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U izbruscima eocenskih •lapora s rakovicama«, koji su sedimentirani na­
kon »numulitnih vapnenaca« a prije ,.fli~a« u Istri, odreden je omjer broja 
planktonskih i bentickih foraminifera. Na temelju toga odredena je dubina 
sedimentacije vr~nog dijela »numulitnih vapnenaca« i »lapora s rakovicama«. 
Rezultati pokazuju postupni prijelaz od plitkovodnog okoli~a (2~ m) do 
dubine talozenja od vge stotina pa i tisueu metara. Ti rezultati ukazuju da 
jedino za •lapore s rakovicama« valja upotrebljavati izraz prijelazne naslage, 
jer on odrafava njihov karakter, a ne i za lapore koji sHjede (»globigerinski 
lapori«, tj. »prijelazni lapori«) koji SU Vee tipieni dubokomorski sedimenti. 

UVOD, OPCI PODACI I PROBLEMATIKA 

Prije dvadesetak godina (1955) neovisno su S m i t h, te G r i m s d a 1 e 
& Mo r k ho v e n publicirali postaviku da bi bilo moguce iz omjera 
planktonskih i bentickih foraminifera zaklju~iti na dubinu mora na ko­
Joj se talozio sediment. Oni su odnos dubine i foraminiferske zajednice 
proucavali na recentnom primjeru u Meksickom zal)evu. Kasnije je odnos 
bentickih i plan:ktonskih foraminifera u odnosu prema dubini sedimen­
tacije promatran na nizu profila u danasnjim morima i oceanima. P h 1 e­
g e r (1965) je saikupio sve te podat>ke i zonirao dubine morskog dna i 
za sva'ku dao karaikteristican omjer planktonskih i bentickih forami· 
nifera. 

Ti su re:mltati zartim primijenjeni za procjenu dubine talozenja sta­
rijih konsolidiranih stijena, u kojima mofemo odrediti omjer plankton­
skih i bentickih foraminifera. 

Za nas je osobito interesantan rad Gohr band ta (1962), u kojem 
autor iz omjera planktonskih i bentickih foraminifera odreduje dubinu 
talofonja od preko 1000 m za fliske naslage u lstri. U nastaviku iznosimo 
analizu primjera iz eocenskih naslaga Istre koje cine podinu naslagama 
koje je proueavao Gohr band t (1962). 

Proucavani se izdanak nalazi izmedu »numulitnog vapnenca« i »flisa« 
u dolini Tupaljskog potoka, u blizini starog ikamenog mosta koji spaja 
zasooke Glavac i FloriciCi, a 1900 m sjeverno od PiCina (slika 1). 

Jos je St ache (1889) opisao i postavio temelje stratigrafiji tih na­
slaga. Podijelio ih je na »glavni alveolinski i numulitni vapnenac« i •la· 
pore s numulitnim breeama i gornjim numulitnim vapnenoima«, te sma­
tra da su eocenske starosti. 
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SI. 1 Smje~taj istrafivanog lokaliteta 
Text-fig. 1. Location of investigated area 

»Foraminiferski vapnenci« u istraiiva111om podrucju zavrfavaju »numu­
litnim vapnencima«. Ti vapnenci kontinuirano i postupno prelaze u »la­
pore s rakovicama«. »Lapori s rakovicama« debeli su oko 5-6 m, a deb­
ljinu im nije moguce tocnije odredi<ti upravo zato jer su prijelazi konti­
nuirani. Na ove se slojeve nastavljaju »lapori donjeg dijela fliske serije« 
prema Salope 'ku (1954), odnosno »prijelazni lapori« prema Gohr­
b and tu (1962), iii »globigerinski lapori« prema Z. Magda I en i c 
(1972) (to su isti lapori ·s razlicitim imenima). Na istrafivanom lokalitetu 
ti lapori u prvih 35 m ne sadtie uloske drugacijih {krupnijeklasticnih -
turbiditnih) stijena, (vidi shematski geoloski stup, slika 2). 

•Numulitni vapnenci« su svijetlosivi pakirani biomrkriti, a sastoje se 
se iskljucivo od organogenih ostataka, cijelih fosila iii njihovih frag­
menata. U njima prevladavaju ostaci bentickih plinkovodru:h organizarna: 
makroforaminifera, mahovnjaka i bodljika8a. Samo •se sporadicno na­
lare i planktonske foraminifere. Ti vapnenci kontinuirano i postupno pre­
lare u »lapore s rakovicarna«. Naime uz kalcit u stijeni se javljaju mi­
nerali glina, pa imamo postupni prijelaz u lapor, a takoder i glaukonit 
koji daje zelenu boju stijeni. Naravno da su od rnaikrofosila najcesce ra­
kovice. U tim se stijenama, osim promjene mineralnog sastava, mijenja i 
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srednja veHcina zrna, a i fosilni sadrfaj. Tipicne velike plitkovodne fora­
minifere postupno se zamjenjuju planktonskim mi!kroforaminiferama. 

I za opisane naslage se u literaturi nalazi nekoliko naziva, od kojih su 
najeesci »lapori s rakovicama« i »glaukonitni vapnenci«. lzraz »prijelazni 
slojevi« koristi se dvojako, katkad sa.mo za »lapore s rakovicama« (npr. 
St ache 1899; Si k i c & al. 1969), a katkad i za »lapore s rakovicama« 
i za »globigerinske lapore« (Magda I en i c 1972). 

Preciznu starost »lapora s rakovkama« i »globigerinskih lapora« od­
redili su Muldinn-Mamuzic (1965), te Kraseninnikov & al. 
(1968). Oni navode da te naslage odgovaraju zoni Acarina bulbrooki do­
njeg luteta (donji dio srednjeg eocena). 

TEHNIKA I METODA RADA 

Da bi se ustanovile priblizne dubine talofonja >~lapora s rakovicama«, 
a ujedno i provjerila mogucnost metode procjenjivanja dubine ta:lozenja 
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Sl. 2. Lijevo: - shematski geoloski stup okolice Tupaljskog potoka (nv = »nu­
mulitni vapnenac«, Ir = »lapori s rakovicama«, gl = »globigerinski lapori«, fl = 
»flis«); desno od njega detaljni geoloski stup proueavanog izdanka »lapora s rako­
vicama«« s polofajem obradenih uzoraka, (te sasvim desno) graficki prikaz dobije-

nih rezultata (objafojenje krivulja A, B i C u tablici 1). Dubinske zone prema 
Ph 1 e g e ru (1965). 

Text-fig. 2. On the left: schematic geologic oolumn of the surroundings of the Tu­
paljski brook (nv = »Nummulitic limestones« Ir = »Marls with Crabs«, gl = »Marls 
with Globigerinae«, fl = »Flysch«); in the middle: detailed geologic column of 
»Marl with Crabs« with the position of investigated samples, and (on the right) 
diagram of results obtained (explanation of curves A, B and C in table 1). Depth 

zonation following Ph 1 e g e r's methods (1%5). 
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iz omjera planktonskih i bentickih foraminifera u izbruscima, nacinjena 
je statisticka analiza u nizu izbrusaka od »numulitnog vapnenca« do vrs­
nog dijela »lapora s rakovicama«. U svakom izbrusku prebrojano je ako 
300 zrna da bi se dobila statisticka vjerodojtojnost. (tablica 1). 

Zanimljivost pristupa je u tome, <la su koriSteni izbrusci, a ne uobi­
eajena metoda prebrojavanja razmuljivanjem izvadenih foraminifera. 
Zbog te specificnosti prebrojavanja zrna u izbrusku nacinjeni su i uspo­
redeni razliCiti pristupi. 

Prvo je izrafunat (A) omjer broja planktonskih foraminifera i svih 
ostalih fragmenata (benticke foraminifere cijele i fragmenti, ostaci algi, je­
Zinaca, skoljkafa i drugog). Zatim je izraeunat (B) omjer broja plankton­
skih foraminifera ·i svih bentickih foraminifera (cijelih presjeka i frag­
menata), i na kraju, buduci da se veCi dio makroforaminifera nalazi u 
fragmentima, a mikroforaminifere se cesce nalaze cijele, izracunat je i 
(C) omjer broja planktonskih i bent-ickih foraminifera ali je pritom uzeto 
u obzir samo 500/o broja fragmenata bentickih foraminifera, (tablica 1, 
sliika 2). 

Medutim pokazalo se da su razlike izmedu rezultata koji su dobijeni 
na temelju ova tri pristupa razmjerno malene, te su time i malene raz­
like u interpretaciji dubine talozenja sedimenata od kojih su nacinjeni 
proueavani izbrusci. 

UZORAK 1 2 3 4 5 6 A B c SAMPLE 

4 / 5 30 42 166 243 2.156 4.743 5.108 

3 9 52 31 103 116 311 0.595 1.261 1.757 

2 22 136 31 118 29 302 Q106 0.153 0.261 , 16 121 91 129 9 366 0.025 0.039 0.053 

Tablica 1 - Rezultati: 1 = velike benticke foraminifere (cjeloviti presjeci), 2 = ve­
like benticke foraminifere (presjeci fragmenata), 3 = male benticke forami­
nifere, 4 = ostalo (mahovnjaci, bodljika~i, ~koljka~i, pufevi, kolutieavi crvi, 
alge), 5 = planktonske foraminifere, 6 = ukupan broj prebrojenih zrna. 
Izracunati omjeri: A = omjer planktonskih foraminifera prema svemu osta­
lom (5 I 1+ 2+ 3+ 4), B = omjer planktonskih foraminifera prema bentickim 
(5 I 1 +2+ 3), C = omjer planktonskih foraminifera prema bentickim, uzev~i 
u obzir samo 500/t od broja fragmenata velikih bentickih foraminifera 
(5 / 1+2x0,5+3). 

Table 1 - Results: 1 = large bethic foraminifera (sections of whole tests), 2 = 
large benthic foraminifera (sections of fragments), 3 = small benthic forami­
nifera, 4 = other (Bryozoa, Echinodermata, Lamellibranchiata, Gastropoda, 
Annelida, Algae), 5 = planktonic foraminifera, 6 = total number of all count­
ed particles. 
Calculated ratios: A = ratio between planktonic foraminifera and all other 
particles (5 I 1+2+3+4), B = ratio between planktonic and benthic forami­
nifera (5 I 1+ 2+3). C = ratio between planktonic and benthic foraminifera, 
when if only 500/o of the total number of fragments of large benthonic Fora­
minifera its taken into account (5 / 1+ 2x0,5+ 3). 
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REZULTATI I DISKUSIJA 

Analiza dobijenih v·rijednosti (slika 2) pokazuje •kontinuirani porast du­
bine sedimentacije od vrsnog dijela »nwnulitnog vapnenca« do vl'Snog 
dijela »lapora s rakovkama«. Tako je prema Ph 1 e g er u (1965) procije­
njeno da je vrsni dio »numulitnih vapnenaca« talozen u dubini izmedu 
20 i 60 m, donji dio »lapora s rakovicama« u dubmi izmedu 60 i 100 m, 
a da se prema vl'Snom clijelu »lapora s raikovicama« dubina sedirnenta­
cije povecala na vise stotina iii eak 1000 metara. Ovi se novi podaci dobro 
vezuju uz Gohr band to v e (1962), koji je odredio dubinu talozenja 
»prijelaznih lapora« (lapori u krovini »lapora 'S rakov:icama«) i samog 
»fliSa« na viSe od t·isu6u metara. 

Na temelju dobijenih podataka mozemo zakljuciti da termin »prijelaz­
ne naslage« valja upotrebljavati samo za sedimente koji zaista oznaea­
vaju fazu prijelaza, tj. produbljivanja sedimentacijskog bazena, a to su u 
eocenskim sedimentima Istre upravo »lapori s rakovicama«, a ne i »pri­
jelazni lapori« {»globigeriniski lapori«), koji SU vec tipicni dubokornorski 
sedimenti. 

Primljeno 31. 03. 1978. 
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Depth of sedimentation of »Marl with Crabs« estimated 
from the ratio between planktonic and 

benthic foraminifera · 

M. Juraeic 

INTRODUCTION AND GENERAL INFORMATION 

Twenty years ago (1955) Smith, Grims dale & Mor khoven indepen­
dently published papers in which they put forward an idea for the determination 
of the depth of sedimentation by the ratio between planktonic and benthic forami­
nifera. They investigated recent sediments from Mexico bay. Later on, more data 
had been collected throught the seas and oceans. Ph leg er (1955) collected all 
these data and gave depth zonation using the ratio between planktonic and benthic 
foraminifera. 

Afterwards, this method was used for the determination of sedimentation depth 
in ancient consolidated sedimentary rocks. It was Gohr band t (1962) who deter­
mined the depth of sedimentation of flysch in I<Stria, using the ratio between 
planktonic and benthic foraminifera. He found that flysch had been deposited in 
a depth of more than a thousand metres. 

In this paper the analysis of underlying sediments, is given i. e. the »Marls 
with Crabs« that lie between »Nummulitic limestones« and »Flysch«. 

The section investigated is situated in the valey of Tupaljski brook, near the 
old stony bridge between the hamlets FloriciCi and Glavac, 1900 m north of Piean 
(Text-fig. 1). 

In the investigated area, the »Nummulitic limestone« passes continously into 5-6 
m thick »Marls with Crabs«, and they again pass continously into so called »Marls 
of the lower part of flysch«, Salo p e k (1954), or »Transition marls«, Gohr band t 
(1962), or »Marls with Globigerinae«, Magda 1 en i c (1972) (These are the same 
marls but with different names). In the investigated location, these marls do not 
have any intercalation of coarser (turbiditic) beds. 

»Nummulitic limestone« is a lightgrey, packed biomicri1e, that consists exclusive­
ly of organogenic compounds, either entire fossils or their fragments. Benthic 
shallow marine organisms, like large foraminifera, bryozoans and echinoderms are 
predominant. Only sporadically planktonic foraminifera can be found. These 
limestones pass continously into »Marls with Crabs«. It means tha1, in addi­
tion to calcite, clay minerals appear, so that limestone passes into marl. Glauconite 
also appears, which gives a characteristic green colour to these »Marls with Crabs«. 
Of course the crabs are the most common macrofossils. Besides, the median dia­
meter of grains diminishes and the fossil content alters. Large benthic 'foraminife­
ra are replaced by planktonic foraminifera. 

Several names for these beds too, can be found ,in literature on the subject. 
The most common are »Marls with Crabs« and »Glauconitic limestones«. The term 
»Transitional beds« is used in two ways, either only for »Marls with Crabs« (e. g. 
St ache 1889; Si k i c & al. 1969), or for both »Marls with Crabs« and »Marls with 
Globigerinae« (Magdalen i c 1972). 

'The precise age of »Marls with Crabs« and »Marls with Globigerinae« was 
was determined by Muldin•i-MamuHc (1964) and Kraseninnikov & al. 
{1968.) They stated that these deposits belong to the Acarinina bulbrooki zone of 
the Lower Luttetian (lower part of the Middle Eocene). 

TECHNIQUE AND METHOD 

A statistic analysis has been made in a number of thin sections ranging from 
»Nummulitic limestones« to 1he upper part of »Marls with Crabs«, to infer the 
depth of sedimentation and, at the same time, to verify the method in thin sections. 
In each thin section about 300 grains were counted to get statistical reliability 
(table 1). The interesting points is that thin sections were used instead of counting 
isolated foraminiferal tests. Due to this specificity three different approaches have 
been used and compared to each other. 
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First, (A), is the ratio between planktonic foraminifera and all other particles 
(benthic foraminifera, entire and fragmented, remains of algae, echinoderms, bi­
valves and other) (5 I 1+2+ 3+ 4). The other, (B), is the ratio between planktonic 
and all benthonic foraminifera (entire and in fragments) (5 I 1+2+3). Finaly, (C), 
because a great part of the large foraminifera is fragmented, the ratio between 
planktonic and benthonic forarninifera was calculated using only 500/o of frag­
mented large benthic foraminifera (5 I 1+ 2 x 0,5+3) (table 1, fig. 2). 

But, differences between the results obtained using these three approaches are 
relatively small, and, accordingly, interpretations of sedimentation depths are 
also small. 

RESULTS AND DISCUSSION 

Analysis of the values obtained (Text-fig. 2) shows a continuous increase of se­
dimentation depth from the upper part of »Nummulitic limestones« to the upper 
part of »Marls with Crabs«. After Ph I e g er (1965), it is assumed that the upper 
part of »Nummulitic limestones« has been deposited in a shallow sea, from 20 
to 60 deep, the lower part of >Marls with Crabs« in depths between 60 and 100 m, 
and that in the upper part of »Marls with Crabs« the depth increased to several 
hundreds and even a thousand metres. This new data agres well with Gohr­
b and t' s 1962 results. He assumed a depth of over thousand metres for »Tran­
sit.ion marls« and »Flysch«. 

According to these results it can be concluded :that the term »Transitional beds« 
is to be used only for sediments that really represent a transitional period (period 
of steadily increasing depth). Among Eocene deposits of !stria, these are only 
»Marls with Crabs«, and not the »Transitional marls« or »Marls with Globige­
rinae«). 

Manuscript received March 31, 1978. 


