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B3RYUELQH GLVNRQWLQXLWHWD SUHGVWDYOMD,Mi NOMXpQH
SRYH]DQL V SUHNLGLPD VHGLPHQWDFLMH pLPH SUHGVWDY
Uova neLQWHUSUHWDWLYQL VNXSQL QDJLY XNOMXpHQH VX U
XNOMXpXM X Ufitmdgeddndte @ Waxddrounde, subaerskeSRYUAaALQH L]ODJDQMD
NRPSR]LWQH SROLJHQHWVNH SRYUALQH 3RYU&LWH GLVNF
stratigrafskoj korelacijiWH VH pHVWR SULPMHQMXMX L X VHNYHQFL
VOMHGRYD =QDpD MN WaD fodilé @mrbDnofacij&BtO HiRigene marinske
PLQHUDOL]DFLMH SUL JHQHWVNLP LQWé¢wSdobtapbzRatMDP D SF
OLWHUDWXUL 9ULMHGQRVWL VWDELOQLK L]JRWRSD SHGR,
YULMHGDQ LQGLNWWRUVRNRGLEDJPMQH]H NDR L RGOLpPQR
rekonstrukcijama u kvartarnim sedimentintb X G XiuL GD MH GR NoDM@IDbr@ DSUDY C
GHWDOMQLK LKQRORANLK VHGLPHQWROR&ANLK SHGR GLMD
SRY UaL Qihui@g\kbjd se pojavljuju u mezozojskim do kenozojskim karbonatnim
sliedovima Vanjskih Dinarida postoji potreba ][D QMLKRYLP LVWUDALYDQN
gornjokrechih do paleoc VNLK NDUERQDWQLK QDVODJD QD SRGUXpWN
dio QH N D GIadrenskiDinaridske karbonatne platforme, ADCP), te u donjojurskim
QDVODJDPD QD SRGUXpMX MXJR]DSDGQH 6ORYHQLMH 1D
GLVNRQWLQXLWHWD XNOMXpXMXiuL VXEDHUVNH SRYUALQH
kompozitne por UALQH NRMH VX NDUDNWHUL]JLUDQH GREUR UD]Y
VHGLPHQWRORANLP SHGR GinMZdtoprigQ khkakieNstikam® LQHUDOR&NL
5HIJILRQDOQL NUHGQRASDOHRJHQVNL .A3J VXEDHUVN
LVWUDALYDQLP*RROMDLFEMPPEP NRQLMDNAVDQWRQ ORNDOL
NDPSDQ MXJR]DSDGQL GLR RWRND yLRYR WH 6XPDUWLQ
+YDUD QD SRGUXpMX VUHGLaAQMH 'D O BeiamikMdtrukiNbitdD NW H U L
kalkreema s UL]ROLWLPD inXdiD MietqcEduix édregate i tubule korijenja s
razvijenom alveolarnov HSWDOQRP JUDYRP ODPLQLUDQLP NDONUH\
QDVWDOLP NDONUHWL]DFLMRP ERNVLWQLK QDVODJD N L
XN O M Xip Xitd Xrésedimentirane speleoteme). Faza regionalnog subaerskog izlaganja
WLMHNRP NDVQH NUHGH GR SDOHRJHQD NRMBDNRB UD]JOLpPL
uzrokovana je vrlo intenzivnim kasnokrednim -sedimentacijskim tektongki zbivanjima
koji su povezani skolizijom JadranskeL (XURD]JLMVMEMWRSORIpAMWDNRYHU RpL
GLIHUHQFLUDQLP R\DD @Q®Aa G RR IRMpRERoELIRI UD]J]GREOMD .UHC

Vil



SDOHRJHQVNL KLMDWXV MH LQWHUSUHW lztdlZaigja NI D RO ISHRWNDLNKH
dijelova platforme(i) kao odgovor na dijakroforebulging (blago izdizanje predgorja
IURQWL SULEOLaADYDMXUHJ GLQDULGVNRJ RURJHQD

8QXWDU IRUPDFLMH *RUQML +XPDF NRQLMDNAVDQWRC
XQXWUDAQMRVWL SDOMNRWXH aLEHQDOMRN]DELOMHAHQR Ml
GLVNRQWLQXLWHWD  Xfmghdohp XIM Xi L N PRIRJQWNH SRYUAELC
Thalassinoideshnorod (vjerojatnoTl. paradoxicu$ koji pripada Glossifungites ihnofacijesu
karakterizira stadij marinskofirmground D X RED WLSD J]DELOMHAHQLK GLV
ELRWXUEDFLMD NRPSR]JLWQH SRYUGLQH MH QDNQDGQR G
NDONUHWD &aWR XSXUuXMH QD WR GD MH RYD SRYUA&aLQD
izlaganja. Na temelju asocijseifacijesa ispod i iznad djafirmground D JDELOMHAHQD
ORNDOLWHpviXlaz d& sl QYM SRYUaALQH PRJOH QDVWDWL NDR S
razine mora koji je uzrokovamzdoble RPLVLMH 6 GUXJH VWUDQH UD]OL
(firmground Thalassinoidesbioturbacije i rizogene laminirane kalkrete)DELOMHAaHQH
NRPSR]JLWQRM SRYU&GLQL XSXuXMX QD WR GD MH RYD SRYUAa
transgresije.

8QXWDU IRUPDFLMH 'RO VUHGQML GR JRYQmMde NDPSD:(
OLWRVWUDWLJUDIVNH MHGLQLFH yLRYR JRUQML NDPSD
MXJR]DSDGQRP GLMHOX RWRND yLRYR fiDdgduedd HkaHQR MH Q
karakteriziraniThalassinoide®ioturbacijama koje pripadaju @sifungiteshnofacijesu, te s
IRVIDWQRP PLQHUDOL]DFLMRP firtdgRopi@B k&iUnraxka LdoaDiCUM H G R C
LIPHYyX SRGLQVNH IRUPDFLMH '"RO L NURYLQVNH IRUPDFLMH
UHJLRQDOQX YDAQRVW RYRJ GLVNRQWDIORENKWONRALAD JQ
LIPHYX IRUPDFLM Qe 'd® Madtanid. Bovijermground D PRJOR MH GRUOL ]
3 JRUQMRNDPSDQVNRJ GRJDYDMD” 8&( NRML SUHGVWDYOML
MH WDNRYHU ]DELOMHAHQ LADER4 RO GRRVAN MXDQRP GLMH

Unutar donjojurskih dubljevodnih kondenziranih vapnenaca na %@pdvi X 7UQRYVNR.,
Gozda (lokalitet Kovk, jugozapadn® ORYHQLMD PR JXUhkakSRumbmD QLK V
WUDQVJUHVLMH WLMHNRP Ufin@RundWaraktefiElav Dalagdngide® MHAa H Q
bioturbacijama koje pripadaju Glossifungites ihnofacijesu. Bioklasti@adi L iNridraklasti
PDGVWRQD NRML SUHGVWDYOMDMX-NRWSRABQWW LY QR K LN
JUHMQVWRQ@D NRML LVSXQMDYDQMX ELRWXUEDFLMH 1D
*ODXNRQLWLPpQL PLQHUDOL pL M Denkkbim Hifr&ak¢iohDra RhbimiD G R N |



koji predstavljaju dodatan dokaz marinske omisije, mogu biti karakterizirarnaim
KDELWXVRP EH] PRJXi QdRiéRM pridaitdG RipQtA Y DQ M D
1HIDWERQH X P DQMRW vijddriddtiLbidgeninh kalkretakoje markiraju
regionalni . A3JVXEDHUVNL QHNRQIRUPLWHW QD WUL DQDOL]LUD
'DOPDFLMH IRUPDFLMD *RUQML +XPDF QD ORNDOLWHWX aL
GLMHOX RWRND yLRYR L LVWRpQH DVIRIGU XIRWR MIRBQBH G Q L
]ODpDMQR VH UD]JOLNXMX RG Y UNNHRBIWRNVQVIN VKV P EBQE QK K [}
WH X SnalpXadexe zamjene ugljikovih izotopa primarnog Ca€®CQ koji je nastao
respiracijom korijenja i razgradnjom organgkariu tu 3 RVWXSQR Siedihb8tDYDQMH
/°C vapnenaca SRYHUDYDQMHP GXELQH LVSRG SRR Ddbhigrec VXEDH
SREUQXWemld - QD ORNDOLWHWX ALEHQLN WDNRYHU XSXUXM
gornjokrednih sljedovavrijednosti /3C (srasponom 0d131A G®2A 93'% PO(s
rasponom 0d10,1A G®,1A 93'% VYLK YUVWD .A3J NDONUHWD NRMH
radu VX X UDVSRQX YULMHGQRVWL NDONUHWD ]J]DELOMHAHQ
vrijednosti kakUHWD NRMH VX JDELOMHAHQH X UHFHQWQLP L SC
karbonatnim profilima.Vrijednosti /& VYLK YUVWD .A3J NDdJujydgHipdD D SF
biogenih kalkreta SV L S LNSi@dc&®diumDJUHJDWLPD JDELOMHAHQER QD ORN
vrijednosti od-131A GR23A 93'% VX YUOR &08jhjgkaniciOapsauidih
YULMHGQRVWL SHGRJHQLK NDUERQDWD NiRtMI QQDBWDMX X
A 3% 2YH VH YULMHGQRVWL RpHNXMX ]D DXahatHQH SHC
LVNOMXpPLYLP3: X/WHEQMAHP BRLOMDND WH EH] RpPpLWRJ XQR
porijeklom iz primarnih karbonata ili iz atmosferskog £@ko tako niskevrijednosti A°C
NDONUHWD SRGUADY D MXcracQuitfriidgdiedati \iveifinamil KodGZDavioxn
ELRORANRP NRQWURORP XQXWDU WOD RWNULYDQMH SU
MicrocodumDJUHJDWD QSU UL]JRJHQL PRGHO LOL VWYDUDQMH
mikroba u rizosferi) kao i definiranje njihovog utjecaja naijednosti stabilnih izotopa
autigenih pedogenih karbonagfD KWLMHYD GDOMQMD LVWUDALYDQMD
Vrijednosti /A°C (0od-4,4A GRB6A 93'% UL]JRJHQLK NDONUHWD NRMH
firmground ThalassinoidesELRW XUEDFLMD NRML NDUDNM HibutafL UD M X
formacije Gornji Humac na lokalif WX ALEHQLN V X*Q wikeDnosl iMadinski. R G
YDSQHQDFD WRPDRIWFDYyXMX GD MH NRPSR]LWQD SRYU&ELQI
pedo(dija)geneze. Nojrijednosti /3C kalkreta sumanje negativned vrijednosti koje se
RpHNXMX |]D SHGRJHQH NDUERQDWH NRML VX QéMwDOL SR



ELOMDND &4WR XSXuUXMH QD & R ULMMHREY QG RNHW]D RIGAINDHE DY Q@ W )
uzorakas asociranim marinskim karbonatom.

Sekundarni kdbonati u timaQDVWDMX X L]RW RSQRIM kbjindsaRWHaL V
uglavnom respiracijom korijenja i mikrobijskim raspadom organske tvari dPttencijalna
bXGXuD LVWUDALYDQMD Y UL M H GémR Mapsaluvia\iBtiEanj® QdtdtioL ]R W R S
C-14 pedogenih karbonata (prvenstveno rizoliti i kalcificiratenicekorijenja) i asocirane
RUJDQVNH WYDUL QSU OLSLGD NRMH QDOD]JLPR X UD]QL
Hrvatske (npr. sljedovi lepaleotlo u Istri, Kvarneru L X LV \MiRgisRdR, Ninogle bi
SULGRQLMHWL EROMHP UD]XPLMHYDQMX L QDGRJUDGQML
kvartara.

,KQRORANH VHGLPHQWRORANH SHGR GLMD JHQHWVNH
SRYUALQD GLVNRQWLQ XL WwabMkao i Dfipave ktatigrersRe. knphkadtjey, R P
mogu se koristiti pri identifikaciji, karakterizaciji i interpretaciji diskontinuiteta prisutnih u
NDUERQDWQLP QDVODJDPD UD]OLpLWH VWDURVWL

.OMXpQH: BIRWHJEALQH GLVNRQWLQXLWHWD UHERQDOQL

nekonformitet, biogene kalkreteMicrocodium agregati, Thalassinoides Glossifungites
L KQRIDFLMHWCJedKiMReeAd, JadrandRimaridska karboatna platforma
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SUMMARY

Discontinuity surfacegesulting from breaks in sedimentation and representing hiatuses
independent of their duraticsre key horizonsin the sedimentary record/arious types of
discontinuity surfaces are included under this -merpretative term, including marine
firmgrounds and hardgrounds, subaerial exposure surfaces, as well as composite (or
polygenic) surfaces. Discontinuity surfaces ameful marker horizons for correlation of
stratigraphic sections and are highly applicable in carbonate sequence stratigraphy. The
significance of sulstratecontrolled trace fossil suitesnd calcretes, as well as higgenic
marine mineralization,for genetic interpretatian of discontinuity surfaceshas been
emphasizedby many researchers.Stable isotopic signatures of pedogenic carbonates
(calcretes) also represent a very valuable indicator of meteoric diagenesis, and are commonly
used for paleoenvironmental reconstructions in Quaternary deposits. There are only a few
records of detailed mmological, sedimentological, pedo(dia)genetic, mineralogical and
isotopic analyses of discontinuity surfagaesentin the Mesozoic to Cenozoic carbonate
successions of the External Dinarides, which also emphasizes the neednfmuing
investigationof such surfaces. Several types of discontinuity surfaces, including subaerial
exposure, marine omission and composite surfaces, characterized byevedtiped and
indicative ichnological, sedimentological, pedo(dia)genetimineralogical, and isotopic
signatures, were recordedthin Upper Cretaceous to Paleoceagbonate deposits in central
Dalmatia (southern part of the Adriafinaridic Carbonate Platform, ADCR)nd Lower
Jurassideposits in southwestern Slovenia.

The regionalCretaceous to Paleogene A3J V X EUuD¢dhfdriy investigated in
WKH *RUQML +XPDF &RQLDFLDQAGBDQWRQLDQ ALEHQLN C
VRXWKZHVWHUQ SDUW RDQNK B X,R/MDIDWIGQROHYDRWRILFKWLDQA
part of the Island of Hvar) Formatis, is characterized by biogenic (beta microfabric)
calcretes with rhizoliths, includingn situ Micocodiumaggregates and root tubulesth
alveolarseptal structure,laminar calcretes and pisoids (partly formed by bauxite
calcretization), as well as typical paleokarst features (includingitu and resedimented
speleothems)The Late Cretaceous to Paleogene regional emergence phase of variable
duration on different grts d the ADCP was caused by verytensive Late Cretaceous syn
sedimentary tectonics related to the collision of Adria with the Eurasian plate. This is
reflected in differentiated depositional settings within the ADCP domain during this time

period. The . A 3 Jiatus is interpreted as a consequence of diachronous and differential

Xl



uplifts of various parts of the platform(s) in response to diachronous forebulging in front of
the approaching Dinaridic orogen

Several intraformationatliscontinuity surfaces,ncluding firmground and composite
surfaces were recordedZLWKLQ WKH *RUQML +XPDF )RUPDWALRQ &R:
platform peritidal OLPHVWRQHY DW WIKalasdihdtddpkwbrkd RoFobaDizW \
paradoxicu$ of the Glossifungites ichnofees characterize the submarine firmground stage in
both types of intraformational discontinuities. Rhizogenic laminar calcretes developed
subsequently inside burrows of the composite surface and indicate that this surface also
experienced subaerial exposuccording to facies associations below and above the two
recorded firmgrounds, these surfaces may have formed due to relatievedetall, which
caused a phase of omission. Different types of trace fo@sisground Thalassinoides
bioturbations andhizogenic laminar calcretegcorded in the composite surface indicate that
it may have experienced several stages of regression and transgression

Several marine firmgrounds, characterized bylhalassinoidesbioturbations of the
Glossifungites ichnofaciesnd phosphatic mineralization, were recorded within the Dol

OLGGOHA8SSHU VORRBID GHB® V L \(Maw litha@t@tigrapRity Bnit; Upper
Campanian outer ramp deposiErmations, located in the southwestern péathe Island of
y L R L.&eral extenof thelower firmground (more than &m), which marks the boundary
EHWZHHQ WKH XQGHUO\LQJ 'RO DQ G intlicatds RtYidasl e2yloal yLRY |
importance of this firmground Abrupt shallowing of deposonal environments at the
boundarybetweenWKH 'RO DQG WKH yLRYR )PV WRJIJHWKdh&dl ZLWK C
boundary firmground likely correlate with the regionally recordddouthern part of the
$'&3 H J ,VODQpper Campaiign EveltyCE) that represents a global eustatic
fall in sealevel.

Firmground, characterized byhalassinoidesbioturbations of the Glossifungites
ichnofacies, was recorded within the Lower Jurassic deepr condensed limestones
(possibly connected with the major Early Toarcian transgressive peak) at the Trnovski Gozd
(Kovk locality, southwestern Slovenia). liooderm bioclasts, as well as dsione
intraclasts, which represent a component of the overlying bioclagtaclastic packstone
depositsthat infill the firmground burrows, show signs of glauconitizatidglauconitic
minerals, which were identified by-ray powder diffraction analysis and which represent
additional evidence for marine omission, are also characterized with granular habit (with

completely overprinted primary substrate).
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'LVWLQFWOVBHHDRWLWR D O%Dy ¥ighbturddibldgehic dalcretes
marking the regional KPg subaerial unconformity in the three analysed localities from
FHQWUDO 'DOPDWLD *RUQML +XPDF )RUPDWLRQ DW WKH a
WKH ,VODQG RI YyYLRYR DQG HD \érthbhbaces at MithbinD R BRP DY RRJ H W
area)differ significantly from carbon isotopic signatures of primary marine limes}cares
reflect carbon isotope exchange of primary marine Ga®ith CO; released by root and
rhizomicrobial respiration and subsequemegipitation of pedogenic calcreté trend of
L Q F U H B® kaués bf the underlying marine limestones with increasing depth from the
subaerial unconformityppssible 3LQYHUWHG -~ WUHQG LQ WKH ALEHQ]
indication of subaerial exposurof these Upper Cretaceous successiGhik H3Q values
(rangingfrom -13.1A W-&A 93'% D& (flom-101A W&1A 93'% RI DOO
calcrete types analysed here are similar to those reported from calcretdsesds with the
[*3C values also in theange of calcretes recorded in Recent and Pleistocene subaerially
exposed carbonate profileg.K H3Q values of all calcrete types, and especially of the second
type of biogenic calcretes with typicelicrocodium DJJUHJDWHY DW WK¥CALEHQL]
values of-131A WR3A 93'% DUH YHU\ FORVH WR RU DUH DW WKI
soil carbonates formed in isotopic equilibrium with soil.0d©® A WR A 3'% 7KHVH
values are expected for authigenic pedogenic carbonates formed exclusively thed
influence of G plant communities, and without any apparent input of heavier carbon from
pre-existing carbonate deposits or from atmospherie C O WK R X JK NCOxvaliesoR Z  /
calcretes support the interpretationhdicrocodiumaggregates as bejrprecipitated under a
direct biological control within the soil, the exact formation mechanismliofocodium
(e.g., rhizogenic, metabolic activity of rhizosphere microbes) and their influence on stable
isotope signatures of authigenic pedogenic carlesnauire further investigation.

7 KH®Q values 44A W-B6A 93'% RI UKL]J]RJHQLF FDOFUHWHYV
firmground Thalassinoidesburrows of the composite surfacecorded within the Gornji
Humac FormationDW WKH ALEHQLN ORFDG\LRD\QBW HakiRrR &f HosR HID W L
marine limestones, and confirm that the composite surface went through a phase of meteoric
SHGR GLD JHQHVLV +RITHAkeS of WlkréteRareHhbiR @a@itive than those
expected to have formed under the condgiah prevailing @ plant communities, and are
interpreted to reflect contamination with associated marine carbonate.

Secondary carbonates in soils and psdée may form in isotopic equidrium with soil
CQO,, which derives mainly from root respirationdamicrobial decomposition of soil organic
matter Potential fiture investigation of stable isotopic carbon signaturfiC), as well as
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radiocarbon dating of pedogenic carbonates., rhizoliths and calcified root céllend
associated organic matt@g.g., lipid9, which can be found in various Quaternary deposits in
Croatia (e.g., loespaleosoil sequencas Istria, Kvarnerand in easterroatig, maybring to
better understanding anchproving of paleoenvironmental interpretations of the Quaternary
period.

Ichnological, sedimentological, pedo(dia)genetic, mineralogical and isotopic signatures
of the documented discontinuity surfaces, together with their stratigraphic implications, may
be used in identification, characterization, and interpretafialisoontinuities from carbonate

successions of different stratigraphic age.
Keywords: discontinuity surfacegegional Cretaceous to Paleogene subaerial unconformity

biogenic calcretesMicrocodium aggregates Thalassinoides Glossifungitesichnofacies

glaucony 'PC, pedo(dia)genesiédriatic-Dinaridic Carbonate Platform

XV



6$'5a8%-

TEMELJINA DOKUMENTACIJSKA KARTICA XIX

BASIC DOCUMENTATION CARD XX

1. UvOD 1
SUHGPHW LVWUDALYDQMD L ]1QDQVWYHQD KLESRWH]D
6YUKD L FLOMHYL LVWUDALYDQMD 2

7(25,-6.% 26129% , 35(*/(' '26%$'%4l1l-,+ ,675%4,9%1-8
'HILQLFLMD SRYU&ELQD GLVNRQWLQXLWHWD L4AQMLKRY ]
22.9UVWH SRYUALQD GLVNRQWLQXLWHWD L SULQFLSL NODV
2.2.1.SubaeV NH SRYUALQH GLVNRQWLQXLWHWD 4
2.2.1.1 Kalkrete

5
22.12.3DOHRNUAa 6
2.2.2.Marinskifirm- i hardgroundi 6
2.2.2.1.Ihnofosili i ihnofacijesi 7
2.2.2.2 Fosfati i glaukonit: primjeri autigene marinske mineralizacije 7
223..RPSR]JLWQH SRYUALQH 10
, JRWRSQD L VA& UE8a LS ggtb@enih karbonata u
sekvencamdes-paleotlo i u naslagama karbonatne platforme kvartarne

starosti sprimjenom QD SDOHRNOLPDWRO REjagehets kb OHRRNROLAQH
rekonstrukcije 10

2.4. Vrijednosti stabilnih izotopa ( /1 & %) kalkreta u meteorskoj

pedo(dija)genezi 15
25 3UHJOHG GRVDGD&EQMLK LVWUDALYDQMD SRYU&ELQD GLV
Vanjskih Dinarida 17

251.5HJLRQDOQL NUHGQRASDOHRJHQVNL .A3J IYXEDHUVN
252.2VWDOH SRYUAaLQH GLVNRQWLQXLWHWD 17
*(2/2a., 60-(4a7%$-, 675%$7,*5%),-% ,675%4,9%12* 32'6By-$

3.1. Gornjokredne do paleoc® VNH QDVODJH QD SRabpMX MUHGLAQMLE
3.1.1.Formacija Gornji Humac (konija DQWRQ X RNROLFL ALRHQLND
31.2.)RUPDFLMH 'RO L yLjRg6RD S\ODPGMR) GQRMHOX RWRND YLRY
3.1.3.Formacija Sumartin (mastrigtaleocen) na zapadnom dijelu
otoka Hvara 29

XVI



'RQMRMXUVNH QDVIZBlavenED SRGUXpMX 32
4. MATERIJALI | METOD E 34
41. TerHQVND L SHWURJUDIVND DQDOL]D SRYUAQLQB4AGLVNRQW
4.2.Fazna i kemijska analiza 35

4.2.1 Analiza mineralnog sastava netopivog ostatka pnionje rendgenske

difrakcije na prahu 35
422.6 NHQLUDMXUL HOHNWURQVNL PLNURVNRS L3§'6 DQDOL
43 $QDOL]D VWDELOQLK3&]RWNRISEFDXDOMLND / 36
5. REZULTATI | INTERPRETACIJA 37
5.1. Regionalni krednopaleogenski (K#g) subaerski nekonformitet
QD SR GV pieDRaRadge 37
5.1.1. Karakterizacija biogenih kalkreta 39
5.1.2. Interpretacija biogenitbetamikrostrukturnih) kalkreta sa rizolitima 44
5.1.3. Karakterizacija laminiranih kalkreta i pizoida 45
5.1.4. Interpretacija laminiranih kalkreta i pizoida 47
515.. DUDNWHUL]DFLMD SDOHRNUA&D 48
52.3RYUSLQH GLVNRQWLQXLWHWD XQXWDU IRUPDFLMH *RU(
RNROLFL ALEHQLND 49

521. , KQRORAND L VHGLPHQWRORiaikta NDUDNWHUWUR]DFLMD C
522. QWHUSUHWDFLMD XQXWDUIRUPDFLMVNLK GLVNRQWL

ihnofosila 55
53.3RYUSELQH GLVNRQWLQXLWHWD L QMLKRYR ODWHUDOQR
Doli yLRYRU@@PSDGQRP GLMHOX RWRND yLRYR 57

531. , KQRORAND L VHGLPHQWRORAND NDUDNWHUL]DFLMD V

diskontinuiteta 57

532. OQOWHUSUHWDFLMD XQXWDUIRUPDFLMVNLK GLVNRQWL

ihnofosila 63

5.4.Autigena glaukonitna mineralizacija povezana girmground-om:

primjer iz donjojurskih naslagajugozapadne Slovenije 64
5.5.Vrijednosti stabilnih izotopa ( /1*& L*®) biogenih kalkreta kao markera
regionalnog NUH G Q RA S D O HR J BuDaeiskog nekdrBarmiteta

i kompozitne SRYUALQH 69
5.5.1.Rezultativrijednosti A2 & 128Q 69
5.5.1.1.Regionalni K#g subaerski nekonformitet 69

XVII



551.2..RPSR]LWQD SRYUaLQD 71

5.5.2.Interpretacijavrijednosti A2 & 128Q 78
5.5.2.1. Regionalni KPg subaerski nekonformitet 78

5.5.2.2. Kompozitn&SRYUAaL QD 81

6. RASPRAVA 83

THNWRQRVWUDWLJUDIVNL RNYLU U(-IKJ@P_QRQDOQRJ NUHGQ
subaerskognekonformiteta QD SR G U X p M X-Diafedsk Q VN R
karbonatne platforme 83
6.2. Sekvencijskestratigrafske implikacie SRYU&ALQD GLVNRQWLQ8L WHWD
6.2.1.Firmground L L NRPSR]JLWQD SRYU&ALQD XQXWDU IRUPDFLM

uokolicic ALEHQLND 85

6.2.2. Firmground L XQXWDU IR UP D F Ljudd2ap&iGon dijdlR YR QD

RWRND yLRYR 88

=$./-8y%. 91

8. POPIS LITERATURE 95
9. DODATAK 117
ALYRWRSLV 119
Popis objavljenih radova 121

XVIII



TEMELJNA DOKUMENTACIJSKA KARTICA
6YHXpLOLAWH X =DJUHEX
PrirodoslovnePDWHPDWLpPpNL IDNXOWHW
*HRORANL RGVMHN

Doktorska disertacija

.$5$.7(5,67,.( 2'$%5%$1,+ 32954,1$ ',6.217,18,7(7$ 8 6/,-('8 1$6/$*$
JADRANSKO-DINARIDSKE KARBONATNE PLATFORME

MIHOVIL BRLEK
5DG MH LJUDYHQ X =DYRGX |]D JHRORJLMX +UYDWVNRJ JHRORA&NR.

6DAHWDN 3RY U 3&L Qkdriste Ls¥ IMaaamelr Qoxitovit privétiatigrafskoj korelacijite se

PHVWR SULPMHQMXMX L X VHNYHQFLM \VdeRifikacfay iotermetatiiald LML NLC
NODVLILNDFLMD SRYU3ELQD GLVNRQWLQXLWHWD Kdhna@imiH aH QLK
QDVODJDPD QD SRGUXpMX VUHGLaAQMH 'DOPDFLMH L X GRQMRM
6ORYHQLMH L]JYUGHQD MH QD WHPHOMX LKQRORANLK VHGLPHC
LIRWRSQLK DQDOL]D 5HJLR Q DRyQsubadtski GekoRidrRiRirdkevhd QM NL .
intenzivnim kasnokrednim siVHGLPHQWDFLMVNLP WHNWRQVNLP JELYDQML]|
'LQDULGVNH NDUERQDWQH SODWIRUPH NDUDNW MIdgeNintu DQ MH
kalkretama srizolitima, ukljX p X MiX situ Microcodium agregate, laminiranim kalkretama i
SLIRLGLPD NDR L WLSLpQLP SDOH mNithaddelinrEitaceNpeiedtdnieD XN O N
1D SRGUXpMX VUHGLAQMH 'DOPDFLMH JDELOMHA&HQrRinbtétalL QHNRO
b L M Brmigkblind faza predstavljend halassinoideshioturbacijama koje pripadaju Glossifungites
ihnofacijesu. Analiziranfirmgroundi su nastali kao posljedica pada relativhe razine mora koji je
uzrokovao period omisije, te bi se regionalid &fin@round [ DELOMHAaHQ X NDPSDQVNLP
na RWRNX yLRYX PRJDWRHNRIDOQDPVGR/ JOREDOQLP 3JRUQMRND
.RPSR]LWQD SRYU&LQD |DELOMHAHQD QD ORNDOLWHWX a4LEHQL!
WUDQVJUHVLMH 4WR MH RGUDAaHQR X QDNQDGQRfifmgyddagey RM X UL]
bioturbacija. Glaukorina mineralizacija asocirana fsmground bioturbacijama u kondenziranim
GRQMRMXUVNLP QDVODJDPD QD SRGUXpMX MXJR]DSDGQH 6O0OF
LGHQWLILNDFLMX PDULQVNLK RPLVLMVNLK tiSre Yrije@hotDA*® NDUERC
biogenih kalkretaNRMH PDUNLUDMX UHJLRQDOQL .A3J VXEDHUVNL QHN
'DOPDFLMH L LsvasRiod Hrijednast) Bell31A GB2A 93'% XSXiUXMX QD SURF
SHGR GLMD JHQHI]H L S UvirFutj&chjehDG~zhjbuKics itlj@kal. VoNpoGskbiCe vrijedi za
Microcodium agregate, kod kojih niskerijednosti /& XSXUXMX GD VX SUHFLSLWLUDO(
ELRORANRP NRQWU RKbR/HAjedQsti WERU UWRDHQLK NDONUHWD |]DELO
firmground bioturbacija kompozitne SRYUALQH QD ORNDNWDINRHWDY XISKH ® MNX
pedo(dija)genezgne RGUDADYDMX L NRQWDPLQDFLMX LIRWRSQLK YULMHC

.OMXpQH ULMBRIYU&ALQH GLVNRQWLQXLWHWD UHJLRQDOQL )
nekonformitet, ELRJHQH NDONUHWH *ORVVLIX®ILWHYV LK
pedo(dija)genezaadranskédinaridska karbonatna platforma

5DG VDGUAL 122 (+XX) stranice 39slika, 2 tablice 264literaturnih navoda

Jezik izvornika: hrvatski
Rad jepohranjenu: 6 UHGLAQMRM JHRORANRM NQMLAQLFL *HRORANRJ ]D
Mentori: Dr.scTvrtko Korbar, v L adnansur., HGI; kv.prof.dr.sc. Blanka Cvetko

THARYLUO 30)
2FMHQMLYDpIProf.dr.sc.90DVWD 0ORVRYLUO 30)

Prof.dr.scVladimir Bermanecakademik PMF

Profdr.sc.Bosiljka Glumac, Smith College, SAD
5DG SULKY D ubQipnja 2014. god.

XIX



BASIC DOCUMENTATION CARD
University of Zagreb
Faculty of Science
Department of Geology
Doctoral Thesis

CHARACTERISTICS OF SELECTED DISCONTINUITY SURFACES RECORDED WITHINE
ADRIATIC-DINARIDIC CARBONATE PLATFORM DEPOSITS

MIHOVIL BRLEK

Thesis completed irthe Department of Geology at the Croatian Geological Sur@&chsova 2,
Zagreb

Abstract Discontinuity surfaces are useful marker horizons for correlation of stratigraphic sections
and are highly applicable imarbonate sequence stratigraphgentification, interpretation and
classifcation of discontinuitiesecorded in Upper Cretaceous to Paleocene carbonate deposits in
central Dalmatia, as well as in Lower Jurassic depositSVihSlovenia, is based on ichnological,
sedimentological, pedo(dia)genetic, miegical, and isotopic analysislhe regional Cretaceous to
Paleogene . A 3 Bubaerial unconformityrecorded in central Dalmatia and caused by very extensive
Late Cretaceous sysedimentary tectonics in the arealud Adriatic-Dinaridic Carbonat®latform, is
characterized byiogenic (beta microfabric) calcretes with rhizoliths, includingitu Micocodium
aggregates, laminat@dlcretes and pisoids, as well as typical paleokarst features (incindiitgand
re-sedimented speleothem§everaintraformational discontinuity surfacegre also recorded ithe
central Dalmatian deposits, and are characterized by firmgrdimadbssinoidesburrows of the
Glossifungites ichnofacie3.he analysed firmgroundsay have formed due to relative degel fall

that caused a phase of omissi@md development of theegionally importanformational boundary
firmgroundLQ &DPSDQLDQ GHSRVLW MR islkéy-oriélatiben@h Reé rgdidhad R

to global Upper Campanian Evebiifferent types otrace fossils (firmgroun@halassinoidesurrows

and rhizogenic laminar calcretes) recorded in the composite subfate W KH &L E iddrhtBitt@tRFD O L W'
it may have experienced several stages of regression and transgréssimonitization associated
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1. UvOD
SUHGPHW LVWUDALYDQMD L ]1QDQVWYHQD KLSRWH]D

SUHGPHW RYRJ LVWUDALY D @GN B NVRXQ WL @H. WHWYWDH] BRIYQWNM HQ B
GR SDOHRFHQVNLP NDUERQDW ® UM GLEVDOMH DP O PQE L MG UnUp
GRQMRMXUVNLP QDVODJDPD QD SRGUXpMX 7UQRYVNRJ
JRUQMRNUHGQLP NDUERQDWQLPHIPBRVDOPDFDMMHD]BEU B M KR
NUHGQRASDOAMRYXEDPRMUVNL QHNRQIRUPLWHW 9ODKRYLU H
Brlek et al, 2013, 2014 Brlek & Glumac, 2014 NDR L QHNROLNR GUXJLK Y
diskontnuiteta (Brlek et al., 2013, 2014 WD N Ry H U ] D HdnjudKign-hgslaganza
SRGUXpMX MXJR]DSDGQH 6ORYHQLMH yUQH *RULPDQ
SHUVSHNWLYQLP REMHNWLPHSD]DWNYXDAUY EMHN MHDRGDE Q DI
V RGOLPpQR L MRQWILIKIQUPQR]GDQFLPD QD SRGUXpMX VU
ODUWLQVND X RPROXIREEHRQL t&lvRlaRajeroNica nal.zRpadhom

dijelu otoka Hvara) (regionalni krednE DOHRJHQVNL QHNRQIRUWRLWHW ]D
lokalitetima korelirmje sLVWLP UD]JYLMHQLP QD SRGUXpMX LVWRpPpQH .
(lokalitet Kovk, Trnovski Gozd).

ZaovosusWUDALYDQMH SRVWDYOMHQH VOMHGHUH KLSRWH]

1. PRYUALQH GLVNRQWLQXLWHWHWD VDGUaH VSHFLILD
kombiniranh subaerskihi marinskih procesa, na temelijpHJD LK MH PRJXUH SU

interpretirati i klasificirati

,GHQWLILNDFLMD LQWHUSUHWDFLMD L NODVLILNDFL
LKQRORANRM VHGLPHQ WRDIFPANRM DOHRGR ROV \D DBQHWS UR G
VXEDHUVNLP L LOL PDULQVNLP GLMDJQHWVNLP RNROL&LPD

ULMHGQRVWL VWDELOQLK LIRWRSD XJOMLND NDONUF
izotopno lakog ugljikaporijeklom iz tlg koji nastaje procesima respaije korijenja i
mikrobijskom razgradnjom organske tvaW, O XaH SUL SUHSR]QDYDQMX PHWH
identifikacii VXEDHUVNLK SRYUALQD GLVNRQWLQXLWHWD



4, PRYUALQH GLVNRQWLQXLWHWD SUHGVWDYOMDMX ]QL
karbonatnih platiomL L UDPSD WH P Rpr¥ciAife st@tkdaiske Lint¢ipretacije
sliedova karbonatnih naslaga

5. GRUQMRNUHGQH NDUERQDWQH QDVODJH QD RWRNX ¥
naslaga koje nalazimpa dUXJLP ORNDO LW HBRalR@ji tX MRUNGIEARMRW. YDa
XYLG X UHJLRQDOQX JOREDOQX VWUDWLJUDILMX L WDORA

6YUKD L FLOMHYL LVWUDALYDQMD

BRYUALQH G L)\bi¢nhastiju ghid phekidsl BedimentacigLPH SUHGVWDYOMD M)>
QHRYLVQR R QMLKRYX WUDMDQMX &ODUL HW DO +LO
2012) su marker horizonti pri stratigrafskoj kbHODFLML L JHRO&R&NWRE® NDUWI
upotrebljive u karbonatnoj sekvenciggkstratigrafiji(Q SU :ULJKW %XDWRLV
2011; Schwarz & Buatois, 2012 . KQRORA&ND VHGLPHQWRORAND L SHG
UD]JQLK YUVWD SRY UgprQBrontel, 1 VR, @i & Kullalya, \WIBS; Wright

1994; Clarietal,, 199 )|OOPL + 11996, HduweI@ 8 Buatoj012; Brlek et

al., 2014, prisutnih u gornjokrednim do palestskim karbonatnim naslagamdUHGLaAQMH
Dalmacie RPRIXiIHHWMLKRYR UD]J]OLNRYDQMH L NODVLILNDFLMX
SROLJHQHWVNH SRYUAaLQH NDR L LQWHUSUHWhBIEA MX VSH
VWDELOQLK LJRWRSD XJOMLND NDONUHWD NRML RGUDAD®
ugljika porijeklom iz tla koji nastaje procesima respiracije korijenja i mikrobijskom
razgradnjom organske tvari,S RV O ¥ &priWprepoznavanju meteorske dijageneze i
identifikaciji subaHUV NLK SRY U&L Q D(Alar. &NNrRa@haiisQ XOBRY Hamées &

Choqgette, 1990Brlek & Glumac,2014 u navedenmQ DV ODJDPD 7iONKRZIEHIU ELW
OLWHUDWXUQL SUHJOHG LVWUDaALY DQmwDligd) G artat@ilmK ND U E |
QDVODJDPD SRPRUX L]JRWRSQLK ibtdpe RugljiRa i kik® QIPD VWDE
datiranje npr. Gocke 2010 te procijenjen potencijal njihovogE XG X iLWW UDALYDQMD
kvartarnim naslagaménpr. les; Wacha, 2011QD SRGUXpMX +UYDWVNH SUL
interpretacijama i rekonstrukcijani8radley, 1999) Dodatno, analiza autigene glaukonitno
IRVIDWQH PLQHUDOL]DFLMH DVRFLUDQH V PDULQVNLP SR
donjoj jurijugozapadne Slovenjil PRIXIHLWWRWSXQLML XYLG X UD]JOLpLWH
SRYUALQD GLVNRQ WduReX i WaHhoviddninslRrdd\HMa/POtréba za analizom
SRYUEGLQD GLVNRQWLQXLWHWD BRORR MU RWVDIERfHHUAEH Q LKF

2



LKQRORANLK VHGLHRi#KQWRO RVAMNNLKK FHERMUDaRIddNdviK L L]JRW
S RY Ukdje Qdpojavljuju umezozojskim do kenozojskim karbonatnaffedovimaVanjskih
'LQDULGD QSU *X&aLu QHDMD\DND "BUO PBOEQLU =XSDQLp
ODUWLQX&a HW RG L]QLP Q RLitov, ¥io} kBrpd3thtigrafskadredba
gornjokrechih do paleoenskih karbonatnih naslagas p@dt QDPD GLVNRQWLIMHXLWHW
njihovu regionalnu korelaciju s istovremenim karbonatndMODJDPD QD SRGUXpMX -
Dinaridske karbonatne plattorm&H O0H ]DMHGQR VD VWUDWLJUDIVNLP

diskontinuiteta pridonijeti boljem razumijevanju nastanka ovih naslaga.

3RVWDY OMH QlievivIXV WQNDid G Q NFD

1. IKQRORAND VHGLPHQWROR&AND SHGR GLMD JHQHWVNI
SRYUA&ELQD XGAM/HNWR D VBIUQ V X W QNLIKU K RIQDMUDLEA. YIDQPDJDPD  WH
prostiranje

2I1QWHUSUHWDFLMD L NODVLILNDFLMD SRYU&GLQD GLVNRC

3. Analiza stalinih izotopa ugljikai kisikka ND ONUHW D pN prBpaRavacyH
meteorske dijageneze priidentifikaciji i interpretaciji VXEDHUVNLK SRYUALQD GLVI

navedenim naslagama.

4. (dredba lite, bio- i kemostraigrafije gornjokrednih do paleeaskih naslaga na
LVWUDALYDQLP ORNDOLWHWLPD

5. SWUDWLJUDIVNH LPSOLNDFLMH SRYU &étk@enDcijskoLVNRQW
stratigrafskih interpretacija iqvezanosti s glavnim tektonski@8 RJDyDMLP D

6. UVSRUHGED L \avag s dM@n® IstovrémenimMIHGRYLPD QD SRGU

Jadranskedinaridske karbonatne platforme



7(25,-6.% 26129% , 35(*/(' '26$'$a4#1,675%4,9%1-$

'HILQLFLMD SRYUALQD GLVNRQWLQXLWHWD L QMLKRY ]Q

SRYU&ALQH GL V(N RsasLQsKdntmittedd DSUHGVWDYOMDMX NOMXpQH
sedimentagskom zapisu koji su povezani SUHNLGLPD VHGLPHQWDFLMH pl
hijatuse neovisno o njihovu trajanjti€im, 1924, 1934; Bromley, 1978&lari et al., 1995;
+LOOJIUWQHU al, 200%) G0 BDU2 B WVaj neinterpretativni skupni naziv

(Clari et al., 1995) ukKKpHQH VX UD]OLpLWH YUVWH SRYUALQD GLVNF
firmgrounde i hardgroundH VXEDHUVNH SRYUALQH L]ODJDQMD NDR |
SRYUEGLQH 3RYUALQH GLVNRQWL QptilsthatibvefBkoyKoraaBijte sé/ QL PD U
pPHVWR SULPMHQMXMX L X VHNYHQFLMVNR WrighfWI9®2W LJUDIL
Buatois& 0iQ JD QOR1; Schwar& Buatois 2012). =QDpDM NDONUBW DL K GRIBNR!
i ihnofacijesate autigene marinske mineralizacije, pri genetskilWil USUHWDFLMDPD S
diskontinuiteta je vrlo dobropisanu literaturi (npr.Bromley, 1975;0din & Fullagar, 1988;

Wright, 1994, & ODUL HW DO + ) Q@Q, A 098 (Bdhwar&. Buatois 2012

Brlek et al.,, 200 SO ULMHGQRVWL VWDELOQLK LJRWRSD SBUGRJHQL
YUOR YULMHGDQ LQGLNDWRU RNROLAD PHWHRUVNH GLMDJ!
Choqgiette, 1990; Brlek & Glumac2014 Li & Jones, 2014 NDR L RGOLPQR RUX
S D O H RN RI®hsérukcijama u kvartarnim sedimentima (npr. Gocke, 2010).

9UVWH SRYUAGLQD GLVNRQWLQXLWHWD L SULQFLSL NODV

221.6 XEDHUVNH SRYUALQH GLVNRQWLQXLWHWD

1HND RG JODYQLK RELOMHaMD VXEDHUVNLK SRYU&ELQD G
marinskih karbonata subaerskim uvjetima (uvjeti meteorske dijageneze), su kalkrete{Alonso
Zarza & Wright, 2010 i reference radu L SDOHRNU& -DPHV 18RRTXHWW
UHIHUHQFH X Q@R0OA Wiler gOal) B002). SRYUEALQDPD VXEDHUVNRJ L
mogu biti povezane i glinoviténpr. Wright, 1994 i reference radu OL OH XV Q lt€i
ERNVLWQH %DUGRVV\ :ULJKW 'f$UJHQLR O0OLQGYV

naslage.



2.2.1.1 Kalkrete

.DONUHWH LOL NDOL D) Hharviskihn\HD® @ B GRIGN D UN RINDI@AD LLBM W WL B &
DVSHNDWD XNOMXpXIWVHGIR OIRHEANAR MROGRRNQWRORZNA L JHRN
& Wright L UHIHUHQFH XQXWUD , QWHUHV L SRWUHED ]D
PLQMHQLFH GD VH NDONUHWH SRMDY @&\ M X XGRUGRIJ Y D OIR Q)
informacije potebne a rekonstrukciju paleoekosustala SDOHRRNROLAD NDR L |]L
WHNWRQVNH L VHGLPHQWDFLMYV RrdgladireadoBdtke Xalkk&amha P D V X
nalaze se wadovimaEsteban & Klappa (1983), Wright & Tucker (1991), Wright (1994),
AlonscZarza (2003), Wright (2007)Xe AlonsoZarza & Wright (2010). lako kalkrete
QDMYHULP GLMHORP QDVWDMX X JRQL WN W DINRGRWUH B RAaNDE
povezan i svodom temeljnicom (Wright & Tucker, 1991; Wright, 2007; Alofkarza &
Wright, 2 SUDNWLpPpQD GHILQLFLMD SHGRJHQLK NDONUHWD .
PDWHULMDOL GRPLQDQWQR QR QHzte sevioquMpdfdviiivaR u L]JUD Y
QRGXODUQRP SUD&ANDVWRP LOL YUOR RDpYutg@X@MRP OLW
L LOL | DPMHQRP SULPDUQRJ PDWHULMDOD SUNRO®LNMR® HX Q/FROV
VWLMHQH LOL VHGLPHQW D-Z4rgax\Wiright S20 R liLr€fddendeéQubutra) $ OR Q V
$XWLIJHQR SRULMHNOR NDONUHWH MH MDVQR X VOXpDMHYL
u neNDUERQDWQRJ GRPDULQD 0 Hy X Wdrlponathi Gtjedam&/ HH Q DV W
VHGLPHQWLPD :ULJKW =D QDVWDQDN NDONUHWD QD
GRGDWDQ XQRV NDUERQDWD X SURILO WOD YHUO YHULP Gl
karbonata (model alteracigensuAlonso-Zarza & Wright 2010; Wright, 1994).
OLNURPRUIRORJLMD NDONUHWD RGUDAaDYD NRML VX SU
SUHFLSLWDFLMH NDUERQDWD LDNR VX SUL QDVWDQNX YH
PLNURPRUIROJLML UD]OLNbBeMiHiR& G PX N X DNVRMRM p@RRIDY L UL
RELOMHEMMLNWRIUDYX X NRMEMRGREDQREDMXHOMD :ULJIK
1991; Wright, 2007; Alons@arza & Wright, 2010).Beta PLNURJUDYD NDUDNWH
UD]OLpLW lara Yidgehyd\ podtijdtla nastaiDNWLYQR&AUX NRULMHQMD EL
Microcodum DJUHJDWL .ODSSD . R &L U4; poglavljgo®J1Q Hdivel W D O
(alveolarneVH S W D O QIDJ O LHayoRwiRlIcit; % DM Qy F]L -KisR2006;Williere
et al., 2011 MH pH&a&QH LQ RV NrazMjehjaLnd Rupstratima bogashkarbonatom
(Wright, 1994, 2007). lako poligenetskog porijekla (Wright, 1994; Alot%&arza, 2003;

PDNURPRUIROR&NDIO REDWH L]JJUDYHQH RG PQRJLK ELRJHQI
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nastaju pod utjecajem korijenja biljaka (rizogeno porijeklo; Wright et al., 1988; Wright et al.,
1995; Alonse=DU]D -RQHV XNOMXpXMXuL ULIROLWH SRQF
Microcodiumagregata; Alons@arza & Wright, 2010).

22.12.3DOHRNUa

7HUPLQ NU& VH RGQRVL QD IL]Lp N hetadkskoywaiOvaj tegninV WD O H
UNOMXpXMH 3VYD GLMDJHQHWVND RELOMHAMD PDNURVN
SRGSRYUNR®DNDX QDVWDOD NHPLMVNLP RWDSDQMHP L SRY
&EKRTXHWWH -DPHYV )O«JHO .ua VH uD]YLMD QD
YDSQHQFD SRYU&4ALQVNL NU&a WH XQXWDU NDUERQDWQL
prHGVWDYOMD QHNDGD&QMD NU&AND RELOMHAMD NRMD V
VHGLPHQWQLP VWLMHQDPD &KRTXHWWH -DPHV Y)OJ
SDOHRNUAD XNMWXEXMEHL ARSIDOMBLQH RWDSDQMBEBMeXQXWDL
WDORaHQH X VSLOMDPD WH NDUERQDWQH FHPHQWH &KRT
OLOOHU HW DO avarjeKna lizelatAd Ry Deikdr sk @ EKR] X<po 1 na
mikroskogskoj razini )O«JHO 8SUDYR SULVXVWMYRIi MSIHIOHRWHP
povezanih SSDOHRNUANLP KRUL]JRQWLPD XSXUuXMH QD UD]JYRM V
RWDSDQMHP X PHWHRUVNRP RNROL&AX NRML SUHGVWDYON
SRGSRYUALQVNRJ NUA&D 2ELOMHAMD &/mbBnuH RUNaéE@Skh SRPD.
nekonformiteta i stratigrafskih prekida, korelaciji stratigrafskih jedinica, procjeni promjena
UDJLQH PRUD UHNRQVWUXNFLML SDOHRNOLPDWVNLK XYMtE
SRWHQFLMDOX SDOHRNUA&AD NDBR UWANMMWIL IGRPALAWD DOIO®MC
&KRTXHWWH YO«JHO L UHIHUHQFH XQXWUD

2.2.2.Marinskifirm- i hardgroundi

Marinski firm- i hardgroundiVSDGDMX X VNXSLQX PDULQVNLK RPLVLMYV
1998). Razlikovanje ovih dvajuipova SRYU&aGaLQD GLVNRQWLQXLWHWD WHP
SULVXWQLK LKQRIRVLOD ELRWXUEDFLMH L XEXaLYDQMD L
Trypanites ihnofacijesj)koji su razvijeni tijekom prestanka sedimentacije i stvaranja ovih
RPLVLMVNLK SRYUAGLQD %URPOH\ ODF(DFKHUQ HW DO
SRYPHLpHVWR VX NDUatg@mehy mplinsko@ Hostatn®m i glaukonitnom
mineralizacijom (pr. Odin )XOODJDU )JOOPL
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2.2.2.1.Ihnofosili i ihnofacijesi

,KQRIDFLMHVL SUHGVWDY OM H §ite RrénI&/YID 15 D1PPOR)iHRefo$BMHG Q L
b L M baskmbk kontroliran vrstom supstrgtR VW D O L |kqjiPuvjet@u pdjavijvanje
RUJDQL]DPD NRML VWYDUDMX LKQRIRViu@ikanXsuGE)dRE Q MLP P I
1996; Pemberton et al., 2004; MacEachern et al., 2007, 2012), predstavljaju jasne markere
PDULQVNLK RPLV (BvbvhNy. K975 A6 4 ) «QIY 197 Knaust et a).2012;

Savrda 2012; Schwarz & Buatois, 2012). Poznata su dva tipa ovakvih ihnofacijesa: pred
litifikacijski Glossifungites ihnofacijes, koji markirdirmground H VXSVWUDW L]JJUDYy
bYUVWR Hitifibir@riog @ddlimenta; Bromley, 1996)e tpostlitifikacijski Trypanites

ihnofacijes, koji markirahardgrounde (sinsedimentacijski cementirano morsko dno, gdje
PHYyXJUQVNL FHPHQW VWYDUD pYUVWL VXSVWUDW NRML VH
mnogi ihnorodovi, koji predstavljaju tragove obitavanja (domihnia) suspenzojeda i muljojeda,
pripadaju Glossiingites ihnofacijesu koji je povezan sa uvjetiimagrounda (Pemberton et

al., 2004; MacEachern et al., 2007, 2)iBnorodThalassinoidles SRJODYOMH - 5RGU
Tovar et al.2008 i referencel rady) p H \pd3tavlja jedini ihnotakson prediitif ikacijskoj

omisijskoj zajedniciihnofosila Bromley, 1975;Knaust, 2008; Knaust et al., 2012avrda,
2012).Trypanites ihnofacijes, koji je karakteristika u potpunosti litificiranih supstrata (poput
hardgroundD X PDULQVNRP RNROLAXH WEX@A&L D&MDO GEH RHUR]IR
ihnorodovaTrypanites Gastrochaenolites Entobia (Bromley, 1975, 1994Pemberton et al.,

2004; MacEachern et al., 2007, 2012 7UDJRY L X E X[@ifikadjsidg OrrySaRitesV
ihnofacijesa koji sijeku okomito bioturbgeipredlitifikacijskog Glossifungites ihnofacijesa
RGUDADYDMX SURJUHVLYQX OLBtanleyWIDFL SaxdR2e1I2V LMV NRJ VX

2.2.2.2 Glaukoniti fosfati: primjeri autigene marinske mineralizacije

Pojamglaukonit Odin, 1988 NRULVWL VH SUL R]QDpDYDQMX IDFLMHV
zelene boje, dok se poja@dODXNR QLW @AM 1988 QRIS DHOQ L W KxhR3kP X O D
wAlL)-a(FE”, Al, Mg, F&*)-2010(0OH). prema Odin & Fullagar, 198SNRULVWL ]D R]QDpD
PLQHUDOD JOLQD NRML SUHGVWDYOMDM X(JRkGNQDOIR G VSHF
faze zelenih zrnaQdin & Matter, 1981 Odin & Fullagar 1988. Prema interpretativnoj

genetskoj klasifikaciji glaukonita definirane su dvgiavne kategoje habitusa glaukata:
zrnasti(povezan snikrofosilima, fekalnim peletima, kaomatnim i silikatnim biokastimae

sa zrnima minerala i stijenajiimski (povezansRPLVLMVNLP SRYUAaAl@DRD L QRG
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Fullagar 1988).Kod fazneanalize(rendgenska dt DNFLMD QD SUDAXRPDWLP X]RU
PLNURVNRSVN QeleRis xéinB QgMukonit) kojssu izdvojera iz sedimenta tri
komponente mogu potencijalimti prisutne u zelenim zrnima, i:td) primarni supstrat; 2)
autigeni zelenminerali gling te 3) minerali nastali tjekom ranog zatrpavarfijageneze)
(Odin & Fullagar, 1988)Fazne metode analize rendgenskom difrakcijom na prahu dobro
LOXVWULUDMX PLQHUDORAN Lse YoBjavljup t e ktvnitheh® facds. U Q D
SSHFLILPQD PLQHUDORAND VNXSLQD MH GHILQLUDQD SRG
Matter, 1981; Odin, 1988; Velde, 2003), a ovu skupinu spadaju minerali sa strukturom
VPHNWLWD L WLQMFD(Mbor& &NReyDAQ MIAOK; PayENECRY Bermane
2006; Klein & Dutrow, 2008) NDR L PLMHADQRP VWUXNWXURP RYLVQR
zrno postiglo(tj. ovisno 0 % KO u strukturi glaukonita) (Odin & Matter, 1981; Odin &
Fullagar, 1988; Amorosi, 1997; Amorosi et al., 2007). Mogu se razlikdvstadija evolucije
glaukonita(QD WHPHOMX XD (HOAHDQLIP N OKOrkIRING 34 iRteRkietom boje
zrna) (Odin & Matter, 1981; Amorosi2012) 1) S R p HRAGRAdD 2 do 4% smektitni krajnji
b O 2¥nisko evoluirani3) evoluirani i4) visoko evoluiraniK.:0>8% WLQMpPpDVWL NUDM!
stadij glaukonitizagie. Za detaljnje fazne (rendgenska difrakcija na prahu) i kemijske (npr.
UHQGJHQVND IOXRUHVFHQFLMVND VSHNWURVNRSLMD DQD
evolucije glaukona (%K>O na temelju kemijske analize i odnosa difrakcijskin maksimuma
L L RGIJIRYDUDMXUH VWUXNWXUH JODXNRQLWLpPQLK P
je analizirati homogene populacije zrna koja su dostigle jednaki stupanj evolucije, te su
karaNWHUL]JLUD QH NNHWPLIVMA/ NLIRRpWRRMVWYLPD QSU LVWD YHO
JXVWRUD 2GLQ ODWWHU 2GLQ )XOODJDU $P
SUHFL]QD PLQHUDORAND L JHRNHPLMVND Lou#sadnaDaLYDQ
NRG NRULAWHQMD JODXNRQLWLPQLK PLQHAIDRGSr; Bdule RGUH YV |
& Mensing, 2004) u geokronologiji (Odin, 1982; Odin & Fullagar, 1988), tdehikpnit koji
se koristiza takve metod&ebao biti visoko evoluirafbogat na kaliju) (Odin, 1982; Odin &
Fullagar 1988 Zaitseva et al., 2008; Derkowski et al., 2R0Pregledni osvrt o teorijama
mehanizmima geneze glaukondian je uOdin & Fullagar (1988, JimenezMillan et al.
(1998 referenceu rady i 61 Q FHBEMps et al(1999. *HQHUDOQL RNROEaQDV WD C
MH RWYRUHQD PR UV NaukyriRigabijao8vijabliziHRoxskddidnh gdje 8 X AQR
porozni supstrati nalaze ubliskom kontaktu smorskom vodom no ipak u dovoljno
RIJUDQLPHQRP LORN R ORGUXR DUIREPL p HQ bpr. RINURO bidturbacija
povezanih girmgroundima) u kojem ioni mogu ulaziti i izlazitiali gdje njihova izmjena nije
prebrza(Odin & Fullagar, 1988). Proces glaukonitizacije odvijaigazdobljima nepostojanja
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ili slabe sedimentacije]ERJ pHJD VX pHVWPRO ULYRXNHPDRPLWLMVNLP S
(Jarvis, 1992; Jimeneddillan et al.,1998.

Karbonatni fluorapatit GFA, TUDQNROLW pLMD 10hRNEIMOs@M@)s JODVL
x(COa)x-y-2(CO, F)(SQy)F2 (Jarvis 2006 PLQHUDORA&NH L JHR N HofikawbeN H N D U I
su uJarvis 1992 )| O O POB6; Krajewski et a). 6i@EKDYDV OANarvE,t Q
2001 SUHGVWDYOMD QDMpH&a&uUL IRVIDWQL PLQHUDO NRML
RNROLALP,D99G)OPREH pHVWR EdglaMkoningR minérdifaciiom (Odin &

Letolle, 1980). 3SRpHWQL NRUDN SUL (pvosessinsf@yenkr; infRivhagije oW D
sedimentologiji, stratifikaciji i geneZosforitadane suu) | O OB MH SUH]DVLUHQMH S
vodas CFA WH QMHJRYD SRVOMBGDMWIALD SWUHH KBS \VAHORBUM DD V L U H
SRVOMHGLPQD |R¥uRtadi@QreneDdijgyénézeNblizu kontakta sedimenta i morske
YRGH X VXERN YlLzuQreddks |&t&pice; Krauskopf & Bird, 1994), koja
karakterizirana mikrobijskontnpr. heterotrofne bakterije i gljiveazgradnjonorganske tvari

L SULQRVRP SRYHUDQMHP MdJdstte (UL astale Midcesd QONHPUY W L F
1996 unutar sedimenta 0D UWOQDUUD -Bav@s-KH] )|GOP 6iQFKH]
1DYDV  OAMdrvd 20Q01;Schulz & Zabel, 20068{onhauser2007; Arning et a.2009

Berndmeyer et al., 20)2U prilog tomu govori i elativno spora brzina precipitacije

frankolita na morskom dnu (Van Capellan & BernE991) koja W D N Rvjeklijg da ovaj
PLQHUDO QDVWDMH VDPR RQGD NDGD VX EU]JLQH DNXPXODF
SULMHQRY GRYROMQLK NROLpLQD RWRSOMHQRJ IRVIDWD (
1996) ]ERJ pHJD QWDHN QRVMRD LW BN bl RWIRV ISRWNMLIP SRYUALQDF
Kennedy & Garrison, 1975; Jarvis, 1992, 200p} O Q B996. lako kemizam glavnih

elemenata marinskog karbonatnog fluorapatita pokazuje uniformnosis(J2006), mnogi

elementi u tragovima (nprelementi rijetkin zemad Rollinson 1997; Bermanec, 1999;

Arning et al, 2009) koji ulaze ustrukturu fosfatazajedno sGHWDOMQLP VHGLPHQV
SHWURJUDIVNLP PLQHUDORANLP ;5 &forméacijanHibbvaniRVNR SL M
analizamaVW D E L O 42X ® S35, 8/5rFfeSr; Veizer et al.1999) i radiogenih (npr.

234Y/238)) izotopa (Faure & Mensing004) PRJX SULGRQLMHWL WRPQLMLP

S D O HRR NRO loée@riografskim) i stratigrafskim interpretacijameekonstrukcijama

(Jarvis, 1992, 2006) | O Q F9B6; Krajewski et al., 2000Jarvis 2006; Arning et al.2009

Berndmeyer et al., 201%Yigley & Compton 2012.



223..RPSR]JLWQH SRYUALQH

.RPSR]LWQH LOL SROLJHQHWVNH SRY U éaet® kbjeSriddtefs\f WD Y O M
kroz fazu marinske omisije i kroz fazu subaerskog izlagésaétler ¢ al., 2005; Rameil et al.,

2012). Prema tomeNRPSR]JLWQH SRYUALQH PRJX ELWL pPsPUNLUDQ
litifikacijskim omisijskim ihnofosilima, zajedno grodukima meteorske dijageneze, npr.
kalkretama (nprWilson et al, 1998;Brlek & Glumac, 2014Brlek et al., 2014 aWR XSXUXMFE
QD NRPSOH NV QiskbhihugdRaYulkd@r ha@dini@jetiovima(Rameil et al.2012).

, JRWRSQD L V4 UEsa ILIa) ge@dtibgenih karbonata u sekvencama les
paleotlo i u naslagama karbonatne platforme kvartarne starosti s primjenom na
SDOHRNOLPDWROR 4 tijeger2iske koRsMURd 4 Q H

Autigeni pedogeni karbonati su kopnenaslage kalcijevog karbonaktaje nastaju u zoni tla.

8 RYLP NDUERQDWLPD VX |DSLVDQL SDOHRRNROLaAQL XYMH\
u pogledu vrijednosti stabilnih izotopa ugljika i kisikZhou & Chafetz, 2010). Dok su
vrijednosti stabilnih izotopa ugljika uglavhom korlirane metabolizmom vegetacije (nprz C

i C4 biljke), izotopi kisika su uglavnom kontrolirani temperaturom i izotopnim sastavom vode

u tlu (Zhou & Chafetz, 2010). Pedogeni karbonati pojavljuju se u raznim vrgteamiarnih

naslaga XN O M X p X M Xladpakothd Qnipv W& & Greenberg, 2007, Gocke, 2010;

Barta, 2011, 2014; Gocke et al., 2011a, 2014; Koeniger et al., 2014) i u criemir¢ssa

npr. Durn et al.1999; Fedoroff & Courty, 2013)7DNRYyHU VX SRYH]DQL L VD
nekonformitetima P LVXWQLP X NDUERQDWQLP WDOR]JLPD RNROLAD
& Matthews, 1982; Rossinsky et al., 1993; Wilson et al., 1998; Ald@sra & Jones, 2007,

Kindler et al., 2011; Miller et al., 2012; Mylroie et al., 2012; Eberli et al., 2013; loBes,

2014).

Slijed lespaleotlo predstavlja jednu od najinformativnijih kopnenih paleoklimatskih
arhiva(Bradley, 1999; Walker, 2005; Antoine et al., 2009; Gocke, 2010; Gocke et al., 2011a,;
Novothny et al., 2011). Akumulacije sekundarnih karbonatasgm pedeVHGLPHQWRORA&N
kompleksima pojavijuju kao jednoRG QDMXRPOMLYLMLK SHGRJHQLK RE
NDOFLILFLUDQRJ NRULMHQMD SUHGVWDYOMDMX |JDMHGQR
paleotlo (Becze HIN HW D ONang & Greenbey, 2007; Gocke, 2010; Barta, 2011,

2014; Gocke et al.,, 2011a; Koeniger et al., 208&kundarni karbonati u tlima nastaju u
LIRWRSQRM U DYIQUR(@EHIGY 1988 1899), koji nastaje uglavnom respiracijom
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korijenja i mikrobijskim raspadom orgatestvari u tlu (Amundson et al., 1998; Gocke, 2010).

=ERJ WRJD VH VHNXQGDUQL NDUERQDWL NRULVWH NDR

SDOHRRNROLAQLK XYMHWD NRULAWHQMEP W EReB L @QLK L]R

datiranje tala i paleotala metm “C (Amundson et al., 1994; Bradley, 1999; Pustovoytov,
SXVWRYR\WRY THUKRUVW :DONHKIs, 2006; % DMQ\

Pustovoytov et al., 2007a, b; Wang & Greenberg, 2007; Zhou & Chafetz, 2009b, 2010;

Gocke, 2010; Gocke et al.,, 2011ajlidre et al., 2011; Koeniger et al., 2014; Brlek &

*OXPDF -HGDQ RG JODYQLK SUHGXYMHWD SUL RYD
XJuDyLYDQMD VWDULMHJ & QSU L] SULPDUQRJ VWDULMHIJ
izmjenom) u autigene pedogen®RUERQDWH *RFNH *RFNH HW DO
VHNXQGDUQLK NDUERQDWD X OHVQLP QDVODJDPD YuUaL
XNOMXpXMXiUL PLNURPRUIRORBHMHINI XX WOD®SD .R&HF]H : C
Greenberg, 2007; Barta, 2012014, Brlek et al., 2014), analizu stabilnih izotopa ugljika i
NLVLR® 1!2 )DXUH OHQVLQJ :DQJ *UHHQEHUJ a

Gocke, 2010; Gocke et al., 2011a; Koeniger et al., 264@)metodu datiranja (Amundson et

al., 1994;Rowe & Maher, 2000Deutz et al., 2002Pustovoytov, 2002; Faure & Mensing,

2004 Pustovoytov & Terhorst, 2004; Pustovoytov et al., 2007a, b; Cramer & Hawkins, 2009
Alonso-Zarza & Wright, 2010Gocke, 2010; Gocke et al.0219 te potencijalno apsolutno
GDWLUDQMH SRPRiUX 8A7K PHWRGH %UDGOH\ .HOO\ H
Candy et al., 2004; Faure & Mensing, 20WMalker, 2005.

U sljedovima legpaleotlo sastavi stabilnih izotopa mjereni su u karbonatnim nodulama,
konkrecijama, rizolitima,rizokonkrecijama i kalcificiranimstanicamakorijenja (Wang &
*UHHQEHUJ a FND HW DO *RFENH *RFNH HW DC
referenceu rad). Becze'HIiN HW DO VX SUHSR]QDOL YLVRN SR
korijenja, zbog kratkog vremena potrebnog da nastanu (Wang & Greenberg, 2007; Gocke,

SUL NURQRORANLP L SDOHRRNROL&QLP LVWB®MALYDQM
14 & =ERJ WRJD aWR VH RUJDQVND WYDU X WOX DNXPXOLUD
RVWDWDND E L@vKarNdbata WDtV WKa2Gje/ na dugotrajne promjene u sastavu
vegetacije (Wang & Greenberg, 2007). U B&XVWLQMV NL P; i ENHjkeLsa AP &
JODYQH NRPSRQHQWH ELOMQH ELRPDVH 9 Htiav&®HadBdgO M D N D
razdoblja, koriste EPHWRGX IRWRVLQWH]H L LPB®Mod-SARVIMHBHDPQH YL

UDVSRQ YULMHGAR RVW I3'l4 Péine¥X, 1980; Cerling & Quade, 1998ang

& Greenberg, 2007; Gocke, 2010; Zhou & Chafetz, 2010; Gocke, @0dlla). Za razliku od
njih, & ELOMNH XNOMXpXMXiL WUDYH SULODJRYHQH QD YLVF
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koncentracije atmosferskog GO LPDMX SURVMHPHIYURRHE GBR¥WL /
UDVSRQ YULMHGAR RVAVE'%]P MK XQ B;\Cerling & Quade, 1993; Faure
& Mensing, 2004; Gocke, 2010; Zhou & Chafetz, 2010; Gocke et al., 2011a). G
NRMH VH XRELPDMHQR QDOD]JH X S3&v WU RQWH®QR YIVBL L NFDHNX
biljaka (Faure & Mensing, 2004; Wang & Greenberg, 2007; Zhou & Chafetz, 2010). U tlima,
gdje je CQ nastao respiracijom korijenja i razgradnjom organske tAmundson et al.,
1998) SHGRJHQL NDUERQDW QDVOMHYyXMH ]D 84 WjeksiW DELOQL
pedogeneze *RFNH ' RiENje@nBsti precipitiranin pedogenih karbonata koji
nastaju u primarnoj stijeni/sedimentu koja je bogata s karbon@vpm les ili marinski
VHGLPHQW RGUDaADYDMX SURFHVH |DEAMBRIHCREGLNRY LK
nastaaespiracijom korijenja i razgradnjom organske twatiu (Cerling,1984 Gocke,2010.
Prema tomeyrijednosti /°C pedogenih karbonata mogu se Koristiti pri procjegii Ca
ELOMDND NRMH VX ALYMHOH X WOX .RHQLJHU HW DO
UHVSLUDFLMH WOD GRYROMQR YHOLNHka6 DdrugihNuGebjap X M X X !
Tanner, 2010; Zhou & Chafetz, 2010; Gocke, 2010; Gocke et al., 2011a; Eoenigl.,
WH GD MH SHGRJHQL NDUERQDW SUHELIS(GAliAgGDQ X L]
SHGRJHQL NDUERQDWL QDQVMNRYLX\XWBY HRE D DLGDWD
vrijednostiod- A GRA 3'% &HUOLQJ ORQJSURMWIBIOQD YULMH
od-1 A GR A 3'% &HUOLQ@IDMQVYF]L -KisRX00BVGocke, 2010), za
razliku od pedogenih karbonata nastalih padv&etacijom koji imajuY ULMHEQ®&V WL /
RWSULOLNH A GR A 3'% &HUOLQJ SURVRRPED MWLBIEGQ
3'% &HUOLQJ % D M-Ris; F2P06; GoBk¥,i E0A0)Do gore navedenih
Y UL M H GHTR pedogenih  karbonata dolazi se procesimzatopne diskriminacije
(frakcionacije), i to difuziiom C® # dovodi do frakcionacije od,4A WH GDOMQMR
diskriminacijom od otprilike 10,A JERJ SURFHVD XUDYQRWHA&HQMD NDUE
1999; Burns and Rossinsky, 198%ustovoytov et al., 2007a, b; Wang & Greenberg, 2007,
Monger et al., 2009G0cke 201Q Koeniger et al., 2014x(. 1).
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Slkal 2GQRV L]PHYyX VDVWDYD XJOMLMNRWR X IR SRS R JWIQRIWNIFU FRIQ R\ D
A& YULMHGQRVWL SHGRJH 8RWijiedMEHER Q MuVkaji jpXaastaé tespiaciiom korijenja i
GMHORYDQMHP PLNURRUJDQL]DPD NRML UD]JJUDYyXMX RUJDQVNX WYDU X

6WDELOQL L]JRWRSL NLVLND X SHGRJHQLP NDUERQDWI
precipitaciie NDR D dastav otdpa u tlu koje suuglavnom porijeklom iz lokalne
meteorske vode (Cerling, 1984; Cerling & Quade, 1993; Algfesaa, 2003; Wangk
*UHHQEHUJ .RHQLJHU HW DO ]JERJ pHJD VH
SDOHRWHPSHUDWXUD NRiD bbrazada afidSdosRel rkulacijé HGddRa/ L O Q

9 UL MHB& R¥AN\pEeddgenih karbonata nastalih prilikom subaerskog izlaganja

(subaerski nekonformiteti) plitkovodnih karbonata u kvartarnim platformsijedovima
WDNRYHU VH NRUL VMhtérpBdthtijdrhighdlddkindatgkind 815 O M ik Nvie@ L &
kao i dijagenetskih procegapr. Li & Jones, 2014).

lako se kalcificirane stanice korijenja i rizoliti koriste pri rekonstrukcijama
SDOHRRNROLaAaQLK XYMHWD L SDOHRYHJHWDFLMH X OHVQLF
RYLP LVWUDALYDQMLPD PRUD VH X]HWL X RE]JLU NURQRC
metodama apsolutnog datirafa& *RFNH *RFNH HW DO D J]ERJ
OHVD NRMD VH WDNRYHU DSVROXWQR AGONY etUaD, DBBW RG R P
Novothny et al.,, 2011; Wacha et al., 20L1asekundarnih pedogenih karbonata ne mora
Q Xa QR E hpn ktvarsinif# Bekundarnih karbonata nakon sedimentacije lesa enkrustacijom

korijenja biljaka koje penetrira u slijed kpsileotlo nakon sedimentacij@pcke et al., 2011a;
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SHQHWUDWLYQH NDO N HWRdssWdRWNeR §ilH 1098 XAl Bréddrdh[R]Iorigs] X

2007; AlonseZarza & Wright, 2010). 7DNRyHU NDNR EL VH RGUHGLR X
VHNXQGDUQLK NDUERQDWD X UL]JROLWLPD L OHVX WH ¢
SRULMHNORP L] SULMDaQMH ELRPDVH NRULMHKHOMERE X OHV.
DQDOL]JLUDWL VDGU 3BMaQ) GdR oS 1Qlitim® U WiRlzu iz rizolita

prema rizosferi i lesu, te u samom lesu, kao i odrediti porijeklo organske tvari u ovim
RNROLALPD SRPRiUX PROHNXODUQL (GoFkd,VZRGEck®& @l., DQDOL
2010a, 2011a, 201&hformacije o analizama organske tvari dane $tayes, 2002; Faure &

Mensing, 2004; Killops & Killops, 2005; Hoefs, 200@peniger et al., 2014k, 2.

Slika 2 Sastav ugljikovih izotopa i lipidni sastav rizolita i lesa.6 U H G @M kvrijednosti lesa i rizolita, te
[3Corgvrijednosti rizolitab .ROLPpLQH OLSLGQLK NRPSRQHQWL 08)$ L 38)$ X UL]JRO
OLQLMH RIJUDQLpMHERMQRAMRRUIPPMNH WYDUL L] OHVD L L] ULJROLWD 3L

8] JRUH QDYHGHQR VDVWDY VWDELOQLK LIRWRSD SHGHF
LQGLNDWRU SDOHRRNROLEQLK XYMHWD SDOHRYHJHWDFI
paleotemperaturu, paleoprecipitaciju, uvjete vlage,p@0O2 u atmosferi u aridnim i
VHPLDULGQLP RNROL danhée, 26 F2d Epsolutno datiranje (Gocke, 2010
Gocke et al., 201)aukoliko: 1) su karbonati pedogenog porijekla i nasitalsitu, 2) su
pedogeni karbonatQ DVWDOL X L]RWRE® @ RaGhtkey ZDROWadrider ¢t al.,

2014), 3) je zanemariva kontaminacija bikarbonatnim ionima iz drugih izvora, poput
primarnih vapnenacaQLFKHO HW DO LOL PRUVNH YRGH Q
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atmosferskog Cg) 5) pedogeni karbonati nisu naknadno izmjenjeni ndkomiranja (npr.
UHNULVWDOL]DFLMD L L]JRWRS QIR tl& pd3teagirgaldiiska] Axddadijiay P O Dy
(Gocke, 2010; Zhou & Chafetz, 2010; Gocke et al., 2011a), 6) se uzme u obzir vremenska
UHJ]ROXFLMD LVWUDALYDQMD XJ oQatalth Refiekski pR/WSR/SENjBHG R J
pedogenih karbonata lesu (tj. starost rizolita tprocesi rekristalizacije i izotopne zamjene
ugljika iz CaCQ primarnog lesa s CQz tla pod utjecajem temperature, procesa u rizosferi i
koncentracije C@u tlu; Gocke 2010; Gocke et al., 2010b, Gocke & Kuzyakov, 2011; Gocke
et al., 2011b, 2012b).

, JRWRSQD LVW& DI D @pddutnd datiranje!{& 8A7K NYDUWDUZC

kopnenih karbonatnih sedimenatignso- =D U ] D 7TDQQHU D E QD SRGU>
GR vDGD MH SURYHGHQR QD VSHOHRWHPLPD +RUYDWLQDL
6XULU -XUDDpLU IDENRYLUO HW DO L VHGUL +RUY

SDOHRNOLRDWERDEBHERRNR O L #FQtericijdma\] R WRSH)WDIFR DD ALYDQ
[*®0) i apsolutno datiranje!{C) pedogenih karbonata koje nalazimoQREUR L]JORAHQLP
detaljno analiziramn i datiranm dijelovima profila slijeda legpaleotlo kasno pleistonske

(zadnji glacijal; marine isotope stageMIS, A: Shackleton, 2006 i reference unutra;
Svensson et al.,, 2006; Blockley et al., 20%farostiu Hrvatskoj ,VWUD .YDUQHU L L
+UYDWVND *DORYLU HW DO :DFKD ha et ®.FXDla, )UHFK
b), kao i u marinskim i eolskim karbonatnim naslagama kasnopleistocenske do holocenske
VWDURVWL QD SRGUXpMX % D KRirdeNeat alN ROLE R/@ioigved Bl., SOD W |
2012) RPRJXUOLWL GOH X NRUHODFLML wnd) rekddMmIGiDaQMLP
SDOHRNOLPDWRORANLK SDOHRRNROL&AQLK L @tapléyJHQHWYV
1999 Walker, 2005; Litt et al., 2008 7T DNRyHU UD]|XPLMHYDQMH PHKDQ
SHGRJHQLK NDUERQDWD L QMLKRYLK L]RYPHNYILK YVWUHDG
SULPMHQMLYL VX ]D WRpQLMH LQWHUSUHWDFLMH QDVW
UHJLRQDOQLP NUHGQRASDOHRJHQVNLP VXEHUVNLP QHNRC
Q HND G D aQ M-Binadekt RethundtRe platform8r(ek etal., 2013, 2014Brlek &

Glumac, 2013

2.4. Vrijednosti stabilnih izotopa ( /1* & L*%®) kalkreta u meteorskoj pedo(dija)genezi

Biogene (ilibetg kalkretes ULJROLWLPD SUHGVWDY O Méduog izlegrilaD M QH L
karbonatnih gedova(npr. Rossinskyet al, 1993 Wright, 1994 AlonsoZarza& Jones2007,
Miller et al., 2012 Brlek et al.,2013, 2014 Li & Jones2019 WH VX WDNRYyHU pHVWD
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SDOHRNUA&NLP i k&ustiirsK tAldziPnl (Freytet & Plaziat, 1982;. R & 12004).
2VWDFL NDOFLILFLUDQRJ NRULMHQMD WDNRYH&eotoUHGV WD
(Becze"HIiNL997 . R a2004 Wang& Greenberg2007 Barta 2011, 2014 Gocke et al
20113 2012a2014 Koeniger et al 2014).

Pri prepoznavanju meteske dgageneze karbonathh MHGRYD pHVWR VH YU&H |
stabilnih izotopa kalkreta i izmijenjenih marinskih vapnen@m. Allan & Matthews, 1982;
James & Choquette, 1990; Rossinsky et al., 1993; Brlek & Glumac, 2014; Li & Jones, 2014)
]ERJ W R MT \ijddRosti precipitiranih pedogenih karbonata koji nastaju u primarnoj
marinskoj karbonatnoj stijeni/sedimentR GUDaADYDMX SURFHVH J]DPMHQH X
primarnog CaC®@sa CQ koji je nastaaespiracijom korijenja i razgradnjom organske tuari
tlu (Cerling, 1984 Gocke,2010. 6HNXQGDUQL NDUERQDWL Xad4OuPD L SI
LIRWRSQRM COMm VY @R(BEHiAd, 1984, 1999)koji uglavhom nastaje procesima
respiracije korijenja i mikrobijske razgradnje organske tuatiu (Amundson et al., 1993
Zbog toga autigeni pedogeni karbonaiSUHGVWDYOMDM X rakbnatuicijeR U Xy H
SDOHRRNROLAQLK XY MHs&davs gabihinXzotogaMidliika L Mdkgia D
[*®0), kao i za*C datiranje tala i paleotak®lonso-Zarza & Arenas2004 Pustovoytov &
Terhorst,2004 Pustovoytov et al2007a b; Wang & Greenberg2007 Cramer & Hawkins,
2009 Monger et al.,2009 Zhou & Chafetz,2009a, b, 201,0Gocke, 2010 Gocke et al.
20113 Barta,2014 Koeniger et al.2014; Li & Jones,2014. 3 U R X p DpvobeQa\ktdaranja
pedogenih karbonata i postsegregacijske izmjetoglatno doprinags SDOHRRNROLAQL
LVWUD &L Yia@ik koprizniN ¥ddimentnihjestliova (Gocke201Q Gocke et al.201(,
2011b, 2012a6Gocke& Kuzyakoy 2011). M HW D E R O L pagatace{rir HCY'i Cs biljke)
imaju utjecaj na izotopni sastav ugljika od £& WOX NRML WDNRYyHU X UDYQ
XWMHpH QD YULMHGQRVWL XJOMLNRefling 12941808 Socke,HN X QG C
201Q Gockeet al, 2011a Koeniger et al.20149. No, GUXJDpLML PHKD@bpJPL QDVYV
izravne precipitacije kalcita ustanicama NRULMHQMD L] RWRSLQD NRMH
komponente a FND ,F2009 X@eniger et al.20149, LOL PHWDEROLPND DNWLYC
mikroba i gljiva u rizosferi (Kabanov et a008 Koeniger et al.2014 WDNRYHU PRJX
dovesti dovrijednosti /*°C produkata precipitacij€poput kalcificiranihstanicakorijenja i
Microcodiumagregata NR M H V X asbléthih Rrijednosti za pedogene karbonate koji su
QDVWDOL X L]JRWRKSQRM (-12d% © R VAIPARB; Gerling 1984 Burns &
Rossinsky 1989 AlonsoZarza et al. 1998 AlonsoZarzg 1999 Kabanov et a). 2008
Koeniger et al.2014).
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25 3UHJOHG GRVDGDaQMLK LVWUDALYDQMD SRYU&ELQD GLVN

Dinarida

251.5HJLRQDOQL NUHGQRASDOHRJHQVNL .A3J VXEDHUVNL (

5HJLRQDOQL NUHGQRASDOHRJHQVNL .A3J KLMDWXV ]DEL
(cenoman do masht, lokalno i paleocen) karbonatnimMIHGRYLPD QD SRG&GUXpX -L
Dinaridske karbonatne plattorme X pLMRM VH NURYLQL SRMDYOMXMX S
EUDNLDPDWLOVNH QDVODJH ORVRYLU HW DO 6WHXEHU
2WRQLpPpDU ar, 2009R Briek et al.,, 2013, 2014 +LMDWXV MH SRVOMHGLF
GLMDNURQRJ L]GLIDQMD QHNROLNR UD]OLPpLWLK GLMHORY|
forebulgng-a X TURQWL 'LQDULGVNRJ RURJHQ D09)2 Str&igrafpkd U
KLMDWXVL GXa REXKYBSRYKHNRIGINR PLOLMXQD JRGLQD V
RELOMHAHQL GREUR UD]JYLMHQLP SDOHRNUANLP KRULJRQW
6DNDP ALQNRYHF Q L1996 VDHrQav ). HW D2OWRQLpDU
.RYDpHYLUO *DORYLUO HW DO awR MH UH]XOWDW ]QDpD
dugotrajne regionalne do globalne procese pod utjecajem tektonike i/ili eustatike (Clari et al.,

" $UJHQLR OLQGV]HQmwéar, 1998). Regd@lhi. A 3 Jsubaerski
nekorQIRUPLWHW MH QD SREGEADHMMAH MVUHVOGLERGMYHUOR pHVWR N
razvijenim biogenimigetg kalkretama sU L] R O L W L P D in Xithi \idvoxdalXitvaxrégate,
kao i slaminiranim kalkretamapizoidima i kalkretiziranim boksitnim talozima (poglpe
5.1.; Brlek et al., 2013, 2014 7DNRyHU VX ]J]DELOMHAHQH LsauduSLpQH
-DPHYV &EKRTXHWWH in situ L XUINFOWHGDPMDQW LUDQH VSHOHF
et al., 2003; OV R Q L p DRHek et al., 2011

252.2VWDOH SRYUALQH GLVNRQWLQXLWHWD

2VLP LVWUDALYDQMD UD]JQLK YUVWD SRYUALQD GLVNRQV
SRJODYOMD A NRMD VX iGranaid BrieiPetlaD (20X3, 2BV S X QR V
Brlek & Glumac 014 SRVWRML YUOR PDOR |JDELOMHaHQLK GHWDO
SHGR GLMD JHQHWVNLK PLQHUDORANLK L L]JRWRSQLK DQ
pojavljuju u mezozojskim do kenozojskim karbonatrshedovimaVanjskih Dinarida (npr.
5DGRLpLU *XaLua A \HND D O OLOHXVQLU
*RULPpDQ %DELU =XSDQLp ODUWDQWA (IX\&*IX@L
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Jelaska (1990) opist§f UHJLR QDO QR ]D Bybrojdkairpeh® X B BN G QIMRX VXEDH |
L]JODJDQMD L]PHYyX IRUPDFLMH 3XpL&UD GRQML GR VUHGQ!

kampan do mastriht) (Steuber et, al. 90 DKRYL2D0% \WorBa2009) na otoku
%UDpX téuBeMet ab (2005) povezujugiobainim GRIJDYDMHP HXVWDWVNRJ ¢
PRUD 'XUQ HW DO GDMX SUHJOHG UHJLRQDOQLK VXE

SURGXNDWD ERNVLWL L SDOHRWOD X SOLWNRPRUVNLP NI
podrijetlo, uvjete nastanka i sasta¥OLQRYLWLK QDVODJD WAIBSREAHQLK
HPHU]JLMH X ,VWUL %DELUQ =XSDQLp RSLVXMX QHNR
unutar paleogenski Promina naslaga sjevernodalmatinskogredgorskog bazena, dok
ODUWLQXa HW ODUWLQXAESLVXMH UD]JQH YUVWH SRYUALQH C
mjerila (narazini slojne plohe) unutar donjojurskih plitkomorskih platformnih karbonata na
SRGUXpMX Lk OGoEskaly Botara 'RGDWQR %DELU =XSDLQLp
detalino LKQRORANR LVWU D aGashaghddolitesi QTR/pARIBSR Trpanites

ihnofacijes) u mobilnim klastima unutar eocenskih konglomerata sjeverne Dalmacije.

18



*(2/2a., 60-(a7%- , 675%$7,*5%),-$ ,675$4,9812* 32'58y-$

3. * RUQMRNUHGQH GR SDOHRFHQVNH QDVODJH QD SRGUXpM

*RUQMRNUHGQL GR SDOHRFHQVNL NDUERQDWL QD SRGUXpD
RWRFL yLRYR L L+WDU QI DMDRAEHRP G (kiskHiQrifas GIX p&avder) M Q H
JadranskeDinaridske karbonatne platform@driatic-Dinaridic Carbonate PlatformADCP

sensulato FI 3DPLU HW DO sl. 3B R EDNRMD VH MR& QD]LYD L
karbonatna platforma (rana jura do paleocg&kjriatic Carbonate Platform AdCP sensu
90DKRYLU HWS.DDO.RUHODWLYQL JRUQMRNUHGQL NDUERQDW
(lokalitet Labin .RURPDpPQR W DO fpedvétr@in dijefu @DCR (sl. 3a, b, ®

Povezanost stratigrafijmaslagaADCP-a i orogemtske evolucije Vanjskih Dinarida je

100 200 km

p—

AFRICA

Slika 3 Karte lokalitetaa,b 3RORADML ORNDOLWHWD KQLWH G L R oR®MMNCDRR DFLML A&l
ib)iuLVWRPQRM ,VWULRSRBNNXD RN H\&IEE @alebdeo@diskoj kart) koja prikazuje
SRGUXpMIGEBQPVNLK NDUERQDWQLK SODWIRUPL L atQmadiftirandY LMHWOR
iz Korbar, 2009).
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Slika4POOHGQRVWDYOMHQD WHNWRDQE 0D QNINWHWMDH VY MNHKY HNIRRMD/ W BbRBI] XMH GLC
tektoncVWUDWLJUDIVNLK MHGLQLFD NRMH -DiXargskélkaiRdaiapldtf@me SRGUXpM X -
(ADCP sensuKorbar, 2009 (preuzeto iz Korbar, 2009), KFUWDQLP LVWUDALYDQLP ORNDOLWHW
]JYLMH]GD yLRYR FUYHQD ]JYLMH]GD L +YDU ]JHOHQD JYLMte]GD QD SR(
lokalitetom Labin . RURPDpPQR SODYD J]JYLMH]G@ee QD SRGUXpMX LVWRpPQH ,V
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Slka5 /RNDFLMVND NDUWD NRMD SULND]XMH GDQD&QML UDVSRUHG WDOI
(AdCPsensu9ODKRYLU HW DO QD WHPHOMX WHUHRWHX W DRPOEDKIR ¥
et al., 2005). Na karti sucrtani LVWUD&LYDQL ORNDOLWHWL ALEHQLN &XWD ]JYLMH]
JHOHQD ]JYLMH]GD QD SRGUXpMX V,UHekaliEeQldbih. ®OPPFLYR SODYR N XMW
QD SRGUXPpMX LVWRpPQH ,VWUH

JadranskeDinaridska karbortaa platforma, koja je podijeljena u 4 tekteno
stratigrafske jedinice (dvije Dinaridske i dvije Jadranske jedirseasuKorbar, 2009) gl. 4,
6), predstavliaWLSLpDQ PH]R]RMBRIG DXKM % RMAWMHIG Q Dadkamski' HHW LV D
V U H Gdjev@MMediteranski), koji je karakteriziran vrlo debelim slijedom karbonatnih
QDVODJD L SULOLPQR NRPSOHNVQRP DUKLWHNWXURP SODV
JRUQMRNUHGQLK-\VQUIHNELEIODM WX EQARHOD -DGUD@dvidtiel NDUER
Carbonate PlatformACPsensu stricto FI -HQN\QV .RUEDU GHWDO
QD RWRNX %UDpPpX *XaLd -HODVND &YHWNR 7H&a&RYLU
Steuber et al., 2005), gdsu naslage karakterizirane¥L&dH R G elil slgaddi
SHULWDMGDOQLK NDUERQDWD pLMD MH SOLWNRPRUVND VI
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HSLIRGDPD .DUERQDWQH QDVODJH QD RWRNX %UDpPpX SR
litostratigrafskih jedinica * Xa L U -HODV XD OM X priasijiX@denjl Runac (turon

do konijak; Brlek et al.,, @14), formaciju Dol (konijak do kampan; unutarplatformni
GXEOMHYRGQL NDUERQDWL NRML RGUDADYDMX GUXJX St
IRUPDFLMX 3XpLaAUD VDQWRQ GR NDRIMML \NBPIRLE@E DFR MPD
paleocen; Brlek etla 2014 (sl. 4. Gornjokredne do paleogenske dubljevodnije padinske
QDVODJH NDR L QDVODJH WDORA&HQH QD SRGUXpMX UDPSH
SRGUXpMX VUHGLAQMH L MXAQHHWCPOFLMH IRYRYRO MW DO
2009; Brlek et al., 20)3sl. 6 WH XSXuUXMX QD UD]OLpLWH WDORAQH R
SULOLPQR VORaH Q-xtrangiacka a RareogedgtasWURSURCiju u regiji tijekom
razdoblja kasne kreddo paleocena.

Transgresivne paleogenske naslage, koje dolaze nekonformno (iznad regionalnog
NUHG QRA S D AHARIHsBOdIRaA nenformiteta; poglavlja 2.8. i 6.1.) u krovini
JRUQMRNUHGQLK GR SDOHRFHQVNLK QDVRGURpPOX MUWGDA
'DOPDFLMH *XaLu -HODVND ODUMDQDF HW DO 6
al., 2008; Korbar, 2009; Korbar et al., 20106) LVWRPhQHp L\MDUMH UHODWLY C
GRND]DQD SDOHRQWRORANL Enif€a) prpdétdvijeneSID BEZINSKIR Q VN H
QDVODJDPD IDFLMHVRP NRMH GROD]H X NURYLQ@L IRUPDF
lokalitet Labirr . R U R P DifSQrRartin (lokalitet Hvar) teredstavljaju najdonji dio donjo do
srednjeeocenskih Foraminiferskih vapieRk D NRML GROD]H X NURYLQL IRUP
YyLRY$ 643 )RUDPLQLIHUVNL YDSQHQFL VX ]DEADCRIH&HQL U
*XaLad -HODVND ODUMDQDF HW DO 6FKZHLW]HU
Korbar, 2009; Korbar et al., 2010a3l.(6) WH VX WDORAHQL X RNROLALPD
NDUERQDWQH UDPSH O0RVRYLU HW DO predgaoskogb@zend GLV WD (
2WRQLpDU =DPDJQL HW DO .RUEDU
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Hvar

yiovo

aLEH

Slika 6 .URQRVWUDWLJUDIVND NRUHODFLMD JRUQMRNUHGQLK -GR SDOH!
Dinaridske karbonatne platforme (ADC&nsu .RUEDU QD SURVWRUX GDQDaQMH 6
(preuzeto iz Korbar, 2009). Ucrtani su i tekteWoW UDWLJUDIVNL SROR&D M Ho balSd¢enSKING QRV W J
karbonatnhsMHGRYD QD ORNDOLWHWX ALEHQLN WH QD RWRFLPD yLRYR L +)

3.1.1.Fomacija Gornji Humac (konijakV DQWRQ X RNROLFL ALEHQLND

*RUQMRNUHGQH L SDOHRJHQVNH QDVODJH QD SRGUXpMX
2VQRYQH JHRORANH NDUWH 6)5- OLVW ALEHQLN O
Humac generalno odgovara n&sDJDPD QD WRP OLVWY aRjGDée$seQLP ND
UHJLRQDOQR QD -8 RKGrbaX p0aXi ®fé&ehcas rad) WH MH ]DELOMHAHQ
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lokalitetX aLEKsQ N 7L SL péitajdalna litologija i biofacijesi (zajednica rudista,
EHQWLPNLK IRUDPLAQL eHliiddRusaV\V B R R WHRLS RNUDHUMIN i idadile] L U D M X
Gornji Humac XNOMXpXMXuL L RWRN 5DYQL 4aDNDQ X .RUQDWVN
.RUEDU HW DO D SRJODYOMH NDR kl.g.C5waJH QD \
VUHGLAQMHJ GLMHOD IRUPDFLMH *RUQML +XPDFmeNuRQLMDN
]IDMHGQLFH YHOLNLK EHQWLPNLK IRUDPLQLIRYUDRX KRMLPDH
je bilaMurgella lata/ XSHUWR 6LQQL ]JDELOMHAHQD L QD ORNDOLWHYV
VWURQFLMHYLP LIRWRSLPD O6W-H))REBELNWVDORML MH6® DR
XQXWDUQMHJ AHOISHNDEERYMHARYE MEPL Apding Ri&ijaXpMX M.
Carannante et al., 2000). Osim regionalko®g QHNR QIR UP L W H Wuthy lxBlag@a M H& H Q
IRUPDFLMH *RUQML +XPDR Q3B a8 EHQIWVYERMHSRGU XPM ORNDOL
]JDELOMHAHQR L QHNROLNR XQ X VEID8) p&yvijeDs2L: BNek ktkal.G LV N R Q
2014.

Primo$ten

]
R TEAN
17.5 km S\
Slika 7 'LR JHROR&NH NDUWH 5+ PMHULOD *. 5+ JHNRROMRIANSXULND
SitXDFLMX QD SRGUXOMPQ HPHEGRPNORNFLMRP LVWUDALYDQRJ VWXSD
ODUWLQVND 7XPDp JRRNMRNIHEIIL ND U E R @ |misbgenskikarb@riat @ p D VW D

VLOLFLNODVXOL4RbieQ DAV @8 PDWWDUQH QDVODJH D
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Slika 8 Stratigrafski stup naslaga koje pripadapjgornjemdijelu formacije Gornji Humac koja je istéaL Y D Q D
QD ORNDOLWR®XR & IDEHQVWNI RFD pHIHHQE RP X SRIYQWHQIYPODIGLYVNRQWLQ XL W

prikazani na slikama 15a i 22

*RUQMRNUHGQL VOLMHG XQXWDUSODWIRUPQLK SHULWD
SRGUXpMHRUBEDQPQR NRMLPD X NURYLQL QHNRQIRUPQR G
naslage(s. 9 WDNRYyHU SUjLGdN Burh&cU PW RIQ L p 2 U ovom radusu
DQDOL]JLUDQL X]RUFL ELRJHQLK NDONUHWD L] YUAQRJ GLM
izotopnih vrijednosti biogenih kalkreta koje markiraju regionaldi®Pg subaerski
QHNRQIRUPLWHW ]D EADCRMaHpila®ljeBB.)S R G U X p M X
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Slika 9 'LR JHROR&NH NDUWH 5+ PMHULOD *. 5+ NRML SULND

sitXDFLMX QD SRGUXpMX QB MMRPRM QRW D H lokidRda ILaliy URDJER_FYDEERPB D p

boja: zelenatgornjokredniNDUERQDW L +paleayenBKNICOWVBARIY D W L L VLQ4OFLNODVWL
ELMHOD A NY®8®B8H.UQH QDVODJIH

312 )RUPDFLMH 'RO L yLjBg6RD S\DDEFPCER) GQEMHOX RWRND yLRYR

2WRN yLRY RjeViRadidriskoi @oru S ULREDO QR I/ (BHRGLEX WIS D O P D F L
3a, b, 10te jeu SRWSXQRVWL L]JUDYHQ RG JRUQMRMataga®Q LK NDU
10 NRML VX JHROXRYNDRDUWVQRYQH JHRORANH NDUWH 6)5
ODULQpLU HW DO
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Slika 10 'LR JHRORA&NH NiR WB0B.0@+GRRH 2009) koji prikazylS RMHGQRVWDYOMHQX Jt
JUDYyX QD SRGUXpMD RNRDRWRIND L\L\R YR §®Y DL M XIRXBKDGQRP GLMHOX
QDNQDGQR NDUWLUDQLP SRGUXpPMHP SUDYRNXWQLN X RNYLUX 2*. 5+
+JRUQMRNUHGQL ND U E RfalpogenskiN D UEIRQIDWYID VWL VL QOFLNODVWLPpQH QD

Na jugazapadnom dijelu otoka snimljen 00 m debeli slijed gornjokrednih karbonata, na
NRMH QHNRQIRUPQR QDOLMHAX HRFHQWNX S) BeédPM\@ U DHAUHVON L
straWLJUDIVNL L V(@HE.GI)RBHEKNRED RRPANBLJOK je ostatalotoka naknadno
JHROR&ANL NDUWLUDQ X VNORSX LJUDGH 2*. ;5st 2. Ol
Gornjokredni slijed je podijeljen donjifirmgroundom (FG1) (sl. 11, 26; poglavlje 5.3.) u
dvije litostratigrafske gdinice, i to u podinsku srednpio gorfokampansku formaciju Dol
SUHGVWDYOMHQX SHODSH®DRUIPp NID SYHNQ/PA RéistednaSiHN VW R C
planktonskim foraminiferama) + QW HUNDODFLMDPD WXUELGLWD L GHEL
RNROLALPD WH JRUQMRNDPSDQVNX IRUP D-FOLLIMKR N DRYWRV LSS
pekstonima V. EHQWLpPpNLP | SiddpdftechlchapbideRamarcki Vanderbeekia
catalana Hottinger & Cau3 L SHNVWRQLPD X NRMLPD SUHYODGDYDNMN
WDORAHQLP X RNROLAEKIPD) W&ay vidstiatigiadsRiAH S OdDsReN W
EHQWLpPNH [|RUDWPH®IPH Q@kROREEN R litostratigrdski  rezultati i
interpretacijeprikazane su Brlek et al., 203).

6WDURVW OLWRORJLMD L WDORAQL RNROLAEL IRUPDFL
XQXWDUSODWIRUPQLK NDUERQDWQLK QDVOADOP-aRMpr.UHJLRQ
IRUPDFLMD 6 XPDUWLQ JRUQMRNDPSDQNH GR PDVWULKWANF

6WHXEHU HW DO =ERJ WRJD MH IRUPDFLMD

litostratigraf&a jedinica (Brlek et al., 20)3Prijelaz iz dubljeg padinsko DORAQRJ RNRO
QDVODJD SRGLQVNH IRUPDFLMH 'RO X RNROL&H YDQMVNH
NURYLQVNH IRUPDFLMH yLRYR NDR L QDDMIMINQDRiI UHIJILRQ
PDUNLUD JUDQLFX L]PHYVX (kitdkferiziranMaassRa@debigturBaciRma
koje pripadaju Glossifungites ihnofacijes poglavlje 53.), mogao bi biti koreliran s
S JRUQMRNDPSDQV N Upper&rddayidnNEveRt 8 &gensularvis et al., 2002,
poglavlje 6.2.2.; Brlek et al., 20)3UCE predstavlja glbalni eustatski pad razine mora, koji
MH ]JDELOMHAHQ L UHJLRQDOQR QSU QD RWRNX %UDpX *X
Detaljna diskusija R SDOHRJHRJUDIVNRP SdRa@igadhkamX afibitet HN W R (
gornjokrednog slijeda na otok y L RahBe uBrlek et al. (2013
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Slika 11 Stratigrafski stt5 Y D S Q H Q D p heRldgasré&dhjbtal Gohjokampanske starosti na Jigld otoka
YLRYR VWXR@GIRYDNMUDM X U RisteOgadinskihd Rafljesa vanjske rampe detaljno su opisani u
Briek etal.,,2013)1D]QDpHQL VX L LQWHUY h@Gteta\priaRavitha sliem® bhG.26V N R Q W
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3.1.3.Formacija Sumartin (mastritaleocen) na zapadnom dijelu otoka Hvara

Gornjokredne i paleogenske naslage ngnkean zapadnom dijelu otoka Hvara (lokalitet
+YDU NDUWLUDQH VX X RNYLUX LJUDGH 2VQRYQH JHRORAN
HW DO JRUPDFLMD 6XPDUWLQ X pLMRBivheNatBEeQL QHN
naslage iznad regionalnegghg VXEDHUVNRJ QHNRQIRUPLWHWD *XA&Ll
et al., 2005; Brlek et al., 20}4prostire se regiQDOQR QD SRGUXPpMX VUHGL3Z
(Korbar, 2009 i referenceradu  WH MH GHW D GRWWERRF ILRK/ DV BoDHAD *XBE L U -
1990; Steuber et al., 2005) i Hvaru (Korbar et al., 2010b) u blizini SI Jadranske sbbBR. (
JRUPDFLMD 6XPDUWLQ MH QD RWRFLPD %UDpPpX L +YDUX XN
sl. 13 predstavliena peritajd@ LP NDUERQDWQLP QDVODJDPD WDORa
plattorme WH MRM MH VWUDWLJUDIVNL UDVSRQ RGUHYHQ NDR
NRUHODFLMH SRGDWDND GRELYHQLK VWUDWLJUDILMRP V\
foraminifera Murciella auvillieri Fourcade,Rhapydionina liburnicaStache, teLaffiteina
mengaudiAstre (biozone CsB6 i CsB7 cf. Fleury, 1980:kedibrirano prema Steuber et al.,
'"HWDOMQD ELRVWUDWLJUDIVND L NHPRVWUDWLJUDIVN
dijela formacije Sumartin na lokalitetu Hvar analiziraregm radom kao kasni mastriht do
SDOHRFHQ ELWL (H S (Kethat @\l Pd3lend F@rbekij@ Butn@rft dolazi
nekonformno u krovinidonorGR VUHGQMH NDPSDQVNH IRUPDFLMH 3XpL
Fleury, 1980), iznad regionalnog unutarkampanskog subaerskog nekanforthW D NRML VH |
koreliratisJOREDOQLP GRJDYDMHP HXVWDWVNRJ SDGD UD]JLQH P
u rady poghavlje 6.2.2.).
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Slika 12 'LR JHROR&NH N DU W HO0B 4GRRHH2009) Kuji prikazueSRMHGQRVWDYOMHQX Jt
sittacLMX QD SRGUXpMR|RWBMOQLPYDWWUNALYDQLP VWXSRP QD ORNDOLW
7XPDp ERMD: JRAOHOMNUHGQL NDUEREaI¥genskiNDOQEBROQWLVWD L VLOLFLN
naslage ELMHOD A NYDUWDUQH QDVODJH D
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Slika 13 Stratigrafski ssup YDSQHQDpPpNRJ VOLMHGD IRUPDFLMH 6XPDUWLQ PDVWU
RWRND +YDUD V RGJRY DDITNDXHRP MOH LH Q@GW R U YhibMnitdtord prikaRMQM2OQLP QH
slici 15c.
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'RQMRMXUVNH Q D VjGyDzhpadResSI®BGeU X p M X

Na lokalitetu Kovk na Trnovskom Gozdjugozapadna Slovenijenimljen je170 m debeli

donjojurski (plinsbah @ srednja jura) slijed naslagaNRML MH DQDOL]JLUDQ VHC
stratiJUDIVNL yUQH *R UL p D Q strukturno pRoa8ardgelintpaleHT rnovo

QD SRGUXpPpMX 9D Qs \IN LKU QH D ULRAda8piDr€Jerenceu rady. Ovo
SRGUXpMH SDOHRJHRJUDIVNL ADBP-8 ($¢nSIRIABHRAOIR0Y) KjdkarH UQR P |
mezozoika, koje je na sjevefiLOR RPH§OGRRHWI/ NLP EDJHQRP yUQH *RL
SRGUXpMH 7UQRYVNRJ *R]GD NDUWLUDQR MH X RNYLUX L]U
000 (Buser, 1968, 1987).

3ROR&DM VWX
Trnovskom Gozdu

Slika 14 Strukturna kartgugozapadne Bvenije (prema Placer, 1999) R]QDpHQLP SRORADMHP VWXSI
7UQRYVNRP *R]GX SUHX]HWR L] yUQH *RULPDQ

Slijed na stupu Kovlpodijeljenjeu OLWRVWUDWLJUDIVNH MHGLQLFH
1) peritajdalni litiotidni v@nenci, 2)peloidni grejnston s onkoidim@&) crvenkasteV P khgti
kondenzirani dubljevodni vapnenac BDULQVNLP RPLVLMVNLP SRYUALQDPI
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ooidni vapnenac. U ovomadu analizrana H PDULQVND RPLYVQgELYddiboSRYUALQ
mineralizacijom razvijena W UKX NRQGHQ]JLUDQRJ LQWHUYDOD X pLMEF
ooidni vapnenci. Kondenzirani interval predstavijen crasté V P kagtim vapnencem
RGUDADYD ]QDpDMDQ SULMHOD] L] SOLWNRYRGQEK SODW
vanjskog dijela platiome. VUOR UHGXFLUDQD EU]LQD VHGLPHQWDFLMH
RPLVLMVNLP SRXURIQMPORM FAD H baDpdthjdnje ridavARGR<ai X M H
awR MH PRJOR ELWL X]JURNRYDQR WHNWRQLNRP SRUD\
produktivnosti (DL 6 WHIDQR OLQGV]HQW\ yUQH *RULpPDQ

je biti povezan sa razdobljem maksimuma transgresije tijekom ranog toarcija i povezanog
regionalnog potapanja karbonatnih platformi, koje je vidljivo razvojem nekolikak&dOm

debelm WDPQLP ELRWXUELUDQLP ODSRURYLWLP YDSQHQFLPD
dijelovimaADCP-a 9ODKRYLUO HW DO 6DEDWLQR HW DO
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4. MATERIJALI | METODE

7THUHQVND L SHWURJUDIVND DQDOL]D SRYU&GLQD GLVNRQC

Litostratigrafski stupovi (Korbar et al., 2012) u gakrednim do paleogenskim naslagama su
VQLPOMHQL QD ORNDOLWHWD QD SRGUXpMX VUHGLEAQMH
jugozapadne Slovenije (Trnovski Gozd, lokalitet Kovk) analiziran l(pRQW SRYUALQ
diskontinuiteta L QMHJRY ERpPQL HNYLYDOHQW |DELKDMHBAHQ X C
stratigrafski analiziraneX yUQH *RULpPpDQ 3.2.i53RJOD VYARMIDOLWHWX a
(uvala Martinskassl. 7) snimljeno je 100 m stupa u gornjokrednim vapnencima formacije
Gornji Humac i u paleogenskim Kozinskim naslagama, od kojih gram raduprikazan
LQWHUYDO VWXSD JRUQMLK P JGMiktta/(Pod&vEel3AMSH AHQH S
8; Brlek g al., 2014 1D ORNDO LjWwd] WXDYEA@LY & LR RIVILER shinljgrioReY R
300 m stupa(sl. 1) X JRUQMRNUHGQLP YDSQHQFLPD IRUPDFLMD
]JDELOMHAHQH SRYU3SGLQH GLVNRQWLQXLWHWD WH X SDC
(poglavlje 3.1.2.; Brlek et al., 20)3Na lokalitetu Hvar (uvala Majerovical. 12 snimljeno
je 475 m stupagl. 13 u gornjokrednim do paleocenskim vapnencima formacije Sumartin sa
]JDELOMHAaHQLP KuPg JduBRa@rkimQ helRonformitetomkoji u  krovini  imgu
paleogenske Kozinske naslageoglavlje 3.1.3.; Brlek et al., 2034 Stratigrafski detal;i
prikazani su poglavju 3.1. iu Brlek et al. (2013, 2004

1D VYDNRP RG GREUR L]ORAHQD NDUERQDWQD VOLMHG
(npr. WHNVWXUD VWUXNWXUD PLNURIDFLMHYV LKQRIRVLC
.DUDNWHULVWLNH PLNURIDFLMHVD DQDOL]JLUDQH VX X S
+UYDWVNRP JHRORENRAPX LFAWWWRWDXFLXMHVL RGUHYHQL SUHPD
& Klovan (1971) Scholle & UlmefScholle (2003) i)O«JHO04). ,KQRIRVLOL L RELO
subaerskog izlaganja koji su povezani[daELOMB &N QBEPQDPD GLVNRQWLQXLW
VX QD L]J]GDQNX X SROLUDQLP SORpPLFDPD RGUWH]DQLP
petrografskim preparatima, te su klasificirani na temelju kritstjairanih uBromley (1975),
Wright (1994), Clari et al. (1995#+ LO O JIUW QBrldk et al. (2013, 2014referenceu
radovimg (poglavlje 5 i referenceu radovimd. Fosfatna i ghukaitha mineralizacija
povezane SRYUALQDPD GLUDERQWHOXQWHWDNDUERQDWQLP QDVC
YLRYR yLRYRJZL6ORYMN QL M Bu avdlziNieyuH petrografskim preparatima

% DULU 7TDMGHU
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4.2. Fazna i kemijska analia

4.2.1 Analiza mineralnog sastava netopivog ostapkenjenom rendgenske difrakcijea
prahu

5HQGJHQVND GLIUDNFLMVND D Q@XRPD;|%overec,201msnbingaVL P X]R L
PHWRGD NRMD VH NRULVWL XMBURXRONOBY MX7)AalpdtieheD OD JO
rendgenske difrakcijske analizeoraka boksita (lokalitet Hvar) i glaukonita (lokalitet Kovk)
bilo je potrebno usitniti uzorke i otopiti karbonate. Otapanju karbonata prethodilo je grubo
XVLWQMDYDQMH XRILWQ M CBHNQUMHPQD YHOLPpLQX RNR PP X
8 UDGX MH NRULAWHQD PHWRGD RWDS DsASc)MdDfeNrBnd ER Q D W |
QD S+ V RFWHQRP NLVHOLQRIRcksoB NRMXR WIHA\S H ) GNDHR ZBLKRL (
vertikalni rerdgenski goniometar (tip X' Pert PROQD +UYDWVNRP JHRBIRANRP L
snimanjX MH NRULAWHQR EDNUHQR ]UD phhQoM bd 45 kX VjdkeéstVL VQL
strue od 40 MAGLYHUJHQFLMD SULPDRIQMRUIQKQRBDRR VVQLPDQMH
snLPOMHQR SRGUXPMHRGUHYLYDQM+D 3HD RYLWDXY@& MH LQW!
SRORADMD GLIUDNFLMVNLK PDNVLPXPD NRUL&AWHQ MH SUR.
2008).

422 6NHQLUDMXuUL HOHNWURQVNL PLNURVNRS L (‘6 DQDOL]D

SHWURJUDIVND L PLQHUDO(RKakt& Hva\W UR\AILDWID Q i1 D OIRRIND\OLLWMH

glaukonitne(lokalitet Kovkf PLQHUDOL]DFLMH SRPRUX SRODUDFLMVN
GRGDWQR VX SRGUADQD SURXpDYDQMHP RYLikrodkopD QD VN
6(0 SRPRUX SRYUDWQR UDVSUAHQLK HOHNWURQD %6( |

instrumentima (EDS) (serkivantitativne kemijske karte) (Reed, 2008 YD VX LVWUDALYL
SURYHGHQIBMREOR IeXSEM-a saEDS-omna Institutu5 Xy HU 9% RaAagral)

(uzorci boksita),FEI Quanta 450 SEM sa EDAX TEAM EDS na Smith Collegeu

(Department of GeosciengeNorthampton, MassachusettSAD) (uzorci fosfata), te FEG

QUANTA 250 SEMa FEI uMETRIS-u (Pula)(uzorci glaukonita).
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4.3 Analiza VWDELOQLK L]RWER SDNANSDWNDND /

THUHQVNR X]RUNRYDQMH NDONUHWD L PDULQVNLKADUERQ
Pg subaerski nekonformitet, za izotopne anal{s&upno 38 uzoraka; poglavlije 5.5.1.1
LIYUAHQR MH QR MQL GRREQNRRINDEHNCDQYDL WE MM &IGTH @elid L ORNEC
SRGUXpMXRURPIDPQR SBR)JOBE Vt@ndljd prvotnh VHGLPHQWRORANL
VWUDWLJUDIV NBrigk & \GWrhbD, 401%.02tebDe analize kalkretat®& 18Q@)
L]YUAHQH VX QD X]RUDND UD]OLpLWLK YUVWD NDONUH
komponentamgoglavlje 5.5.1.L 7/DNRYHU VX L]YUAHQH L LIRWRSQH DQD
L PDULQVNLK NDUERQDWD NRML PDUNLUDMX XQXWDUII
JRUQMRNUHGQLP NDUERQDWLPD QD ORNKBoék L &NFHUIMWaE, aLEHQL
2019 2YH NDONUHWH XNXSQR X]JRUDND VX YUOR KHWHU
tijekom petrografske analize, tj. uzorci kalkreta za apou analizu su kontanirani s
asociranim marinskim karbonatadnE LR N O D V W Ljp@advlj& HINIVIW R Q

8]JRUFL |D DQDOL]H VWDELOQLK LIRWRSD SUHGVWDYOML
MH X]RUNRYDQ L] SROLUDQLK SORpPLFD L SUHSAUBWD RRU
binokularni mikroskop.Svi uzorci su zagrijani na f &a jedan sat kako bi se uklonile
volatilne organske komponent€ [RUFL VX QDNRQ WRJDODYnRfasiothe GMHOR
kiseline (HsPQw) Q D PLOQXWD L DQDOL]JLUDQL SRPRUX DXWRPDWYV|
(Kiell 111) koji je povezan sFinnigarMAT DeltaXL+ ratio masenim spektrometroma
University of Massachusetts, AmherSIAD. Standardne izobarne korekcije i korekcije za
frakcionaciju IRVIRUQH NLVHOU QB GL|YVEMHQFRGDFLPD 8QXWDUC
preciznost, koja se kontrolira dnevnom analizom karbonatnog standardajebbljadnaka
0, A za vrijednosti izotopa ugljika i kisikesb H]XOWDWL VWDELOQLK ]JRWRSD 1

/80 vrijednostiu A u odnosu n&ienna PeeDee Belemnite standard (VPDB).
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5. REZULTATI I INTERPRETACIJA

5.1. Regionalni krednopaleogenski (K#g) subaerski NefNRQIRUPLWHW QD SRG
V U H G DaliQadijel

8 JRUQMHP GLMHOX IRUPDFLMH *RUQML +XPDdgk 3aNNlRQLMDN G
15D IRUPDFLMH YyLRYRjugdROSD\WGIQ NIBARRDAWRND yLBBYR VO
formacije Sumartin (gornji mastrint dpaleocen) (lokalitet Hvar; sl.a3 b, 12, 15c),

] D E L O MuHddogeekalkrete § LIROLWLPD ODPLQLUDQH NDONUHWH L
SUHGVWDY OM D atskoRiHdgan)a Kaxiddmatnipstola i karakteriziraju regionalni
NUHGQRASD OAIRISUbaRMII hekonformite(Brlek et al, 2013, 201% U krovini
gornjokrednih gedova nekonformno dolaze transgresivni eocenski katb@Roraminiferski
vapnenci i Kozinske naslagesl, 15 pLMD MH VWDURVW GRND]JDQD SDOHRC
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Slika 15 '"HWDOML Y U aR®IUKR GRIMHD RRFRDQML +XPDF NRQLM&DNAVRYRVRIER UQRINLD
kampan;jugo]DSDG QL GLR RWRN®XPDRYWRLQ PDVWULKWASDOHRIF@EIQ8, ]IDSDGQL
11, 13, sa pripadax tLP OHJHQGDPD

5.1.1.Karakterizacija biogenih kalkreta

.DONUHWH VH X IRUPDFLMDPD *RUQML jugéRamaéni dbRoMdk2a0LWHW
YLRYR SRKMBDIR MXHE U kast © GelkastV éblicy unutar primarnih marinskih
vapnenacas|. 16ax, 1I9DAFVH VX ]DELOMBNMHRH VR G SRYUALQH VX
L]IODJDQMD NRQWD NsW 13, bH G Drnadl)i GHdrRjiJ Huhac, s obzirom na
prisustvo dominantnih biogenih komponenata, maggiizdvojiti dvije vrste kalkreta
(kalcitnog sastea, CaCQ).

3UYL WLS QH BddtDoblicD €. L16AAR rgdstavljene UD]J]OLPpLWLP ELRJH
NRPSRQHQW D P Drizokt®\ SeMsxifiapphX1080) §l. 16d, e, 1@ NRML VX RNUXaH
mikritnim matriksom. Microcodium DJUHJDWL VX SUHGVWDYOMHQL MHG(
sSoMHYLPD YHULQRP It RG DM B PLH & X4l Q LiKkasBHkhstala \kakitak L E
NRML XRELPDMHQR RNUX&XM X(sh XB£) ¥ beQudlakno® Y¥aeMjtjpuH VSDU
nakupinama (L MHWNR VX L]ROLU DgpdviakupKofehja@GIH16&Qd) UK
NRULMHQMD JUDYHQL VX RG aXSOMLQD LVSXQMHQLK VSELC
mikritnim i mikrosparitnim ovojimagl. 1, c) WH VH X aXSOMLQDPD QDOD]L L
alveolarne VH S W D @ @ BlindrJ milgrita (sl. 17c, i). Microcodium DJUHJDWL VH WDN
SRMDY OMXMXliranii. hBddlg Xalkreta (sl. A). Drugi tip kalkreta (nepravilni
EMHONDVWL RsE @3DF LOIR RDLCDLNALHIY: GtakERAIANDNDQ L]JUDYHQ M
potpunosti od rizolitagensu: ULJKW HW DO sl. IR&a d)UOvaj tip kalkrete
predstavljene W L S LMi€@dcBdiumagregatimagensu. RaL U XNOMXpXMXuL C
(sl. 18&), FLOLQ@E.U8lIp QHN U XA @pdveP RU IR

.DONUHWH XQXWDU IRUBDIFIMB yHLRY R GV DNRREYHID SHOR!
SL]RLGD UD]OLpLWH YHOLpPLQH L REDUSEH XPOMDPOQRRAR GRE
JUDYHY Q bnemicR BaBinocrvenkasti mikrit SUL]ROLWLPD N{dxbCollivp X M X U L
DJUHIJDWH 1RGXOH VX RGYRMHQH aXSOMLQDPD LVSXQMHQ
korijenja i Microcodiumagregate (sl19G H XQXWDU NRMldébr tdz\ig¢h® WR QD
alveolarneVHSW D O GID19J U DBYy@X W D U | RRUYARD WIRNNHOWH WO MHAHQH L N D(
L]JJUDYHQH X SRWSXQRVWLMRGcAdiuinBgPeig4sl. 1%, M). RG WLSLpQLK
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Slika 16 Terenske fotografijda, b,e L SR OLUD Q@ H) 3@ fipla bidgenih kalkreta razvijenih unutar

marinskih YDSQHQDFD IRUPDFLMH *RUQ MLsl. 1% Rdje n@rRitdjD CehitvalnVASIEH QLN
subaerski nekonformite, b 6 P Hdste biogene kalkrete (bc) koje se pojavljuju kao nepravilni oblici (ovdje
orijentirane okomito na slojevitost) unutar marifskiapnenacac 3ROLUD QD & priRgzuj& biogéme

kalkrete sbrojnim rizolitima koji se pojavljuju u nakupinama (bijele strelice). Kalkreta dijagenetski izmjenjuje,

WH MtkbrmXkoRtaktu (crne strelice) gimarnim marinskim vapnencem. Mijerilo jecon.d 8 YHUD QL SULND]
SRGUXpMD RIQQDPMOQBUIQNDD ] XMH EURMQH KdrijgriRaORrovhier KoRaviite: fllciQ. Bl SUHYODI

Terenska fatgrafija rizolita (crnestrelice). Promjer kovanice: .cm.
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Slika 17 Mikrofotografije koje prikazuuRELOMHAaMD NDUDNWHULVWLPQD ]D SUYL WLS EL!
Humac ORNDOLWHW &) BEHBphéha Ralreta sa mikritnim matriksom i brojnim rizolitima
predstavljenimd X S O M L Q D P RDuhinliRd kavljéhf@a Mlidrocodiumagregatimgtekst).b Kosi presjek tubula

korijenja (bijele strelice)koji su predstavlieniaXSOMLQDPD LVSXQMHQLP VSDULWRP NRM
NUXAQLP RYRMLPD PLNUWAMRDHQMLNDRWNEBIWMHNDD]YLMHQH XQXWDU ELRNC
karakerizirane tubulima korijenja unutar kojih se nalaze dobro razvijena alveeMiH&E WD O QD JUDVYD F
strelice) i mikritni cilindri (bijela strelica)d, e Microcodiumagregati (tekstkoji se sastojefRG YLAHVWUXNLK EL
strelice) i jednostrukiL ]RGLMDP WWODERQLKGKAHQLKMNOGNPNDNW INKULVBWVDOD NDOFLW
RNUX&XMX 4XSOMLQH LVSH.OQMHDHRYS PQ R WPRperibbaire) bdthEakkorijena

QDVWDR LPSUHJQDFLMRP WN luk BloMHE L MIH] RNGRWILDMPHHQ\MUDY Y I NOSNEOU LMADQ L
cementom (bijela strelicay, h 1IRGXODUQD JUDYyD NDONUHWH QDVWDOD SHQHWUDFL
VH XRtodbdium DJUHJIJDWL SULVXWQL L ffagenitskp Rngexjojprim&nu Kdxriddenu

teksturu kalkrete (bijele strelice).Biogene kalkrete slobro razvijenom alveolarrW HSWDOQRP JUDYRP F

strelice).
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Slika 18 Karakteristikedrugog tipa biogenih kalkretariolitima unutar marinskih vapnenaca formacije Gornji

Humac @, cf; ORNDOLWBWSRALEHPMN]LQRJ ERPQRJ VWUDWLJIUDIVNRJ HNYLYDC
Kornatskom arhipelagu (Jadransko more) (teksy) Koje predstavljaju regionalni subaki nekonformiteta-d

Terenski prikaz &, b SROLUDQ¢ i sbBfpthdradija @) drugog tipa biogenih kalkreta koje su u
SRWSXQRVWL MjcdetodiumhQ@dgtegR& . DONUHWD MH X R aWdamin M&igsWhb NW XV
vapnencem (crne streliceaib WH PRAH ELWL prvil tipRrA bibyBrie kalkiete (Dijele streliceau

Promjer kovanice a iznosi 22 cm. Promjer lupe b iznosi 25 cm.e,f OLNURIRWRJUDILMD NRMD SULN
prikaz mikrofotografijed s WLSLpQLP ODP&aQERIit®uUe ELMKOLQGULPQLP fELMHOD V
Microcodium agregatima i drugimMicrocodium agregatima (tekst). Neke od ovih struktura mogle bi
predstavljati klcificirane stanicekorijenja s YLAHVORMHYLWLP UDVSRUHMGKRELIPRIMMIH aXWI
SULMHOD]QH REOLNH L]JPHY¥X YL&HV O R Msthiicakotijgnjd {#Rl€ne MteREIW ULPp QLK NI
WLSLPpQLK M HE®IAIEHaYalIN GRKAHQLP SUL]PDPD NDfPEk®y.D FUQD VWUHO
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Slika 19 Karakteristike kalkretaMicrocodiumagregata SORNDO LW HRAIP H ERM BW X B; ¥IR1S).

ax Terenski prikazL SROLUDQH SORpLFH NDONUHWD NRMH SUHGVWDYOMDMX
PDULQVNLK YDSQHQ D RIZnERUNDD/AN Madte RAIRREN§R0je se pojavljuju nepravilno unutar
PDULQVNLK YDSQHQDFBPHNLUBMABIEEM PLRYRLUD QD isstRMicrddivm

agregatimau @WURP NRQW D N X bijélibh @atingRivhivapBelnéert. 60 MHAD SRYU&ELQD NDONUHYV
VH XRpDYD QMH]LQD QRGXODUQD JUDYD YHiH dQR®HECkfijy Xoj/R ] QDpHQH
prikazuje nodularnu (n) teksturu kalkrete kdjgfH X RaAWURP NR QWD N WK eMikr@fdidg@fifaNLP YDSQ
kalkree karakterizitae QRGXODUQRP WHNVWXURP 1RGXOH Q VX RGYRMHQH
(ponekad obavijene mikritom)Microcodium DJUHJDWLPD NRML XSXUXMX QD SRfORADM QH
OLNURIRWRJUDILM Dh &pastenM(tuuikotij@niz)X ghivad @idne tselice) i okokojih je razvijena
alveolammneVHSWDO @Dh OURYRIRWRJIJUDILMD NRMD SUL Wzjo¢odidm Aigbe@ata HW X L]J
XNOMXpXMXUL WLSIgh QMUKIAQuHD@ibaME)Erne Btralice h) Microcodiummorfotipove.
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5.1.2.Interpretacija biogenitbetamikrostrukturnih) kalkreta gzolitima

Biogene ili beta mikrostrukturnekalkrete gensu: UL JK W 7XFNHU VX pHVWI
supstratima bogatinms karbonatom(Wright, 1994, 2007)te su dobro razvijene ispod
UHIJLRQDOQRJ VXEDHUVNRJ QHNRQIRUPLWHWD o 1BRUPDFLM]|
NDR L X IRUPBIMBIYGRYRGLR BIVIR)NJjeysuURYRGVWDYOMHQH &
rasponom biogenih struktura povezanih aNWLYQR&UX NRULMHQMD ELOMD
alveolarneV H S W D O GD16A9DEiGgene kONUHWH VX [|DEL®© MiHjihsBMOH L GU:
karakteristike kao i geneza dobro opisane u literaturi (Wright & Tucker, 1991; Wright, 1994;
Alonso=DU]D .R&LU :ULJK2éafza & WrightD FOQOY. Rizoliti
(sensu .ODSSD XNOMXpXMXiUL W XaBeX QadiceNkijghjM HQMD N
Microcodum DJUHJDWH SUHGVWDYOMDMX MHGQX RG QDML]UD
(Jaillard et al., 1991; Wright, 1994; Wright et al., 1995; Aledsnza et al., 1998; Alonso
=DU]D .RaLU 8 OL\WH UgmPURODXQ R SUWDRDW XUH
nastaju kalcifikacijomstanicakorijenja ( X Q X W D U kaWifik&zijap Q. R a L U 'RN VX
kalcificiranestance NRULMHQMD L]JJUDYHQH RG L]RGLMDPHWULpPQLK
slojeve (Jaillard et al., .RaLU Mbracddin @R JUHJDWL VX L]JJUDVYF
MHGQRVWUXNRJ VORMD LQGLYLGXDOQLK L L]J]GXaHQLK SLI
.RaLU 8] RYD GYD NUDMQMD pODQD WDNRYHU VX |]DE
koji GRND]XMX UL]RJHQRMgRdddidaHONOQ R M MSD. p (R U .DEDQ
NDR L Rigvdc&lium® agregati (Alonso=DU]D HW DO ,2VWUDALY
uovomradu QLVX XNOMXpLOD GHWDOMQD LVVOREANILKREM]ID IR\YDL K
zbog toga ovakve struktugeneralno nazvaniicrocodiumagregati (npr. strukture prisutne
u prvom tipu biogenih kalkreta u formaciji Gornji Humasd; 17 OHYyXWLP SULVXW
WLSLPpQLK VWUXNWMittdzodigRagrédata WINC MXP XKI X UL FLOLQGULDPC
ODPLQDUQH PRUIRWLSRYH NRML VX ]JDELOMHAHQL X GUXJR
+XPDF NDR L X IRWPDS LM LQILFRHERAMQIIG MH MH |DEtOMHAHQTL
Microcodiumagregati, koji predstavljgl X GRPLQDQWQX JUDVHYQX IBIHGLQLF
rizogena kalkreta tipa &¢ensuWright et al., 1995) biogene kalkrete unutar formacija Gorniji
+XPDF L yLRYR XSXUXMX QD V ¥t mbdifikadljR karhbanExdiDjeplddad L SHGHF
unutar kojihsuzahOMH&HQL (VWHEDQ .ODSSD :ULJKW |
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5.1.3.Karakterizacija laminiranih kalkreta i pizoida

aAXuUNDVWH L FUYHQNDVWH ODPLQLUDQH NDONUHWH L SL]RL
Sumartin (lokalitet Hvar) do dubine od oko 10 m ispoll 3 diekonformitetagl. 15). lako

VX |DELOMHAHQH UD]JOLPLWH YUVWH RGQRAXD XIREHDXMEGDF
RULMHQWLUDQH RNRPLWR SU2® b, d) X SiaoMalubdutaiX cjetoRupiizei L Q X
JUDYyH NDONUHWH ODPLGLQDQB]NDONDBAWMNRPMGHMHID X F|
JGMH PDUNLUDMX NRQWDNW V PDULQ Ve pirvidy BaafgHQ FHP G
unutarnjem dijelu gl. 20, b, d). Laminirane kalkrete kalcitnog sastava generaimo
karakterizraneNXSRODVWR® GHUDGRPQRP NXSRODVWRJ GLMHOD G
deblje;s. 20E G H ODPLQD NRMH VX L]ROHYGWQH KE COvHNRXOIDALR
grubo laminirani mikrit sYMHURMDWQLP WXEXOLPD NRULMHWQMD UL
VHSWDO QVH JRRDXLMHQD J]UQD SLIRLGNH.XKBR®YWWYD RGDRKDV
sparita WH p HV MidRochdilragregata. Pioidi (obavijena zrnagobro zaobljena zrna,
XJODYQRP YHOLPLQH JUQD SLMHVND QR PRJX VH SRMDYLW
imaju jezgru koja je grubo obaviena M HGQLP GR QHNROLNR XJODYQRP VLP
DVLPHWULpPpQLKYRRMIDN UV @/ICPLAKH RN Ditd  Namidikahind Walkketamdd) LsN U
QHSUDYLOQR U ExerBoratntry maidrialo@ Hinutar mikritasl( 2C, f). Jezgra

pizoLGD MH XJODYQRP NDVWWRHQDFRGE HHXNIDVWRJ ERNVLWQRJ
kaolinita A §81,0s](OH)s, boehmita A 5AIO(OH), goethita A $FeO(OH)i hematita A

FeOs; sl. 2c £, 19D E QR WDNRYHU L Ndcocbdidi &gre@al)\WIven@ S U
obojenje nekih pizoidas{ 20E G MH X]JURNRYDQR S&120fX2DD ok i X KHPI
pizoidi u kojima nije prisutan hematisl( 21D LPDMX aXpND&.V2®R, G HRMHQMH
ERNVLWQL PDWHULMDO GMHORP NDONUHWL]JLUDQeL QRGX
]JDELOMHAHQ NDR PDVLYXQ & XEBOANVPLOQDIRMHJIRDN D@D §ubhBrski
LJORAHQRJ Y®LMHFXWVY® |]DELOMHAHQD MH L ERpQD YDULI
RELOMHaAMD VXEDHUVNRJ L]ODJDQMD QD OR kbx®@tizivii W X +Y D
u nekimsu profilima prisutni kroz cijeli sSUDHUVNL L]JORAHQ GLR IRUPDFLMH ¢
GUXJLP SURIL Od samo KalEet©uvhsbéilac)psimarnim marinskim vapnencem.
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Slika 20 Karakteristke RELOMH&MD VXEDHUVNRJ L]ODJDQMD XQXWDU PDULQVNLK
Hvar, sl. 1), koje predstavljaju regionalni subaerski nekonformitexl Terenski prikaz 4, b) i polirane
SORpd, BH FUY H QN Dkawtih Kaminirénihikalkreta i pizoida. Laminirane kalkrete (Ik) nalazena

NRQWDNWX L]JPHYX PDUL QRdphe IstrukiDre atki@t® Haddnicipe F izblidd) (crne strelice)e

WDNRYyHU REDYLMDMX YHiH ERNVL U, QdK s®RzGidi (i) nfadeOu iNarBjérvidijediH VW U H

JUDJH ('6 NHPLMVNH PDSH ]D %@ok#ljuldagigezgpelljg) Rivvial Wad ndina sli)i

L]JJUDYHQD RG ERNVLWQRJ PDWHULMDOD GRNCa0OQ; RAYRMIIH V8O R LSRG UK}

RGJRYDUDMX YLVRNRP VDGUADMX R G UH {HXBRI ¥XINDX FHDQ WD U DIALLNM H D HY N X
uzorka.e Mikrofotografija kojaSULND]XMH N X ®RPE®D QY WXDIJUHD DO O N U Hixkhjéne@ubtlogN RM X L]J|
i grubo lamirranog mikrita SWXEXOLPD NRULMH Q MORas§ Xnstali Spanita IvictoEddlium

46



DJUHJDWLPD 8RpPpDYDMX VH L SL]JRLGL X GHY QiRrBfotddrafij® piddia XJOX PL
izgraYy HQRJ RG E R NV L WgleMndvhiopdkinHzrnivhd hevhatitheOs; crvenkasti pizoidi poput onih na
slikamabid) WH RG RYRMD R Yavnbihdd @riubbQdrninirdnbg mikrita i mikrosparitaTerenski

prikaz klastSRWSRUQH EUHpH L]JJUDYyHQH RG NODVWD UHVHGLPHQWLUDQLK
PDULQVNRJ YDSQHQFD aXWD VWUHOLFD Ui CetemskipkikaRIY Ldlite@eWV D FLMH
S O R p)lirrditu speleotema (speldjerojatnoflowstone L DVRFLUDQRJ FUYHQNDVWRJ SDOHRNU

Slika 21 Rendgenogramnetopivog ostatka uzorakai b NRML SUHGVWDYOMDMX AXpNDVWH L
NDONUHWH L] IRUPDFLMH 6XPDUWLQ OLQHUDOQL VDVWDY QHWRSLYRJ
KiIn = kaolinit, Bhm = boehmit, Gt = goethit, Hem = hematit, Ant = anatas.

5.1.4.Interpreta&ija laminiranih kalkreta i pizoida

IDVWDQDN ODPLQLUDQLK NDONUHWD SRSXW RQLK NRMH V
nekonformiteta u formaciji Sumartin na lokalitetu Hvsl L5¢, 20, mogao bi biti povezan s
procesima Kkalcifikacije horizontalnih i vertikalnih previaka korijenja (Wright et al.,
1988,1995; Alons&arza, 1999; Alonso=D U | D -RQHV 7TDNYH VH NDONL
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nazivajurizogenekalkrete éensuwright et al., 199). Kupolasw D JUDyYD ODPLQLUDQLK
+YDUD NRMD MH PN HOQMXNDOU RKG R Wdddjaidi® LUl liviaOkerieriey DV
te od slojeva Microcodiumagregatimagl. 20 X S X @aXthlda su laminirane kalkrete
dijelom nastale kalcifikaciomSUHY ODND NR UL NEXQ M Dami@irBiieX KsllkrBte
PRJX ELWL SROLIJHQHWVNH L GUXJL RUJDQL]PL SRSXW Fl
(Jones & Kahle, 1985; Jones, 1994; AloZsoza & Jmes, 2007; Zhou & Chafetz, 20Q9b
OHOpQGHPOHWN@BU SULGRQLMHWL SUHFLSLWDFLML NDUERQD
Npr. tanko laminirani mikritni slojevi nalikuju mikrostromatolitima prema Jones & Kahle
L -RQHV ,VWRYMHWQL SURFH \sun®dipidorgdtiw D FLMH
stvaranju ovoja pizoida na lokalitetu Hvar. Ovi ovoji karakteriziraniistim sastavom
(uglavnom mikrit) koji gradi i laminirane kalkrete s kojima su asocirahi Z0 (Alonso
Zarza & Jones, 2007; Wyint, 2007; Zhou & Chafetz, 200pRazvoj asocanih laminiranih
kalkreta i pizoida dijelomje povezan sXRpHQRP GLMDJHQHWVNRP L]PMH
marinskih vapnenaca i boksitnin (Bardossy, 1982) talaja20, 21 QD &aWR XSXuUXM
ERNVLWQD J]JUQD NRMD XRELpPpDMHQR SUHGEWDYZOMDMX N
IDPLQLUDQH NDONUHWH NRMH QDVWDMX XQXWDU SULPDUQ
dijagenetski izmjenjuju primarnu stijenu, kao i procesi koji su odgovorni za nastanak
DVRFLUDQLK SL]J]RLGD SULVXWQL VX ak, 199R W/RghtN FOP4;]DSLV X
Durand et al., 2006; Alonsdarza & Jones, 2007; Alonstarza & Wright, 2010;
Armenteros, 2010; Dand et al., 2010). lako kalkret PRJX ELWL PQRJR PODVH RC
stijena u koje prodiru i u kojima nastaju (Rossinsky et &931 Immenhauser & Rameil,
RYGMH LVWUDALYDQH NDONUHWH QDVWDOH X IRUPDFI
starije od transgresivnih marinskih paleogenskih naslaga koje nekonformno dolaze u krovini
gornjokrednih do paleocenskih MIHG R Y D @ddimL okalitétdéa ¢l. 15. Ove su
NRUHODWLYQH SRYUaALQH VXEDHUVNRJ L]ODJDQMD QDVWLCLC
Dinarida (Korbar, 209) WH V X W D N RrjeH U dripii gdijekéednim jetovima na
SRGUXpMX -Dinadddke (kerbidrRatneplatforme (ADCH (poglavija 2.51. i 6.1.;
2 W RaQ 2(07; Brlek et al., 2013, 20114

515..DUDNWHUL]DFLMD SDOHRNUAD

3RYUELQVNL L SRGSRMEAINGY & Ch@De@eH BIS8J 4 )0 +JHO
povezan sUHJLRQDOQLP VXEDHUVNLP QHNRQIRUPLWHWRP MH
6XPDUWLQ QD ORNDOLWHWX +YDU 2ELOMH&MD SRYUALQVN
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maOLP IDWYRUHQLP GHSUHVLMDPD NRMH VX SBKYitdiinDQH SUI
matrijalom i kalkretama. Za razliku od toga, do 2 m debeli interval (paleosmljal®)
SURPMHQMLYH ERpPpQH GHEOML-GHR WNSFRRWIQ IMFH ENUCHpIDNP\D H\WVUDL ]]LD)
uglatim klastima resedimentiranih speleotema i primarnih marinskih vapmesla 20y),
SUHGVWDYOMD SRGSRYU&ALQVNL SDOH mithdpelotenyiRpr.V X LQW
flowstone kalatni rafti) koji su asociraniFUYHQNDVWLP SDOHRINRBBNLP VHGLP

52.3RYUEGLQH GLVNRQWLQXLWH®YM LXQXPDIFUXI RMMRODALIFM HAER H Q

521. KQRORaAND L VHGLPHQWROR&GND NDUDNWHUL]DFLMD GLV

'RQML GLR SHULWDMGDOQLK YDSQHQDFD IRUPDFLMH *RUQ
a L E H@raleriziran je siekoliko unutarformacijskih diskontinuiteta, i $@ornjim i donjim
firmground RP WH NRPSR]LWQ®&.P2SRA¥MWEAD@RBUDIVNL SRORAaDM R
RGOLpPQR PDUNLUDQ ihgdoEiluR té& Bal Y DVIGHLCPLLRV L P kdrboRathbhH V L P D
stijena k¢e se nalaze u podini i krovini diskontinuitetd. 2225). Samo je donjfirmground
karakteriziran nepP YLOQRP P RUIR OR Jazikenra relfefd da 2 ¢nidl, ¥3, b).

Marinski ihnofosili kod sva tri diskontinuiteta predstavlijesu LV NOM XprbdoR LKQ
ThalassinoidesSustavi bioturbacija (prokopavanja), vidljivi u vertikalnim presjecima donjeg

(sl. 23, b) i gornjeggl. 23) firmground D WH NRPSR]LW.QH, § RandtérjQ tb

dubine 25 do 30 cm u podinske naslage. OvisusustaVODYQRP L]JJUDYHQL RG KR
koso i okomito orijentiranih bioturbacijasl( 23a, b, e, 2 e), koje mogu imati nepravilnu
morfologiju Sl. 23a, b, e, 2 b, dh), ali se mogu granati i abliku slova Y §l. 23, b).

Unutar jednog sustava prokopg@aM D PRJX VH SRMDYOMLYDWL ELRWXUEI
geometrije §l. 23,24. *UDQDMXiUH L PHYXSRYH]DQH ELRWXUEDFLMH N
VXVWDY SURNRSDYDQMD QDMEROMH VH PRJX XRpLsWL QD JR
24a, b). . RG VYD WUL WLSD ]DELOMHAHQLK GLVNRQWLQXLWHW
GHILQLUDQL Rdefer@averinh PneREHUXEOMHQLP VWLMHQNDPD EH] X
bioglifa (sl. 23, 24te NUXAQLP L REOLP SRS & 24 Ul Shdtevr L P D
prokopavanja kod donjeg i gornjigngrounda ispunjeni su sedimentom krovinskih naslaga

(sl. 23. Bioturbacije donjegfirmgrounda, koje su na3 DOH X ELRNODVWLPQRP
PLOLROLGDPD LVSXQ-MdKgsm VpXQ ER. R khQyeExtManDENBT0jatnim

black pebblesma (sl. 23, f)te SIHQHVWUDPD LVSXQMHQLP XQXWUD&AQML
siltom (geopetalna ispuna) i sparitosl. 23, f). Bioturbacije gornje§rmgrounda, koje su
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QDVWDOH Hont m&ist@nDd tedkstonu seolisakusima miliolidama, ispunjene su
fenestralnim vekstononslf 23F G VOLPpQLK NDUDNWi itrbgrodndi.ND NDR L X

Slika 22 Detalf JHR O RstupaRsl. § VD SULND]RP SR OR®D¢omhjeG BFREMikmbrounda te
NRPSR]JLWQH SRYDELQMH a&ladaka Xormacije Gornji HumaQ D ORNDOLWHWX A&LEH
SULSDGDMXuUuRP OHJHQGRP
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Slika 23 Karakteristike gornjega#) i donjegfirmgrounda € f J]DELOMHAHQLK X IRUPDFLML *F

ORNDOLWHKIV8, 22 ;BHQlNemdnski prikaz vertikalnog presjeka gornjiigngrounda s nepravilnom
PRURIRORJLMRP SRYUGRQH F®P HDMHR &W V R@GhskRnQSMESEWINK Vipnencem

YHOLNH FUQH VWUHOLFH % L R N O D \tritah pd@riplegdrii \EWtR/QTHaMSRadesl RQ WD N'W
ELRWXUEDFLMD 2YH ELRWXU E D FdbMblienH? DQMHEKS R &W UGIQHJ BanDdulbitlH v XR D@
vertikalne, sub Y HUWLNDOQH L KRUL]JRQWDOQH RULMHQW D BriaM dblikdidlcvaQD ELRW
< ELMHOH VWUHOLFH QR ]JDELOMHAHQH VX L cEd RikblotgrafielkjeH NUXAEAQR
prikazuju Thalassinoides(Th X RaAWURP NoRoivd CEN\\R X O\D V W ohafnl (Bijehé Hstdelidd), s
bioturbacijama koje su ispunjene krovinskim fenestralnim vekstonom, gdje su fenestre ispunjene geopetalno

PLNULW L LOL YDGR]QL VLOW darRM® p\DW DHDR © MW D NW QLD PYAWX) HNQULRAYDL XV
vekstona ifirmground bioturbacije (vdi bijelu strelicu ub). e Terenski prikaz vertikalnog presjeka donjeg
frmgroundD JGMH MH SRGLQVNL ELRNODVWLPpQL YHNYVWhREsiMmHEHWULUD (
bioturbacijama (crne strelice)ispunjenim krovinskim naslagamas black pebblesma aXWH VWUHOLFH
ThalassinoidegTh) bioturbacijepovezane slonjim firmground RP NRMH VX X RAWURP NRQWDNW)
ELRNODVWLPpQLP SHN\-eWBdumEcijeEsu Mpiideaie lavinskim feRrestralnim vekstonom sa
black pebblesma (cme strelice). Fesstre su geopetalno ispunjeneusutarnjim sedimentom (mikrit) i/ili
YDGR]QLP VLOWRP NDR L VD VSDULWRP axXWD VWUHOLFD
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6ORAHQLML RGQRV LKQRIRVLOD L IDFLMHVD NDUDNWEF
firmgroundbioturbacije nasle u EL RN O DV W L p Q RitmatdpdelavididBofsgkugima
miliolidama. Prva generacija sedimenta koji pasivno ispunjava bioturbacije predstavljena je
ELRNODVWLpQLsP 28HthN2EB R RPNRML QLMH JDELOMghénbdiQ X NU
iznad kompozitne R Y U &L9Q b njemu prisutne iste biogene komponente kao u primarnom
supstratu firmground D 'UXJL WLS LKQRIRVLOD NRML NDUDNWHU
SUHGVWDYOMHQ MH ODPLQLUDQLP UL]JRIHQ&P2ANDMNUHWDF
L]J U D ydH<ptnilRnetarske do milimetarske mikroteksture mikritnih lamina i tubularnih
pora ispunjenih sparitom, koje odgovaraju tubulima korijesia2sa %) (kod promatranja u
SUHSDUDWLPD WXEXOL VX pHVWRsIREDe.LAWeb@InesE@IHP N DV WL F
JUDYD jpHxVéR unutar tubula korijenjal( 25 #). Ove kalkrete razvijensu samo
unutar firmground bioturbacijate se njihova horizontalna, stilorizontalna i vertikalna
RULMHQWDFLMD XRpMPYD Q3 ROGEDO N X.P4SH) RibdefdyrRfdkim
preparatima g. 2%+F .DONUHWH VX XRELpDMHQR QadicByy DYLOQF
UDVSRUHYHQH XQXWDU PDULQVNRJ VHSGRRHOQWE, dNRML LVSX

mogu ispunjavati i cijeli volumen bioturbacijsl.(24c, f, 25a).
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Slika24 . DUDNWHULVWLNH NRPSR]JLWQH SRYU&ELQH |]DELOMHSI.EBQA. X IRUPDF
a, b 3RIOHG QD JRUQMX VORMQX SRYU&GLQX N&R& SRILr @HijedRYUALQH
WURGLPHQ]LRQDOQLP JThBgdndides(CTP SXRWRSBRPDQMD %LRWXUEDFLMH
stijenke koje nisu obrubljene, nepravineX YHOLpLQHWHI HR?PWW UIPNDHM X IDREOMHQH ]DYU?Z3
su ispunjene sanaiinskim sedimentom (svijetlosivo, crna strelica), kao i s rizogenim kalkretama (amano

ELMHOD VWUHOQddu® 32 grhldNThaladgirbidéesEL RW XUEDFLMH QD JRUQMRM VORMQ]I
laminiranim kalkretama (crna stieh). Promjer kovanicenosi 22 cm.d 2NRPLWL SUHVMHN QHSUDYLOC
(vertikalne, kose i horizontalndjhalassinoidesioturbacija (crne strelice) unutar kojih su kalkrete nepravilno
(3]DNUSDVWR" UDVSRYDB yH®BHR WXOUFEDH L M H pdhienaVsthatiRskichUsed@bevitbr QR LV
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(svijetlosiva).eh SROLUDQH SORpLFH NRMH SUHGVWDYOMD MKald&$inRiedsWH SUHYV
sustaa bioturbacija, kao i njihoveub FLUNXODUQH SR ®UHKofdrtd s8 laidiNifdre Matkrete (crne

strelice, rk) interkalrane SELRNODVWLPQLP SHNVWRQRP ES X@YWDUSELURMWX WHEDFL
QHSUDYLOQX 3]DNUSDVWX" UDVSRUHYHQRVW NDONUHWD XQXWDU EL
DOWHUDFLMX ELRNODDWWHhERIL SHNVWRQD E%LBNBGVWDYOMD SULPDUQL

nastale.

Slika 25 OLNURIRWRJUDINR PSR BELVOQHH a3/FDY U AL fQrivac]jD Gdrrql M théakl(QKalitet
AL EH®Q.L8N2). a ThalassinoidesXx RAWURP NoRODWI IEENWNXOWMWVWLPQLP YHN¥WWRQRP EI
Bioturbacija je ispunjena Eminiranom rizogenom kalkretom (rlkh, c ,QWHUNDODFLMD ELRNODVWL
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(bp) (staumatoporelamagolisakusima miliolidama) i rizogene laminirane kalkrete (rlk) unutEnalasinoides
bioturbaciMH NRMD MH X R &Mk ELRRQW BWWHXQVP YHNVWARQRRBYBHURRBOH VW
prikaz laminirane rizogene kalkrete sastavljene odnailimetarske do milimetarske mikroteksture tubularnih

pora (ispunjenitsa sparitomL R E D Y L M H galstitn Sp@riter® i) ykoji su interpretirani kao tubuli korijenja.

f 4 Dobro razvijena alveolarn HSWDOQD JUDyD FUQH VWUHOLFH XQXWDU &XSO
SUHGVWDYOMD XYHUDQL SULMND] SRGUXpMD JDRNUXaHQRJ QD

522 QWHUSUHWDFLMD XQXWDUIRUPDFLMVNLK GLVNRQWLQX|

Ihnorod ThalassinoidesEhrenberg, 1944predstavljen je trodimenzionalnim sustavom
FLOLQGULPQLK GR HOLSWLPQLK ELRWXUEDFLMNBU bNRMH XJ
UD]OLpLWLKS5 RFGIDtDg¥aiQdd al., 2008). Poznato je nekolikthalassinoides
ihnovrsta, kao brganizamdoji stvarajuThalassinoidesct KQRIRVLOH L QMLKRYD HNF
SUHJOHG GDQ X O\URZ -Tovar et al5 Q@Y t deXekehaerady. Dobro su
SR]QDWL L GUXJL LKQRIRNalassinoidediUppa BEoNgeliovhOrpHzQiL
Ophiomorphae), no srazlikama u karakteristikama stijenki bioturbacija Kawsljedicom
promjena u konzisténosti supstrata (Myrow, 1995; Bromley, 199 7DNRyHU MH SR]Q
ihnorod Balanoglossites 0IJGHIUD X NRML kadl dib QkovhiglekSii HW LU D
ihnofosila s ELRWXUEDFLMVNLP L ELRHUR]JLMVNLP XEX&ALYDQMI
pojaviljuje u firmground i hardground supstratima,koji su ponekad karakterizirani is
HSLNUANLP RELOMHAMLPD .QDXVW Thalasgiroidedpisad W D O
UD]OLPpXWOIPYQRP PDULQVNLP QRDWIOINRWHU RNROQH&HQLP
5R G U tTDo¥a et al., 2008 i referenecerady, ovaj hnofosil nije izravan indikator dubine
YRGH YHUO MH XJODYXQURXRLBERMNROORAMMRP RANLIGhpPPBRMQLFL
posebice SNDUDNWHURP VX SYoWdd & \al.D20BH lalddsindiddse pojavljuje
usedmeQWLPD UD]OLpPLW M HN RVCH LY/HWHAKSY GERRGRHL k& ikdriie u
mekanim, no do neke mjere konzistentnim supstratima (Ekdale et al., 1984). Dobro definiran
ThalassinoidesM H D sbftghudima kao i ufirmgroundima (npr. Pembeon et al., 2004)
WH VH X Q HNWh® inpl@iXapda Ndi mogao nastati i tijekom ranih stadija razvoja
hardgroundD (NGDOH %URPOH\ (NGDOH 0\URZ
konzistentnosti sedimenata mogu objasniti varijacije u geometriji bioturbetgkassinoides
ihnoroda 0\URZ VPDWUD VH GD Vhhlassinpiodsppojaviujl K Q RY UV \
VXSVWUDWLPD UD]O L b THal&ssifoRIES] sLieviduo®E lusbfgroqnditda, a

Thalassinoides paradoxicusfirmgroundima (Savrda, 2001).
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ThalassinoidegaradoxicusWoodward, koji odgovaraW URGLPHQ]JLRQDOQLP JU
sustavima bioturbacijgf UOR QHSUDYLOQH JHRPHWULMH L YHOLpPLQH
O\URZ 5RGtvad XHal.,, 2008; Schwarz & Buatois, 2012), u ovom je
LVWUDaALY BiaMkéo ln@efitroggounda 1. 23 L NRPSR]LWGQH26BY UALQH
NRMH VX ]JDELOMHAHQH XQXWDU IRUPDFLMH *RUQML +XPDI
(1975), Thalassinoidepredstavlja jedini ihnotakson u omisijskoj asocijaciji ihnofosila kaji
SRYH]DQL V RPLVLMVNLP SRYUaLQDhBl&ssin6ideido@rbacije u 3Ra&W
RYRP LVWUDALYDQMX N D UdbmieHikd LstilehkBn@aH paRigndht ispunam Q H
sedimentom iz krawmskih naslaga, okomitim do sokomitim fagovima stanovanja
(domihnija) te nepostojanjem kompakcije, pripisane su Glossifungites ihnofacijesu
(LKQRIDFLMHV pLML MH QDVWDQDNPehBe@dh LER @I 12000, YUV W
ODF(DFKHUQ HW DO %XDWRLV 0iQJDQR 6FKZDU]
2012; Savrda, 2012), tj. nastale su u uvjetimagrounda. Nepostojanje dokaza za pred
omisijsku asocijaciju ihnofosila koji bi bili povezasiovdje opisanim diskontinuitetima,
poputThalassinoidesuevicuioturbacija koje nastaju u uvjetinsaftgrounda, moglo bi biti
odraz alteracijécrosscut) softgroundbioturbacija sirmground Thalassinoides paradoxicus
ELRWXUEDFLMDPD %URPOH\ 0\URZ 6DYUGD
SRWSXQLP XQLAWHQMHP &KULVW HW DO

Laminirane kalkrete koje su razvijene unufdralassinoidedioturbacija idijagenetski
izmijenjuju marinski sediment (npr. Rossinsky et al., 1993; Aledaza & Jones, 2007)
(vjerojatno zbog nekonsolidiranog supstrnataodnijeg za izmjenWH PRJXUH ZnogERJ SULD
prostora unutar bioturbacija; Rasmussen & Neumann, 1988) koji je pasivno ispunio
ELRWXUEDFLMH NRPBER4L2Y QéveaReYUEDRWLYQRAUX NRULMHQ
nastale kalcifikacijom u i uokol¢L]Y D Q V WdIcifidapij@ Previaka korijerg (Wright et
DO 1D WR XSXuXMH JUDYyD NDONUHWD NRMD MH
submilimetarskom mikroteksturom mikmit lamina i tubula korijenja alveolarneseptalnom
JU Dy B.P25. Takvese kalkrete nazivaju rizogene (Wright et ab88&; AlonseZarza &

Wright, 2010 i referencesr rady. Prema asocijacijfirmground bioturbacija i naknadno
UD]YLMHQLK UL]RJHQLK NDONUHWD NRML NDUDNWHUL]JLUDI
SRYUALQD SUR&OD N firiRdouridd X n&kidadrio® SuNaRr3kog izlaganja, prema

PHPX VH PRAH GHILQLUDWL NDR NRP SeRJuSHiteriet as,R@b;JH Q HW
5DPHLO HW DO S3UHPD black DE IpébMd¢saHQLP
-ima porijeklom iz krovinskih naslaga koje pasivno ispunjavaju bioturbacije donjeg
firmgrounda Sl. 23 ]DELOMHANQRIWHWARALE H @iLdd WRDWIR ySRY P RLIQD
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GHILQLUDWL NDR N PR&RGLHNEDQ DX RERHPWRHXR DOL QH L XYLM

kao indikatori subaerskog izlaganja (Strasser, 1984).

53. 3RYUSLQH GLVNRQWLQXLWHWibanje @ar KoRméaBlja @BIW HU D O Q R
YVLRYRU@PDSDGQRP GLMHOX RWRND yLRYR

531. , KQRORAND L VHGLPHQWROR&GND NDUDNWHUL]DFLMD WH

1D VWXSX yLBM® 11y 2].D E L O M H afitrggboudca (E¥ID FG-2) (sl. 26R9),

a dodatnifirmground-i) (FG) (stratigrafski iznad FG ]DEL QeMEHRP@R ORNDOLWHW
XYDOD ORY¥ID264aWQKDVDU IR U PsD B8, 9HpgdlaRjer R1.2.; Brlek et al.,

2013. Doniji firmground (FG- NRML PDUNLUD JUDQHFXRQ]PSHAEDURYR
SDGLQVNL WDORAaQL RNROL4A VUHGQMH GR JRUQMRNDPSDQ
vanjske rampe) gornjokampanske starodti Z6, 28 poglavlje 3.1.2.; Brlek et al., 2033
]JDELOMHAHQ MH QD VWXSX y2X WHDQDR ORWDWIAWLH WL 8D LD W
kartiranja (OGK RH 1:50 000; listovi Vis 1iVis 2) (sl72 WH PX MH ER@KRR BSHRNW
od 5 km.
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Slika 26 DetaljgH R O RsitRs). 1) VD SULND]RP SR O R1,RdMriegGREQ MHGE RIBDWQRJ ERPQF
firmground D ]DELOMHAHQER XRVUQWGROMRSDQVNRP YDSQHQDPNRP VOLMHGX
RWRNX YLRYR VD SULSDGDMXiURP OHJHQGRP

58



Slika 27 Topografska kartaW XUD LV W UD &L §vD Q25K00D)jBgd [N QRJ GLMHOD RWRNE
(neobjavljeni podaci iz arhiva H&l), LJUDYHQD SULOLNRP JHRORANRJ NDUWLUDQMD RW
listovi Vis 1 i Vis 2; Korbar et al., 20125 QD]QDpPpHQLP SR O Réa@dhdaF&ELR KoMpretistavlja
JUDQLFX IRUPDFLM® %R p'RRO S UNSFEVQM MW H* RG NP

Donji firmground (FG-1) (sl. 26&8), s QHSUDYLOQRP JRUQMRPSIVORMQR
28D NDUDNWHUL]JLUDQ MH YHUWLNDOQLP GR VXEYHUW
Thalassinoide®ioturbacijamaQHSUD Y L O Q HIiKe M REMN. QI LVRLMHQNDPD X N
]JDELOMHAHQL SHOBRBWLWLRIWEURDFLMH SURGLUX X SRGLQVN
vekstonSHNVWRQ |IRUPDFLMD 'RO Gifgrourieia. QWIS RaBurdetjy UaL QH
PRaAH ELWL MHGOQRWWDSDQpRUXFMHYDVWL FLOLQGAULpPQL S
28EAH XNOMXpXMXuL VXVWDY ELRWXUEDFLMDRD&ENRMH VH J
ORNDOLWHWX @R YDRLAOWM. HF HHTRARSEXoid&NotuPbacija, i oblici koji bi
mogli pULSDGDWL LKQRIRS.L28IL P BWXRE X Shaa@Nidgdde nastanka.
OHYyXWLP ]D QHSRELWQH GRND]H SRWUHESi&urbbatlie SURYHV\
PRJXUL WUDJRYL >BEDHQL DQX DELRINODNODLYEOYRPQLP SHNV
gFHMQVWRQRP IRUWPBERAMH gMWRWRHQNH ELRWXUEDFLMD VX pH
mineralizacijom ¢l. 3(h), maksimalne debljinefosfatnin kora do 1 mm. Fosfatizirana
SR G U XIp BOD b) pojaviyju se u obliku homogene maseuklopljenim karbonatnim
PHVWLFDPD 7DNRVYHU MH XRpHQ®d@uto [Bnirikdnke NoBf&heMbre i"SDUD .
opakih (vieroM DW QR &H O M H]R Ynaksln@lnom Ldgijinbbh@B 1 Mim. Prilikom
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promatranjgpod petrografskim mikroskoposiparalehim nLNROLPD ERMD IRVIDWD N
GR VPHYNDVWD XNGAGRWXPpHKQLMP DQDOL]DWRURP IRVIDWL LJ]R

tamnosivom interferencijskom bojom.

Slika 28 Karakteristike donjedirmgrounda (FG NRML PDUNLUD JUDQLFX yIFRMRX IRUPD
]JDELOMHAHQRJ @b, yWKSX, 8 WH ERPQR QD @R N DO XWDB @IX GAM®.UAWLFD
27). a Terenski prikaz donjeffrmground D QD VWXSX y2. NRML PDUNLUD JUDQLFX L]JPHYV
SRGLQL L IRUPDFLM Hg/Tereivski pxikad VdrtiKdlnihl kosih presjeka donfegigrounda (FG

1), koji je karakterizirarThalassinoidegTh, crne strelie) bioturbacijama seREDYLMHQLP L RAWULP VW
koje su fosfatiziranea( WH NRMH SURGLUX X SRGLQVNL SHODJLpNL YDSQHQDF |
QHSUDYLOQH VX YHOLpPLQH L REOLND LVSXQMHQH NURYLQVNLP SHNVW
ue XSXuXMX QD NRQWDNW IRUPDFLMD &aRzDosk 2%.L.cRY RereBdkiRoFkdAHkdso§ RY D QL F +
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SUHVMHND NRQWDNWD IRUPDALWDHOR@THL yXRMYBD BDIRWHDGBRWXWFDLP NDUD
LKQRIRVLOLPD XEXAaLYDQ M;Dhardgiolm® Q EWRIN VWQYRIOEEMHNRMH SURGLUX X
vapnenacl RUPDFLMH 'RO L NRMH VX LVSXQMHQH NURYLQVNLP SHNVWRQRP
kovanice iznosi 2 cmg, h Mikrofotografija Thalassinoidesbioturbacija Th) ispunjenih V. ELRNOGDVWLPQR
OLWRNODVWLPpQLP SHNVWRQRP GR JUHMQVWRQRP gbufeskatizitdnél yLRYR

2NUXaXMXuL ELRNODVWLPQL YHNVWRQ GR SHNVWRQ X NRMHP VX ELRWX

Gorniji firmground (FG-2;sl. 2629 J]DELOMHAHQ XQXWDU IRUPDFLMH
MH KRUL]JRQWDOQLP L YHUWLNDOQLP GR THa{assindides/ LND O Q
bioturbacija §l. 2%+l QHSUDYLOQH YHOLDpLQHupodd @10 Om isbRM L SHQ
SRYUALQH +RUL]JRQWDOQL JUDQDMXiUL VXVWDYL ELRWXUED
(sl. 2 +F GRN VX YHUWLNDOQH VXEYHUWLNDOQH L JUDQDMX
presjecimagl. 29, e). Rasfr Q & LioturQaldijabznosi @+ FP QHNH V XslpZ®N L aLUH
F WH VX ELRWXUEDFLMH REDWVOLWMMIQU P] VIWOLQMHH QAW RD PERH X .
ELRIJOLID %LRWXUEDFLMH VX LVSXQMHQH ELRNODVWLpPQLF
krovinskih naslaga kao i odkolnog EL RN O D VW L p GIRZH).YRddijasWoR (Sddinjava
ELRWXUEDFLMH MH SRQHJGMH NDUDNWHUL]JLUDQ YHURP NR
foraminifera i kalcisfera §. 29). Stijenke bioturbacija kao i njihove ispun&¥ X pHVWR
fosfatizirane ¢l. 3 +H WH VX X QHNLP VOXpDMHYLPD L JODXNRQLV
VX WDNRYHU NDUDNWHUL]JLUDQD SR ¥ILZ0H). IHOMNgR2 Ftds@ W U D F L
fosfata prisuthnsu X GLMHORYLPD NRML i\MjXtadgoljd jePdri@adra Belstuid U D Q
pHVWR GMHORPLpPQR L] ]D PLMHQMHQD 3ULPDUQD WHNVW)
manje mineraliziranigl. 291 )RVIDWQH NRUH L MDpH IRVIDWL]LUDQL G
AXPNDVWL V L MAd0rdhH,pdelQduPm@®PB OPLQHUDOL]L WkBsh.LU GLMHOF
gornjem firmground X ] D E L OV H fidd)@dnti debelo OMXaWXUDVWLK UDGLROL
GXJDpNL GRQXWBDU IRUPDERIOWHN JORWRIWLPD GID28 21), 0RYDU &'
W D N R y HLE LNOHM H & K @ekblikbGdodatnih firmgrounda (29g, B koji se nalaze
stratigrafski iznad F& (sl. 26).
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Slika 29 Karakteristike gornjedirmgrounda (FG2) @£ L GRGDW Q RidhgrBlR$paOD® h) koji se
stratigrafski nalazi iznad F@ (sl. 11, 26). Obafirmground D UD]JYLMHQD VX X IRUPD&RLEL YLRYR
f L ERpQLcUDIW.RM *RUQMD VO R M®)D v&tikanl gresiebq) gornjegfirmgrounda (FG

NRML VH QDOD]L XQXWDIW 26r FrimigFourd ¢ KkataRtatiRiran horizontalnimage),
vertikalnim i subvertikalnim d) Thalassinoidesustavima bioturbacijaTh, crne strelice). Bioturbacije imaju
RAWUH VWLMHQNH QHSUDYLOQH VX YHOLPLQH LASMRiBLYXGCXIBRERQVNH
je 2 cm.e Polirana SORpPLFD Y HUW L N DWOmRD MladdiFditleddbiurbécijama Th) koje imaju
RaAWUH L QHREDY IMkiefxbyrafijav hiddurb@eH(Th NRMH NDUDNWHUL]JLUD RawbDU
ELRNODVW L ppeietdnay kbNoxeudtav(a ispunu bioturbacija WH RNUX&XM X (i HogksFon® NO DV W L |
IRUPDFLMH yLRYR FUQD VWUHOLFD 6WLMHQND ELRWXUEDFLMH MH PL
GR SHNVWRQ NRML LVSXQMDYD ELR WohuUdiabktonskiX fovabnihiizid \Wkeltisiejdg. U D Q YH O R
h Firmground )* VPMHaAWHQ VWUDWLJUimhgxodinda, LapdRtErizirdiRTh&adsihdides
bioturbacijama (Th).
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Slika 30 Fosfatne kore razvijene na stijenkama bioturbacijh) (donjeg firmgrounda (FG-1) (a, b) te

fosfatizirane ispune bioturbacijdtf) gornjegfirmgrounda (FG2) c£ VD VWX S$D1Y 26). Slika na
VNHQLUDMXUHP HOHNWURQVNRP PLNURVNRSX GRELYHQB cBRPRUX SRY
kemijske mape za fosfob(d) i fluor (e %LMHOD SRGWAPHVIDVWDYOMDMX IRVIDW GRN
SUHGVWDYOMDMX NDUER®IDW GARLYNDH\D @I SR & UXHYBP QD6 BYIADHVIR PRV IR
VDGUAaDMX IOXRUD

5.3.2.Interpretacija unutarformacijskiG LVNRQWLQXLWHWD L SULGUXaHQLK |

FirmgroundL VSDGDMX X NDWHJRULMX NRRQXCMQREWMWNDLK+B5@ &
1998)te se smatraju tvrdim, ali Agificiranim supstratima (Tucker, 2011Rioturbacije koje

su povezane slonjim (FG1), gornjim (FG L GRGDWQLP ER@grQubdima) *
]DELOMH aH Q i PRXIR26, 28128) Gripisanesu ihnoroduThalassinoidegvjerojatno
Thalassinoides paradoxicus SRJODYOMH -7 R YSORWG UH WK HD O 24\
neobavijene stijenke Miorbacija, pasivna ispuna sedimentom i vertikalne do subvertikalne
ELRWXUEDFLMH NRMH SUHGVWDY OMD M Xa\ daDoidRuvbeci®¥ WD QRY
pripadaju Glossifungites ihnofacijesu (Bromley, 1975; Pemberton et al., 2004; Schwarz &
Buatois,2012). Bioturbacije gornjeirmgrounda (FG2) ispunjenesu sedimentom koji nije
]JDELOMHAHQ X NURYLQVNLP QDVODJDPDWAOWRAKMDXMHHQ
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+LOOJIUWQHU $VRFLMDFLMD IRVIDWQH PLQHUDOL
fluorapatit) iThalassinoidest KQRIRVLOD ]DELOMH & Hr@d@onhdG RIEHP L JRI
30), predstavlja dodatan podatak koji govori u prilog diskontinuitetne mriahliziranih
VWUDWLJUDIVNLK KRUL]JRQDWD QSU )|OOPL =ERJ V¢
fluorapatita (CFA, francolte @ RSUHQLW D CaRMBMINPO)sx(COs)xy--(CO,

Fly(SQuw)-F> premaJdarvis 2006 na morskom dnu, koji predstavi@DMpHauL IRVIDWQL P
UDQRGLMDJHQHWVNLP PDULQVNLP RNROLALPD ]D QMHJIR
DNXPXODFLMH VHGLPHQMNWD/\MVER D MWD NP HEYIKODV R ER MSORFYLUWALL Q
diskontinuiteta (npr. Kennedy & Garrison, 1975; Jarvis, )JOOPL .UDMHZ)
et al., 2000). Do oR J D U HaQimeksticijskom fosfatu i procesa fosfogeneze koja se odvija

unutar sedimentemnogu dovesti razni procesNRML VX SRWSRPRJQXWL DNWLYQ
UD]JJUDYyXMX RUJDQVR$OWMDQL ULRG/RDWV H|RWP L SURFHYV
XJURNRYDWL LJUDYQX SUHFLSLWDFLMX IRVIDWD LOL GRYH\
1996), procesa koji su mogli biti aktivni u donjem i gornjérmgroundu (sl. 30 u slijedu

y L R YORnji firmground (FG- NRML PDUNLUD JUDQLFX L]JPHYyX SRGL
NURYLQVNH IRUPPF28M S Yy XRPRVH ERp Q8. 27 L a&#VERA KNt

GD RYD SRYUELQD LPD EDUHP UHJLRQDOQX YDAQRVW SR
J)O«JHO &KULVW HW DO 6FKZDU] %D XDWRLYV

5.4. Autigena glaukonitna mineralizacija povezana séirmground-om: primjer iz

donjojurskih naslaga jugozapadne Slovenije

Unutar karbonathi naslaga okvirne starosti plizD KAWRDUFLWD GRQ MR GNIX p M
Trnovskog Gozda (stup Kovk, jugozapadna Slovenija, sjeverna granica Jaelbamakidske
karbonatne platformesl. 14 yUQH *RULPpDUX RSLVDOL IlcQaNMMHUYDO Vv
kondenziranih vapnenacaBDULQVNLP RPLVLMYV N Lizir&fwdlhéahko@thdD NDUD |
PLQHUDOL]DFLMRP NRML VX WDOR&HQL X GXEOMHYRGQLM
SRGLQL L NURYLQL RYRJ LQWHUYDOD Q DD iatirhnElL RNOD V'
RNROLALPD YLVRNH HQHUJLMH .RQGHQ]DFLMD L JODXNRQL
SRYUAGLQH GLVNRQWLQXLWHWD X-8XdjXevpxenieDto8rRawidg&O M D Q M+
biti uzrokovan tektonikom, porastom razine mora i/ili prengma produktivnosti (Di Stefano
OLQGV]HQW\ PRJXUH SRYH]DQR L V UDJ]GREOMHP P
ranog toarcija koji je doveo do regionalnog potapljanja karbonatnih platformi (Sabatino et al.,
2013 i reference rady.
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8 RYRP LVW prikazané QMW URJIJUDIVNH L PLQHUMORANH D
mineralizacije asociranefsmgroundom, kao i odnos intervaf'mground D ]DELOMHAHQRJ
vrhu kondenziranih vapnenacarevinskim naslagama koje se pojavljuju na stupwiiona
QMHJIRY R PeE/R§ieDR §. 31).

Slika 31 ,VMHpDN JHROREPRII VVRXNEPDBULSDGODMXUIRP OHJHQGRP V SULN
intervala kondenziranog dubljevodnijeg vapnenca, u vrhu kojeg je razfijerground s asociranom

glaukonitnom mineralizacijom, te odnos ovog intervala sa podinskim i krovinskim naslagama donjojurske
VWDURVWL QD ORNDOLWHWX .RYN QD SRGUXpMX 7TUQRYVNRJ *R]GD MX

Firmground je karakteriziran Thalassinoidesbioturbacijama (Glossifungites ihnofacijes;

poglavlja 5.2. i 5.3.) koje swmastaleunutar madstondsl. 32, b, ¢, d), a ispunjene su
NURYLQVNLP -EIQRANUWIDNVOADLDVQ Rp Q L P pek3tahorD do@rigjivstnionP(B1.G VW R G
32D A HbioKlastima dominantno predstaviieL P ER G O MiLQNLAG PPD NWWUDPHQRQR
(sl. 32HAK OQRJL ELRNODVWL traghv@ WlaLkoNi@xacheWd. 3R K D] XM X
glaukonitom (Odin & Fullagar, 1988) koji se pojavljuje unutar izmijenjepneDOL MRa
SUHSR]QDWOMLYH SULPDUQH ViIWWDRDBDWXNHO H WRN EXRyy O/ND L NQOS3
2GLQ /IDPER\ 1R X] GMHORPLPQX JODXNRQLWL]D
MH SULPDUQD VWUXNWXUD MRa FBWGIDADQ RP XO/@MMDL | &BWER N
LIJUDGX NHPLMVNLK PDSD QD VNHQLUDMXEHPGHOHNMWARR @ %
SRMDYOMXMX L JUQD JODXNRQLWD JGMH S thaPHakit@gsL VXSV\
glaukonita prema Odin & Fullagar, 1988; 38a, c). PrisutnosI ODXNR QLW L [(inK PLQHL
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& Fullagar, 1988 RS U H Q L W By+))BlAK) B, Al, Mg, FE*)-2010(0OH)2 prema

Odin & Fullagar, 1988 X DQDOL]JLUDQLP X]J]RUFLPD SRWYUVHQR MH 1
difrakcijom na prahu zelenkastog materijala (5 neorijentiranih uzorsika34, koji je

preostao nakon otapanja karbonatne frakcije. Na svih 5 rendgenogramaga®mdJ X XRpLWL
SRORADMELEVNILX PDNVLPXPD V PUHAaQLKsl 8B,YkQjL €D
NDUDNWHULVWLpQL ]D JODXNRQLWLpQH PLQHUDOH 2GLQ
$PRURVL $PRURVL HW DO NDR L VODELMH L]JUDal
i 003 (sl. 39.

Slika 32 Karakteristike firmgrounda razvijenog u vrhu intervala kondenziranog vapnenca u donjojurskim

naslagama na lokalitetu Kovk (Trnovstéozd, JZ Slovenija;sl. 31). a# Terenski prikaz ) i polirana
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SRYUAQEBRPpQLK L NRYV finhgréuddhVhdrdikdiebziranogThalassinoides(Th, crne strelice)
ELRWXUEDFLMDPD &QH®DIk® ¥ IQH@RHE DYH MIHQIOP L R aWeUpdelirdV Wioklindkp NDPD N
F UY HQ NKaatiwnadsbon (iterval kondenziranog vapnenca) ¢a ispunjene SNURYLQVNLP OLWRNOD
ELRNODVWLpPpQLP SHNVWRQRP GR JUHMQVWRQRP QSU JODXNRQLWL]
ELRWXUEDFLMD a&hogiL3Q PmpH Nikidfotoyrafije ispunaThalassinoidedioturbacija koje su
SUHGVWDYOMHQH NURXYLWRNOP VEALIRINIOPVSHNYIRRQRP GR E4HHMQVWRQR
XNOMKXEBKXRINXQ D VW Hf, § Rauoitizirdan&(Brne strelice, Gk), gdje je nakon procesa glaukonitizacije
SULPDUQL VXSVWWHJQYDMREMXYLMRIS XS HO D XNR Q If WLl sWpbthd&sarmd HOHW D E
JUQD JODXNRQLWD NDR NUDMQML SURGXNW JODXNRQLWL]DFLMH EH] P
(e h).

67



Slika 33 Glaukonitna mineralizacija, u obliku arglaukonitag, ¢ L JODXNRQLWL]DFLMHI)VNHOHWD
]D ELOMH aH Q Hirfgraon@bio@uibdtia povezanih SPDULQVNRP RPLVLMVNRP SRYU3ELQRP
naslagama na lokalitetu KovB 60ORYHQLMD 6OLND QD VNHQLUDMXUHP HOHNWURQV
SRYUDWQR UDVSUaH QL& kéhipsHeNifdpe R E), C& 6( Fe, Al, K, Mg,kCel). Tamnije siva

S R G U X p br@istevgju kalcit (Kic), dok sM HWOLMH VLYGI/SREOMPMWMIX SOBXNRQLW *N
bojenab«l RGJRYDUD SRYLAHQRP VDGUADMX JRUH QDYHGHQLK RGJRYDUDM)

Slika34 5SHQGJHQRJUDPL QHWRSLYRJ RVWDWND X]J]RUDND $A( NRML SUHGV'
firmground bioturbacija u donjojurskim naslagama na lokalitetu Kok 6ORYHQLMD 3RORA&DM ]|DE
GLIUDNFLMVNLK PDNVLPXPD RGJRYDUD JHQHUDOQRM LGHQWLILNDFLML
(Odin & Fullagar, 1988 1D]QDpHQ MH IR ADHRskbl Wifhaktijsk&Rn@ksimuma koji odgovara
NUDQMHP pODQX VWUXWNRIUGE LVPHNAMLIMYINRI PDNVLPXPD NRML RGJRYDL
tinjca (Odin & Fullagar, 1988).

PreeULUDQL QDVWDQDN JODXNRQLWLpEWMD FERGIQNDIONDD &0
ispunjavajufirmgroundThalassinoidesE LRWXUEDFLMH YMHURMDWQR RGUDA&
RIJUDQLpHQRJ RNROLAD X NRMHP LRQL PRJX XOD]JLWL L L]O
(Odin & Fullagar, 1988). Genetska povezanbengrounda i glaukonita (Jarvis, 1992;
JimenezOLOODQ HW DO SUHGVWDYOMD GRGDWDQ GRNI
glaukonitizacije odvijao u razdobljima nepostojanja ili slabe sedimentacije tijekom donje jure.
2GJRQHWDYDQMH PR JXIRYKGK]H RN B QBIMBAENQMORPLVLMVNLK

autigenom glaukonitnom mineralizacijom (kao i cijelog intervala kondenziranih vapnenaca;
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yUQH *RULPDQ SRSXW PDNVLPXPD WUDQVJUHVLMH
daljnja kemostratigrafska isSBEALYDQMD SRSXW VWUDWLJUDILMH XJOML
karbonata (Glumac & SpivaRko LUQ GR U | 6DEDWLQR HW DO L |
starosti KAr i Rb-Sr metodama na uzorcima glaukonita (Odin, 1982; Faure & Mensing,

2004).

55. 9QULMHGQRVWL VWDE&OIPEM biopRiik Rklkreta /kao markera
UHJLRQDOQRJ NUHGQRASDOHRJHQVNRJ .A3J VXEDHUVNR
SRYUAaALQH

5.5.1.Rezultativrijednosti A2 & 1L2@

5.5.1.1. Regionalni KPg subaerski nekonformitet

U ovomraduje analiziran izotopni sastav kalkreta (ukupnob2€k uzoraka kalcitnog sastava)
NRMH R]QDpDY B MY subHeidkiR kpEf@ntet (poglavlja 2.8. i 5.1.) u formaciji
*RUQML +XPDF RNROLFD aLEjddgodapabini dibRWAONT. ML R\ICRY RND R
JRUQMRNUHGQLP NDUERQDWLPD.RVWRRDRHIRAY.0,19, ISRGUXpPp NV
15a, 35, 37 38) (Brlek & Glumac, 2014. lIzotopni sastav marinske karbonatne stijene
GRPDULQD buMXxzBrgkR W D Nerapdditiran tablica 1,sl. 37, 38. Izotopni sastav
ugljika kalkreta dostase razlikuje od izotopnog sastava ugljika primarnog marinskog
NDUERQDWD NDON U HSC hrijedhasy (ablizad T, BIVBL, BQdokdd razlike u
LIRWRSQRP VDVW D ¥lkets LrivarifskogLkpPbdnaa mianjetlica 1, sl. 37, 38

Vrijednosti A& %@ (LJUD&HA K RGQRVX QD 9LHQQD 3HH'HH %H
A 93" 9rvog tipa biogene kalkrete (poglavlja 5.1.5.1.2.; Brlek et al., 20)4rizolitima,
Microcodium agregatima, alveolarrRW HSWDOQRP JUDVRP L S8&@BaliHQLP PL
38D a4 @PK4 t1; 6 uzoraka) u formaciji Gornji Humac imaju raspont® A G8,2A
93'% VUHEQNdIndst-9, A 93'% L-8R& GB, A 93'% VUH®QMD /
vrijednost-7,6 A 9 3' % tablica 1, sl. 37, 38. Vrijednosti A2& [*%@ drugog tipa biogene
kalkrete (poglavlja 5.1. i 5.1.2.; Brlek et al., 2014 V W L $Micpo@ddigmagregatima (sl.
35e, f, 38E & OFK4 t2; 6 uzoraka) u formaciji Gornji Humac imaju rasponi8il A GR
12, A 93'% VUHGikdost-127A 93'% L-9RAB GB, A 93'% VUHGQMD
/8O vrijednost-8,8A 93'%  IMADIESI. 37, 3B). Vrijednosti /*& L*¥Q@ marinskog
N D U E R Q D-RKZ m$; GBuzoraka) formacije Gornji Humac imaju raspon%dA do -
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3, A 93'% VUHEQrMebnost-44A 93'% L-6B& GRI1IA 93'% VUHGQMD
[®0 vrijednost-6,3A 93'%  IADIE sl. 37, 38). Vrijednosti A*& L@ biogenih
kalkreta s W L S LMiQacBdium agregatima (poglavlja 51. i 5.1.2.; Brlek et al.2013

y.7 OF X]JRUND X IRUPDFLML ya3AYR A, FD M3 % DY ISRG QRI®
vrijednost /°C -8,7A 93'% L-7R& G®3A 93'% VU wHiedosD™®0 -7,1A
VPDB) (tablica 1, sl. 37, 38, dokvrijednosti A2& 1@ primarnog marinskoE LRNODVWLPpQR
SHNVWRQD y.7 PV X]JRUNB G#®DNMX' %DV B Ri@dREIC -
6, A 93'% L-7R& GR, A 93'% VUHWHi@dpdstD'%0 -6,7A 93" % tablica 1,
sl. 3. Vrijednosti & [*8@ biogenih kalkreta SV L S L\bi€@dc&diumagregatima (SAWS5;

XJ]RUDND X JRUQMRNUHGQLP NIRUEBRQPHWRPDPHRIUNXDPMSBF

10, A GRB2A 93'% VUWiBddst#C-93A 93'% LIBTA GR A 93'%
(srednjavrijednost A80-9 A 93" % tablica 1, sl. 37, 38.
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Slika 35 Karakteristike prvogd Al) i drugog €, f) tipa biogenih kalkreta unutar marinskih vapnenaca formacije
*RUQML +XPDF ORND®UBHW RIGBEEDRXDMX UHJLRQDOQL .A3JaVXEDHUV
3ROLUDQD SORpLFD ELRJHQH NDONUHWH NDUDNWHUL]JLUDQH EURMQLP
strelice). Kalkreta dijagensti izmjenjuje (kalkretizacija)W H M trbnXkdRtaktu (crne strelice) s marinskim

vapnenco. Mjerilo u cm.b SHUHRYHUDQMH SR G U XpMkdjeRliQeRujeHpohé rigolte koji

formiraju prevlaku korijenja Promjer kovanice: ¥, cm. ¢ Mikrofotografija koja prikazuje biogene kalkrete,
UD]J]YLMHQH XQXWDU ELRNODVWL p Qulim koNani\sRdpD rai/ifenom dvddaikhdy HUL]LUD
VHSWDOQRP JUD y Rd®MikdiofparafjaikedHpdikaFuEMicrocodiumagregateBrlek et al., 201},
JUDYR@HYLAHVWUXNLK ELMHOH VWUHOLFH L MHGQRVWUXNLK VORMHY
EMHONDVWLK NULVWDOD NDOFLWD NRML XJODYQRP3REUXEQM XNOR [ALXF
GUXJRJ WLSD ELRJHQ i pdtpundstUddicidcadjunubbDridgatafiMikrofotografija drugog tipa

ELRIJHQH NDONUHWH L]JU Dy N-QaelRIGVigvdc&lium@drégatd thGg@aWa 5.1.1 i 52;

Brlek et al., 2014

.RPSR]LWQD SRYU&LQD

U ovomraduje WD N Ry H U Dz2Qtbp0i Ish&tay Bizpgenih kalkreta (ukupnbuk uzoraka
NDOFLWQRJ VDVWDYD XQXWDUIRUPDFLMVNH NRPSR]JLWQH
RNROLFL ALEHQLND N R Mithgkodnd\ kaldddnpiesthistavd Qidtivbadije
procesima dijagenetske izmjene primarnih marinskih karbonata (prva generacija pasivne
ispune bioturbacija) (pdavlje 5.2.; Brlek et al.,, 2004 kao i izotopni sastav marinskih
NDUERQDWQLK VWLMH Quk 2dRaRd) {ahliQa2, sIX N X5 q688) (Brlek &
Glumac,2019 ,DNR VX X RYRP VOXpDMX YULMHGQRVWL L]RWRS
YULMHGQRVWL SULPDUQRJ PDULQVNRJ NDUERQDWD UD]C
marinskog vapnenca su manje sparedbi sSULMH VSRPHQXWNHKdta kofp XpDMHP
R]IQDpDYDMX UHJLRQDOQL tybida ,HIU37 N3B RRztke R @ijdelitbBtima/ H W
LIRWRSD NLVLND L]PHyX NDONUHWD L SULPDUQ thbhc’®VLMHQH
2, sl. 37, 38

Vrijednosti A2& 11%@ (L] U D &H futédnosu na Vienna PeeDee Belemnite standard
A 93'%izogenih (tubuli korijenja i alveolarnd&/ HSWDOQD JUDyYD ODPLQLUD:!
NDONUHWD KHWHURJHQL VDVWDY JERJ LQWHUNDODFLMD S
tablica2) (sl. 36, 38 4 0-87 Th rzc; 8 uzoraka) imaju raspon etl4A GR,6A 93'%
(srednjavrijednost A3C-4,1A 93'% L6R& GB8A 93'% V UHWiedpdstn'®o -
6,4A 93'%tablica2 sl. 37,38 1%&/ 112 YULMHGQRVWL ELRNOBPVWLpPQR
27 Th bp; 4 uzorkakoji predstavlja prvu generaciju ispufiamground bioturbacija imaju
raspon 0d-29A GR2A 93'% VUwHipdoD®C -26A 93'% L-58& GR
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47R 93'% VUHWiR@GOMD®O -55A 93'% tablica2, sl. 37, 38), dokvrijednosti

& 1'% ELRNODVWLPQRI-YHRNWWRAPRUDIND XQXWDU NRMH,
VWYDUDQMD NRPSR]JLWQH SFRAUGRGBA 913P% M X UHIRGER R G
MPC-3A 93'% L-7TAGGHA4A 93'% VU WHi@dddsth'%0 -6,2A 93 % tablica

2, sl. 37, 38).

Slika36 .DUDNWHULVWLNH NRPSR]JLWQH SRYU&GLQH UD]JYLMHQHLB8QXWDU IR

22.a3RJOHG QD JRUQMX VORMQ@X SORKX NRPSR]LW QtrbdnenziorainighH N D UD N

sustavimarhalassinoideqTh) bioturbacija. Bioturbacije su ispunjene marinskim sedimentom (svjetlosivo, crna

VWUHOLFD NDR L ULJRJHQRP NDONUHWRP WD b QRlsskivdtlesgzvidiH OD VWU F

na gornjoj slojnoj plohi koji je ispunjen laminiranom kallowet (crna stréta). Promjer kovanice iznosi2¢m.c

BROLUDQD SORpPpLFD NRMD S Uhdlasginoines@sida bioklitbabija Md) €e@tans begrsiviing,N

u kojem se laminirane rizogene kalkrete (crne strelice) pojavljugrkialirane DiokODVWLPpQLP SHNVWRQRI
NRML MH NDONUHWL]JLUDQ XQXWDU ELRWXUEDFLMD %LRNODVWLDPQL

bioturbiran. d Mikrofotografija laminirane rizogene kalkrete (razvijena unutdralassinoidesbioturbacija)

L ]J U D gdHuptda korijenja.

Tablica 1 Vrijednosti /%& [*@38 X]RUDND ELRJHQLK NDONUHWD L PDULQVNLK NDUE
regionalni K£g subaerski nekonformitet URIUQMRNUHGQLP NDUBER QP WHIPNDH VIU H & MWaRINQHH
fm=formacija; g.=g@rnja; rh=rizoliti; Mc=Microcodium alv.-sept.gr.=alveolarn 0 HSWDO QD JUDyD

Tablica 2 Vrijednosti /3& 115017 X]JRUDND ELRJHQLK NDONUHWD L PDULQVNLK NDUE
NRPSR]LWQXu BRYQKRQHGQLP NDUERQDW InEbrm@dia RThBIGsiWwited/ X ALEHQ
LES LQWHUNDODFLMD ELRNODVWLpPQRJ SHNVWRQD
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Tablica 1

Ime uzorka

Opis uzorka

B& A 93'%

/%0 A 93'%

K #g nekonformitet

ALEHQLN

a0%$PK4tl1
a0%$PK4t12
a0%$PK411L3
40%PK4t1L4
a0%$PK4AtLS
a0%PK4AtL6

IP *RUQML -

Raspon vrijednosti
Srednja vrijednost

a0%PK4t21
40%PK4t22
40%PK4t23
40%$PK4t24
40%$PK4t25
40%$PK4t26

Raspon vrijednosti
Srednja vrijednost

a0%$PK4Ams 1
a0%$PK4 e 2
a0$PK4 ms 3
a0$PK4 ms 4
a0$PK4mMs5

Raspon vrijednosti
Srednja vrijednost

2WRN yLRYR

y.7 OF
y.7 OF
y.7 OF
y.7 OF

Raspon vrijednosti
Srednja vrijednost

IP yLRYF

betaNDONUHWD
betaNDONUHWD
betaNDONUHWD

WLSD VIMSUHYODGD
WLSD VIMSUHYODGD
WLSD VIMSUHYODGD

betakalkreta tipa 1 sa rh, aksept. gr. i mikritom
betakalkreta tipa 1 sa rh, aksept. gr. i mikritom
betakalkreta tipa 1 sa rh, ahsept. gr. i mikritom

betaNDONUHWD
betaNDONUHWD
betaNDONUHWD
betaNDONUHWD
betaNDONUHWD
betaNDONUHWD

plitkomorski vapnenac
plitkomorski vapnenac
plitkomorski vapnenac
plitkomorski vapnenac
plitkomorski vapnenac

W LIddagreyabmw®V LSLpQLP
W LIddagreyabmW®V LSLpQLP
W LIddagreyabma®V LSLpQLP
W L ddagreyfabm®V LSLpQLP
W L ddagreyfabm®V LSLpQLP
W L ddagrefabm®V LSLpQLP

beta N D O N UHW DM¢ ayragatisa p Q L P
betakalNUHW D V Mc\AgeSation@ L P

beta N D O N UH W DM¢ ayragatiga p Q L P
beta ND O N UH W DM¢ ayragatisa p Q L P

-83

-105
-82

-104

-102

-101

-10,5 A8.2
-96

-126

-125

-131

-123

-13

-125

-13,1 A123
-127

-53
-37

-46

-4

-46

53 A37
4.4

-93
-83

-9

-82
-93A82
-8,7

-6,8
-8,1
-71
-1,7
-7,7

8.4 A68
76

91
87
84
-89
-88

01 A8A
88

63
6,1
6,1
6,4

6.5 A61
63

71
-6,3
72
77
-7,7 A63
71
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y.7 PV
y.7 PV
y.7 PV
y.7 PV
Raspon vrijednosti
Srednja vrijednost

SRGUXpMMRURPD® QR

SAWS5 K2 1
SAWS5 K2 2
SAWS5 K2 4
SAW5 K2 5
SAWS5 K2 6
SAWS5 K2 8
SAWS K2 10
SAWS5 K2 12
SAWS5 K2 13
SAWS K2 14
SAWS K2 15
SAWS5 K2 A
SAWS5 P1 B
Raspon vrijednosti
Srednja vrijednost

PDULQVNL ELRNODVWLPQL SHNVWR(
PDULQVNL ELRNODVWLPQL SHNVWR(
PDULQVNL ELRNODVWLPQL SHNVWRC(
PDULQVNL ELRNODVWLPQL SHNVWRC(

beta ND O N U HW DM¢ &yrégatita p Q L P
beta ND O N UH W DM¢ agregatisa p Q L P
beta ND O N U HW DM¢ &grédatisiap Q L P
beta ND O N U HW DM¢ &grédatisia p Q L P
beta ND O N U HW DM¢ &grédatisiap Q L P
beta ND O N U HW DM¢ &grédatisiap Q L P
betakalkreta sa ti. p QMd=agregatima

beta ND O N UH W DM¢ agregatisa p Q L P
beta ND O N UH W DM¢ agregatisa p Q L P
beta ND O N UH W DM¢ agregatisa p Q L P
beta ND O N U HW DM¢ &grédatisia p Q L P
beta ND O N U HW DM¢ &grédatisiap Q L P
beta ND O N U HW DM¢ &gr&ddinsal p Q L P

-6,2
-6
-65
-7

-7 A6
-64

104
-95
-9,7
94
91
-95
104
-95
91
-84
-8,7
-83
-8,2
10,4 A2
-9,3

-6,6
-6,5
-6,6

71 A65
6,7

-75
-9
-9,2
-91
-9
-8,8
-9
-8,6
-9,1
-8,1
-94
-101
-10
-10,1 A75
-9

Tablica 2

Ime uzorka

Opis uzorka

B& A 93'%

/%0 A 93'%

.RPSR]JLWQD SRYUA&LQCL

ALEHQLN IP *RUQML +:

a0%$27Thrzc1l
a0%$27 Thrze2

a0%27 Thrzc 3
a0%27Thrzc 4
a0%$27 Thrzchs
a40%$27 Thrzc 6

rizogena laminirana kalkreta (ibp) unufdra
rizogena laminirana kalkreta (ibp) unuf@ra
rizogena laminirana kalkreta (ibp) unuf@ra
rizogena laminirana kalkreta (ibp) unuf@ra
rizogena masivna kalkreta (ibp) unutdra
rizogena masivna kalkreta (ibp) unufdra

-4
-4

-36
-42
-44
-4.1

64
-7

-6,2
58
64
-65
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a0%$27Thrzc7
a0%$27Thrzc 8
Raspon vrijednosti
Srednja vrijednost

a0%$27Thbp1l
a0%$27Thbp2
a0%$27Thbp3
a0%$27Thbp4
Raspon vrijednosti
Srednja vrijednost

a0%$27ms1
a0%$27ms 2
a0%$27ms3
a0%$27ms4
a0%27ms5
Raspon vrijednosti
Srednja vrijednost

rizogena masivna kalkreta (ibp) unufdra
rizogena masivna kalkreta (ibp) unufdra

ELRNODVWLpPQLTBHNVWRQ XQXWDU
ELRNODVWLpPQLTBHNVWRQ XQXWDU
ELRNODVWLpPQLTBHNVWRQ XQXWDU
ELRNODVWLpPQLTBHNVWRQ XQXWDU

SULPDUQL ELRNODVWLPQL YHNVWRC
SULPDUQL ELRNODVWLPQL YHNVWRC
SULPDUQL ELRNODVWLPQL YHNVWRC
SULPDUQL ELRNODVWLPQL YHNVWRC
SULPDUQL ELRNODVWLPQL YHNVWRC(

43
43
4.4 A36
41

-28
-29
-2,2

-2:9 A22
-2,6

-31

-28

-29

-31

-3,2

-32 A28
-3

-6,6
-6,3
-7 A58
-64

56
-6
-47

-5:8 A47
-55

59
54
-65
-6.1

-7 As4
-6,2
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Slika 37 Dijagram /A3C +*80 vrijednosti biogenih kalkreta i marinskih karboWWD GRPDULQD NRML VX SF
K g subaerskim nekonfor’ HWRP L NRPSR]LWQRWPW BiR $jonfakeeni ldkaliteta, s
SULSDGDM X i RiRtaRliehind (PGURdkst nalaze sesGHWDOMQLMD REMDaAaQMHQMD
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Slika 38 Vrijednosti /2& 1122 X A X RGQRVX QD 9LHQQD 3HH'HH %HOHPQLWH VWD
ELRIJHQLK NDONUHWD L PDULQVNLKSINI U ENRRNDIW DN DA&JDMONIH @ D] L WEDMEXO LLFHD
subaerski nekonformitea@d L XQXWDUIRUPDFLMVNXeNR& & RiM. &) Q Xrud RoY tipa L Q X
ELRIJHQH NDONUHWH QB %LRRNIB@LHN M BDVOKN aMidriedivhBgt égatinie(ha Pkalitetima

yLRYdR i Labin . RURPDPRRB f .RPSRILWQD kaRktedArar@idmground Thalassinoides
bioturbacijana (lokaltHW ALEHQLN N R MamiNMraniin\E5i 3w §l rixogenim kalkretama, te
LQWHUNDOLUDQLP EL Ré)l GimholsL shamaSIBRVWRQRP
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5.5.2.Interpretacijavrijednosti A2 & [*8Q

5.5.2.1. Regionalni KPg subaerskiekonformitet

Meteorska pedo(dija)geneza primarnih marinskih gongjdkih karbonatnih gdova u ovom
jeradu SUHGVWDYOMHQD LyiiginastigaR® @ H.J B WPLDYQQM ' RMVbidgyehid U L/
kalkreta fablica 1, sl. 37, 33 NRMH R]QDpDYDABY VMNEDRQUINOQLQHNRQII
1IHIDWEEQMULMHGQRVWL NDONUHWD NRMH V HiijQdop® MQR UL
ugljika primarnih narinskih vapnenacaaplica 1, sl. 37, 3 RGUDA&ADYDMX SURFHVH
ugljikovih izotopa primarnog CaCOsa CO. koji je nastaorespiracijom korijenja i
razgradnjom organske tvaui tlu (Cerling, 1984 Gocke,2010. Zapisi stabilnih izotopa i
QMLKRYL WUHQGRYL X SULPDUQLP PDULQVNLP YDSQHQFL
juyolDSDGQRP GLMHOX RWRND naRYIR suW DMN Riji HhodvigraiK i X M X
meteorskoj dijagenetskoj izmjerj. srednjevrijednosti A3C marinskih vapnenaca 0d,5 A
93'% ORNDOLWHWAAQE'HQ LRIW RN tgdliYiRsl. 37, 38ukazujuna
pedo(dija)genetske procese (procesi izmjene ugljikovih izotopa) tijeketeorsk vadozre
dijagenezdAllan & Matthews, 1982; James & Choquette, 1990; Rosgieslal., 1993; Li &
Jones, 7DNRYHU VH PR AaHCXWRjpdndéti vapienstA koge nalaze u
JRUQMHP GLMHOX VXEDHUVNL L]JORAHQRJ VOLMHGD QD OF
vrijednosti /A3C marinskih karbonata povezanih N RPSR]JLWQRP SRYUA4LQRP
vrijednost od-3A 9 3' % tablica 1, sl. 3ykoja se nalazi 30 m ispod pt¥aLQH UHJLRQDO
subaerskog nekonformitetal (8. ,DNR RYR PRA&H XBWXWXSMWLSKRBOHIDYDQN
vrijednosti vapnenaca SRYHUDYDQMHP GXELQH LVSRG SRM¥YWaERQH
predstavljap HOVRAE L OrivbHnEskihHjledova koji su subaerski O RARHEQUD]DF SREUQXWF
trenda’ $ O & Datthews, 1982; Lohmann, 1988; James & Choquette, 1990) NRQDpQH
]JDNOMXpNH SRWUHEQR MH QDSUDYLWL GHWDOMBTMX DQD
primarnih marinskih vapnenaca

Sekundarni autittQL NDUERQDWL X WOLPD L SDOHRWOLPD C
UDY QRWH &Ltla(Cé&lihg, 1984, 1999) NRML YXpH SRULMHNOR L] SUF
korijenja i mikrobijske razgradnje organske tvari u fAmundson et al., 1998)zotopni
sastav CQ u tlu, o kojem ovisi i izotopni sastav ugljika sekundarnih karbonata, ovisi
PHWDEROLpN Lvegesaxijd(hpl LGP DC4 biljke) (Cerling, 1984, 1999; Burns &
Rossinsky, 1989; Gocke, 2010). Prema toumgednosti /°& SHGRJHQLK NDUERQDWI
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na leovegetaciju (npr. udio A4 biljaka) i, zajedno svrijednostima /%0, na fosilne
NOLPDWVNH XYMHWH XNOMXpXMXuL SilaGuH RVWEIRSHUDW XU
DWPRVIHUL X DULGQLP L VHPLDULGQLP RNROLALPR®&®.,, &HUOL(
2011a; Koeniger et al., 2014; Li & Jones, 2014). Jedan od glavnih preduvjeta za ovakva
LVWUDALYDQMD XNOMXpXMXiL L GDWL UfT@rastovhytoR & WD U QL |
Terhorst, 2004; Pustovoytov et al., 2007a, b; Gocke, 2010; Gocke 20Hla), jest da nema
XJUuDyLYDQMD VWDULMHJ & QSU L] SULPDUQRJ VWDULMHJ
izmjenom) u autigene pedogene karbonate (Gocke, 2010; Gocke et al., 20djgdhosti
& 1180 svih vrsta kalkreta koje su ovdje analiziraa&pje imaju raspon odl31A GR
82A 93'% L-RGA G®1A 93 %tablica 1, sl. 3y, u rangusuraspona izotopnih
YULMHGQRVWL GRVDG ]DELOMHAHQLK X NDONUHWDPD 7D
Salomons & Mook, 1986; Alons@arza, 2003).Vrijednosti /& NDONUHWDuUWDNRYH
UDVSRQX LIRWRSQLK YULMHGQRVWL N D Ddnhatichar&ceqizVV WD O L K
pleistoceske starosti (raspowijednosti /°C od- A GRA 3'% -DPHV et®&KRTX
1HAWR Y H i #ijediosliLMO KL RB QRWY2X NRMH VX |D&b®MHAHQF
VOXpDMX WDNRYyHU VX NDUDNWHULVWLPpQH WH VX ]DELO
Nettenberg, 1983; Alonsdarza, 2003; Alons@arza & Arenas, 2004; Li & Jwes, 2014).
Vrijednosti /22 RYGMH LV WUD atablic@a QLK 3X,B® RGHWHDYDMX GD VX N
nastale pod utjecajem meteorske vode (Wright & Tucker, 18@hsoZarza, 2003; Gocke,
8 VYLP YUVWDPD LVWUDALYDQLK NDONUHWD D SRVHE
W L S LMiQacBdiumagregatima (poglavlja 5.1 5.1.2.; Brlek et al., 20)4s lokaliteta
aL E HQ LinajN Raspetvrijednosti A°C od -131A GR23A 93'% VUHGQMD YULME
od-127A tablica 1, sl. 3y, suvrijednosti /°C (tablica 1, sl. 3y vrlo blizu ili na granici
apsolutnihvrijednosti /°%C od- A GR A 3'% NRMH YULMHGBrbdiateSHGRJH
QDVWDOH X L]RWaRCEQRIW(Agiing QLBA/ H$OR; Burns & Rossinsky, 1989).
2PbHNXMH VH GuiijedndstRAYMDautigehin pedogenih karbonata nastale pod $00%
tnim utjecajem @ ][ DMHGQLFH ELOMDND YHULQD ELOMDND XNOMXbp
razdoblja sa Calvinovim tipom metabolizmga WH EH] XWMHFDMD KWkigHJ XJON
primarnog karbonata i sepostojanjem unosa atmosferskog-G@lonso Zarza et al., 1998;
Alonso-Zarza, 1999; Deocampo, 2010; Tanner, 20$®dnja vrijednost**Corg C3 zajednce
biljaka iznosi- A 3'% WH VX GRQMH JUDQLPQH YULMHGQRVWL X
pedogenim karbonatima analiziranim u oveadu (tablica 1; sl. 36, 37) rezultat procesa

izotopne diskriminacije (frakcionacije), i to difuzijom @Clio dovodi do frakcionacije od
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A WH ciBidiniasiiedod otprilike 10,A JERJ SURFHVD XUDYQRWHA&HC
(Cerling, 1984, 1999; Burns and Rossinsky, 1988cke 2010. Nepostojanje utjecajasC
]DMHGQLFH ELOM D N DKis¥e2D08;Q\afg |& GreeRoénd;: 2007; Zhou & Chafetz,
2009b) navrijednosti /& RYGMH LVWUDALYDQLK SHGRJHQLK NDUERQ
da su kalkrete mogle nastati tijekom vremenskog razdoblja od gornje kreda&ledggna
(eocena) (poglavlja 2.5. i 3.1.; Brlek et al., 2013, 2014 reference unutra)EXG Xine GD
postoje dokazi za postojanje pa vegetacije prije neogena (Cerling, 1999; AlcAdsoza &

$UHQDV 7TDQQHU vrijet BoBHRYE kalkr€@@ad MMNMHU DALYDQLK X R
radu mogle bi XSXuLYDWL QD SUHFLSLWDFLMX SHGRJHQRJ NDU
utjecajem unutar tla (Alonsgarza et al., 1998; Alonse D U | D avgvRadlR pXL W R

u primjerima Microcodium DJUHJDWD pLML VH QDVWDQDN LQWHUSU
biljaka) kontrolirana precipitacija kalcijevog karbonatiautikalnim stanicaméaorijenja tzv.

X Q X' W D U kaWwifikagijapkQappa, 1980; Jaillard et al., 199Wright et al., 1995; Alonso

Zarza et al., 1998; Alonsfarza, 1999Gocke, 201Di naknadnaPRUIROR&ND WUDQVIR
(.RALU % U O H)Nlakbwuwibj&inosti A°C Microcodiumagregata koje su ovdje
]DELOMH & H@jednsstUB& BPHGRIJHQLK NDUERQDWD NRML QDVWDN
COiz tla (Cerling, 1984, 1999; Burns Rossinsky, 1989; Alonsgarza et al., 1998; Alonso

=DU]D :DQJ *UHHQEHUJ *RFENH SUHGORA&H
nastankaMicrocodiuma i kalcificiranih stanicakorijenja, poput izravne precipitacije kalcita

unutar stanicakorijenja i] RWRSLQD NRMH VDGU&H RUJDQVNH NRPSR
.RHQLJHU HW DO LOL SURFHVLPD PHWDEROLPpNH DN
rizosferi Klappa, 1989QKabanov et al., 2008;ambers et al., 2009; Zhou & Chafe)09a

Koeniger eth, 2014 8WMHFDM RYLK SURFHVD SUHGNayDstioaMHQ MH
/*3C pedogenih karbonata koje su negativnije od granice apsolutnih vrijednosti za pedogene
NDUERQDWH NRML QDVWDM X ukluL(KRbahBvEQIR 2008] BoeQidevéH AL VD
al., 2014). 1R WRpPpDQ PHKDQL]DP L Oicra@ddiurka Ykad itdrughD/sw D Q N D
SHGRJHQLK NDUERQDW DBKis%2D0d; QWilkelé et al. RA0IMA) kao i njihov
XWMHFDM QD YULMHGQRVW lje WwyikekorRe8bet Xab@rde R®OLU NLVLND
.DEDQRY HW DO NRMD |DKWLMHYD GDOMQMD LVWUDAZ
predstavljenih u ovom doktoratu.
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.RPSR]JLWQD SRYUA&LQD

Vrijednosti /*3C rizogenih kalkreta razvijenih unut@halassinoidesioturbacija, u rasponu
od-44A GRG6A 93'% VUHGQNkdostod A 93'%tablica2, sl. 37, 38,
negativnije su od vrijednosti /*& SULPDUQRJ PDULQVNRJ ELRNODVWL
predstavlja prvu generaciju ispufi@alassinoidesdioturbacija (potavlje 5.2.; Brlek et al.,
2014 NDR L RG RNUXaXMXiuHJ SULPDUQRJ mblidd2QsV RRJ ELRN¢
38 ,DNR QLAH YULMHGQRVWL bideaseRzamjen¢ Jugljikdavith Dzoddo@aX i X M X
primarnog CaC®sa CQ koji je nastaaespiracijom korijenja i razgradnjom organske tvari
tlu (Cerling, 1984 Gocke, 2010, 8WR SRWYUYyXMH GD MH NRPSR]LWQD
razdoblje vadozne meteorske dijagee (srazvojem rizogenih kalkreta koje su dijagenetski
LIPLMHQLOH SULPDUQL PDULQVNLThEASRIN@DE biMtutbac)d) SHNVW
marinskogfirmground-a, ukupni rasponrijednosti /*3C kalkreta pozitivnijje RG RpHNLYDQRJ
za kalkrete koje nastaju @ SUHY OD G DY DM XzajelniceVidifakbi Erivid] PO84;
Burns & Rossinsky, 1989; Alonso Zarza et al., 1998; Gocke, ;2Dil@ Jones, 2014).
Vrijednosti A3C tih N D O N U H W Dmafhije nedatvidy RUG YULMHGQRVWL NDONU'
X VXEDHUVNL L]JORAHQLP PDULQVNLP NDU K& Daydtie -DPH)\
vrijednosti /& ]DELOMH&HQH bulkifpidad kalkidaQviePjatno su posljedica
kontamnacije sprimarnim marinskim kd ERQDWRP GMHORPLPQL SHGRJHQ
Michel et al., 2013) (Alons@arza et al., 1998; Alonsfarza, 1999; Alons@arza, 2003,
%DMQYF]L -KisR200B;\Kraimer & Monger, 2009; Gocke, 2010; Tanner, 2010; Zhou
& Chafetz, 2010; Gocke et al., 2GMilliere et al., 2011; Koeniger et al., 2014; Li & Jones,

AWR MH WHPHOMHQR QD pL Q MzdjedhiEi bilja&alpri@ Hedgéhs W R M H
(Cerling, 1999; Alons&arza & Arenas, 2004; Tanner, 2010) koje su mogle biti odgovorne za
Y Lrkednosti A& X NDONUHWDPD %H<MADG6F \ang &RSveidhberg, 2007;
Zhou & Chafetz, 2009b), kao i na pretpostavkama da nije postojao unos atmosferskihg CO
NDVQLMD GLMDJHQHWVND L]PMHQD NRML VX VdRakRtaHU PR J(
(Alonso Zarza et al., 1998; Alonstarza, 1999; Gocke, 2010; Zhou & Chafetz, 2010; Tanner,
2010; Gocke et al., 2011a; Li & Jones, 2014). Ovajmmd®d VNODGX V RSDADQMLPD
tijekom uzorkovanjebulk uzoraka (tablica®) i tijekom petrogrDIVNLK LV W Ulavd YD QM D
5.2.; Brlek et al., 2014 SUL pHPX MH SULPDUQL PDULQVNL ELRNOD\
interkalacija u uzorcima kalkretaWH PRaH SUHGVWDYOMDWL GLMHORY
VHGLPHQWD NRML MH VD Pdjagehdbki @riijerign QERckeOA016; Riod & Q R
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Chafetz, 2010; Michel et al., 2013; alteracijski mosehsuWright, 1994; AlonseZarza &

Wright, 2010). .DR DOWHUQDWLYQR REMDaAQMHQMH QDPHUH VH
anomalije sastava ugljikovih izotopa pedogenih karbonata povezanih sa kompozithom
SRYUALQRP NRML VX YMHURMDWQR QDVWDOL X VXEDHU
QDVODJDPD V RzM rezideHnadtsRe ¥o0@e, rezultat utjecaja visoke razine vode
WHPHOMQLFH VSHFLILPQLK KLGURPRUIQLK XYMHWD L VDOl
ugljikovih izotopa A. Mindszenty X VPHQR SQYLRSUHQMH
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6. RASPRAVA

7HNWRQRVWUDWLJUDIVNL RNYLU UHK HFR)EIbasiRg NUHGQ
QHNRQIRUPLWHWD QD SH@ridskéhakordre pldfQivieN R

Bliska povezanost stratigrafijeladranskeDinaridske karbonasg platforme (ADCP) i
orogenetske evolucij¢anjskih DinaridaV O XaL S UL ¢ae®eoprifEkPadnosimau
regiji WLMHNRP PH]R]JRLND .REDU SUHPD .RUEDU
Jadranska karbonatna platfam $G & 3edSu9ODKRYLU HW DO MH SR
Jadranski Adriatic) i Dinaridski Qinaridic) segment gl. 6). Formacija Gornji Humac
NRQLMDN AoWalit€t &V RQEWQLN SULSDGD 'L Q EekidnGsuaMigRafskd) X JR]D S |
MHGLQLFL MHGLQ L Hyh3atsty RING, HoN fodracijaumartin PDVWULKW A
paleocen) dokaliteta Hvar pripada Jadransk® M H Y H U RekténustratiQrefskoj jedinici
MHGLQLFD 3GDOP D WdlnataN R<arsiN (dA B)” (KArbar, 2009). Precizan
SDOHRJHRJUDIVNL -Sretigr&skDa¥initet i Midv Bie@id?kog ili Jadranskog
segmentaADCP-a) srednjodo gornjokampanskog slijeda naV RN X yMR¥ RXYLMHN QL
definiran te je predmet sprave (Brlek et al., 20)3Definirane tektonestratigrafske jedinice
regionalno su karakterizirane r@rl p IswvdtigRafskim razvojimgKorbar, 2009;sl. 6 &aWR
XSXURQMHGLIHUHQFLUDQH W D O RANTH-a [jskBrd gdinje Kdde SR GU X p M
SDOHRJHQD 9ODKRYL U HHW DD GORVEDU
SRYUELQH VXEDHUVNRJ L]ODJDQMD ]DELGdvhiiildnadH X YUa&
ORNDOLWWW AVWREQOMD juypMUID GPLRERR RWRND yLRYR WH 6
GLR RWRND +YDUD NRMH VX PDUNLUDQH Em&@oépR@uj& NDONL
L 2WRQLpDU HMD WD O % UXHRQ H WBIrRIO& Glumac,
2014 ] D E L O &K &Hieugim gornjokrednim (cenoman do mastriht) sliedovima na
SRGUXpM-4, Eoji#nd se u krovini nekonformno teze paleogeh® transgresivne
PDULQVNH EUDNLpQH QDVODJH ORVRYLUO HW DO 6 WH X
2WRQLpDU .RUEDU OHYyXWLP QD QHNKHRGSRGUXpI
VXEDHUVNL QHNRQIRUPLWHW ]DEDQO®MRHEH@D WH.j{p EXF G-R/Q RN U |
su lokalno yugozapadnofloveniji najstarije naslage koje se nalaze u kropretpostavljeno
istog subaerskog nekanriiteta mastrinthiH VWDURVWL 2WRQLpDU 9
VWUDWLJUDIVNH SUDR® L R HB&RKfbjMER v KiNjinim& dodlinge su ove
SRYUaAaLQH VXEDHUVNRJ L]ODJDQMD XRELpDMHQR PDUNL
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KRUL]RQWLPD L ERNVLWQLP QDVODJDPD A4LQNRYHF €

.RYDpHYLU *DORYEWRW ®WDaDYD ]QDpDMQH SURPMHQH
QD GXJRALYXUH UHJLRQDOQH GistalsReRpEDIR QHariSeUdR FI995H W H N
"$UJHQLR OLQGV]IHQW\ +LOOJIUWQHU )D]D UHJ
tijekom kasne krede A sDOHRJHQD NRMD MH UD]OLpLWRDGPGADMDOD (
uzrokovana je vrlo intenzivnim kasnokrednim -sgdimentacijskim tektonskim zbinpma
koji su povezani olizijom JadranskeL (XURD]LMVINID KRRIpH HW DO
2009), AWR VH RpLWXMH L X GLIHUHQFLUDQL P-anijpkonRav@gL P RN R C
UD]GREOMD 9ODKRYLUO HW DO ar, 20UPRBfIBKeL dl., B0A3, R4 . R
.UHGQRASDOHRJHQV NL jKKatvl io®Yjeti¢adlisaRroneyU S DHOLPIDMER I L]GL]I
UD]J]OLPLWLK GLMEKOIRNID WO BWIRRODAH DYDMXUHJ GLQDULGVNRF
Korbar, 2009).

1D WHPHOMX VWUDWLJUDIVNLK L SURVWRUQLK RGQRVI
izlaganja (npr. boksiti i kalkrete) kdgarakteriziraju regionalni KPg subaerski nekonformitet
QD SRGUXpMEXmRBIXBMH WDNRYyH®DQHRHNVOALPDWVNH L JHRF
rekonstrukcije (Wright, 1994; D'Argenio & Mindszgntl995; Miller et al., 2012). Tako npr.
X VOXpDMX NDOWWHWIK DWFDRMRIJPRIDELOMHAHQLK QD ORNDO
NRML VH SRMDYOMXMH X MH]JJUL SL]RLGD NDONUHWH VO
NDONUHWH PODYH RG ERNVLWQLK WDORJD NRMH L]JPMHQ
humidnijih (uvjeti visoke temperature i intenzivhog otapanja koji su potrebni za nastanak
ERNVLWD SUHPD VXaLMLP DULGQLMLP SDOHRNOLPDWVNI
LJOR&AHQRVWL :ULJKW HW DO '$UJHQLR OLMGV]HQW
]DNOMBIKFMLLMHYDMX GDOMQMD SHW UR QitBrathiid pteglédzRNHP LMV
ERNVLWH MoNddidleX dl X ROHL; Liu et al., 2018teraturni pregled z&alkretedan je
u poglavlju NDR L GHWDOM Q R7 DHNARRGNRUWN RDNXOJUHWILUX RMEHL U L |
GD MH ERNVLWQL PDWHULMDO PRJDR QDVWDWL QHJGMH GLU
QSU HROVNL SULMHQRV GR VXEDHUVNLUz@oRs2H QoRiIdI RNRO L
WUHEDOD X]J]HWL L PRJXUQRVW LVWRYUHPHQRJ SRVWRMD
SRGUXpMX OHGLWHUDQD WLMHNRP UDJGREOMD NUHGH GR S
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6.2. SekvencijskeVWUDWLJUDIVNH LPSOLNDFitaMH SRYU&aGLQD GLVNR

6.2.1.Firmground L L NRPSR]JLWQD SRYU&GLQD XQXWDU IRUPDFLMH *
ALEHQLND

Ihnofacijesi koji nastaju u ovisnosti o vrsti supstr@éossifungites i Trypanites ihnofacijesi)
vrlo su upotrebljivi pri interpretacijama sekvenkgs stratgrafije karbonatnih gtdova
5RGUtJRNDU HW DO %XDWRLV O0iQJDQR 6FKZDU]
PLPEHQLND NRML EL PRJOL LPDW.L fidkigtdamtte DArd@raunsfaW Y D UD Q
prikazan MH X 5R-Gavad &kl (2006), Schwarz & Buatois (2012) i Savrda (2012).
Stvaranje firmgroundD L SRVOMHGLpQIEngMRO RRYREVIWFUMDID ELRWXUE
RUJDQL]PLPD MH X R NRrfpbhdimB yladmbBnd kovitcdirana prestankom
sedimentat MH *UXV]F]\QVNL HW D/RYDU 5 R GUHR@®aH XaH |
2006 i referencau rady, dok se utjecaj erozije uglawhaP DOL QH L LVN&GMXPLYR
% XDWLRYV 6DYUGD SRYH]XMH VD VLOwBletNaODVWLDPQ
2006).
DvafirmgroundD GRQML L JRUQMLO RN VO D@&HN\2Ma&EQ L N
NDUDNWHUL]JLUDQD VX KRPRJHQRAaAUX VHGLPKQWD NRM
nepostojanjem erodiranih karbonatnih intraklasta (Schwaué&tois, 2012) u krovinskim
naslagama dvajtirmgrounda i ufirmground ELRWXUEDFLMDPD 2YH NDUDNWH
nepostojanje procesa ekshumacije ili marinske gro?" H QD ID]X RPLVLMH L]JPHY>
Thalassinoides ELRWXUEDFLMD L MLIKO RAK\QOIDI DN R ®RAE] X H |
5RGUtIYRWIDU HW DO 7R XS XU X MikhgeundMikglaghonv WD QD N
povezan sSSUHVWDQNRP SUHFLSLWDFLMH L LOL WDORAHQMD NDC(
RPLVLMVNLK SRYUAaLQD tiHtbRmaldyDli MidkvBgRuljechjad. BeDtakve
SRYUaAaLQH VPDWUDMX PDQMLP SRYUAGLQDPD GLVNRQWLQXLV
8 QHNLP VH VOXpDMHYLPD fisngRimd DL SEU SRV XWX BRD G
PDULQVNRM FHPHQWIF etMIL 200K Géfdrédakeiriady. Procesi pumpanja
morske vode jakim strujama kroz sediment, koji bi pogodovali ranoj cementaciji sedimenta i
VWYDUDQMX REFIRSthiH2 K Buatdis, 2012 i referenagady, nisu odgovorni
za nastanakirmground D QD ORNDOLWM®XUALEHODANDELOMHAHQL W
RNROLALPD YLVRNH HQHUJLMH YRGH QSU RNROLAL XQXWlL

drugi mehanizmi koji dovode do rane karbonatne cementacije marinskih sedimenata i
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SRV OMHGL p Jirngraudd DD bR MDY X idt]al., 2006 i reference unutra; Knaust
HW DO 6DYUGD EH] GRGDWQLK LVWUDALYDQMD
]DNOMXpFL R JHQH]LfirdgtaumbD D QDWW R] QU RIGIL &Y WO MPXRIK i Q RV W
firmgroundi stvoreni vrlo brzo i kolonizirani organizmima koji stvarajthalassinoides
LKQRIRVLOH QDNRQ pHJD MH GRAOR7BRDEU]RJ ]DBW G B DINDK
Tovar et al., 2006). Talozi koji se nalaze u krovini @égnj gornjegfirmgrounda te koji
pasivno ispunjavajiirmground ELRW XUEDFLMH QD sORidie0dirsviHa¥¥m aLEHQ L
RELOMHAMLPD NRML XSXUXMX QD LQWHUWDMGDOQH VXSUL

J)O«JHO blaBkR @Kblg-a, fenestralne teksture i geopetalne ispune
unutarnjim sedimentom i/ili vadoznim silto(al. 23. To XSXuXMH QD SULMHOD] RS
SOLWNLK VXEWDMGDOQLK RNROLaAD QHSRVWRMDQMH LQWE
cijanobakterija i WMSQHQDpPpNLK JHOHQLK DOJL Y)O«JHO LV
LQWHUWDMGDOQH VXSUDWDMGDOQH RNROLAH L]QDG GLV
GLVNRQWLQXLWHWD NRML VX QDVWDOL WLMHNRP UD]JGREO
ekstenzivneerozijske ekshumacije (Christ et al., 2012; Schwarz & Buatois, 28R)HGORAHQR
je da je UHODWLYDQ SDG UD]JLQH PRUD QD NRML XSXUXMH
firmgrounda, uzrokovao fazu omisije (glo malim ili nikakvim utjecajem erozije) i stvanje
firmground D OH Yy XW L P mddét bhdhadk biti prepojednaestien E X G X Use z@eDda
PHYXGMHORYDQMH UD]JOLPLWLK pLPEHQLND PRAH GRYHVWL

5R G U-TavaHét al., 2006; Christ et al., 2012; Schwarz &atis, 2012; Savrda,
2012).

3UYD ID]D QDVWDQND N@®&P S@RNDOH WSRE,XP24 REH2E) L N
poglavlje 5.2.) predstavljena je stvaranjem marinskoggrounda koji je karakteriziran
Thalassinoidesbioturbacijama koje pripadaju Glossifungites ihnofacijesu. Bioturbacije su
SDVLYQR LVSXQMHQH V SOLWNLP VXEWDMGDOQLP VHGLP!
QDVODJDPD &aWR XBXkH XVWNHD G D MS-H WIDRIGRAHIQUMIQIH BIU R L M&D F
al., 2009). U literaturi se prisustwertikalno orijentiranih bioturbacija (Freg973; Bromley,

XRELpDMHQR LQWHUSUHWLUD NDR LPSOLNDFLMD QHSH
dovesti do stvaranja uvjetamgrounda (RodrigueZlTovar et al., B06; Schwarz & Buatois,

2GUHYyLYDQMH WRpPQRJ RGQRVD L]JPHYyX YHUWLNDOQL

LVSXQMDYD SRPD&H SUL SURFMHQL YDaQRVWL HURJLMH LO
HUR]JLMH ) - -Ty& GIMPXIIR SYULGW pRGM@MAL PRJX SRPRUL
UHNRQVWUXNFLMDPD IOXNWXDFLMD UHODWLYQH UD]JLQH F
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NRPSR]LWQX SRYU&EALQX ,DNR VX XRpHQL SRMHGLQDpQL YH
sustavaThalassinoidesioturbacija povezanih kompoziW QR P SR YdU 24, kRoPi s
dvamafirmgroundima (l. 23, zbog WHUHQVNLK RJUDQLPpHQMD QSU ER
izdanaka) nema nepobitnog dokaza o postojaeptikalnih bioturbacija 7/ DNRyHU SRaWR
SsUYb JHQHUDFLMD LVSXQD PDULQVNL VHGLPHQW ELRWXU
GMHORPLPQR GLMDJHQHWVNL L]PsM B4 5 Qitarhi LopRasH QL P N |
LIPHYyX ELRWXUEDFLMD L LVSXQD P Pragmhatane] drecizihbGilogaH Q WR P
YDAQRVW HUR]JLMH LOL QHNROLNR HUR]JLMVNLK GRJDYyDMD
VH QDNQDGQR %XGXUD LVWUDALYDQMD XNOMXpXMXUL GHYV
GDWL RGJRYRU QD SLW BeQiMardta Gairelihd z& hastarfiigBRnaB
SRVWLIJQXWD HUR]JLMRP PRJXUH XJURNRYDQR UHODWLYQLP
2012, ili je postignuta omisijiomsYy UOR PDOLP LOL EH] XW Mhidvabavldh, HUR]L M
2006). Nepravilna trodimernonalna geometrijal halassinoidesioturbacija u kompozitnoj
SRYUALQL PRJOD EL XSXuLYDWL QD SRpHWQX OLWLILNDFLN
OHYyXWLP EXGXUD LR/NNDUDWILYRRMD MH B RIb Q B RPEHKEI &H]D P
al., 2006L UHIHUHQFH XQXWUD .QDXVW HW DO 6DYUGD
litifikaciju. Naknadno subaersko izlaganje marinskoghground D pLML MH UH]XOWDW
NRPSR]JLWQH SRYUALQH UD]YRM U L] Rfidrhigtblnd bdtoreakija)l. U D Q L K
XSXimaMAHGD MH SRYUaALQD PRGLILFLUDQD WLMHNRP QDNQ@D
(XJURNRYDQR DORJHQ+POWLIREWQIHRL P D 6DWWOHUWaHW DO
to GD MH NRPSR]JLWQD SRYU&ALQD PRJODNnSteHj@L regriddld QHNR
:LOVRQ HW DO 6DWWOHU HW DO &DFKmMR HW D
PRJOL XNORQLWL GLMHORYH SRGLQH +LOOJIUWQHU €
Rameil et al., 2012). Za stvaranje kompozitS(RYUALQH PRJOH VXstatkk¥ L RGJIR
promjene razine mora (nprLOVRQ HW DO NDR L NRPELQLUDQL X|
LLOL SURPMHQH SURGXNWLYQRVWL QSU 'L 6WHIDQR oL
GRGDWQD LVWUDAHYS®QMID/ NDWIRR ERRJIX UL XW MAADRW HRY L K
ORNDOQL LOL UHJLRQDOQL JOREDOQL NDUDNWHU RYGMH R
QD WHPHOMX QMLKRYRJ ERpPQRJ SUXabQMD 'L 6WHIDQR H
%UOHN HW DO 6FKZDU] % X D WMi&dlné razlike NDR
LKQRORANRJ |DSLVD 6DWWOHU HW DO 6FKZDU] % X
GHWDOMQLP JHRORANLP NDUWLDPDD@MHPLJIORMUHRALBSBQRFLSH
SRND]XMX NDNR GHWDOMQD LVWU Kbp# Ln¥diaid Mpod mjecRjé M D F L M
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VXSVWUDWD L NDONUHWD PRJX RWNULWL VORAHQRVW SR
plitkomorskim karbaatnim sjedovima (Rameil et al., 2012).

6.2.2.Firmground L XQ XW DU IR U P D F jud@ap&iton: dijdluRotoRy QY R

60LMHG JRUQMRNUHGQLK NDUERQDWD QD RWRNX YyLRYR RG
WDORAQRJ RNROL&D N D UgeRQ BoAgDrnji RNDFPBEOLQM HX'RRINROLA YD
NDUERQDWQH UDPSH NDUERQDWD IR WR PG pddlavljg. BR2ZYR JRUQ
5.3.; Brlek et al. 2013 Ovaj prijeiID] MH QD DQDOL]L Ubna RiRlitétimx Bat i y 2 .
0 RY D U sWaA)Farkiran donjimfirmgroundom (V O A pLMH ERpPQR SURVWLU
od 5 km 6l. 27 ukazuje na njegovW HILRQDRQW YDABEWHIDQR HW DO )
Christ et al., 2012; Schwarz & Buatois, 20013DOHRRNROL&AQH VWUDWLJUDIV
YDULMDFLMD WDORAaQRJ E@htist6tal., B2FcWnArA & BHavisD2D12),
QD NRMH EL FRWIHPRIXiH ERpQH UD]JOLNH LKQRORANRJ ]D
(FG-1), tj. firmground | DELOMHAHQ QD ORNDOLW Hattgieundy R E L CENDME& HVQH
QD ORNDOLWHWX ORYKWaRBR[FQ@H WD ] O L Nimgrouht W iRar X
IRUPDFLMH yLRYR UD]YRM M Hm@@dridda kKdji sQridlbze Siatiyfafs&i R G D W C
iznad FG2), I DKWLMHYDMX GDOMQMD LKQRORAND VHGLPHQWROI
*ODYQL GRJDYDM SDGD UD]LQH PRUD girnjokBrh@aRsEiO M X N
G R J Dy héMUpger Campanian Event8 & ( sénswlarvis et al., 2002), koji se vjerojatno
GRIJRGLR LVWRYUHPHQR QD SRGUXpMX VMHYHUQH (XURSH
$IULNH QSU (JLSDW 6= L 6, 7XQL YatikexuSodnoXuvhHl teRtnikB RP L QD
kao uzroktog SDGD UD]JLQH PRUD /QLQJ HW DO -DUYLV H\
8&( MH ]DELCMIH &pE@iktsnEke foraminiferske zor@ansserina ganssefiznad
zoneRadotruncana calcara)ae predstavlja glavni pad razine mora kojngknadnoSUD U0 H Q
WUDQVJUHVLMRP 6WYDUDQMH UHJLRQDOEBHBHWERDD RS BYRAM
diskontinuiteta L]PHYX IRUPDFLMD 3XpL&a&UD VUHGQML NDPSDQ L
PDVWULKW QDERWNMMXH@®HDpX *Xa&aLl -HODVND 6 WH XE
Apulijskoj karbonatnoj platformi (ltalja;, 6 FKO*WHU HW DO WH QD
(Albanija; Heba et al., 2009)avedeni autori su interpretirali kao odraz UEBJCE je,
S R PWRstratigrafije stroncijevinizotopima i biostratigrafijedranica CsB5 i CsB6 biozone;
sl. 39, regionalno (Eberli et al., 1993; Multti et al., 1996 za Maielabknatnu platformu)
]DELOMHRBHXZ5 Ma. GlobdQR MH WDNRYHU ]DékaliRoMdtbdtihQR L M
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eustatskih padova razine mora tijekom razdoblja kasnog kampana i ranog mastrihta (Steuber
6FKO*WHU L UHIHUHQFH XQXWUD

8&( NRML SUHGVWDYOMD JOREDOQR L UHJLRQDOQR ]DE
EL ELWL X]JURNRP SURPMHQD WD O Ritn@gtokndR M@ @didae L VWY D
YDAaQRVWL X V OdkM,HGNK fifngRun& (FG-1), koji markira granicu JP HVy X
IRUPDFLMD 'RO L YLRYR YMHURMDWQR MH QiBkd3jeDoR NDR £
mehanizmimanastankafirmgrounda u karbonatnim sekvencanpgikazana jeu poglavlju

ORJXUD NRUHfonpyFould® |CRIQMMHHAHQRI X M@ohdhd GX yLR

]JDELOMHAHQLP 8&( QD RWRNX % U D plAtfdimiQdDd 39S X X WHNNHR ND DN D
ERpQL SULMHO Diirngloun®D L QWNRUMHQRJ QD SULMHODI]X L] S
RNROL&AD IRUPDFLMD 'RO X RNROLa Y.MIMYNRY R D UE RBQRIXW
VXEDHUVNRJ L]ODJDQMD UD]J]YLMHQX QD NDUERQDWQRM SO
WRM EL VH KLSRWH]L 8&( PRJIJDR-MR&GIOWL INDW IE R QY@ L ¥ US(
SRGUXpMX 7HWLVD AHOIRYdM 39 QOMVHYKKRWLK (UXERYQPHSRW
ELRVWUDWLJUDIVNLK PLQHUDORANLK L NHPR20pbhbBWLIUD I\
Glumac & SpivakBirndorf, 2003 podataka iz slijeday LRYR % U OHN, kadVi ZDdQ
QHXVNODYVYH Q R \bitvdtratigraddRikl ickkeénio stiafigiafskin podatakskusijau Jarvis
HW DO :DJUHLFK HW DO 6WHXEHU 6FKO*WH
LVWUDALYDQMD NDNR EL VH VD VLIJXUQR&UX PRJOR UHUL PF
donjegfirmgrounda (kao i ostalinfirmground D JDEL &XM¥ AHUIMHGX YyLRYR NR!
QHNLP RG QHNROLNR ]DELOMHAHQLK JODYQLK SURPMHQD L
NDPSDQD GR PODyHJ PDVWULKWD 7DNRYHU ]QUOjisad GD L G
HXVWDWVNLK SURPMHQD UD]JLQH PRUD PRJX X]JURNRYDWL

regionalna tektonika i/ili promjena produktivnosti, Di Stefano & Mindszenty, 2000; Schwarz
& Buatois, 2012).
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Slika 39 Regionalnakorelacija pléformnih do pei-platformnih sjedova kampanske do mastrihtske starosti, sa
QDJODVNRP QD JODYQH JUDQLFH L]JPHYyX IRUPDFLMD NRMH EL
3JRUQMRNDPSDQVN Llife Gppel Bgrapkhial® Evdnt 8 & ( sBnsularvis et al., 2002)d{skusijao
stratigrafskim nesigurnostimatestu i u Brlek et al., 2013). Vremenska raspodijela s lijeva je prema Obradovich
(1993; 7098.5 Ma) i Cande & Kent (1995; #5 Ma); podstadijske granice u kampanu i mastrihtu (crtkane
linije) su prema Gradstein et al.9@4). Vremenska raspodjela s desna je prema Gradstein et al. (1995).
Biostratigrafska raspodjela bazirana na planktonskim foraminferama s desisalarvis et al., 2002) razlikuje

se od podatakiz Premoli Silva & Verga (2004).
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8QXWDU JRUQMRNUHGQLK GR SDOHRJHQVNLK NDUERQ
'DOPDFLMH MXaQDhin&iddRe kari®haing pdtfétme, ADCR) u donjojurskim
QDVODJDPD QD SRGUXpMX MXJR]DSDGQH 6ORYHQLMH ]D
GLVNRQWLQXLWHWD XNOMXpXNMPIOILPODXEQNWWUVNR P& Y M & INGIH
NRPSR]JLWQH SRYUALQH NRMH VX NDUDNWHUL]JLUDQH GRE
VHGLPHQWRORANLP SHGR GLMD JHQHWVNLmMa.PLQHUDORANL

5HIJLRQDOQL NUHGQRASDOHRJHQVNL .A3J VXEDHUVNL Q
IRUPDFLMDPD *RUQML +XPDF NRQLMDNAVDQWRQn ORNDO|
MXJR]DSDGQL GLRVRWRRDUWRYRPDVWULKWASDOHRFHQ ]D:
SRGUXpMX VUHGL&AQMH 'DOP D F L ethmikrostuBtdirkint) kelkfétahiaQ MH E
S ULJROLWLPD inXdiD MictqrcEdulik adregate i tubule korijenja s razvijenom
alveolarneseptaOQRP JUDYRP ODPLQLUDQLP NDONUHWDPD L S
NDONUHWL]DFLMRP ERNVLWQLK QDVODJD NDR insSWILSLPpQLP

i resedimentirane speleoteme).

(3) Faza regionalnog subaerskog izlaganja tijekom kasne Keeldle SDOHRJHQD NRMD M
WUDMDOD QD UD]OL p L Whitrari@skavkerBoRathie Bpatford&; UAZDoRovVan&R je

vrlo intenzivnim kasnokrednim sisedimentacijskim tektonskim zbivanjima koji su paani

V NROL]JLMRP -DGUDQVNHMV/R (H RVDIN R YWHW BSOIRMHMH L X GLII
RNROLALPD QD SRGUXPpMXNBR3IRYRJ UD]JGREOMD .UHGQR
interpretirane NDR SRVOMHGLFD G LidiRavje B QROIL p LWALJKO IGINWVHROIR Y D
kao odgovor na dijakrodorebulging X TURQWL SULEOLADYDMXUHJ GLQDULG

8QXWDU IRUPDFLMH *RUQML +XPDF NRQLMDNAVDQWR
XQXWUDAQMRVWL SODWIRUPH QD ORNDOLWHWX ALEHQ
GLVNRQWLQXLWHWD Xfinaghduhp XIM XG0 L N PIRIQWNH SRYUAELC
Thalassinoideshnorod (vjerojatnoTl. paradoxicu$ koji pripada Glossifungites ihnofacijesu
karakterizira stadij marinskofirmground D X RED WLSD ]DELOMHAHQLK GLV
ELRWXUEDFLMD NRPSR]JLWQH SRYUALQH MH QDNQDGQR G
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kaONUHWD &4WR XSXuXMH QD WR GD MH RYD SRYU&aLQD S

izlaganja.

(5) Na temelju asocijacije facijesa ispod i iznad fivmground D ]JDELOMHAaHQD QD OF
ALEHQLN RY H dgkontRt¥étahdolgl® Hastati kao posljeri pada relativhe razine

PRUD NRML MH X]JURNRYDR SHULRG RPLVLMH 6 GUXJH VWU
ThalassinoidesE LRWXUEDFLMH L ULIRJHQH ODPLQLUDQH NDONUH\
SRYUALQL XSXUXMX QD WRaGD MHR YPHSRVUANRBHULRGD UH

8QXwWDU IRUPDFLMH 'RO VUHGQML GR JRUQML NDPSD
OLWRVWUDWLJUDIVNH MHGLQLFH yLRYR JRUQML NDPSD
MXJR]DSDGQRP GLMHBXO RW&RHNDR YMRIY Q HildBrauhdaRkdf BUJ L QV N L |
karakteriziraniThalassinoidesioturbacijama koje pripadaju Glossifungites ihnofacijesu, te sa
IRVIDWQRP PLQHUDOL]DFLMRP firthgRop@B k&jiUrRaxkid LdteBiUM H - G R ¢
LIPHYX SRGLRONINMHIRRI® L NURYLQVNH IRUPDFLMH yLRYR YHi
UHJLRQDOQX YDAQRVW RYRJ GLVNRQWLQXLWHWD

'R QDJORJ RSOLUDYDQNW WHEQRBQRK RKNROWPN DF L R]VPR §
IRUPDFLMD 'RO L YyLRYR WHimgRun®DVWRQMNP IGR QGIRIIL |
S3JRUQMRNDPSDQVNRJ GRJDYyDMD" 8&( NRML SUHGVWDYOMEL
MH WDNRVYHU ]DELOMHAHQ L UHJLR Q-Difa@dRke kBrbokat@ QRP G
SODWIRUPH QSU RWRN %UDDp

(8) Unutar donjojurskih duDMHYRGQLK NRQGHQ]LUDQLK YDSQHQDFD
*R]GD ORNDOLWHW .RYN MXJR]IDSDGQD 6ORYHQLMD P
WUDQVJUHVLMH WLMHNRP Ufin@RundWarakteiiEiav Balagdngidte® MHa H Q
bioturbacijama koje pripadajGlossifungites I RIDFLMHV X % LRN@rBKasiL ERGO
PDGVWRQD NRML SUHGVWDYOMDMX-NRWERQAPOQOWW LMNWQR K LEH
JUHMQVWRQ@D NRML LVSXQMDYDQMX ELRWXUEDFLMH 1D
*ODXNRQLWUPOQL PRhMD MH PLQHUDORJLMD GRND]DQD UHQ
koji predstavljaju dodatan dokaz marinske omisije, mogu biti karakterizirani i zrnastim
KDELWXVRP EH] Pmavai@monjakd pdiati&Rsrata.
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(9) Negativnevrijednosti /2& L X P D QMR bedemHIKalkreta, koje markiraju
UHJLRQDOQL NUHGQRASDOHRJHQVNL .A3J VXEDHUVNL QHN
SRGUXpMX VUHGL&AQMH 'DOPDFLMH IRUPDFLMD *RUQML +X
YyLRYR QD MXJR]DSDGQRP GLMHOX RWRND yLRYR L LVWR
SRGUXpMXR URRPLDP QR ]QDpDMQR VH UD]J]OLNXMX RG YULMH
marinskih Y D SQH Q D F D VGHR IX[3iije)dbeXe zamjene ugljikovih izotopa paimmog

CaCQ sa CQ koji je nastao respiracijom korijenja i razgradnjom organske tvari .u tlu
SRVWXSQR S RXCHiipM&) wapheriaca SRYHIUDYDQMHP GXELQH LVS
subaerskog izlaganjadARIJXREUD]DF (*REUQXWRJ -~ QD DR XB & UWMM X L

subaersko izlaganje ovih gornjokrednih sljedova.

(10) Vrijednosti /°C (sa rasponom odl31A G®2A 93'% O /sa rasponom od

101A G®W1A 93'% VYLK YUVWD .A3J NDONUHWDratllRMiH VX DQ
rasponu vrijednosti kalki WD ]J]DELOMHAHQLK X OLWHUDWXUL WH VX
NDONUHWD NRMH VX ]JDELOMH&HQH X UHFHQWQLP L SOHLV

profilima.

(11) Vrijednosti A& VYLK YUVWD .A3J NDONUHWD D SRWH&LFH GU
W LS LMiQacBdium DJUHJDWLPD J]DELOMHA&HQLEKC @id@KRiNdDOLWHW X
131A GRI23A 93'% VX YUOR EOL]X do@Gjih apsslutQiD vrijddid&il F L
pedogenih karbonata koji nastaju IRV RSQRM CDNNQIRWHRBIGR A 3'%

2YH VH YULMHGQRVWL RpHNXMX |]D DXWLJHQH SHGRJHQH 1
utiecajem G zajednice bilakaWH EH] RpLWRJ XQRVD L]JRWRSQR WHaH
primarnih karbonata ili iz atmosferskog €0ako WD NR &C Whjegdinosti kalkreta
SRGUaADYDMX L QVWNHAtb8AdiHRVIDIFUHWID VD YKHFLSLWLUDQL SRG L
NRQWURORP XQXWDU WOD RWNULYDQMH Midddodip@LK L W
agregata (npr. rizogeni model ili stvaranj®s XWMHFDMHP PHWDEROLpPpNH DN
rizosferi) kao i definiranje njihovog utjecaja na vrijednosti stabilnih izotopa autigenih
SHGRJHQLK NDUERQDWD |]JDKWLMHYD GDOMQMD LVWUDALYD¢

(12) Vrijednosti A°C (od-4,4A GRB,6A 93'% UL]RJH Q LKojeNdD adtdleHii@ar
firmground ThalassinoidesELRWXUEDFLMD NRML NDUDNWHUL]JLUDMX
IRUPDFLMH *RUQML +XPDF QD O Rilddd'fonijadndstamaBiskthL N QHJ

93



YDSQHQDFD WRPPRIWIDYyXMX GD MEODNEBPBERPDWRDRFIRDDELPH
pedo(dija)geneze. Nayijednosti /A3C kalkreta pozitivnijesu RG YULMHGQRVWL NRMH
]D SHGRJHQH NDUERQDWH NRML VX QDY \WIMHGHREHS BEHY @D &
XSXiUXMH QD WR G D vijedmostiHg IRELIDOIVEHDAHDQUHX N RLQaVaDIML QD FL M

marinskim karbonatom.

(13) Sekundarni karbonati u tim@Q DVWDMX X L]RW RKOQRIM kdjDnéspeReW HAaL V
uglavnom respiracijom korijenja i mikrobijskim raspadom organske tvari dPttencijalna

bXGXUDWUDALYDQMD YULMHG QR Y\0)li apsoiing Hadir@njeKmeipoWw R SD X
C-14 pedogenih karbonata (prvenstveno rizoliti i kalcificirstenicekorijenja) i1 asocirane

organske tvari (npr. lipida), koje nalazimo u razntdVWDPD NYDUWDUQLK QDVOL
Hrvatske (npr. sljedovi lepaleotlo X ,VWUL . YDUQHUX L X nmogiWbRpQRM A
SULGRQLMHWL EROMHP UD]XPLMHYDQMX L QDGRJUDGQML

kvartara.

,KQROR&NH MNMHGLFHE®RNE&DVMA JHQHWVNH PLQHUDORAN
SRYUALQD GLVNRQWLQ XL WwatiMkao Drjjhove Lsiratigiafeke KmpkkaRijg,R P
mogu se koristiti pri identifikaciji, karakterizaciji i interpretaciji diskontinuiteta prisutnih u
karbonaQLP QDVODJDPD UD]OLpLWH VWDURVWL
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AXSOMLQ HoRWDEDQMDA

WXEXOL KoBtitubiesi Q M D A

WY U E R 8D Wubsbateiffess
XQXWDUVWD Q L firfréceNuuC&ltifidatioh F L M D A
YHUWLNDOQR RULMB@MWLUDQH ELRWXUEDFLMHA
] D P M keldddment
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aLYRWRSLYV

5RYHQ VDP X =DJUHEX OuUPORD [DYURCBHOWMWHILPQH ;9,
Zagrebu, 2003. godine upisuert SORPVNL VWXGLM VPMHUD GLSORPLUD
*HR O R doWdreRu Prirodoslovne P D W H P D W L p N.RDiplomgkiXr@d\pdd/NVriazivom
3z=QDpDMNH JUDQLWQLK YDOXWLFD XQXWDU NRQJORPHUD\
YRGLWHOMVWYRP SURI GU VF 'UDAaHQD %DOHQD REUDQLR \
diplomiraniin aHQ M H U JshigpOrRikealbglja i petrologija).

8 VLMHpQMX JRGLQH ]DSRAOMDYDP VH NDR ]QDQVW
+UYDWVNRJ JHRORANRJ LQVWLWXWD QD SURMHNWLPD36WUL
MDGUDQVNRJ SRAUXDUVDMBLKNEYT WRP2EIV pod vodstvom dr.sc. Tvrtka
.RUEDUD YL&AL ]QDQVWYHQL VXUDGQLN WH 32VQRYQD JH

SURMH NWISEIO9M93) pod vodstvom dr.sc. Mirka Belaka (znanstveni
VXUDGQLN 8 LVWR Y DbRbksk IStudip GeBIquij@QMAHBPR QRANRP RGVMH
PrirodoslovnePDWHPDWLpPpNRJ IDNXOWH W,Dpo® YotXpomO préafWBc. X =D J!
%ODQNH &YHWNR 7HAOWMWRORARORDNRG *HRORANL RGVMI
PDWHPDWLpPNRJ IDNXOWHWD L GU VF 7YUWND .RUEDUD
institut). U okviru projekata na dima sam zaposlen u okviru doktorskog studija
VSHFLMDOL]LUDP VH ]DNHPGEMPHPWIRORADNDL Y DIHNRD NDUERQ
SDOHRJHQVNH VWDURVWL SUYHQVWYHQR QD SRGUXpMX
VHGLPHQWRORAND LKQRORAND SHGROR&AND SRPYLWAHWMO R &
diskontinuiteta prisutnihu navedenim aslagamgsa primjenom kako na mezozojske tako i
NHQR]JRMVNH XNOMXpXMXiL7ONRWHWWDPOQMXQBMYORYHDR L
kartranu NDUERQDWQLK QD RW@WIRND QyhKeddls WX pIMMD |, 8 bkpituad i H
LJUDGH 2VQRYQH RHH{Rs®R ¥iN H i NiD ) Wtdjekta IPA Adriatic Roof Of
Rock. Tijekom izrade doktorske disertacije objavio sam kao prvi adooriginalna
]QDQVWYHQDSRBRYBIONID VD GLVHUWEEIMBoRNgeN, Kop YeRSLV X
indeksiran u znastvenim bazara Current ConteriCC)i Web of SciencéWoS) 7DNRyYyHU |]D
SRWUHEH LJUDGH GLVHUWDFLMH L SXEOLNDFLMH ]QDQVW
HPLQHQWQLP GRPDULP L LQR]JHPQLP J]QDQVWYHQLFLPD

7TLMHNRP VUSQMD JRGLQH VXGMH @afiey BBmanBP QD W
isotopes and organic matter in chemostratigraphy: applications, limitations and implications
for global environmental change SR G Y R @rofWHY ReRkyns 6 Y H X ¢ L @kféardu)

119



koji se odvijao uFerrar (Italja). 5SH]XOWDWH LV WU D aizride Qiséidacis URL]D &
SUHIHQWLUDR VDP X REOLNX XVPHQRJ SULRSUHQMD L SRV\
VNXSRYD XNO M Xy XIMetnational Assb@iation of Sedimentologists) kongres u
Schladmingu (Austrija tijekom rujna JRGLQH WH +UYDWVNL JHRO
PHYXQDURGQLP VXGMHORYDQMHP X aLEHQLNX WLMHNRP OL
23HQMHQ@OMD™P VDP |$#UYDWVNRJ JHRORANRJ GUXaAWYD
engleskim jezikom u govoru i pismu. PoljgQDQVWYHQRJ L VWUXPQRJ LC
VHGLPHQWRORJLMD L JHRNHPLMD S&lmdréddgiz, eddadiR@ WL Q XL
LIRWRSQD JHRORJLMD SHGRJHQLK NDUERQDWD X QDVODJD
UDpXQDOQLP SURJUDBRRMOOGE YOLERR G DRIJUDIPLLPpNH RSUH
RSWLPpNX OXSX L SRODUL]|]DFLMVNLGRLNDRWRRSEWDUSR @$R

elektronski mikroskop (SEM) sa energijsko disperzivnim sustavom (EDS).
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Mihovil Brlek, dipl. L Q a JHRORJLMH
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HR-10000 Zagreb

Tel. +385 1 616722
E-mail:lmihovil.brlek@hgicgs.h
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