI NBflFiGAGYyS LINRPY2SYyS NITAYyS1Z2NDD bl

paleol f AYS yI Ff3AYAY GA2SYOAYl RdzO A&aG26yS 206Ff8 W
da se morfologija algA K FA 2SSyl OF Y20S LRSI I GA & 2RNBSSYyAY
I FRyel ROF (AaddBtesSslr o ! 21 0ANHz A&dNHBWLBS | 23 LN

McHO wS{12yaidNdzl Oa2l 212t A0l dz | N¥EetodafREDZENGRIN)S 2 Y
F21dzaANIEA ayY2 a$8S ylI A&aidNIOAGLyaS |t3IYyAK GraSyl (
NFTAYS Y2NI} RdzO KNBIFGal1s 2o0ltS GS LRGSTIy2aid Y2N
razine mora u kasnom holocenu.(GI®NI Odz2dz6 A’ Y23dzoA dziaSOFa 1tAYL
0 SYLISNI G dzNB A NI UitHoghBlunybgsdiddsy ILI2GSH S 14fY2S LINF 6 Sy 2S 3
Ft3AyAK @GAraSylOF ylI R@gaasS t21F0ArA28S RdzO KNI G&a1$s
GNBydziy2 &ail y 2080 A0nzaAKe Sitl2tYvdxa0S SENRSR A NI ydEa put i Lidzy 2
32RA0y2S oidGAae2sS12yYy ta2Sil A TAYSO® ! 12yidS1addz LN
razine mora/temperature mora i promjenaumorfologfi@y 23 @A 2Sy OF @ | LINBT Sy il
i prodiskutirane metodd 2 NA OGSy S dz LINRPO2SyA &ldlyal LIN}QB8SYAK C
ddz2 6 At A dz 249 2bfe XRRIINSIOGAD lyyedSdz LJ2 1 | 1 dafaghe drddi vifericd 2 | £ 3|
Otiz 48 Y20S LRGSTIGA & GNBydziyAY oNOAY LRN}Iaidz2y
TyLél2ayAY dziaSOlFra2a8SYy 60A2RSANI RFOA2S A RSGSNRA2NI OA

Zahvah

LAaGNI OAGLEyal &dz Hnkagke yzékiadel zg znanosNBREZ]1 31 R1623
Rekonstry OA2F 212t A0F dz | NBFGdail2a (A2 S@Reonstriicbh oL I NI L
the Quaternary environment in Croatia using isotope methQ@REQUENCR]{014¢ 2018.
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Algal rims monitoring inGroatia
Tatjana BakrarPetriciolit, Sanja Faivre Donat Petriciolf

!Department of Biology, Faculty of Science, Univeysif Zagreb, Zagreb
2Department of Geography, Faculty of Science, University of Zagrelgreb
3D.I.L.V.Ltd., for Marine, Freshwater and Subterranean Ecolo@pala Petra

Lorinija 52, HR23281 SaliCroatia

Intertidal algal rims build by coralline algathophyllum byssoidesepresent an important
marker for relative sedevel change. Our recently started palaeoenvironment and palaeoclimate
research on algal rims alonget 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.-IRRZ20131623
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 thermhological 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 livingithophyllum byssoidese 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 livinghalli (living, partly eroded, completely eroded/nesxisting)the monitoring has
been performed twice a year (during summer anidter). 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 prospectedthiaiingas well as
challenges we facedill 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 {taléjected to considerable biodegradation and
deterioration.
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SedesaZrmanjeiKrupg I 2 F NKA @A LINRY2SYyl d

WE RN Yy1lF . I NBOAD
Lyadaddzi wasgeiN . 201 2040

{S1Tdzy RENYA (1FNB2yFGA LI2LMzG 2ST SNAR123 &aSRAYSy.
T KOt aded@dhl gRYRY¥PaNt 208y adz dz dz@2SiAYLE AT 202LyS
i dr. 2012, Drysdald RNX» wHnnpo® {SRNr3x 122F 2SS GF12SSN) a
LI £ S2A4GNF OAGLIY2AYEFZ fA 10623 dAaAflBy2Y ySNI @y2i8
dz N} TyAY A 6Saitiz2z (S012 d26t2APBAYARYESNRWAYRS @85
A dz2A2iNBoft a2l @lyl ¢6.fe@iK A RNY HamTO dz A&0GNI OAQI y
aSRN} 28SRAYA Rz2aldzlyA YIFGSNR2EE 122A Y20S8 LRa&aft dz
2 RAY Il LJ2 1 dRANGA fLANIACOA fdgi2BNI A dz Yy adl 2Fy2dz aSRNBYy A
datiranjem metodama*C iUt KX (S 2RNBSA Gl ya2SyY %I R wrarduridi | 6 A f v,
MpphZ | 2NBFGAYSEAS A RNI HnAano 0 Gatitdaiguga methdor®a®@ Ay S L.
65402 yAadz Ll2dd RFyA OiG2 2SS aftdzra al adFNRA2AY
datiraju metodom W& K> Tt A A dz 2@02Y &fdzladz GNBol o0AGA 2L
& RNOA Tyl 6 2\gmalefidlakdiije Katranitriran kahjemA Kogl ovakvih uzoraka, kao
2SRYIl 2R LRdd RFEYAK YSGi2RIFI RFEGANIy2lk dzZl 2N 1 32Ny
dijela uzoraka sedre metodoffiC kao jedinog pouzdanog materijala u sedri (Blyth i dt728rook i

dr. 2011).

{SRN} 28 OANRB12 NIALNRAGNI yeSyl dz RAYFNE]1AY 1

LINARLFTFy2 28 AadGN)} OAGly2aS aSRNB yl %NX¥YIy2A A YN
kanjonu rijeke Zrmanje kod sela Sdea.

BLNYEFy2Fr 28 RdzAF cd 1YZ F A&GNI OAQBLEyYyl 28 2R yaf
dz Tyridy22 Ya2SNR o626FGF 1623 o60fATAYyS WHRNIyailz23

Y2N} AT y2aA wmn 1YO0® Laid NupdipddkZhéne, kaaSe duign caédgais 6 Sy |
1Y FEA AITNXYTAG2 o023FdGt PG2R2Y® hoaS NaaS1S {10
I dziA3Sy23 1FftOAGE (1228 adz A RFHfeS F{GAQGyS OG22 ad
voda. VRS adz dzl 2Ny 28FyS yI ¢ t21F0A2F yI NA2SOA ®%NXYI
Krupe u Zrmanju.

Izmjerene vrijednosti temperature, pH i koncentracije bikarbonata i kalcija pokazale su da su
uvjeti za nastajanje sedre zadovoljeni na sikalitetima (ka2 AYRS1 & T FaiaoSyeal (1FtO
Fpo 23AY y¥h<)A] G2 NEXByabaiA 2RNBSSyS dz diss@ved 2Sy2Y
inorganic carbon, DI@“Gyd pokazale su porast u rijeci Zrmanji u nizvodnom toku'é@haf Ty LJa/
OAT @2NI NR2S1 S %NXI ya2StH RENWF SR 2 @20 dzBND BYW2 Y dred R
VAT 02Ry2Y (128idvEMT Y-9Spdzb | Y NUzEBicAy AT &/ 2da2A6 SFyy yLI2LBAEl & (
0 2 1 dzZ®CGirithd blagi porast nizvodn@d-14,2demMo 0 :: 0 ®

YW RFEGANIyYy2F ylratlr3r adkrNAK aSRNA LINRBYIlI SSyAK d
h3 NP @23 ®kdd]Berberoggibaké fZrmanja) i kod Manastira na Krupi pokazala su da se
VI 20S6AY RA2St2Y NFIRAOR? KR 210811 IAfYl a’SRNI yA 21 A,
HnnoO® alSSdziaAysz yI €211 fAGSldz dz aStdz {}ylIRSNA LN
iznad Zrmanije, a izmjerené’& su pokazale raspon starosti od recentnih i holocenskih sefirBng A K
dzl &l Ydz NA2S1dz R2 dzZd 2N} 1+ &ad4GFNAK onnnn R2 nnnnn
nivoa rijeke). Od ukupno 7 uzoraka stare sedre za koje su rezultati datiranja mettlapitni, samo
dva uzorka su djelovala prikladno za datiranjetadem UTh kojom su izmjerene starosti od oko
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130nnn 3J2RAYLF® hol ANRY yI adzvryadz {2y &#C vatirsghjuOA 2SS R
2NEFYA1TAK 2aGFdF1F A8SRNAZ | yreg@gssl Al YaSNByl ad
dobivenih dtiranjem organskog dijelasedfi YS(i2R2Y A AT 202y 23 @) adl @I
leI'TI'fI' 2S yI Y23dzwyz2aid NIadlF aSRNB A dz It OA2lk
Zahvah

Rad je ostvaren u okviru Projekta Hrvatske zaklade za znanBatAP-201311-1623
wS12yaidNdz OA2l 212t A0F dz | NI (a1 2 2(Récanduddichyf 1 @1 NIi
the Quaternary environment in Croatia using isotope methQ@REQUENCR]014¢ 2018.

| Aa0GN} OA QDI y2dz &adz a dzRja Baivie,MNeriad Bubjak, Ra Vevetelgd | (i A y 6
YNI 20FNJ . NEYyAOGZ ! yRNB2I {ANRBYAOI 5FYANI .2N]J20A06Z
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Evolucija fosilne sedrene barijere Gazin kuk u rijeci Zrmaniji
(Hrvatska)

lva Veveret? Sanja Faivriéz ~ WI R NJ y?,Nenad Buzik O A 6
bl RE | 2RIBFGAYGA G

Thayz2ayl Olztl Wéf‘[ QSQA,{ééQS
A @S dz6 )Zzﬁg?el@uPﬂroddzlovnOfl GSYI u)\p’l I ldAf GSUX DS2:
3Ly aidAddzi wdzSSNJI O120A0Z Yl ANX

“BNXYEFyealr A ya2ST Ayl ylIe2a@gSolr LINARG21F YNHzZLI adz Ff
ASRNI ®@ bl yaSTAy ylaildxileiS6xz dSPRYNF BAXOSY ADAET 2.
hidrologije, fizikalnekemijskih svojstava vode, izmjena@i0S LINA & dziy2ad OAGAK 2NHI
LR Rf23aF GS Lrg2tayl 1tAYlF dd KARNRBRAYIYA]ldz Y208
ra A6GAGS IASY2NF2f201S GALROS ASRNBYAK ylatl3alr o a8
oF NA2SNB 1228 yladleadz 12 NBI ®YR3dz dded2 NSy 2y a1l
LI £ S21fAYS A LI tS22171 2t A &heEKrupedpiedstadjSiAistanp@dRdjadzns S NR
G 19F A&0GNI OAGlya2ld ! 232YS NIRdz LINALIFT I yA &dz N
NA2SOA %NXYIFyYy2A NIRA aLRIyl@gryal 3IS2{1{NBy2f201AK
analizefizikalnokemijskih parametara vode u Zrmaniji i Krupi pokazale su postojanje povoljnih uvjeti
sedrenja i u Krupi i u Zrmanji

C2arftyl &SRNByYylF o6FNA2SNI} DIFETAY (dzl avasSoaSyl
6nmm@IcmMy 476052 0mMmyd yIFRY2NR]122 GAAAYA 2R HPId Y dz L
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 dorijelon ddljive
L2af 2SRA0OS SNRI AQGy23 Ra2St20Fyel G2RS® aSiz2R2Y |
prikuplieno je 17 uzorakdosilne sedre koji su 2 6 N} SSyA dz CAT A6123S23NI 7
Geografskog odsjeka PMFu Zagrebu. Uzorci su datiiametodom C, 0 SKy A1 2Y (S dzo A
AOAYUAT I OACat2I I ORREBHEANR Sdz{ I b Y2SNByaS yAralAiAK I
. 201 20A06 dz %I INBO dzd

wSiT dzAf GFdA RFGANIy2F LR1IFTIFtEA &dz R a8 GFt20Sy
h2t 20Sy IS G2® 2R pomoprTd I2R Gb0,10 mhastRade uattamibup Ty 3 2
(50008000 god. BP), od 0,5do 5,70 m u subborealu (50500 god. BP), a preostali dio od 6,95 m
do 11,37 m u subatlantiku (25@god. BP). DobiveNB 1 dzf G GA RFGANI y2F A @A 3
barijere od 0,31 cm/god bio uglavnom pravilan (Slika 1.). S ozbirom da je u razdoblju rasta holocenska
1TEAYE LRUFTEFEL TylFr6éleaydz FENR2IoAfy2aiG {NBT LINRYZ
dz Kt I Ry2 A @fl Oy2z Y208 &S LINBGLRadGl gAGA RIFE 28 o
b2aST Ay GSNIA{IFIfYyA LINRPFAE GS alRIFIOya2l NITAYylF @2RS
A dz KARNRf2012Y NBOAYWYHZ U di Y2LP2AfOMONIED A Y2 3dz0 S LIN

haAY 1fAYIGATAK A o0A2t201AK 6AYOSYyA{ll= T G
1SYA2a]1A LI NIFYSGNR @G2RSI LI Lzl teioptihhlie Mdndemtzdhe> LI >
ionaMg*, C&'iHCG® ! T 2NJ] 20 yaeS OSKRENKT ORNPSPR2 8 Sdzy uNX I y 2

Rezultati mjerenja parametara vode te laboratorijske angd@®rdili su da u rijekama postoje povoljni
uvjeti za sedrenje.
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Dobiveni rezultati pokazali su da su sedrene naslage prepoznate kao paleoklimatski i
LI £ $2212ft A0yA TIHLAAAGRYGAAl d2 A2 R @R OARE P8 F 2 W22 ¢
Gl t20Syeal &aSRNB (S Gdzyl 6 SyadeNyA OXledha LA K SRER e s Y
SAYlFNR]123F | NOI @
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Krupa, Manastit, uzorkovanje vode

Izvor Krupe; uzorkovanje vode i mjerenje temperature vode
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