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Sl. 1. Lltostratligrafske jedinice dogera i malma zapadne Istre: stratigrafija, lito­
logija, okoliSi; 1 = stromaitoNt, 2 = rnudstone, 3 = peloidn'i packstonef:waoke· 
stone, 4 = ooidni gramstone/ru.dstone s kosom slojevitt>Scu, 5 = regresivne 
brere, 6 = boksit, 7 = breee/kongl<>merati/lapori/gline, 8 = crne valutice, 
9 = stilol!itni mudstone, 10 = kasnodijagenetskifranodijagenetskli d'Olomit. 

Fig. 1. Lithostratigraiphic llllllits of the Dagger and Malm in western Istria: strati­
graphy, lithology, environments; 1 = stromatolite, 2 = mudstone, 3 = 
pelloida:l packstonefwackestone, 4 = ooid gralinstone/rudstone with cross­
-bedding, 5 = regressive breccia, 6 = bauxiite, 7 = brecciai/conglomerate/ 
marl/clay, 8 = black pebbles, 9 = st:yfolitic mudstone, 10 ""' late diageneti.c 
and early diagenetic dolomite. 

tom nagiba od 13°, ali u 1SUprotnom smjeru, na sjeverozaipad (cca 300o). 
Gomji set !kosih rlamina nastao je preta:lofavanjem nevezainog karbonat­
nog detritusa pri djelovanjru povraitnih •struja i/.ili va'lova na pjescanom 
plimslrom prudu {Tis 1 j a r & Ve 1 r:i. c, 1987). Kosa slojeviitost nailazi se 
samo u islojevima B i C ritmi.CJke sedimentacije (SI. 3). 

SJ o j A - peloidni i SkeletJni wackestone se saistoji od kar.bonainog 
mulja - mikrita s varija:bilnim udjelom peloida, mi!kritiiiranih bentic­
kih foraminifera, rS'keleta zelenih alga, simozmastog fosilnog kr8ja, .rjede 
i algalnih on!lmida (oijanoidne te fragmenata kladdkoroipsi•sa i 
drugih •sitromatoporoida, a mjestimice i koraljnih busena (Tab. VI, ·sl. 1). 
Foraminifere, zelene alge .i onkoidi predstarv'ljaju ovdje ekdloski adapti­
rane forme, a kl1Sje hidrozoa su abradirani !i ohavijeni bioklasti, odnosno 

U run m¥.eS·1:?1]ehw Gesta je alr:i. VT}() sfa'ba l neraV­
Il'OJil]ema ka'Sllodi.Jagenet.skgll o orrntuzac1Ja. 
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SI. 2. Geoloska skica pov·rSinskog rasporeda litostratigrafsldh jedinica dogera i 
mailma zapadne Istre. 1 = Monsena mikriti (bat - najdonji oksford), 2 = 
Lim veJetnd vapnenci (O'ksford - donji kimeridZ), 3 = Muea ooidno-biokla­
sticm vapnenci {okisford - donji kimeridi), 4 = Rovinj breee (vr§ni donji 
kimenidZ), 5 = boksit (gornji kimeridZ - donji titon), 6 = Kiirmenjak stil~ 
.litiziirani mikrit!i {~omji ·titon), 7 = Fantazija dolomiti (gor:Qji titon ~ 
ber.ijas), 8 = va2nij1 rasjedi. · . 

Fig. 2. Schematic geological map of the Dogger and Malm lithostratiigraphic units 
in western !stria. !l = Monsena Micrites (Bathonian - basal Oxfordian), 
2 = Lim Pelletal Limestones (Oxfordtla.n - Lower Kimmeridgian), 3 = Muea 
Ooid.Siocla:stiic Limestones (Oxfordian - Lower Kimmeridgian), 4 = Roviinj 
B.reccia (uppermost Lower K.immer.idgian), 5 = Bauxite (Upper Kimmer id­
gi.an . - Lower T.itho~an), 6 =. Kfrmenjak ~tyloJ.?-tic Micrite~ Cprpper Ti­
thOil!lan), 7 = FantaztJa !Dolomites {Upper T1thoman - Bernasian), 8 = 
Faults. 

S ~ o j B - ooidni grainsrone pret~no se •sastoji od vrlo dobro sort:i­
ranih (0,2--0,4 mm) ooida s tangencijalnom gradom ovoja .(Tab. VII, sl. 
1.). Mnogo je manja prisuitn.ost dobro sortiranih •intraiklasta, bentickih fo­
raminifera i sitnili fragmenata molusa.ka. Odidi se sastoje od jezgre (obic­
no benrieka foraminifera, peloid ili ilntrakilast) ii 2-5. ovojnica tangenci­
jaine ,grade {Tab. VU, sl. 1). ID!terigranulane pore su cementirane vla-kna­
stim i gran.ularn!im .i:Ji d11Wn.im kalcitnim cementom. Na mnogo mjesta 
ooidni ~·nstonei .su cemenitirani samo djelomice, pa je intergranularni 
porozit ovdje vrlo visok 
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Sloj C - ooidni i bioklasticn:i 1grainstone/rudstone sastoji 'Se od ooid­
nog grainestonea 1kao osnovne maise i varijarbilnog udjela .krupruih {2-55 
mm) obaviijenih hioklasta lcladokoropsisa i drugih hidrozoa, koralja, pa­
hiodontnih slwlj'kasa .i 1ljusturica bentick~h foram.inifera (Taib. VI, sil. 3). 
Vecina rkrupnih bioklasta obav.ijena je mikrirtnim ovojnicama i/ili bioge­
nim a'lga'lnim ovojnicama, rtako da pripada kortoidima :iH obavijenim bio­
klastima {Taib. VII, .si. 2). Ti krupni kortoidi iii biokilastd su a:bradirane 
i u ove vapnence naplavljene kompo-nente. U gomjem dijelu ·sloja C, 
a sire i cijele Muta jedini:ce, runJUtar del;>elo slojev.i:tih iJii masivnih rud­
stonea nalazimo uvaljane pojedinacne kuglaste Hii eHipsoida'lrne koraljne 
busene promjera od 10 do 60 cm i giudaste hidroze do 20-ak om u pro­
mjeru. Oni tu nisu na ·SVIOID stanristiu u primar.noj poziciji rasta, vee su 
zajedno s ostarlim biokfarsitima doneseni jakim strujama, vrlo vjerojatno 
olujnim va:lovima. 

Intergranularne pore grainstonea=tonea samo su djelomice ispu-
njene vla.1mastim, granularnim Hf mm mozaicniim :kaldtnim cemen-
tom (Ta:b. VII, sl. 1). 

Muea jedim:ica je najfosHifemija jedinica u juri Istre. To je i posve lo­
gieno s oibzirom da je na:sta:la u okoliru gdje je aik1umuilirana najveca ko­
iiCina napla'V'ljenog biodetritusa. Fosili su mjestimice dominantni sasto­
jak vapnenca (Tab. VI, sl. 3). Cak se j gradacij:ski moze ipraiti.ti sudjelova­
nje pojedrinih fosilnih gmpa u slojevima od mikroforaminifera promjera 
ku6ica do cca 1 mm .urkfopljenih (>~uva-ljani:h«) u ooidnu masu jednaike ili 
pribliZne velicine zrna, preko centimetarsikih kladokoropsisa 'i krsja mo­
lusaka do decimetarsikih gruda.s1tih hidrozoa ri loptastih 'koralja u bio­
kilastlienim rudstoneima. 
, Maikrofosili naSim istra.Z.ivanj.ima nisu obuhvaceni, taj rad tek pred­
stoji. Rarspolafemo podacima iz radova Po 1 s aka (1965b) 1i P 0 11 s aka 
& Si k i ca (1973) prema kojima su 'urtvrdeni hidrozoon Actinostroma 
istriana M Ii. 'l a n, koralj.i Isastraea thurm.anni Et a ill on i /. variabilis 
Et a 11 on i I. variabilis E ta I ·Ion , te pahiodontni §koljika1s M egadi­
ceras salopeki Po .Is a k. Ovakva zajednica ooganizama, kojima su grebe­
m/prlgrebeni domicHno staniSte, uz mjestimice·ma:sovno - litogenetski 
- prisutain Cladocoropsis navela je 'sipomenute autore da su ove vapnen­
ce oznaci:li tvoreviinama »izrazito grebens1drh obi'ljefja«. 

Miikrofosilna zajednica prema odrec:tenim vrstama posve je jednaka 
onoj !iz Lim vapnenaca, ·samo sto 1se pojedini obHCi pojavljuju u iz.razito 
veli'koj mnozini. To se prvensitveno odnosi na foraminiferske rodove 
Chablaisia i Trocholina i hidrozoon Cladocoropsis {Tab. VI, sl. 3 i 4). 
Taiko i intenpretacija starosti, rb'Ho prema k.ronostratigrafilji Hi biostrati­
graf.iji ostaje istom, odnosno zajednick-om i za Lim i za Muea jedinicu, 
sto maCi da je ova zadnja taikoder donjoma1msike starosti - oksford-'Cionji 
kimeridZ, ili unutar zone Salpingoporella sellii (Sarto n i & C res­
c en ;ti, 1962). 

Okolisi i uvjet·i tailozenja M u c a jedinice 
Plit!kovodni vaipnenci fadvojeini u Muca jediniou tipicni su sedimenti 

pjescanog plimskog pruda ( = »tidal ban), tj. ·sedimeniti sestog W i •ls o -
no vo g (1975) ·stan:dan:lnog facijalnog ipojasa. Nastali su prenosemjem 
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SI. 3. Litofacijalni stup Mura jedinice snhnljen na tipskom lokalitetu - poluotoku 
Muca u Rovinju (iz: T 1 § i j a r & Ve l Ii c, 1987). 1 = onkoidn.i floatstone, 
2 - peloidni paclcsrone/wackestone (A slojevii), 3 = ooidni grainstone (B slo­
jevi), 4 = ooidno«ortoidni grainstonelrudstone (C slojevi), 5 = naplavljeni 
hidrozoi, koraljli, foraminifere Ii alge, 6 = horizontalna slojeviitost, 7 = valo­
vita slojevitost, 8 = kosa slojevitost, 9 = bok&it, 10 = regiresivna breea, 
11 = desikacijska breca/konglomerat, 12 = cme valutice, 13 = stilolitimrani 
mdkrit. 

Fig. 3. Lithofacies oolumn of the Mura unit measured in type locality - Mura 
peninsula m Rovinj (from: TB I j a r & Ve lii c, 1987). 1 = oncoidal float­
stone, 2 = pelloidal packstonefwadrestone (A beds), 3 = ooid grainstone 
(B beds), 4 = ooid-OOrtoid grainstooie/rudstone (C beds), 5 = flooded corals, 
hytlrozoans, foramimfera and algae, 6 = horizontal bedding, 7 = wave 
rippies, 8 = oross-beddiing, 9 = bauxite, 10 = regressive breccia, 11 = 
desiccation breccialconglomerate, 12 = black pebbles, 13 = stylolitic micrite 
(mudstone). 
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ooidnog pijeska i fosHnog detri:tusa plimskim strujama i valovima, a po­
tom i njegovim ta'.lozenjem na p'limslrom 'Pjeseanom prudu. 

Teksture i struJc!tiure, a posebice kosa slojeviitost, vaJne brazde velikih 
dimenzija, ikao i ritmicka sedimentacija: A-peloidni wadkesrone, B-koso­
slojeviti ooidni gradnstone d C-ooidni i bioklasticni grainstone/rudstone, te 
abradiranje i obavijanje hidrozoa i 'koralja jasoo ukaruju na spomenuti 
mehaniza:m transporta i tailoZen.ja. 

Obratna gradacija - poveeanje velicine zrna odozdo prema gore unu­
tar '.l'itmi&e sedimentacije slojeva A, B i C {sl. 3) ukaruje na periodionu 
izmjenu .rarooblja s ni1skom enerigijom (A) i razdobija 'Sa sta:lnim poras­
tom ene'.l'gije vode (od A, preko B do C) st<> se odrafava i porastom rudjela 
bioclerirusa i velicine doplavljenih cestica. 

Peloidni wac~ei (slojevi A) italozeni su u VJ1lo plitkom potplim­
skom ol«5lifo u v:rijeme niskoenergetske faze; ooidrri ~.jns1tonei (slojevi 
B) s 'k.osom slojevitoscu na plimskom tpl1Udu pod iprev: adavajueim djelo­
vanjem pl'imsikih struja {»tide 1dominated conditions«), a hidroz'Ojski, ko­
railjni i drugi bidklasticni ko111loidni rudstonei (slojevi C) u viso'k-0ener­
getskim uvjetima ·sta1lnog djelovanja valova (»constant wave action«), 
vjerojatno uzrdkovanih olujama. Krupni biodetritus (>>ikortoidi«) potjeee 
od razaranja organogenih grebena ili kripastih greJbena, koji ·su bili u vi­
sokoenergetskim uvjetima potpuno razoreni, a biodetri'tius je valovima 
bio valjan i almmuliran na p'limskom pI1Udu. 

R o v i n j broce i bdksiiti 
U ovu jediniou uvrstene su vaipnenacke breee i bdksi·ti. Breee se u 1kon­

tinuiranom pojasu pojavljuju redovito u krovinskom dijelu Lim Hi Mu­
ea jedinice pa time cine i neposrednu poiclinu slijedeeoj maims'koj jedi­
nici - Kiirmenjak stilolitiziranim vapnencima. Premda se mogu pratiti 
uzrluz oijelog kontaiktnog poja:sa spomenutiih jedinica od Poreea, preko 
Val1karina, Gradine i Klostra do Rovinja {SI. 2), najijepsi izdanci breea 
nalaze se kod Vrsara i Rovinja, gdje su po tipienom lokalitetu i inazvane 
Rovinj breee. Osim toga pojasa registrirane ·sru jo5 kod Funtane, istoeno 
od Vr-sara, jugoistoeno od Poreea i zapadnio od Klostra (SI. 2). Boksiti se 
u veCim kolitinama poja'Vlljuju sjeverno od Rov':inja i jugoistoeno od Fun­
tane, gdje je zapaf.eno da su istafoZenii u paleoreljefndm udubljenjima :u 
Rovi.nj brecama. Pojave bok:sita zap-aZene ·su i na ju.Znim padinama Lim­
skog kanala :te u o'kolici Gradine. 

Debljina breea je varijaibilna: od dvadesetak om do dko 5 m, iznimno 
i do 8 m, pa cesto imaju oblik nepravHnih ieea. 

Utofacijes i biofacijes R o v i n j breea 

Rovinj breee su •sasta'V'ljene od pretemo 10 do 80-ak mm velikih, slabo 
zaobljenih Hi posve uglastih &agrnenata vaipnenaca najcesee Lim, rjede i 
Muea jedinice (Tab. VIII, sl. 1). Granica •S tim podinskim vapnencima 
cesto je neravna ili neipravi1na ili je cak potpuno nejasna, :poprut postiup­
nog pI1ijelaza iduCi od vapnenca preko breca:stog vapnen:ca u breeu. Vezi­
vo hreea je miikrokristalasti kalcit, mjesitimice tp~gmentiran Fe-minera­
lima. 
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Autohtonih ·~osHa u breeama nema, ;pa se o biofacijesu more govoriti 
samo na temelju fosHmog ·sadriaja frag11I1enata. Kako oni potjecu od Lim, 
mjestimice i Muea vapnenaca, tako se nadu i fosili opisani u tim jedini­
cama. 

Okolis ·i uvjet.i talo.Zenj a R o v i n j breea 
Facijalna ana:liza Rovinj breea ukazu.je da one pretefaim dijelom pr.ipa­

daju pr.iobaLnim ta1ozima, a n;i.jestimice i su:baerSkim emerziJsikim breea­
ma. Priobalne breee Sill po nasem shvacanju na·stale u regresivnom ciklu­
su, dakle pri ipovlaeenju, a ne nadirainju mora pa je njihov zavrsetak ujed­
no i kraj regresivnog cilclusa koji se jasno manifestira facija1nim karak­
teris•tiikama i uvjetima ta'l<>Zenja vee od Monsena prek.o Lim i Muta je­
dinice. 

Promatraj:uCi starije jurske clanove u lstri kroz promjene okolisa i 
uvjeta tafozenja isika2lll'je se tendencija postUJpnog oplieavanja od lagune 
preko plitkog potplimskog i plimskog okoH5a do plimskih pjesean:ih pru­
dova i i~ronjavanja, a rlrulminira uipravo st1Varainjem ovih breea i zav.r5ava 
okopnjavanjem. Mjestimice nei:l)ra:lena 1granica Lillll/Muea vapnenaca podi­
ne s breeam.a, uglavnom postiupni i nikada ostri prijelazi tih vapnenaca 
u breee, dis:kordantan palofaj boksita na hreeama i tiransgresija KiPine­
njak stiloHta:iih mudsitonea, koja zaipooCinje trarnsgresivnim brecama}kon­
gJ.omeratima s rlaporovitim vetivom, uk~uju da je kontakitna zona Rovinj 
breea s jedne i K<irmenjaik vapnenaca s druge strane ujedno i granica 
starijeg regresivnog i mladeg tlransgresivnog cildusa. U budiuCim istraii­
vanjima ovo ce vjerojatno bi ti i granica dviju ikarbonatnih formacija. Ro­
vinj breea n 1i1kada nema na boksitima Sito bi bila no:rmalna pojava da su 
one nastale pri transgresi}i. 

Zainimljivo je ·sipomenuti da opisane breee nisu priivrlacile osobitu ipo­
zornost ranijih istra~ivaea. Samo D' Ambrosi (1940) navodi hrecaste 
vapnence Vrsara, dok P olS a k & S i 'k 'i c (1973) breeaste :vapnence 
oko'lice Vrsara u'VI'Stavaju u donji die> titonsJdh naslaga. Medutim, sadas· 
nja interpretacija breea kao regresivnog sedimenta zaslufoje osobitu po­
rornost i detarljniju analiru, prvenstveno stoga stio u .krskim Dinaridima 
nismo cesto 111 iprigodi susresti se s regresivnim tvorevinama u ka.ribonati­
ma; obiono .su one »i7Jbrisane« erozijO'IIl u neposrednoj nastiupajucoj kop­
nenoj fazi. S druge •strane, usoovanost ovih ·ra1JIIljerno tankih naislaga uka­
:mje na relaitivno slabu eroziju i malu debljinu kemijslrog otapanja sto 
011b'iljno dovodi u sumnju stajarHSt:a o 1postanlku boksi:ta otapanjem veli­
kih masa ikavbonatnih stijena u kopnenim fazama 0 cemu ce detaljnije 
biti govora u · posebnom radu. Urglavnom, pa'leogeok>Ski dogadaji izmedu 
taloienja Lim i Muea vaipnenaca s jedne i Kirmenjak stHolitnih vapnena­
ca s druge strane mogu se na temelju facijalnih analiza rekonsitrui<rati 
o'V'im slijedom: (1) regresivne :tendencije u VI'snom dijelu Lim/Muea jedi­
nice i stvaranje Rovinj regresiV'llih ibreea; (2) okopxrjavanje i talozenje 
boksita; (3) oscilirajuea transgresija sedimenta Kirmenjak jedinice (rpre­
ko Rovinj breea i boksita). 

K fr m e·n j a k s ti Io I 'it i z i ran i mi k r it i 
KiI'menjak stilolitizirani mikriti nazvani su po vee stoljeeima pozna­

tom aI'hitek!tonsko-gradevinskom karnenu koji se ~ d~a~ vadi u nekoliko 
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ikamenoloma u okoHci sela Kirmenjark, a ranije 3e hio rpoonat pod irnenom 
»Orsera« (Vrsar). Ovom ClallJl.l odgovaraju, uz manje ·~jene, »va:pnenci 
s tintim:dima« ( = CampbellieMa striata) prema P o 1 s a k u (1965), od­
nosno »titon« prema PolSaku & Sikicu (1973). 

Vapnenc1 Khmenjaik jedinice proteru se u man:je-vise kontinuiranom 
pojasu od Pon~ca preko Vrsara, :l)baindaja, Valkarina, Gradine i KloSt:ra 
do Rovinja s izuzetkom obala Li.ms'kog kana!la gdje su tek!tons'ki prelkinuti 
(SL 2). Iwlirane pojave utvrdene ,su jos izmedu Va~karina i Poreea, rkod 
Funtane, u Vr'sairu i okolici te izimedu Mukahe i rta Sim'ija (SL 2). 

DeblJina Kiirmenjak m&riia nije ujed·nacena zibog nejednolikog pros­
tornog zahvata viseg dijela ovih naslaga <lcaSIIlodijagenetskom dolomitiza­
ci:jom (Sl. 1). Najveea debljina cistih vapnenaca koje itretiramo kao Kir­
meinjak jediniou izmjerena je u !kamenolomu Khmenjalk i iznooi 85 m. U 
oikolici Poreea dolomi!tiizacija je zahvatila cijeli gomji, manje i srednji, 
dio vaipnenaca pa 1e tu debljina ci,stih vaipnenaca manja ocl 30 m. Izmedu 
Limskog ikanala i Rovinja iZJmjerene su ove debljine: Stara kava u Limu 
- SO m, kamenolom Mondolako oko 63 m i Zlatni rat (jufno od Rorvinija) 
32 m. 

Litofacijes i biofacijes Ki r ,rn en j a k jedinice 

Iizrazi:te i u terenu jasno uoeljive litoloiSke znafajke Kirmenja!k vapne­
naca 'SIU .ritmicka ,sedimentacija, mnogobrojni, gusti horizontafoi 'i mrei.ni 
stHo1iti i oeiigledna prevlast poroulanastih debefoslojevitih muds,tonea 
nad fenestralnim mudstoneima {SL 4). 

Kirmenjak jedinica iznad bdksita zaipoCinje izmjenom tanik1ih (5-20 
cm) silojeva mudstOIIlea, gHnovitih fapora/iglina i ibreCa./:konglomerata s 
laporovitim matriksom. LeZi na Rov:i111j breeama Hi boksitu, na kojemu 
se jos moze pojaviti tanJd sloj moevamog taioga, nastalog prije poeetka 
transgresije {T 'is I j a r et al., 1983). Slijedi glavna masa donjeg dijela 
Kirmenjak jedinice koja se odlikuje ritmiCkim :talorenjem (odozdo pre­
ma gore) 40-120 cm debelog ·sloja gustog porcufanastog mu:dstonea, mje­
stimice s hioturbacijama iJi peletnog mudstonea, za<tim tanjeg sloja (5-30 
cm) mudstonea 'S feinestralnom grad'Ollll (Tab. IX, sl. 2), ili rjede fenestral­
nog peletnog wadkestonea. Ritam zavrfava ulosc'ima, leeama ili tamjim 
proslojcim.a breea i/iili kanglomerata s crnim valuticama, tj. tziv. »black 
pebble« breeama (Tab. VUI, sl. 2). 

Za gornji dio ove jedinice takoder je karakteristicna ritmi.6ka sedimen­
tadja, ali ne:Sto drukC'ija. Nema vise >>blaok;pebble« 1breea}konglomerata. 
Ovdje su macajni tzv. >>desiikacij'ski ciikliusi« (T i s 1 jar et a:l., 1983). Po­
jedini oiklus sastoji se od: (A) mudstonea, rjede mudstonea s mrvicastom 
stru.kturom; (B) mudstonea s desikacijskirn pulkotinama, eroiijs:kom po­
vrsinom i'li tankom desLkacijskom bre6om; (C) onikoidnog fenestralnog 
grainstcmea/rudstonea i (D) desikacijsilcih ii/Hi vadozn'ih tvorevina Ill fene­
strafoOlil varpnencu. 

Osim ritmi&e sedime111tacije bitna tekstiurna zinaeajika K:irmenjak vap­
nenaca su mnogobrojni gusti horizonta1ni, ·rjede i mrefni stiloliti, su turi­
ranog i sei7imogram tipa (Taib. IX, sl. 1). Po postanlku to su kasnodijage­
netske tvorevine na:stale procesima otapanja pod pr.i:tiskom i cirkulaci­
jom vode u vee potpU!Ilo Htifioirnnim vaipnencima. Na temelju velicina 
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SI. 4. Detaljni stiup n.iZeg dijela Kinnenjak jedinice sndmljen na profillu Boksitna 
jama - kamenolom Mondolaco, sjeverozapadno od Rovfaja. 1 = lapor, 2 = 
mud.stone, 3 = gliina, 4 = desikadjska ili •black pebblec~reea, 5 = fenestre, 
6 = stromatolit, 7 = stilolitni mudstone, 8 = bioturibacije. 

F!ig. 4. Detail.eel column of the lower part of the Kimienjak unit measured from 
bauxite mine to the Mondolaco quarry NW of Rovmj. 1 = marl, 2 = mud­
stone, 3 = clay, 4 = desiccation or black pebble breocia, 5 = fenestrae, 6 = 
stromatolite, 7 = st)'lolitic mudstone, 8 = bioturbations. 
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amplituda stildlitnih savova Tis 1 j a r (1976) je izraeunao da je pro­
cesima sti:lolitizacije primama debljina vaipnenaca reducirana od 20"/o 
do 3<:Jl/o~ 

Biofacijes Kirmenjak jeddnice pokazuje stanovito osiroma:senje u od­
nosu na starije jiurske jedinice u Istri. Spedfiooi uvjeti ta1orenja u izrazi­
to ipliitkim okolisima i(plitJlci ipotiplimskd, iplim.Ski i natplimski pojas) s 
cestim i11:·ronjavanjima u vadoznu zonu iili s des1kacijama odrazrli siu se 
u slaboj zasrupanosti fosila. Ma:krofosili nisu zapazeni, a miikrofosilna za­
jednica svodi ·se viSe na pojedinacne nego slmpne nalaze vaipnenaokih 
alga, beDJtickih foramini!fera, s1tnih ostra!koda i favreina. Alge su rnnoZi­
nom i vristama eesce, foramini.fere vr1o rijetke, astraikodi neodredivi. Od­
redene su alge: Clypeina jurassica Favre, Salpingoporella annulata 
Ca·rozzi, S. grudii (Radoicic) iCampbelliellastriata (Ca r ozz i), 
od foraminifera samo Kurnubia palastiniensis i Parurgonina caelinensis 
Cu vi 11 tier et al. (Tab. IX, st 3 i 4; Tab. X, sl. 1-3). 

Citirana zajednica definira gornjomalmsku, me gledano gornjotiton­
sku sitarost. Biostratigrafski, vapnenci Kirmenjalk jedin'ice pripadaju naj­
mladoj malmskoj zoni Clypeina jurassica i Campbelliella striata { V e­
li c, 1977). 

Okolisi i uvjetoi talorenja Ki rm en j a k jedinice 
Poce1Jna T~tmi6ka sedimentacija kcmglomeratafibreea s laporovitim i 

glinovitim vezivom i :mudstonea posljedica je osdilirajuce rtransgresije s 
viSe opetovanih preplarvljivanja i kracih izr-0njavanja, sa stvaranjem va­
doznih iii cak paleokrSkirh fenomena Hi palk samo '8 obicnim isusivanjima 
i desikacijskim breeama. Post'Ulpnom ingresijom mora uz periooicke os­
cilacije morske rnzine, a vjerojatn:o i pul:si·ranja ka:r.bonatne platfornne, 
usposta'V'lja ·Se specifiCa:n rdim plitkomorslke r.i:tmiCke sedimentacije u 
uvjetima zastieenog pliicalka ili lagune s oscilacijama od plidkog pouplim­
skog, preko muljevitog plimskog o'kolisa u;z isusiivanja do natJplimskog 
okoliSa s vadoznom dija:genezom, a u pl.itlldm uleknucima i lokalnim mo­
cvamim uvjetima (»black pebble« - breee, Tis 1 j a ·r, 1986). Ovalkvi se­
dimentaci}ski uvjeti karalkteristieni su za gotovo cijeli donji dio naisla:ga 
~irmenjak jedinice, gdje se ritmioki izmjenjltllju debelo uslojeni :porcula-
11.1asti ili peletni mudstonei, mucLstonei s fenestral1nom gradom i proslojci 
konglomerata/breea (SI. 4). Jasna tendencija oplieavanja od dna prema 
vrhu jednog sloja mudstonea ~ fen~tralnog mudstonea manifostka se po­
stupnim, rjede i ostrim prijelazom homogenog mudstonea Hi peletnog 
mu4stonea u fenestralni mudstone, 'koji eesto sadrZi mnogobrojne verti­
kaJne bioturbacije, da bi sloj zavrSio erodiranom plohom, pukotinama 
isusivanja iii inkom desilkacijskom breeom, mjestimiee i kalkaretnom 
korom. »Blad ebble« - breea koja sHjedi na ,taiko debelom slojru mud­
stonea ima va ijabilnu koliciniu valutica i uloma:ka smedih, sivi:h, tamno­
sivih .i crnih vapnenaca (»1blaok-pebbles«) te zelenka.stosivo laiporovito ve­
zivo. Crne valutice i ulomci interipretirani su kao ostaci razaranja supra­
tdda1nih do gomjih inrertida:lnih redru'.ktiV111ih mocvarnih taloga pri djelo­
vanju visokih plimsk.ih i o1ujnih valova (Tis 1 j a ,r, 1986). 

U gomjem dijelu naslaga Kirmenjaik vapnenaca, u spomenutoj sedi­
mentacijskoj ritmici desikacij.skih dklusa A-'B-C-D, mucLstonei (stlojeV'i A) 
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se sastoje od gustog ikaribonatnog mulja (niikrita), koji se je talozio u uv­
jetima i okoli5u plitkog ·Sllllbtidala iii lagune ruz kontinuirano i postupno 
oplicavanje. Tak'Vi muljevi zbog oplieavanja .dospijevaju u uvijete i okolis 
donjeg inte.vtildala, gdje se 7Jbiva jaee i1li dabije isusirvanje i erozija desika­
cijama isipucanog mulja (B = desikacijsk.a i/1li erozij.s'ka faza). Ponovnim 
preplavljivanjem u uvjetima nesto ·poviSene energije vode, taloze se intra­
kla:sti, muljne vailutice i onikoidne cijanoichre g.rude (C = faa:a rpreplavlji­
vanja i subti1dailne sedimenitacije). Zbog novog oplicavanja .kojim ·se sedi­
menti opetovarno vilafo i isusuju iii izronjavaju u vadoznu zonu, nastaju 
cijanoidne ikore, vado2Jlle tvorevine, Suipljine otaipanja i desikacije (D = 
= desilkacija iii vadozna faza). Novim, jacim preplavljivanjem zaipocinje 
novi ciklus s rponovnim :taloZenjem sitnog karihonamog mulja (A= faza 
subtidalne ·mul9ne sedimentacije) itd. 

Fantazija dolomi ti 

Famazija <lolomiti normafoo slijede ru krovini Kii.rmenjaik vapnenaca 
Hi se dijelorn, u prijelaznom nivou, i boCno zamjenjuju. To je posljedica, 
kaiko je vee spomenuto, kasnnclijaigenets·ke dolomitizacije kojom je zahva­
cen i vrsni dio KiI'IJllenja'k vapnenaca (Ta:b. XI, sl. 1), pa je granica izmedu 
ovih jedinica vrlo nepravilina i vertikaln-0 i •po pruianjru, Sto se ·toHko ne 
uocava u geoloSikoj karti, ·koliiko u profilima i s1nlipll {SI. 1 i 2). Nazvani su 
prema tipianom ldkalitetu - ikamenolomu Fanta'Zija kraj Rovinja (cesta 
Rovinj-Baile), gdje se na vertiikalno ipiljenim zidovirna izvanredm.o dobro 
mofo praititi izmjena rarnodijagenetskih i kasnodijagenetskih dolomita i 
svlh praiteeih sedimentolookih fenomena (Tis 1 jar et al., 1983). 

Podrucje ipovI'Sinskog protezanja Fantazija dolomita ru zapadnoj lstri 
prostire se od Poreea preko Zbandaja i Limskog ilqmala u Rovmj. Deblji­
na dolomita je .promjenljiva, a s oibzi:rom da se u ovom :radu tretira samo 
njihov najdonji dio, podata.ka o sveukU1pnoj de'bljini jos nema (SI. 1). 

Litofacijes i !biofacijes Fant a z i j a jedinice 
U 1petroloskom i genetskom 5mislru Fantazija dolomiti zastupani su 

s dva glavna rtipa: (1) 1ka'Snodijagenetskim dolomit1ma nastalim dolomi­
tizacijom vee oevr,slih vapnenaca Kirmenjak jedinice i mladih i (2) ra­
nodijagenet:skim dolornitima nastalim dolomitizacijom jos neoevrsilih 
vlamih vapnenaC:.k1i:h taloga u IIlatplirns'kom okolisu (supratidal early 
diagenetic dolomites). 

U donjern <lijelu Fantazija jedinice nalazimo samo kasnodijagenetske 
dolomirte u .kojima se .sporadi6no pojarvljuju pojed.ina6ni slojevi jace ili 
sfabije dolomitirt.:iranih ild nedolomitiziranih Kfrmenjak vapnenaca. Vap­
nenoi su zadrla'li isve one ilitofacijalne i biofacijalne osobirosti z:naeajne 
za •gornji d.io Kirmell'jak jedinice (:ritmika desikacijskih c1klusa). Dolomiti 
su ja:sno s:l.ojevitli. (0,8-1,7 m). 11iipicna. im je teksturna znaeajlka jos i vi­
se/manje jasna Jaminacija uvjetovana izmjenom laimina hogatijih i siro­
maSIJlijih bitumenom ie hari.OOI11talni stiloHti. Sudeei po meduSOlbnim od­
nosima stitlolitnih savova i ikristala dolomita, dolomitizadja je mladi, 
kasniji dijagenets-.ki proces od· stilolitirzacije. 

Dallomiti starijeg dijela Fanta:zija jedmice odliilmjiu se mikrokristalas­
tom i:li makrokristalastom strukrurom kao posljedicom rasporeda hipi-
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diomorfnih kristaila d'olomirta veliCine od 0,08 do 0,3 mm. U ipraivHu sadr­
Ze zonamo 1skoncentrirane vrfo sitne uudopike organske i/Hi glinovite 'SU!p­
stancije, a eesto i relikte Kirmenjak vapnenaca izmedu dolom.itnih 'kris­
tala (Tab. X, sl. 4). Samo sporadieno, u malim inte:r1kristaln:im porama, 
jalV'lja se kalcitni cement - postdolomirtirzacij'ski cement inteiikri'stailnih 
pora. 

U srednjem i gornjem dijelu Fantazija jedinice .rhmiclci se irzmj en juju 
0,4-1,6 m debeli rslojevi tanm.og ikasnodijagenets'kog dolomita s 0,6 m 
deibelim slojevima svijetlog, cesto ·stromatolitnog i fenestrailnog lkripto­
kristalastog iranodijagenetskog dolomita. 0 Titmickoj izmjeni ta drva ge­
netska tipa dolomita u Istri, kao svjetslrom sedimentoloSkom feno-menu, 
postoji ne1mHko opsefoijih radova (F ti c 'h t 1b au er & Tis I jar_ 1975; 
T iS 11 jar, 1976, 1977; T iS 1 jar, et al., 1983; Ti Si jar & V e 1 i c, 
1986). Zato ·se u ovom radu neeemo uµuStati u detaljni opis Fantazija 
CJ.ana u ci1elosti, tim vi~e ~to srednji i gornji dio ovih nasla>ga ·stratigraf­
ski rvee rprirpadaju ikredi. To ·ddkazuju nalazi vapnenackih alga* berijaske 
staTOsti: Humiella sardiniensis (Ott & F 1 avian i) i Clypeina radici 
Sok a c. S obzirom na ju'I1Sku .tematiiku ovoga rada Fantazija d<>1lomiti 
bit ce ru potipunosrti obradeni unutar •krednih jedinica. 

PREGLED REZULTATA I ZA!KLJUCAK 

lstraZivanja za geoloslru rkartu SFRJ 1 : 50.000 ik.oja ce ·se izvodiiti prema 
kriteri'jima litostratiogra.f.sike ~lasifikacije zapoeela su u Istri u podiru.cju 
Porec-Rovinj, gdje w otkrivene mlacte juTs'ke naslage. Detaljnim ana­
lizama snimljenih stlllpOlVa na reprezentart:ivnim profilima ostvareni su i 
novi reruhaiti ocl kojih w u ovom radu prik~aini ·samo oni iz doma8aja 
litofacijesa i biofacijesa. Bvo najvafoijih: 

- Izdvojeno je sest litostratigrafsikih jedinica: 
Monsena milkriti (1), Lim peletni vapnenci {2) unutar kojih su u sredis­
njem i gornjem dijelu i ibo6no i vertiikalno ·smjesteni Muea ooidino-bio­
~lasti6ni vaipnenci (3), zatim reigresirvne Rovinj ibreee i boksiti (4), Kirme­
njaik ·srtilolitizirani rrtiJkriti (5) i Fantazija dolomiti (6). 

- Sve ·su istrafivane naslage (osim ooksita) sedimenti plitkomorskih 
okoli8a kaI1bonatne platforme nastali u po.tplimslroj zoni prostranih la­
guna i zaSticenih rpiliCa'ka {Monsena i djelomice Lim vapnenci), iplieacima 
s po'kretlji:vom vodom ili iplieacima rS vrlo pokretljivom rvadom u okoli­
sima pjeseanog plimsikog rpruda (Muea oaidni vaipnenci), u .pri01balnoj 
roni regresi1V1nog ciklusa (Rovinj breee) a i na ikopillU -0>oksiti), u plicaci­
ma i muljevitom plimskom okoliS\l s duzim f~ama isusiivanja i vadozne 
dijageneze (Kir'menjaik vapnenci), te u natipllimskoj zoni uz ranodijage­
net:slm dolomitizaciju muljeva (Fa.ntarija rainodijaigenetslci dolomiti) . 

- Litofacijalne i biofacijalne osohitosti i1srtrazenih sedimenata ukazu­
ju na pri'sutnost drva osnovina tipa jurski:h naslaga Istre, lkoji se izdvaja­
ju ·kao drva zasebna dugotrajnija ·sedimen.tacij·s'ka ciklusa: 

* Odred:be B. Sokac. 
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- prvi, iSta·riji, s regresilVnim tendencijama osobito izrazenim u vr&nom 
dijelu Lim i Muea jedinica, koji ·kulminira stvaranjem ·regresiv.nih Rovinj 
breea i po'Stupnim odropnjaivanjem (ibaksiti) i 

- d'I1llgi, m.fadi, transgresivni dklrus pocinje Kirmenjak vaipnencima i 
na:stavlja se Fantaizija dolomitima. Ocituje se najprije oscilirajucom 
transgresijom (ipreplaivljivanje - izronjavainje), a zatim uspostaViljanjem 
sedimenrtacije u mimim okoHsima plitkog pollpHmSkog do muljevitog 
plimskog/natipliimskog ipojasa. 

- Granice Hitiostratigrafskih jedinica nisu podudarne granicama •kro­
nostrntigrafsikih jedinica: Monsena jedinica ima raspon gornji bat do do­
nj-i oksford, Lim i Mufa jedinice odgovaraj:u veeem d'ijelu oksforda i do­
njem !}daneridru, Rovinj b:reCe kraju donjeg 1kimeridZa, boksiti su nasta­
li unutar gorm.jeg :kimeridfa i donjeg titona, Kinmenjaik jedinica u gor­
njem titbnu, a Fainitazija dolomHi odigovaraju najig.ornjem titonu i beri­
jasu. 
- Znaeajni su reziul:tati u istrazivanju mikrofosilnih zajednica: 

- po prvi 1put je u is.tarisrkoj juri paleontoloSki dokazan doger (bat -
kalovij), 

- kopneni rezim ikada su tafozen:i bok:siti ogranicen je na razdoblje 
gornjeg kimeridfa i donjeg titona, . 

- granicu jura - ik.reda (ti.ton.,berij as) u tereniu. i stupu nemoguce 
je pouzdano detaljno postaviiti zibog nejednolicne kasnodijagenet­
ske dolomitizacije granicnih slojeva {Fantazija kasnodijagenets'ki 
dolomiti). 

Zakiljuooo se moze ustv:rditi da iSu iirl.ivojene litostratiigrafske jedinice 
omogueiile geolosko tk.arti'ranje i izradu .detaljne .geoloske karte jure za­
padne Istre. Stovise, u terernima poput ovoga, na velikoj povrSini ipokrive­
noj ikvartarom {zemlja crvenrica), primjena navedene MostratJiigrafske 
klasi.fikacije ukamje i na osnovne zone tektonskih poremecaja. U ovoj 
najranijoj faizi irzrnde »nova« ge.olo5ka karta daje swa·rne i pouzdane po­
datke u istraiivanjima ipov.riSins'klOg rasporeda i pruzanja izdanaika i/ili 
zona minera~lnih i drugih sirovina ~k.isiti, arhitekronsko-gradevni lkamen). 
Ne treba ·sumllljati u njezinu Jcorisnu primjenu i u drugim geoloSikirn ili 
lJ.liskirn disciJplinama i granama (hidrogeologija, imenjers'.ka geologija, 
gradevinarstivo, rudarstvo). 

Primljeno: 18. 1. 1988. 
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Lithostratigraphic units in the Dogger and Malm of western Istria 

I. Velie & J. Tisljar 

Within Jurassic sediments of western Istria six units interlinked in terms of 
lithofacies but still adeq_uately dififerent can be distinguished. Each of them makes 
in itself a clear lithofac1es, biofucies and sedimentation unit, formed in particular 
environments and under indentlifialJ:le sed1mentation conditions. These are the 
following lithostratigraphic !Uilits: 1. - the Monsena Micrites; 2. - the Lim Peilietal 
Limestones; 3. - the Muea Ooid-bioclastic Limestones; 4. - the Rovinj Breccia 
and Bauxite; 5. - the Kirmenjak Styldliitised M.icrites, and 6. - the Fantazija 
Dolomites. These units follow each other in a normal supeiiposition with the 
exception of the Um and Muea units, which, additionally, laterally alternate each 
other (Fig. 1). 

The Monsena Micrites 
The Monsena micrites ullllit is the oldest autcropping unit of the Istrian Jurassic 

(Fig. 1). Lithologica11ly, the iMonsena unit consists of stratified (30-80 cm) limestones 
of the mudstone and wackest:one ·type, bcing in part stritified into thin strata to 
laminae. Spradically, thinner strata of LLH stromatoiite and thinner interbeds of 
oncoid floats.tone were found. •ltn the oldest part intercailations, lenses or intra­
formational breccia abound, in the middle one .thickly stratified mudstone prevail, 
while the terminal part, beside these, a partial rhythmica~ sedimentation: mudstone 
- wackestone - oncoid (cyanoid) float&tone has been noted. 

The biofacies foatures of the Monsena unit are, in iternns of age, very siimifar to 
the relevant deposits ,in other •lmrst D1narides. In microfacies, foramdnifora pre­
dominate, aiong with sporadic detritus of algae (Thaumatoporella), small lamelli­
branchs, echinoderms and os•tracods. In the first ten meters almost all most 
significant species were registrated: Pf enderina salernitana S a r ·ton i & C re­
s cent i, P. trochooidea Sm out & S u g den, Pfenderella arabica Red mo n d, 
:->atorina apuliensis Four c ad e & C ho row i c z, »Conicopfenderina« ( = »Li­
tuonella«) mesojurassica (Mayne), Preakurnubia crusei Redmond and Val­
vulina lugeoni Sep t f on ·t a i n e and beside these, some cross-seotions of Saccoc­
ma sp., and somewtihat more •iirequem Thaumatoporella parvovesiculifera (R a i n e· 
neri). 

The central part of the column is characterised by the fossil impoverishment. 
Here and •there some Pfenderina, Praekurnubia and V alvulina can be found. Apart 
from P. salernitana, P. crusei and V. lugeoni, in the termirurl strata of the Monsena 
.unit Kurnubia palastiniensis H en son and Cladocoropsis mirabilis Felix were 
found. Such a commumty hints to a graduai transition imo biofacies of the next 
unit - the Lim Peil'1etal Limestones. Quoted miorofossils, as a whole define the 
Upper Dogger age of the Monsena unit, wiiith a possibility ·that its ·top part also 
belongs to the lowermost Upper Jurassic. Chronostrati!graphically, that would cor· 
respond to the Upper Bathoniain- Lower O>clordian age and biostraitigraphicaHy 
•to the Satorina aquliensis and Pf enderina sal ernitana zone (Sa ir ton i & C re s· 
c en ti, 1962). 

The Monsena imudlstone/wackestone and oncoid float<stones united with them 
have been deposited •iin a shallow subtidal iagoon envoonment andJor restrioted 
shoal with low water ene.vgy, by the accumwlation of carbonate mud, into which, 
from time to time, fine detritus of echinoderms, lameHibranchs and hydrozonas 
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dl1ifted from more distant shoarls with agi>tated water. Aliso, ·there are forms adapted 
to the life in such environment, liike ben'thic foram1nifem, ostracoda and cyano­
phytes in the form of »cyanoids« (R i di n g, 1983) or oncoids of the algal ban 
type and also, less frequently, green a1:gae. 

In the oldest part of the Monsena Micrites unitt the rhythmic vertical sequence 
of mudstone - fenestral mudstone - LLH ·stromatolite, that ds the stromatolitic 
and/or desiicoation-eme.nsi.on breocia, indioates occosional oscillations wi th~n the 
range shaUow subtidal-lower .intertidal-upper intertidial--JC!esiccation and ero­
sion. These osciUations should not be interpreted as mere variations of the sea 
level, but also as a COillsequence of vertical ipulsartron of the :part from carbonaite 
platform. 

In the youngest part of Monsena ·limes tones the :gradual infiluenoe of the bio­
detritJus, which drifted from more distanot shoals witih agitated water, becomes 
gradually more and more pronounced, due to the destruction of smaller bioherms 
and/or patch-reefs. 

The Lim Pelletal Limestones 
The Lim Pelletal Limestones unit deriives its name from the Limski kanal 

where the outcrops of these sediments have been most properly studied. They 
continuou~ly follow upon Monsena limestones (Fig. 1 and Fig. 2). The thickness of 
this 1.llilit depends on the .relationship a.nd frequency of appearance of the Muea 
Ooid-bioclastica limestones, as these are sediments which aHiemate both vertically 
and laterally. Values 'VaJl"Y from 35 to 50 m and relate only to pure Llm limestones. 

The most frnportant and m the field most diS'tanct lithological and sedimento­
logioa1 feature of Lim peHetal limestones are thickly stratified (0.3-0.8 ·m), in­
distincly stratified or massive, Ught yellowish, fine grained, »Soft«, porous peMetal 
limestones of the uniform structure, packing and appearance. Predominantly, these 

. are ipelloid packestones, 1ess frequently pelloid grains tones or wackestones, wherein 
spheroidal pelloids (0.15-025 mm m diam.etre) in the m'icrite matrix prevail (Pfate 
IV, fig. 2 and 3). Beside pelloids, they contain fossil debris and fragments -
benthic foraminifera, hydrozoans and, less frequently, green algae, small gastropod 
and echinoderm fragments, as well as rounded 1intraclasts and algal oncoids. 
The hydrozoan and .gaistropod fragmenlls are, as rule coated by a thin oncoid 
envelope. 

In ·the above description of the Lim pelloid ipaokstone lithofacies the main 
hiofacies constituents have been 'mentioned. Scarce, colonial corals, which can be 
sporaidiicaUy found in 1their .growth position, fragmented detritus of small hydro­
:roans, lamellibranchs and gastropods represents the whdle macrofossil biota of 
the Lim unit.From the paleontologicail•biostratigraphical point of view, microfossils 
are here in situ. Beside the most common f.orm,Cladocoropsis mirabilis, character­
istic darsyclad species Salpingoporella selli (Crescenti) and Griphoporella mi­
nima N i .k 1 er & S o ik a c ha'Ve been determined, as well as Bacinella irregularis 
Ra do i c i c and Thaumatoporella parvovesiculif era. Foraminifora are more nu­
merous, both in species and specimens: Kurnubia palastinensis, Preakurnubia cru­
sei, Pfenderina salernitana, Pf enderella arabica, Valvulina lugeoni, Chablaisia cha­
blaisensis (Sept f on. ta~ne), Nautiloculino. oolithica Mohler, Conicospirillina 
basiliensis Moh 1 er, Protopeneroplis striata Wey n sch en. k, Trocholina alpina 
(Leupold), T. elong~(fl ,(Leupold) and Pseudocyclammina lituus (Yoko­
yama). 

The quoted communities are charaoteris.tic of the lower parts of the Upper 
Jurassic of the ~ordian and Lower iK.imrnerid~an. Biostratigraiphically, Lim li­
mestones would belong to the Salpi.ngoporella seHii zone {Sarto n i & Cr es-
c ei:n ti, 1962). . 

Car:bonate sediiments included into the Lim unit had been deposited in an en­
vironment of the shaH.ow suptidal in a larger bay and/or open lagoon, in the inte­
rior of a carbonate :platform. Coated hydrozoan bioclasts (»cortoid-.;« - FI ii gel, 
1982) and fine echinoderm detritus indicate ·the activity of waves and streams, 
whereby this detiritus had been destroyed a:nd transported iiuto this env1i.ronment 
from shoals with ~tated wa.ter and from srna!ll, probably •tota:lly destroyed 
patch-reefs (which have not yet been found preserved in western l1Stria). Such 
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conditions are particularly characteristic for ·the depos.iitions of Lim pac.kestones/ 
grainstones in zones of the lateral transition in to another Upper Jurassic facies 
- the Mu6a unit. 

The Muca Ooid-bioclastic Limestones 
These sed'i.mientis are, in fact, rpos.itlioned within the :Um unit (Fig. 1) as a lateral 

facies equivalent, in furm of .kli;lometers-long lenses, some tens of meters thick. 
In zones of lateral transition one faties wedges out, finger-like into the other 
(and vice ve11Sa), leaving in the terirain an impression of vertical sequence of 
lens-like strata. Be.ca.use of the described ·rnanner of aippeairance in the field it 
is hard 10 determine the thickness of Muea unit with any certainty. In the obser­
ved column at the Muea pemnsula near the Rovinj hospital as a typical locality 
(Tis I j a r & Ve 1 it, 1987) ·it was measured as 47 m (tFig. 3). 

The Muta unit d!iffers from other Upper Jurassic units by a large proportion 
of fossil detritus and ooids, as well as by ·the ve1rtiarl rhy.thmic sequence of the 
following three SUlperimposed itypes of llimestones: A - pell~d and 1skeletal wacke­
stone, B - ooid graiinstone and C - ooid and bioclasic (cortoid) grainstone and 
rudstone (Fig. 3). The ·thicknes of the member A is generally considerably lesser 
than that of B ood C. The latter two making memebI1S 0,6 to 2,5 m thick are cha­
racterised by la11ge ripple marks and oross-beddings Wlate VI, Fig. 3). The dip 
angle of inclined ;laminae varies from 10 to 23°. 

The MuCa unit is most fosilld.ferous unit in the Istri.an Jurassic. It is possible 
to foilow the gradual replacement of particular fossilsize groups from microfora­
minifera, haviintg a shell of up to appr. 1 mm, embedded <~rolJed«) amo~ the ooid'S 
of ithe equal or approximate size, trough centimetre-size Cladocoropszs and the 
molluscan debris to decimetre"size hydrozoan and coral heads. 

The microtf:ossil community is, according to the established species, identical 
to the one from Lim limestones, with the only difference that some forms appear 
in greater abundance. The Muea unit is also of lower Upper Jurassic a.ge - Oxfor­
dian to Lower Kimmeliiidgian or witrun the Salpngoporella sellii zone (S art o­
n i & Crescenti, 1962). 

The shallo'W water limestones of the Muta unit are typicai tide-bar winnowed 
carbonat sands, i.e. sediments of the sixth W i 1 son's (11975) standard fades belt. 
They originated by the tram~port of .the ooid sand and fossil detritus by tidal 
streams and waves and the deposition on the tidal sand bar. More detail see 
TB l jar & Veli e, 1987. 

The Rovinj Breccia and Bauxite 
This Uil!it :includes limestone breccia and bauxite. Breccia occurs in a contri.nuou:s 

belt regularJy overlying the Lim or Muea units, and undeiily.ing the next Upper 
Jurassic unit - the IKfrmenjak Stylolitiised Micr.ites (Flig. 1). Bauxites appear in 
larger quantities to the north of Rovmj and to ithe south-east of Funitana, where 
it was observed ·that they had been deposiited in paleore1ief depressions in Rovinj 
breccias. 

The tlhiokness of the breccia varies: from some twenty om to about 5, exceptio­
nally even 8 m, so that they often have a foI'Ill of irregular lenses. 

Rovmj breccia is ipredominatly made up of 10 to 60 mm sized, poorly rounded 
or entirely angular limestone fragments, most commonly of the Lim and, less 
frequently, ailso that MuC.a units. The bounidary with these under.lying limestones 
ds often uneven or irregular, or it is even entiraly indistinct, like a gradual tran­
sition, going from the limestone, through the breccia limestone into the breccia. 
The breccia cemenit .is microkristalline caldte, pigmented at places by Fe-minerals. 

There are no autochtonous fossils in breccia, so that the biofacies can be dis­
cussed only on the basis of the fossiJ contens of fragments. As they originate 
from Llm and, here and there from Muea limestones fossils described in t hese 
units can also be found. 

The fades analysis of .the Rovinj breccia indicates that they ipredomlinantly be­
long to tittoral sediments all1d, here and there, also to subaeria1 emergent breccias. 
As we see it, these lirttoral (shore-line) breccias ooi~nated in a regresive cycle, 
that is durung the retreat and not the ingression of the sea, so that heir termi­
nation is at ·the same rtime the end of end of the regresive cycle, which is clearly 
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manifested by facies charaoteristlios and sedimentation condition of Lim and Muea. 
units. Looking at the older Jurassic units 1rJ. !stria in the light of environmental 
changes and sedimentation conditions, there is a tendency to gradual shallowing 
.from lagoonlsubtlidal to dntertirla1 - tidal bar, culminating in the fol1lllation of 
these breccias and ending in ·the emersion with bauxite. The diiscordant position 
of .the bauxite upon breccias and ·the transgression of the Kirmenijak styloHtised 
limestones begginning 'Wlith trensgressive brecciiaJsiconglomerates with marly ma· 
trix, indicate that the contact zone between Rovinj breccias at one and Kirmenjak 
limestones the other side is at the same time the boundary of one regressive and 
one transgressive cycle (Fig. 4). 

The Kirmenjak Stylolitised Micrites 
Kirmenjak stylolitised micrites bear their name aiiter the already centuries 

known architectural.J>uil~ and decorative stone being at present :time still ex­
ploited in several qua.mies an the vicinity of the vifilage named Kirmenjak, while 
at earlier times it had be been 'kinown under name »Orsera« ( = Vrsar). To this 
unit correspond, with minor changes, »Limestones with tintdnnides« ( = Camp­
belliella stnata (Carozzi), after PoBak (.1965b). 

The thickness of :the Kii.Iunenjak limestones is ru>t uniform, due to the irregular 
spatial extension of late diagenetic dolomdtisation into the higher part of these 
deposits (Fig. 1). 

The largest thickness of pure limestones we are treating as Kirmenjak unit 
has been measured in the IKinnenjak quan-y and totals 85 m. 1111 other parts it 
varies from 30 to SO m. 

Distlinct and in the terrain olaerly noticeable 1irthological and sed'imentologicaJ. 
features of the Kirmenjak limestones are rhythmic sedimentation, numerous den­
se, horizontal and retioular stylol!ites and an obvious predominantion of porcelfa­
nous, thickly stratified mudstone. The Kirmenjak unli.t on the bauxite begins with 
an alternation of thin {5-20 cm) strata of mudstone, clayey marl.s/claY's and brec· 
cias/congl.omerates with the marly matrix (F!ig. 4). They lie upon bauxite; upon 
whlich a thin stratum of swamp sediment oan appear, originating from before 
the commencement of the transgression (»Osoi1Iating transgression« - Ti s l jar 
et al., 1983). The manin mass of the :Kirmenjak unit'IS lower part follows, being 
distinguished by the rhythmic sedimentation (from below upwards) of thiok, por­
celaneous, d.en5e mudstone, then comes a rthinner stratum (5-30 cm) of mudstone 
with .fenestral fabric and lenses of thinner breccia inter1beds and/or »black pebbles« 
conglomerates {•Fig. 4). Black pebbles are inite:rpreted as remairus of •the desWu.ction 
of suprafidal •to upper IDtertJidal reduction swampy sediment during the aot:tion of 
high tidal or stormy waves (Tis I jar, 1986). The upper part of Kirmenja:k unit 
is also characterised by the l"hy.thmic sedimerntation, but somewhat different. There 
are no more »iblaok pebble« brecaialS/conglomeraites. Here are significant .the so oalled 
»desiocaition cycles« (Ti s I j a r et al., 1983). Each particular cycle involves: (A) 
mudstone, less frequently mudstone with clotrted ·structure, (B) fenestral mudstone 
w.itlh desiccation orac.ks, the erosion surface or a thin desiccation breccia, i(C) oncoid 
and cianoid gralinstone/mudlstone with fenestral fabric and (D) des'iccaition and!or 
vadose features 6.n the fenestiral limestones. 

The biofacies of the Kirmenjak unit shows certain impoverishment when com­
parated with older Jurassic lllllits in Istriia. Macrofossiitls were not noticed, while 
the microfossil assemblage is reduced to individual findings of oaloareous algae, 
benthic foraminifera, ISillaH ostracodes and favreinas. The folloing algae have been 
determined: Clypeina jura.ssica Favre, Salpingoporella annulata Car oz zi, 
S. grudii (Rado it i c) and Campbellie11a striata (C a ro z z i) and from forami­
nifera only Kurnubia palastiniensis and Parurgonina caelinensis Cu v i 11 i er et 
al. The quoted community defines the Upper Juraissic, or within a narrower sco­
pe, Upper Tlithonian age. From the biostr.atigraiphi:cal •point of view, Umestones of 
the 'Kirmoojaik member belong to the youngerst Utpper J.urassic wiit: C. jurassica 
and Campbelliella striata zone in western Dina·rides area (Ve 1 i c, 1977). 

Deposition conditions are in IK.irmenjak uniit very curious. The inlitlial rhythmic 
sedimentation of mudstone and conglomerateirt>recc'ias with mairly and clayey con­
tent with several repeated tfloodings and shorter emersions, along with the for­
mation of vadose, or even paleokarstdc phenomena, or only with dessiccations and 
desiccation breccias. By a gradual ingression of the sea, together with periodic 
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aiscillations of the sea ~eve!, and probaillly also the cazibonate :Platform pulsation, 
a specific regime of tt:he shallow water rhythmic sedimentation in condition of a 
restricted s:hoal or a laigoon, with oscillations ranging from shallow subtidal to 
supratida:l, Wlith vadose diagenesis, as weH as laocail swampy conditions in sha­
hlow depressions, establishes itself. Such sedimentation conditions are oharacte­
ristic for cmmost entire lower part of the Kirmenjak unit. A clear tendency of 
shallowing from the bottom towards the tOJ> of one stratum of the mudstone and 
fenestral muJdstone is manifested wlith gradual and, less frequently, ail.so sharp 
trMsition of homogeooous mudstlone or ,pelletad mudstone into fenestral mudstone, 
wich often contains vertical biotu11bations, to the termination of the stratum with 
an erosion srniface, desiccation cracks or with a thin desiccation breccia and, here 
and there, also the ca!lcrete crust. During the action of high tidal or stormy waves 
by the destruction of :supratidal reduction swampy deposits were deposited black 
pebble breccia and conglomerate lenses. Ml.Ldstone (stratum A) in the upper part 
of 1Kirmenjak limestones Wlith'in the mentioned sedliimentation rhythmics of desic­
cation cycles are formed of densely packed, carbonate mud which had been de­
posited in the environment of a sharllow subtidal or a lagoon, with continuous and 
gradutl shallowing. Suoh muds come in conditions of lower intertidal, where 
stronger or weaker desiccation and erosion talke place trouhg desioc<rtions of 
cracked mud (B = desiccation and/or erosfon phase). By a new flooding, intra­
clasts and cyanoid iball:s are deposited {C = flooding and subtidal phase). Due to 
new shallowing, whereby sediments are repeatedly wetted and desiccated or emerge 
into the vadose zone, cyanoid crusts, vadose fabrics as well as dissolution and 
desiccation cavii1lies disappaear (D = desiccation or vadose phase). 

Fantazija dolomites 

Fantazija dolomites normally overlie the Khmenjak limestones or they, in a 
transitionai levell, mutually ·alternate. It is, as already mentioned, a consequence 
of the late diagenetic dalomitization, which also affects the top part of Kirmenjak 
l'imestones, so that the bowndary between these units is very irregular (Fig. 1). 
They are named after the typical locality - 1the Fantazija quarry near Rovinj, 
where, on vertically sawn waH.s, alternation of early and late diagenetic dolomites 
an:d aH accomipaning petrological and sedimentologicad phenomena can be excep­
tionally well observed. 

In the lower part of Fantazija unit one finds only late diagenetic dolomites, in 
which individual strata of stronger or weaiker dolomlitised Kirmenjak limestones 
aippear 1(iPlate X, Fig. 4 and Plate XI, Fig. 1). In the middie and upper parts of the 
FantaZJija unit rhythmicadly alternate 0,4--<l,6 m thick strata of dark, late diagenetic 
dolomite, with O~l m thic.k strata of li,ght, often stromatolitic and fenestral 
cryptocrystall!ine · early diagenetic S1.11Pratidal dolomite (Plate XI, Fig. 2). There 
is a number 00: more comprehesiive works about 1the alternation of these two types 
of dolomites in Ist:ria as a world famous sed:imentologiicai iphenomen on (F ii ch t­
b au er & Ti ~ ljar, 1975; TiSljar, 1976; TiSijar etal.,1983;andTiSlja r 
& Ve H c, 1986). Therefore, in athds work we shall not get involved in a detailed 
descripllion of Fantazija unit as a whole, because the middle and uper parts of 
these deposits strat:igraphicaily a1r~ady belong, to the Cretaceous Period (Fig. 1). 
This is iporven. by findings of calcareus algae of the Berriasian age: Humiella sar­
diniensis (0 t t & F J avian i) and Clypeina radici Sok a c (Determination by 
B. So'kac). 



TABLA - PLAT,£ I 

1. Debelo uslojeni Monsena mikriti. 
Gornji doger: bat - kalovij. Rt J<iriz. 

1. Thick-bedded Monsena micrltes. 
Upper Dagger: Bathonian - Callovian. Kriz promontory. 

2. Monsena mudstone'wackestone (M/W) s ul-0skom intraformacij&ke brece (BR). 
Rt Km. 

2. Monsena mudstone/wackestone (M/W) and interbedded intraformational breccia 
(BR). 'Kriz promontory. 



.... N 

Ill 
E-< 
< 
..:I 
ti.. 

, I 
::l 
ll:i 
< 
E-< 

· .....; 



T AB'LA - PLATE II 

1. Monsena wackestone s: 
1. Monsena wackestone with: 

Pf enderina salernitana S a r ton i & C re s c e n t ii (PS) , 
Pfenderina trochoidea Sm out & Sugden {!PT); 18 X . 

Rt Kriz - Kriz promontory. 

2. Monsena onkoiidno-foraminiferski wackestone/ipackstone s: 
2. Monsena oncoidal.-foramtl-niferal wackestonelpackstone with: 

Pfenderina saJernitana Sarto n i & Cr es c en ti (PS), 
Pfenderina trochoidea Sm out & Sugden (PT), 
Satorina apuliensis Fourcade & Chorowicz (SA) ; 18 X. 

Limski kanal (Mukaiba) - Lim bay (Mukaiba) . 
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TABLA - PLATE III 

1. Monsena wackestone s: 

1. Monsena wackestone with: 
V alvulina lugeoni S e .p t f o n t a i n e, 18 X. Rovdnj, Monsena. 

2. Monsena mudstone/iwaokestone s: 

2. Monsena mudstonei'wackestone with: 
Pf enderella arabica R e d mo n d, 
Cladocoropsis mirabilis Fe Ii x, 18 X. 

Rt Kriz - iKriz promontory. 



...... ...... .... 

... 
} 



TABLA - PLATE IV 

1. Masivni, razlomljeni Lim peletni vapnenci. 
Donj~ malm: oksford - donji kimeridz. Poree, Brulo. 

1. Massive, sHghtly tectonized Lim pelletal limestones. 
Lower Malm: Oxfordian - Lower :Kimmerid'gian. Poree, Brulo. 

2. Sitnozrnasti Lim peletni packstone, 28 X. Ravinj, Monsena. 
2. Fine.grained Lim pelletal packstone, 28 x·. Rovinj, Monsena. 

3. Peletni wackestone s: 
3. Lim pelletal wackestone with: 

Gryphoporella minima N i k I er & Sok a e, 20 X. 
Rovinj, bolnica - Rovinj Hospital. 

.-
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TABLA - PLATE V 

1. Llm floatstone s: 

1. Lim floatstone with: 
Cladocoropsis mirabilis Fe Ii x, 7,5 X. 

Lims}Qi kanal {Mukaba) - Li111 bay (Mukaiba). 

2. Lim wackestone s : 

2. Um wackestone with: 
Trocholina ,gr . . elongata-alpina (Leu po I <l) {TE), 
Pfenderina salernitana Sarto n i & Crescent 1 (PS), 
Praekurnubia crusei R e :d m o n d tpC), 
Valvulina lugeoni Se pt font a~ n e (VL), 7,5 X . 

Poree, Zelena laguna. 

3. Lim wackestone s : 

3. Lim wackestone with: 
Chablaisia chablaisensis (Sept font a in e) (CC), 
Valvulina lugeoni Sep Hon ta in e (VL), 
Praekurnubia crusei Redmond (PC), 
Trocholina elongata {Leu po Id) (TE), 7,5 X. 

Limski kanal - Lim bay. 

4. Lim .fosilifemo-peletni wackestone s : 

4. Lim fossiliferous peiletal wackestone with: 
Salpingoporella sellii (Cr e s c en ti) (SS); 7,5 X. 

Rovinj, Z'latnli rat. 
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TABLA - PLATE VI 

1. Muea jedinica: A sloj - paakstone.'wackestone s koraljnjm busenom u pdmar­
nom polofaju rasta. 
Donji ma,lm: oksford - donji kimenidz. Otok Koversada. 

I. Muea unit: A bed - .paokstone/wackes•tone with coral head in origina'l position 
of growtih. · 
Lower Malm: Oxforidian - 1K<immeriidgian. f.Koversada island. 

2. Muea jedinica: B sloj - koso slojevit·i ooidni grainstone. Rovinj, poluotok Muea . 

. 2. Muca unit : B bed - cross-bedded ooid grainstone. Royjnj, Muea peninsula. 

3. Muea jedinica: C sloj - koritoidni ruds tone sastavljen od naplavljen1h bio­
klastita ('kortoida) hidrozoa. Otok Koversada. 

3. Muea unit: C bed - cortoid rudstone huilt up of f.looded cortoids of Hydrozoans. 
Koversada island. 





TABLA - PLATE VII 

i. Muea jedinica: ooidni grainstone - B .sloj s tangencijaJnim ooidima .i nepot­
puno cementiiranim intergranularnim porama; 38 X. Rovinj, poluotok Muea. 

1. Muea unit: ooid grainstone - B bed with tangential ooids and incom.pletely 
cemented intergranular pores; 38 X. Rovinj , Muea peninsula. 

2. Muea jeddnica: biokfastiCni ooidni grainstone/rudstone - B sloj s kortoidima u 
oosparitnoj osnov.i; 7,5 X . Rovinj, potuotok Muea. 

2. Mruea unit: Bioclastic ooid gra!instonelrudstone - B hed. Cortoids in oosparite 
matrix; 7,5 X . Rovinj, Muea peninsula. 
Cladocoropsis mirabilis Fe 1 ix (CM), 
Troclwlina alpina-elongata (:Leu po 1 d) (TE), 
Pseudocyclammina lituus (Yokoyama) '(PL), 
Chablaisia chablaisensis (S e p t f on t a i n e) (CC). 

3. Mruea .grainstone, C sloj; 7,5 X . VrsaT, :kamp iKoversada. 
3. Muea grainstone, C bed; 7,5 x . Vrsar, Koversada camp. 

Chablaisia chablaisensis (Sept .f on-ta in e), 
Trocholina alpina - elongata (Le up o I d). 

4. Mula grainstone, C sloj; 28 X. Vrsar, kamp Koversada. 
4. Mufa grainstone, C bed; 28 X . Vrsar, Koversada camp. 

Praekurnubia crusei Re d mo n d (PC), 
Chablaisia chablaisensis (Sept font a in e) (CC), 
N autiloculina ooilithica Mo h I e r (NO), 
Griphoporella minima N •i kl er & Sok a c (GM). 
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TABLA - PLATE VJH 

I. Rovinj breea - gornja slojna povrsina. 
Donji -maim: donj.i k;imeridz. Cesta Vrsar - Flengi. 

I. Rovinj breccia - Uipper smface of a bed. 
Lower Malm: Lower .Kimmeridgian. Road Vrsar - Flengi. 

-2. Sedimentacijski nitam donjeg dijela Kirmenj ak jedinice: 
SM = stilolitni mudstone, 
FM = fenestralni mud.stone, 
BR = breca/konglomerat s crnim valuticama. 
Gornji titon. Stara Jrnva u Limu. 

2. Sedimentary rhythm in the lower part of the rKirmenja:k unit: 
SM = stylolitic mudstone, 
FM = fenestral mudstone, 
BR = lj>reccia/conglomerate W!ith black pebbles. 
Upper Tirhonian. The 01.d quarry in Lim bay. 
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T AIBLA - PLATE IX 

1. Kirmenjaik stiloHtni mudstone : razlicita struktura mudstonea s jedne i druge 
strane stilolitnog sava; 36 X. Kamenolom 'Kkmenjak. 

1. Kirmenjak stylolitic mudstone: different structures of mudstone above and below 
the s tylolhe; 36 X . The '!K'irmenjak quarry. -

2. iKiJ1T11enjak fenestralni mudstone s vadoznirn tvorevinama; 28 X . Rovinj, 2latni 
rat. 

2. Kirmenjak fenestral muds tone with vadose fabriic; 28 X . Rovinj , Zlatni rat. 

3. Kirmenjak fosiliferni wackestone; 7,5 X. Ravinj, Zlatni rat. 

3. Kkmenjak fossil!Lferous wackestone; 7,5 X . :Rovinj, Zlatni rat. 
Campbellie/la striata (Caro z z i) . 

4. Kicmenjak fosilife:mi wackestone; 12 X. Rovfoj, Zlatni rat. 

4. Kirmenjak fossili.ferous waokestone; 12' X . Rovinj , Zlatni rat . 
Salpingoporella annulata Caro z z i-. 
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TAIBLA - PLATE X 

1. Kirmenjak fosihlferni wackestone; 30 X. Stara ·kava u Limu. 

1. 'Kirmenjak fossiliferous wackestone; 30 X . The Old quarry in Lim bay. 
Clypeina jurassica Favre, 
Parurgonina caelinensis Cu vi 11 i er et al. 

2. IK:irmenjak fosilirfemi waokestone; 7,5 X . Sta,ra kava u Limu. 

2. 1.Kri11menjak fosiliferous waokestone; 7,5 X , The Old quarry in Lim bay. 
Clypeina jurassica Fa v ·re, 
Campbelliella striata ~Caro z z i). 

3. IKirrnenja'k fenestralni mudstone, slabo kasnodijagenets:ki dolomitizfran; 9,5 X. 
Poree. 

3. Kirmeil!jak fenestral mudstone, sl!ight1y bte diagenetic dolomitized ; 9,5 x . Poree. 
Campbelliella striata ~ air oz z i). 

4. Fantazi.ja kasnodijaigenetski dolomit s nedolomitiziranim reliktimp Kivrnenjak 
mudstone~ ; 42 X. Stara ikava Ill Limu. 

4. Fantaziija 'late diagenetic dolomite with a part of non dolomitized Kirrnenjak 
mudstone; 42 X . The Old quarry in Lim Bay. 
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TABLA-P.LATE XI 

1. Kasnodijagenetski dolomitiziran KiI1ffienjak stilolitni mudstone (D = dolomit, 
M = mudlstone). Poree, .Pical. 

1. Late d.iagenetic dolomitized Kirmenjak stylolitic mudstone (D = dolomite, M = 
mudstone) . .Poree, Pical. 

2. Ranodijagenetski Fantazija dolomit. - Pelspariit (P) s malim ·puikotinarna ste· 
zanja (SC) ii fragment kripto~ristaiastog dolomi:ta (CD) u stromatolitnom dolo­
mitu (.SD); 8 X. Berijas. Rovinj, kamenolom Fantazi:ja (negativ) . 

2. Early dia:genetic Fantazija dolomite. - Pelsparite (P) with smaU shrinkage cracs 
(SC) and a iiragmen1: of or~ptocrystaline dolomite (OD) in s•tromatolitic dolomi<te 
(S:D); 8 X . Beriniasian. Rovinj , the Fantazija quarry (n~ative print). 
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