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Abstract 
A microfacies analys is of l imestone samples from N W Yugos lavia (Slovenia) 

w a s carried out. The microscopic observat ions were complemented w i t h pa lyno lo -
gical and geochemica l data inc luding determinat ion of isotopie ratios. The f in
dings point to a regressive deve lopment w h i c h took place during the Senon ian and 
cu lminated in karst and subsequent bauxi t izat ion . In a later s tage of subaerial 
exposure , cal ichif icat ion occurred over lapping the karst facies. At the beg inning 
of the Tertiary, a transgress ion unfo lded and the Kozina l imestones started to 
form. D u e to sea level changes and cl imatic factors, these sed iments s h o w s u p e 
r imposed palustr ine and brackish intertidal to subt idal horizons w h i c h were 
d iagenet ica l ly altered thus present ing a compl icated facies pattern. Overlaying 
the Kozina l imestones , the Late Paleocene Mil iol id l imestones occur. These are 
brackish intertidal to subt idal sediments that underwent prolonged periods of 
subaerial exposure , too. There is a gradual predominance of marine organisms in 
the vert ical sequence that reaches its m a x i m u m in the nex t unit, the Alveo l ina-
N u m m u l i t e s l imes tones (Early Eocene) . The three strat igraphie units dealt w i t h in 
this s tudy reflect gradual but important facies changes w h i c h are stressed here. 

Introduction 

Stanko Buser 

T h e p r e s e n t s t u d y gives a r e c o n s t r u c t i o n of t h e f a d e s d e v e l o p m e n t t h a t t ook p l a c e 
d u r i n g t h e t i m e i n t e rva l f rom U p p e r C r e t a c e o u s to E a r l y E o c e n e in S W Slovenia . 

T h e ana ly s i s focuses on t h e i n t e r p r e t a t i o n of t h e d e p o s i t i o n a l e n v i r o n m e n t s a n d 
d i agenes i s of t h e T e r t i a r y l imes tones , espec ia l ly of t h e l imes tones t h a t w e r e d e p o s i t e d 
a t t h e b e g i n n i n g of t h e T e r t i a r y age, t h e K o z i n a l imes tones . 

S e v e r a l i n v e s t i g a t o r s ( S t a c h e , 1889; H a m r l a , 1960; P l e n i č a r , 1961; P a v l o -
v e c , 1963; D r o b n e et al, 1988) cons ide r t h e s e l imes tones t o h a v e b e e n o r i g i n a t e d 
u n d e r m o s t d ive r se cond i t i ons . A m o n g t h e p r o p o s e d d e p o s i t i o n a l se t t ings t h e r e a r e 
l akes , e s t ua r i e s a n d b r a c k i s h l agoons . T h e K o z i n a beds a lso s h o w m a r i n e i n t e r c a l a t i -



ons r e n d e r i n g t h e facies s p e c t r u m a l m o s t comple t e . Th i s facies c o m p l e x i t y is g e n e 
ra l ly t a k e n to b e t h e r e su l t of t ec ton ic i n s t ab i l i t y s ince t h e L a r a m i a n m o v e m e n t s of 
t h e A l p i n e o rogenes i s w e r e s t i l l ac t ive in t h e a r e a a t t h e b e g i n n i n g of t h e T e r t i a r y . 

T a k e n as a who le , t h e e n t i r e T e r t i a r y s e q u e n c e s h o w s a c lea r t r a n s g r e s s i v e 
c h a r a c t e r w h i c h is, of course , u n t h i n k a b l e w i t h o u t t ec ton ics . 

L a s t b u t n o t leas t , t h e a u t h o r s re fer t o t h e C r e t a c e o u s - T e r t i a r y b o u n d a r y in t h e 
s t u d i e d a r e a w h i c h is m a r k e d by a n u n c o n f o r m i t y t h a t c a n b e eas i ly r ecogn ized in t h e 
field. Moreover , t h i s b o u n d a r y s h o w s s o m e i n t e r e s t i n g f ea tu re s t h a t m a y h e l p t o 
i n t e r p r e t t h e s u b s e q u e n t facies d e v e l o p m e n t . 

Tectonic structure of the invest igated territory 

R e g a r d i n g t h e b r o a d e s t geo tec ton ic d iv i s ion of S lovenia , t h e d i scussed t e r r i t o r y 
b e l o n g s to t h e O u t e r D i n a r i d s , t h e r o c k s of w h i c h o r i g i n a t e d - f rom t h e p a l e o g e o -
g r a p h i c p o i n t of v iew - on t h e D i n a r i c c a r b o n a t e p l a t fo rm. In t h e n a r r o w t ec ton i c 
d iv i s ion th i s t e r r i t o r y m a k e s p a r t of t h e Ma te r i j a an t i c l i ne . T h e ax i s of t h e an t i c l i ne is 
d i r e c t e d N W - S E a n d p l u n g e s n o r t h w e s t u n d e r a m o d e s t ang le . In i ts n o r t h e r n p a r t 
w h e r e prof i les 2 (NE of Mate r i j a ) a n d 3 (Slivje) a r e s i ted, t h e C r e t a c e o u s a n d t h e 
P a l e o g e n e b e d s d i p 10 to 30° n o r t h e a s t . In t h e s u r r o u n d i n g s of K o z i n a w h e r e prof i le 
1 is s i t ed on t h e c res t of t h e an t i c l ine , t h e b e d s d i p 40 t o 50° wes t . In t h e a r ea b e t w e e n 
K o z i n a a n d S l a v n i k t hey b e d s d i p s t e epe r s o u t h w e s t ; t h e r e a c h ve r t i ca l or even 
o v e r t u r n e d pos i t i on a n d a r e sca led in p laces . 

T h e i n v e s t i g a t e d t e r r i t o r y is affected by r a r e fau l t s . A n i m p o r t a n t faul t d i r e c t e d 
N W - S E r u n s n o r t h e a s t of Koz ina . T h e s a m e faul t c a n be fo l lowed a lso n o r t h of 
Ma te r i j a a n d M a r k o v š č i n a . A long t h i s fau l t a h o r i z o n t a l s l ip for a b o u t 1,200 m 
d i s p l a c e d t h e P a l e o g e n e a n d t h e C r e t a c e o u s b e d s n o r t h e a s t of Mate r i j a . A s h o r t e r 
h o r i z o n t a l d i s p l a c e m e n t c a n b e seen a l so in K o z i n a close to prof i le 1. 

T h e r eg ion s h o w s a t yp i ca l k a r s t t o p o g r a p h y c h a r a c t e r i z e d by n u m e r o u s do l ines . 
D e e p r e a c h i n g so lu t ion w e a t h e r i n g w h i c h t o o k p l a c e espec ia l ly d u r i n g t h e P l e i s t o 
cene c a u s e d t h e d e v e l o p m e n t of s u b t e r r a n e o u s r iver sys t ems . 

Stratigraphy 

T h e p r o b l e m of t h e C r e t a c e o u s - T e r t i a r y b o u n d a r y in t h e Wes t D i n a r i d e s w a s first 
s t u d i e d by t h e A u s t r i a n geologis t S t ä c h e in t h e yea r s 1859 to 1889. H e i n t r o d u c e d 
t h e t e r m " L i b u r n i a n s t a g e " for t h e l i m e s t o n e b e d s w h i c h w e r e depos i t ed , a c c o r d i n g 
to h i m , b e t w e e n t h e u p p e r m o s t C r e t a c e o u s a n d t h e lowes t Te r t i a ry . T h e " L i b u r n i a n 
s t a g e " h e d i v i d e d in to L o w e r fo ramin i fe ra l l imes tones , K o z i n a beds a n d U p p e r 
fo ramin i f e ra l l imes tones ( S t ä c h e , 1889). 

I n s t e a d of " L i b u r n i a n s t a g e " , P a v l o v e c a n d P l e n i č a r (1979) p r o p o s e d t h e 
t e r m " L i b u r n i a n f o r m a t i o n " , s ince, t h e y a r g u e d , t h e s e q u e n c e of t h e b e d s rea l ly 
e x t e n d s t h r o u g h severa l s t ages . T h e s a m e a u t h o r s r e g a r d t h e L o w e r fo ramin i fe ra l 
l imes tones (which t h e y n a m e d " V r e m e b e d s " ) to b e of M a a s t r i c h t i a n age ( P a v l o v e c 
& P l e n i č a r , 1979), t h e K o z i n a b e d s to b e of L o w e r P a l e o c e n e age (Dan ian ) a n d t h e 
U p p e r fo ramin i f e ra l l imes tones ( n a m e d "Mil io l id l imes tones" ) to b e of T h a n e t i a n 
age . Over ly ing t h e Mil io l id l imes tones t h e so -ca l l ed A l v e o l i n a - N u m m u l i t e s l i m e s t o 
nes occur . They b e l o n g to t h e I l e r d i a n a n d Cu i s i an ( D r o b n e & P a v l o v e c , 1979). 

R e g a r d i n g t h e p r o p o s a l of a n e w d iv i s ion of t h e P a l e o g e n e b e d s ( C a v e l i e r 



Fig. 1. Schemat ic profile d i sp lay ing the strat igraphie 
units of the s tudied area 

& P o m e r o 1, 1986) in w h i c h t h e I l e rd i an is p l a c e d in to t h e U p p e r E o c e n e a n d hence 
l o w e r i n g t h e P a l e o c e n e - E o c e n e b o u n d a r y , t h e i n v e s t i g a t e d b e d s c a n be s t r a t i g r a p h i -
cal ly r a n g e d as fol lows: t h e K o z i n a l imes tone be longs to t h e L o w e r P a l e o c e n e or t h e 
D a n i a n respec t ive ly , t h e Mi l io l ida l imes tone to t h e U p p e r P a l e o c e n e or t h e T h a n e t i a n 
a n d t h e Alveo l ina - N u m m u l i t e l imes tone to t h e L o w e r E o c e n e (Fig. 1) 

T h e c a r b o n a t e s e q u e n c e is ove r l a in by c las t ic ser ies (flysch) - n o t a n a l i z e d in th i s 
p a p e r - c o n s i d e r e d to be of M i d d l e E o c e n e age. 

T h e V r e m e b e d s a r e n o t p r e s e n t in t h e s t u d i e d loca l i t ies . In s t ead , C r e t a c e o u s rocks 
h e r e a r e c o n s t i t u t e d by r u d i s t i d a n d mic r i t i c l imes tones w h i c h w e t a k e to h a v e 
fo rmed d u r i n g t h e T u r o n i a n a n d S e n o n i a n . The s c h e m a t i c prof i le (Fig. 1) s h o w s t h e 
s t r a t i g r a p h i e u n i t s d e a l t w i t h in t h e p r e s e n t p a p e r . As w e sha l l d i scuss la te r , t h e 
s t r a t i g r a p h i e subd iv i s ion of t h e T e r t i a r y a l so ref lects i m p o r t a n t c h a n g e s of facies. It 
s hou ld b e p o i n t e d out , however , t h a t t h e t r a n s i t i o n s b e t w e e n t h e c a r b o n a t e u n i t s 
w i t h i n t h e T e r t i a r y s e q u e n c e a r e far f rom b e i n g a b r u p t . 



Descr ipt ion of local i t ies 

Prof i le 1 Kozina 

T h e s a m p l e s of prof i le 1 w e r e co l l ec ted f rom a n e x p o s u r e l o c a t e d a b o u t 15 k m S E 
from Tr i e s t e on t h e r o a d t h a t l e a d s f rom K o z i n a to K o p e r (Figs. 2 a n d 3). On t h e 
e a s t e r n s ide of t h e r o a d , l e a d i n g t o w a r d s s o u t h w e s t , t h e w h i t i s h - g r a y i s h l imes tones 
of U p p e r C r e t a c e o u s age c a n b e obse rved . They a r e h igh ly j o i n t e d in such a r e g u l a r 
w a y t h a t t h e j o i n t i n g c a n a t f i rs t s igh t be confused w i t h b e d d i n g p l a n e s . T h e 
l imes tones h e r e a r e c o n s t i t u t e d by a l t e r n a t i n g c a l c a r e n i t e s a n d ca l c i rud i t e s . They 
c o n t a i n a b u n d a n t r e m a i n s of r u d i s t s a n d ech ino ids . T h e rocks s h o w in s o m e p l a c e s 
a b r o w n i s h - r e d d i s c h color i n d i c a t i n g t h e in f luence of b a u x i t i z a t i o n . Loca l b r e c c i -
a t i o n t e x t u r e s can b e obse rved . T h e c e m e n t i n g a g e n t is c o n s t i t u t e d of c a l c a r e o u s a n d 
b a u x i t i c m a t e r i a l of ye l lowish color . 

On t h e e a s t e r n s ide of t h i s r o a d cu t it c a n b e c lea r ly seen h o w a 3 m t h i c k b a u x i t e 
p o c k e t s e p a r a t e s t h e l igh t co lo red C r e t a c e o u s l i m e s t o n e s from t h e d a r k e r P a l e o c e n e 
b e d s . U n f o r t u n a t e l y , it is n o t poss ib l e to obse rve t h e b o u n d a r y on t h e w e s t e r n s ide 
b e c a u s e t h e p l a c e is overcas t . 

T h e L o w e r P a l e o c e n e s t r a t a (Kozina l imes tones ) a r e we l l b e d d e d h a v i n g i n d i v i 
d u a l t h i c k n e s s e s b e t w e e n 20 a n d 70 cm. They a r e c o n c o r d a n t to t h e U p p e r C r e t a c e o -
ous s t r a t a i n d i c a t i n g a p a r a l l e l u n c o n f o r m i t y . T h e g e n e r a l d i r e c t i o n of d i p is W to 
SW. T h e K o z i n a l imes tones a r e b i t u m i n o u s a n d r a t h e r p o o r in fossils. In some p l a c e s 
t hey b e a r r e m a i n s of c h a r o p h y t a a n d g a s t r o p o d s . P i so ids c a n b e loca l ly r ecogn ized . 
B i o t u r b a t i o n a n d b r e c c i a t i o n fabr ics , as we l l as local l a m i n a t i o n s a r e c o m m o n l y 
obse rved . T h e t h i c k n e s s of t h e K o z i n a l imes tones in th i s r o a d cu t t o t a l s 6 1 m . 

Fig. 2. Pos i t ion of the invest igated profi les in the Pa leogene beds of the surroundings of Koz ina 



Fig. 3. Geologica l set t ing the s tudied profils 

Prof i le 2 NE from Materija 

T h e s a m p l i n g of prof i le 2 w a s ca r r i ed o u t on hi l l G r e b e n l o c a t e d 1.7 k m N E f rom 
Mate r i j a v i l l age (Figs. 2 a n d 3). The U p p e r C r e t a c e o u s b e d s a r e c o n s t i t u t e d of l igh t 
co lo red mic r i t i c l imes tones t h a t show t h e effects of p a l e o k a r s t . S c a t t e r e d r u d i s t 
shel ls c a n b e found. L i k e in prof i le 1 b r e c c i a t i o n t e x t u r e s c a n b e local ly obse rved . 
Aga in , t h e c e m e n t i n g m a t e r i a l is c a l c a r e o u s a n d b a u x i t i c . M i n o r local b a u x i t e 
i n t e r c a l a t i o n s a r e a lso p r e s e n t . 

T h e c o n t a c t b e t w e e n C r e t a c e o u s a n d T e r t i a r y l imes tones c a n b e r ead i ly r e c o g n i 
zed s ince t h e r o c k s s h o w c o n s p i c u o u s d i f ferences in color . Also, t h e b o u n d a r y is 
c h a r a c t e r i z e d by a n i r r e g u l a r paleore l ief e x h i b i t i n g fo rmer so lu t ion cavi t ies . These 
cavi t ies w e r e fi l led u p w i t h d a r k L o w e r P a l e o c e n e s e d i m e n t s . In prof i le 2 t h e K o z i n a 
l imes tones h a v e very m u c h t h e s a m e a p p e r a n c e as in prof i le 1. In c o m p a r i s o n to t h e 
U p p e r C r e t a c e o u s l imes tones t hey a r e obv ious ly t h e b e t t e r soil b u i l d e r s as c a n b e 
seen f rom t h e t e r r a i n m o r p h o l o g y . T h e b e d s c o n t a i n r e m a i n s of c h a r o p h y t a a n d 



g a s t r o p o d s . Aga in , t h e y h a v e a r a t h e r h i g h b i t u m e n con ten t . A l t h o u g h t h e t r a n s i t i o n 
to t h e n e x t u n i t , t h e Mil io l id l imes tones , is r a t h e r ind i s t inc t , a t h i c k n e s s of a b o u t 20 m 
c a n b e a s s u m e d for t h e K o z i n a l imes tones . T h e Mil io l id l imes tones a r e c h a r a c t e r i z e d 
by t h e i r r e m a r k a b l e c o n t e n t of mi l io l id fo ramin i fe ra . They s h o w a s l igh t ly l i gh t e r 
color t h a n t h e K o z i n a l imes tones a n d a r e a b o u t 16 m th ick . 

Over ly ing t h e Mil io l id l imes tones , t h e A l v e o l i n a - N u m m u l i t e s l imes tones c a n b e 
d i s t i n g u i s h e d , espec ia l ly d u e to t h e i r c o n t e n t of t h e s e fo ramin i fe ra a n d the i r l igh t 
g r a y color . A p p r e c i a b l e a m o u n t s of r e d a lgae (Lithothamnium) c an b e local ly o b s e r 
ved . T h e A l v e o l i n a - N u m m u l i t e s l imes tones a r e q u i t e r i ch in fossils, exc lus ive ly of 
m a r i n e o r g a n i s m s . 

Prof i le 3 Slivje 

Prof i le 3 is l o c a t e d on t h e n o r t h e r n s ide of t h e r o a d t h a t l eads f rom M a r k o v š č i n a 
to Slivje (Figs. 2 a n d 3). L i k e in prof i le 2, t h e U p p e r C r e t a c e u o s b e d s a r e l igh t co lo red 
a n d mic r i t i c . Only i so l a t ed r u d i s t shel ls c a n b e found. T h e l imes tones a r e we l l b e d d e d 
a n d s h o w local l a m i n a t i o n s . T h e g e n e r a l d i r e c t i o n of d i p is n o r t h e a s t . T h e h i a t u s 
b e t w e e n t h e U p p e r C r e t a c e o u s a n d t h e P a l e o c e n e b e d s inc reases f rom prof i le 1 to 
prof i le 3. Aga in , f i ssure f i l l ings cons i s t ing of b a u x i t i c m a t e r i a l c a n b e obse rved . As 
d e s c r i b e d in prof i le 2, t h e C r e t a c e o u s - T e r t i a r y j u n c t i o n h e r e is a lso m a r k e d by a n 
i r r e g u l a r paleorel ief . T h e l imes tones b e l o n g i n g to each sys t em c a n also b e r ead i l y 
d i s t i n g u i s h e d by t h e i r c o n t r a s t i n g colors (p la te 7/1). 

T h e K o z i n a l imes tones a t t h e bas i s of t h e T e r t i a r y s e q u e n c e s h o w b i o t u r b a t i o n 
a n d b r e c c i a t i o n fabr ics . F r e q u e n t c o m p o n e n t s a r e r e m a i n s of g a s t r o p o d s a n d c h a r o 
p h y t a . T h e t h i c k n e s s of t h i s u n i t h e r e t o t a l s a b o u t 73 m. 

Over ly ing t h e K o z i n a l imes tones t h e Mil io l id l imes tones occu r s h o w i n g for t h e 
m o s t p a r t t h e c h a r a c t e r i s t i c s m e n t i o n e d a l r e a d y in prof i le 2. As one fol lows t h e 
ve r t i ca l s e q u e n c e in to t h e y o u n g e r l ayers , t h e g r a d u a l d o m i n a n c e of m a r i n e o r g a 
n i s m s , such as ech ino ids , cora l s , r e d a n d d a s y c l a d a c e a n a lgae c a n b e no t i ced . T h e 
Mil io l id l imes tones in th i s prof i le a r e a p p r o x i m a t e l y 47 m th i ck . 

They a r e ove r l a in by t h e A l v e o l i n a - N u m m u l i t e s beds , t h e t r a n s i t i o n b e i n g diffuse. 
Th i s u n i t cons i s t s of l igh t g r a y l imes tones c o n t a i n i n g t h e s e fo ramin i fe ra as m a i n 
c o n s t i t u e n t s a n d m a r i n e o r g a n i s m s such as b ryozoa , ech ino ids a n d r e d a lgae . 

U n f o r t u n a t e l y , t h e s a m p l i n g cou ld no t be c a r r i e d ou t u n t i l r e a c h i n g t h e f lysch 
ser ies , w h i c h d i d n o t a l low e x a m i n a t i o n of t h e b o u n d a r y b e t w e e n A l v e o l i n a - N u m 
m u l i t e s l imes tones a n d flysch. 

Methods 

David Delvalle 

A t o t a l of 154 s a m p l e s w a s col lec ted f rom t h e loca l i t ies d e s c r i b e d above . All 
s a m p l e s w e r e cu t a t r i g h t ang les to b e d d i n g p l anes , a n d t h e m o r e s u i t a b l e ha lves w e r e 
se lec ted for t h e p r e p a r a t i o n of a c e t a t e pee ls a c c o r d i n g to t h e m e t h o d d e s c r i b e d by 
M c C r o n e (1963). T h e r e m a i n i n g m a t e r i a l w a s g r o u n d a n d k e p t for m i n e r a l o g i c a l 
a n d g e o c h e m i c a l ana lys i s . 

A c e t a t e pee l s w e r e e x a m i n e d w i t h a mic ro f i che r e a d i n g device w h i c h a l l owed 
a m a x i m a l 42-fold e n l a r g e m e n t a n d p r o v e d to b e m o s t useful for obse rva t ion . 

T h i n sec t ions w e r e m a d e f rom se lec ted s a m p l e s in o r d e r to solve spec ia l p r o b l e m s 
such as r ec rys t a l l i za t ion , c e m e n t t ypes a n d op t i c o r i e n t a t i o n of c rys ta l s . 



M i n e r a l compos i t i on w a s d e t e r m i n e d by m e a n s of a Ph i l i p s X - r a y d i f f r ac tomete r 
P W 1050/25 a n d a S i e m e n s X R D 500. 

F u r t h e r m o r e , d e t e r m i n a t i o n of t h e t r a c e e l e m e n t s Sr , Mg, Fe a n d Mn w a s c a r r i e d 
o u t w i t h a P e r k i n E l m e r A t o m i c A b s o r p t i o n S p e c t r o p h o t o m e t e r , mo d e l 3030. The 
long b u r n e r h e a d a n d a m i x t u r e of ace ty l ene a n d c o m p r e s s e d a i r w e r e used to a t o m i z e 
t h e s a m p l e s . T h e ana lys i s of i n d i v i d u a l e l e m e n t s w a s c a r r i e d ou t a c c o r d i n g to t h e 
p r o c e d u r e s de sc r ibed in t h e P e r k i n E l m e r A n a l y t i c a l M a n u a l . 

T h e t o t a l c a r b o n a t e c o n t e n t of t h e s amp le s , l a t e r u s e d to c a l c u l a t e t h e ca l c ium 
con t en t , w a s m e a s u r e d w i t h a device ca l led » K a r b o n a t b o m b e « des igned by M ü l l e r 
a n d G a s t n e r (1971). C o m p a r e d to o t h e r m e t h o d s t h e K a r b o n a t b o m b e p r o v e d to b e 
ve ry r e l i ab l e ( D u n n , 1980). 

O x y g e n a n d c a r b o n i so top ie r a t i o s w e r e a lso d e t e r m i n e d for se lec ted s a m p l e s (9). 
T h e n o m e n c l a t u r e of D u n h a m (1962) w i t h a d d i t i o n s p u t f o r w a r d by E m b r y 

a n d K l o v a n (1972) w e r e a p p l i e d for rock c lass i f ica t ion . Moreover , d e s c r i p t i o n of 
t h i n sec t ions (see p h o t o p l a t e s ) w a s c a r r i e d ou t by u s i n g a lso t h e F o l k c lass i f ica t ion 
(1959, 1962). Class i f ica t ion of p r i m a r y l i m e s t o n e t y p e s a c c o r d i n g to t h e a b o v e 
n o m e n c l a t u r e w a s diff icul t o r n o t poss ib le a t al l in some cases b e c a u s e of p o s t -
d e p o s i t i o n a l t e x t u r e a l t e r a t i o n s . 

Results 

F i g u r e s 4, 5 a n d 6 d i sp l ay t h e r e su l t s of t h e p é t r o g r a p h i e a n d t r a c e e l e m e n t 
ana lys i s . M e a s u r e d c a r b o n a t e a n d c a l c u l a t e d c a l c i u m c o n t e n t s a r e a lso i nc luded . 

T h e c o l u m n t e r m e d " t e x t u r e " refers to f ea tu re s such as l a m i n a t i o n s , cross b e d 
d ing , s ty lo l i tes a n d b i o t u r b a t i o n . 

N o p a r t i c u l a r p e r c e n t a g e l imi t w a s a s s u m e d in l i s t ing o b s e rv ed fossils. L i s t i n g 
w a s r a t h e r c a r r i e d ou t on t h e bas i s of sole r ecogn i t i on a n d it is n o t i n t e n d e d to 
e x p r e s s q u a n t i t i e s . 

A l t h o u g h i so top ie ana ly se s w e r e p e r f o r m e d on s a m p l e s of al l t h r e e prof i les , 
r e su l t s a r e bes t r e p r e s e n t e d in t h e d i a g r a m s from prof i le (Figs. 7 a n d 8), a n d a r e t h u s 
d i scussed t h e r e . The d a t a of t h e o t h e r prof i les , howeve r , a r e f u n d a m e n t a l l y t h e s ame . 

Prof i le 1 Kozina 

T h e U p p e r Cre t aceous l imes tones in th i s prof i le a r e c o n s t i t u t e d by l igh t co lo red 
w a c k e s t o n e s to p a c k s t o n e s a n d p a c k s t o n e s to f loa t s tones c o n t a i n i n g ech ino id a n d 
r u d i s t r e m a i n s . G r a d u a l t r a n s i t i o n s b e t w e e n rock t ypes a r e c o m m o n , even w i t h i n t h e 
s a m e ho r i zon . A lmos t a l l s t u d i e d s a m p l e s s h o w e d c lo t t ed s t r u c t u r e ( " s t r u c t u r e 
g r u m e l e u s e " , C a y e u x , 1935, 271), as we l l as local ex t ens ive r ec rys t a l l i za t ion . 
E c h i n o i d f r a g m e n t s gene ra l ly e x h i b i t wel l d e v e l o p e d r i m cement . 

T h e s ingle f loa t s tone to r u d s t o n e found ( sample no . 7) e x h i b i t s r o u n d e d i n t r a -
c las t s ( "g rapes tones" ) in a d d i t i o n to r u d i s t a n d ech ino id f r agmen t s . T w o c e m e n t 
g e n e r a t i o n s c a n b e obse rved , however , t h e A c e m e n t is a l m o s t en t i re ly o b l i t e r a t e d 
(p la te 1/1). 

T h e t o t a l c a r b o n a t e c o n t e n t of t h e U p p e r C r e t a c e o u s l imes tones va r i e s b e t w e e n 98 
a n d 100 p e r c e n t . S o m e s a m p l e s (e. g. no . 6A a n d 11) s h o w lower va lues d u e to t h e 
in f luence of b a u x i t i c m a t e r i a l . Mg va lues osc i l la te b e t w e e n 1000 a n d 2000 p p m . T h e 
r e m a i n i n g e l e m e n t s s h o w r a t h e r low v a l u e s : S r (50 to 130 p p m ) ; M n (up to 40 p p m ) ; 
Fe (30 to 70 p p m ) . 





Fig. 4. Profile 1 

T h e s a m p l e co l lec ted f rom t h e b a u x i t e p o c k e t s h o w s a t e x t u r e t y p e w h i c h 
C a r r o z i (1960) t e r m e d "oo l i t i c " . I n d i v i d u a l ooids e x h i b i t d i a m e t e r s u p to 0 . 5 m m , 
revea l a b r o w n - r e d d i s h color u n d e r t h e mic ro scope a n d a r e c lear ly zoned . S u c h oo ids 
formed, of course , d i agene t i ca l l y (p la te 1/4). 

S a m p l e no . 10, a lso co l lec ted from t h e pocke t , h a s a r a t h e r c o n g l o m e r a t i c fabr ic . 
The rock f r a g m e n t s a r e c o n s t i t u t e d by l imes tones e x h i b i t i n g r o u n d e d mic r i t i c b o d i e s 
( "g laebu les" ) c e m e n t e d w i t h m i c r o s p a r (p la te 1/5). 

A t t h e ba s i s of t h e T e r t i a r y s e q u e n c e t h e K o z i n a l imes tones o c c u r cons i s t ing of 
d a r k b i t u m i n o u s m u d s t o n e s to w a c k e s t o n e s , w a c k e s t o n e s t o p a c k s t o n e s a n d p a c k s t o -
nes t h a t u n d e r w e n t , however , local p o s t - d e p o s i t i o n a l t e x t u r e a l t e r a t i o n s . Most s a m 
ples c o n t a i n a b u n d a n t pe lo ids , r e m a i n s of c h a r o p h y t a (oogonia a n d gyrogoni tes ) , 
b l u e - g r e e n a lgae a n d s p a r s e m i n u t e o s t r acods . I m p o r t a n t f ea tu re s of t hese l imes tones 



a r e c lo t t ed mic r i t e , b i o t u r t u r b a t i o n a n d b r e a c c i a t i o n fabr ics , as we l l a s l a m i n a t i o n s 
(Fig. 4). 

Mol lusc shel l s a r e r a t h e r t h i n a n d s o m e t i m e s b o r e d . 
S a m p l e n o . 19 w a s col lec ted from a l aye r c o n s t i t u t e d b y a l i m e s t o n e s h o w i n g 

i n t r a c l a s t s a n d pe lo ids w h i c h c a n b e d i s t i n g u i s h e d f rom t h e s u r r o u n d i n g m a t r i x by 
d i f fe rences in color . F u r t h e r m o r e , t i ny t o o t h - l i k e c rys ta l s , a r r a y e d a l o n g s t r a i g h t 
l ines , a r e s c a t t e r e d in t h e m a t r i x . These c rys t a l s w e be l ieve t o b e ca lc i te p s e u d o -
m o r p h s af ter g y p s u m (p la te 2/1). 

G a s t r o p o d s a r e local ly a b u n d a n t c o m p o n e n t s of t h e K o z i n a l imes tones . S t ä c h e 
(1889) d e s c r i b e d t w o species w h i c h h e n a m e d Cosinia a n d Stomatopsis. S c h u b e r t 
(1912, 37) a lso m e n t i o n e d t h e o c c u r r e n c e of v a r i o u s fresh w a t t e r a n d l a n d g a s t r o p o d s . 
F o r a m i n i f e r a a r e very sma l l a n d spa r se . 

T h e m i c r o p r o b l e m a t i c u m M i c r o c o d i u m c a n b e local ly found in t h e s h a p e of smal l , 
r e g u l a r ca lc i t e p r i s m s (e. g. s a m p l e s no . 48 a n d 50). L a t e r on, w e wi l l d i scuss th i s 
s t r u c t u r e in s o m e de ta i l . 

T h e r e is s t r o n g ev idence p o i n t i n g t o t h e ep i sod ic (?) f o r m a t i o n of c a l c a r e o u s c r u s t s 
(caliche) w i t h i n t h e K o z i n a s t r a t a . F o r i n s t a n c e , s a m p l e s 48 a n d 49 s h o w i n c i p i e n t 
a lveo l a r t e x t u r e ( E s t e b a n , 1974), as we l l as " f lower s p a r " c e m e n t w h i c h is " p a r t i 
cu l a r l y c h a r a c t e r i s t i c of c a l c a r e o u s c r u s t s " ( J a m e s , 1972, 826). S a m p l e no . 50 
c o n t a i n s c h a r a c t e r i s t i c ca l i che p i so ids e x h i b i t i n g c i r c u m g r a n u l a r a n d i n t r a g r a n u l a r 
c r a c k i n g (p la te 3/3). S o m e of t h e obse rved b r e c c i a t i o n t e x t u r e s p r o b a b l y r e s u l t e d 
from d i a g e n e t i c p rocesses i n h e r e n t to ca l ich i f ica t ion . 

T h e K o z i n a l imes tones a r e c h a r a c t e r i z e d by the i r p o o r c o n t e n t of o r g a n i s m s 
b e l o n g i n g to a l i m i t e d n u m b e r of species . They h a v e r a t h e r h i g h c a r b o n a t e c o n t e n t s 
(95 to 100 pe rcen t ) . 

All X R D d i a g r a m m s s h o w e d ca lc i t e as s ingle c a r b o n a t e p h a s e . 
Mg va lues r e m a i n a r o u n d 2000 p p m a n d a r e se ldom h i g h e r t h a n 3000 p p m . S r 

c o n t e n t a t f i rs t va r i e s b e t w e e n 150 a n d 450 p p m a n d b e c o m e s c o n t i n u o u s l y l o w e r 
u n t i l r e a c h i n g a m i n i m u m in s a m p l e no . 61 (59 p p m ) . T h e e l emen t M n s h o w s 
osc i l l a t ing v a l u e s b e t w e e n 20 a n d 40 p p m . A n e x c e p t i o n is s a m p l e no . 22 w i t h 
a m a x i m u m v a l u e of 141 p p m . The F e c o n t e n t s t ays a r o u n d 150 p p m . H o w e v e r , h i g h 
va lues w e r e a lso r e c o r d e d ( samples no . 18, 19, 20, 38, 49 a n d 50, h a v i n g r e spec t ive ly 
2 2 1 , 253, 191, 194, 224 a n d 289 p p m ) . 

Prof i le 2 NE from Materija 

T h e U p p e r C r e t a c e o u s l imes tones of prof i le 2 a r e c o n s t i t u t e d by w h i t i s h g r a y i s h 
w a c k e s t o n e s , in p l aces c h a n g i n g to p a c k s t o n e s a n d f loa t s tones (Fig. 5). R u d i s t shel ls 
a r e n o t as c o m m o n as in t h e prof i le 1. F r e q u e n t c o m p o n e n t s a r e fo ramin i f e ra 
(mil iol ids , r o t a l i d s , o rb i to l in ids ) , e ch ino id f r a g m e n t s a n d a lgae (Thaumatoporella 
parvovesiculifera). F u r t h e r m o r e , local ly a b u n d a n t t iny , r o u n d to e l l ip t ica l objec ts 
c a n b e obse rved w h i c h w e t a k e to b e p l a n k t o n i c fo ramin i fe ra of t h e species Pitho-
nella (p la te 4/2). 

Mil io l ids a r e r a t h e r smal l a n d often s h o w rec rys t a l l i z ed tes t s . 
T h e l imes tones a r e occas iona l ly b r e c c i a t e d (e .g . s a m p l e s no . 2 a n d 6K). S u c h 

b r e c c i a s c a n b e c lear ly obse rved , even w i t h t h e m i c r o s c o p e (microbrecc ia ) . T h e 
f issures a r e n o t a l w a y s c e m e n t e d w i t h s p a r i t e b u t p a r t l y filled w i t h mic r i t i c a n d 
s i l t s ized m a t e r i a l (p la te 4/3). 

In genera l , t h e l imes tones h a v e a mic r i t i c m a t r i x s h o w i n g r ec rys t a l l i zed a r e a s . 



Explanat ion of figs. 4, 5 and 6 

Moreover , t h e m a t r i x of some s a m p l e s c o n t a i n s s c a t t e r e d s i l t s ized g ra ins . S ty lo l i t es 
c a n b e local ly obse rved . 

T h e t o t a l c a r b o n a t e c o n t e n t va r i e s b e t w e e n 98 a n d 100 pe rcen t . Calc i te a p p e a r s in 
t h e X R D d i a g r a m m s as s ingle c a r b o n a t e p h a s e . Mg va lues r e m a i n a r o u n d 1000 p p m . 
S r s h o w s ve ry low va lues (be tween 50 a n d 90 p p m ) . M n c o n t e n t s t ays a lmos t c o n s t a n t 
a r o u n d 8 p p m , w h e r e a s Fe c o n t e n t ave rages 50 p p m . 

As a l r e a d y s t a t e d in t h e a b o v e d e s c r i p t i o n of prof i le 2, t h e U p p e r C r e t a c e o u s 
l imes tones a r e d i rec t ly a n d c o n c o r d a n t l y ove r l a in by t h e K o z i n a l imes tones . 

T h e b o u n d a r y b e t w e e n C r e t a c e o u s a n d T e r t i a r y is m a r k e d by i r r e g u l a r relief 
s h o w i n g in p laces fo rmer d e e p r e a c h i n g so lu t ion cav i t ies . Mic roscop ic o b s e r v a t i o n of 





Fig. 5. Profi le 2 

t h e c o n t a c t r evea l s t h a t i t is o v e r p r i n t e d by s ty lo l i tes . T h e K o z i n a l imes tone a t t h e 
c o n t a c t is c o n s t i t u t e d by a m u d s t o n e s h o w i n g calc i f ied f i l amen t s of a n indef in i t e 
or ig in (calcif ied roo t f i l amen t s ?). S i l t s ized g r a i n s a r e s c a t t e r e d in t h e m a t r i x . 

Only a s l igh t d e c r e a s e of СаСОз c o n t e n t c a n b e r e c o r d e d in t h e c o r r e s p o n d i n g 
U p p e r C r e t a c e o u s a n d P a l e o c e n e rocks p r e s e n t a t t h e b o u n d a r y (from 100 to 98 
pe rcen t ) . F u r t h e r m o r e , w i t h t h e e x c e p t i o n of Mg (1170 to 960 p p m ) , t h e c o n t e n t of 
r e m a i n i n g e l e m e n t s i nc rea se s : S r f rom 80 to 120 p p m ; Fe f rom 60 to 110 p p m ; M n 
from 4 to 12 p p m . 

Prof i le 2 - u n l i k e prof i le 1 - covers all t h r e e l imes tone u n i t s m e n t i o n e d in s ec 
t ion 3. 

T h e K o z i n a l imes tones h a v e q u i t e t h e s a m e a p p e a r a n c e as d e s c r i b e d in prof i le 1, 
showing , however , a n even l o w e r fossil con t en t . They a r e c o n s t i t u t e d by d a r k 
b i t u m i n o u s m u d s t o n e s , m u d s t o n e s to w a c k e s t o n e s , w a c k e s t o n e s a n d w a c k e s t o n e s to 
p a c k s t o n e s (Fig. 5). 

Mos t c o m m o n c o m p o n e n t s a r e pe lo ids . G a s t r o p o d s a r e n o t as f r equen t as in 
prof i le 1 b u t w h e n p re sen t , t h e y s h o w micr i t i c enve lopes . Aga in , c o m m o n fea tu re s a r e 
b i o t u r b a t i o n a n d b r e c c i a t i o n t e x t u r e s (p la te 5/1). 

A g r a d u a l t r a n s i t i o n l eads to t h e Mil io l id l imes tones w h i c h s h o w t h e fo l lowing 
mi l io l id spec ies ( D r o b n e , 1974): Idalina, Periloculina a n d Fabularia, as we l l a s 
con ica l fo rms l ike Fallotella, Coskinolina a n d o the r . Moreover , fo ramin i fe ra w i t h 
d i sco ida l s h a p e s (Broeckinella, Discocyclina) h a v e b e e n a lso r e p o r t e d ( D r o b n e , 
1979). A c c o r d i n g to D r o b n e a n d P a v l o v e c (1979), f irst a lveo l in ids a p p e a r in t h e 
u p p e r p a r t of t h e Mil io l id l imes tones (Glomalveolina primaeva). 

As p o i n t e d ou t before , a g r a d u a l d o m i n a n c e of typ ica l ly m a r i n e o r g a n i s m s can b e 
a s c e r t a i n e d t h e y o u n g e r t h e b e d s get . S u c h o r g a n i s m s i n c l u d e d a s y c l a d a c e a n a lgae , 



r ed a lgae (Lithothamnium), e c h i n o i d f r a g m e n t s a n d l a rge fo ramin i fe ra . D a s y c l a d a 
cean a lgae a n d g a s t r o p o d shel ls a r e u sua l ly r ec rys ta l l i zed . O t h e r c o m m o n c o n s t i t u 
en t s a r e pe lo ids (p la te 5/2). 

Mil io l id l imes tones cons is t of w a c k e s t o n e s , w a c k e s t o n e s to p a c k s t o n e s a n d poo r ly 
w a s h e d p a c k s t o n e s (Fig. 5). 

A c h a r a c t e r i s t i c f ea tu re of t h e A l v e o l i n a - N u m m u l i t e s l imes tones over ly ing Mi l i 
ol id l imes tones is t h e i r c o n t e n t of s t r ic t ly m a r i n e o r g a n i s m s . A long w i t h l a r g e 
fo ramin i fe ra (a lveol in ids , n u m m u l i t i d s , d i scocyc l in ids etc.) , b ryozoa , r e d a lgae (Li
thothamnium), e ch ino id a n d s p o n g e f r a g m e n t s occur (p la te 5/3). A c c o r d i n g to 
D r o b n e a n d P a v l o v e c (1979) in t h e Golež sec t ion n e a r K o z i n a 29 species of 
a lveol ines a n d 13 of n u m m u l i t e s h a v e b e e n d e t e r m i n e d . 

In c e r t a i n p l aces r e m a i n s of Lithothamnium c a n b e q u i t e a b u n d a n t ( samples no . 
20 a n d 21). Pe lo ids - b e i n g p e r h a p s in p a r t sma l l i n t r a c l a s t s - a r e a lso p resen t . 

T h e t o t a l c a r b o n a t e c o n t e n t s h o w s a c lear ly i n c r e a s i n g t e n d e n c y t o w a r d s t h e 
A l v e o l i n a - N u m m u l i t e s l imes tones w h e r e it r e a c h e s 100 p e r c e n t va lues . Calc i te w a s 
d e t e r m i n e d as s ingle c a r b o n a t e p h a s e . 

W i t h i n t h e K o z i n a l imes tones S r va lues s h o w a n i nc r ea s ing t e n d e n c y , r e a c h i n g 
a m a x i m u m in s a m p l e no . 12 (532 p p m ) . Therea f t e r , va lues d r o p g r a d u a l l y t o w a r d s 
Mil io l id a n d A l v e o l i n a - N u m m u l i t e s l imes tones r e a c h i n g a m i n i m u m in s a m p l e no . 22 
(104 p p m ) . Mg va lues a lso i nc rea se c o n t i n u o u s l y t o w a r d s Mil io l id l imes tones r e a c 
h i n g a m a x i m u m v a l u e in s a m p l e no . 14 (4500 p p m ) a n d t h e n d r o p p i n g t o w a r d s 
A l v e o l i n a - N u m m u l i t e s l imes tones ( m i n i m u m : 830 p p m in s a m p l e no . 22). M n c o n t e n t 
va r i e s r a t h e r i r r e g u l a r l y b e t w e e n 10 a n d 35 p p m . Fe va lues a lso s h o w i r r e g u l a r 
v a r i a t i o n s b e t w e e n 40 a n d 150 p p m . However , h i g h e s t co n t en t s occur w i t h i n K o z i n a 
l imes tones . 

Prof i le 3 Slivje 

C o m p a r e d to c o r r e s p o n d i n g s t r a t a in t h e o t h e r prof i les t h e U p p e r C r e t a c e o u s 
l imes tones of prof i le 3 (Fig. 6) h a v e t h e lowes t fossil con ten t . Wi th one e x c e p t i o n 
( sample no . 4) t h e l imes tones cons is t of l igh t co lo red m u d s t o n e s a n d m u d s t o n e s to 
w a c k e s t o n e s . T h e fo l lowing fosils w e r e obse rved : sma l l fo ramin i fe ra (mil iol ids a n d 
o ther ) , a lgae (Thaumatoporella), a n d i so la ted r u d i s t a n d ech ino id f r agmen t s . S a m p l e 
n o . 4 w a s col lec ted f rom a b e d c o n s t i t u t e d by f loa t s tone . 

T h e l imes tones u sua l l y s h o w c lo t t ed s t r u c t u r e . L a m i n a t i o n s , some t imes a s soc i 
a t e d w i t h f enes t ra l fabr ics , c a n b e obse rved (e. g. s a m p l e no . 5). Rud i s t shel ls a r e 
r a t h e r sma l l and , espec ia l ly n e a r t h e b o u n d a r y , comple t e ly rec rys ta l l i zed . 

Occas iona l ly , r u d i s t shel ls f i l led w i t h mic r i t i c m a t e r i a l c a n b e e n c o u n t e r e d ( in te r 
n a l sed imen t ) . Rec rys ta l l i zed a r e a s a r e p r e sen t , howeve r , as in s a m p l e no . 6, n o t 
affect ing l a m i n a t i o n . This s a m e s a m p l e a lso c o n t a i n s s c a t t e r e d b a u x i t e ooids . 

Thaumatoporella a l gae s o m e t i m e s e x h i b i t geope t a l fabr ics . Mil io l ids a re sma l l 
a n d h a v e often r ec rys t a l l i zed shel ls . 

S m a l l a n d i r r e g u l a r b a u x i t e i n t e r c a l a t i o n s c a n be found w i t h i n t h e U p p e r C r e t a 
ceous l imes tones . F r o m such a n i n t e r c a l a t i o n s a m p l e no . 3 w a s col lected. I t h a s ool i t ic 
t e x t u r e a n d is c o m p o s e d of t h e m i n e r a l s b o e h m i t e , goe th i t e , kao l in i t e , a n d a n a t a s e , as 
t h e X R D d i a g r a m s h o w s (see f igure 7). 

T h e t o t a l c a r b o n a t e c o n t e n t va r i e s b e t w e e n 98 a n d 100 pe rcen t . X R D d i a g r a m s 
i n d i c a t e ca lc i te as s ingle c a r b o n a t e p h a s e . 

Mg va lues osc i l la te a t f i rs t a r o u n d 1000 p p m , i n c r e a s i n g sudden ly , be fore r e a c 
h i n g t h e b o u n d a r y , to 3400 p p m . The ana lys i s of S r r e su l t s in s imi l a r ev idence , t h e 



va lues v a r y i n g a t f irst a r o u n d 100 p p m a n d t h e n i n c r e a s i n g to 230 p p m . M n c o n t e n t 
r e m a i n s a r o u n d 13 p p m , w h e r e a s Fe c o n t e n t va r i e s b e t w e e n 60 a n d 200 p p m . 

T h e C r e t a c e o u s - T e r t i a r y b o u n d a r y in prof i le 3 - l ike in prof i le 2 - is eas i ly 
r ecogn ized s ince t h e c o r r e s p o n d i n g r o c k s s h o w c o n s p i c u o u s d i f ferences in color. T h e 
j u n c t i o n h e r e is a lso m a r k e d by a paleore l ief w i t h s h a r p edges a n d fo rmer so lu t ion 
cavi t ies (p la te 7/1). 

T h e c o n t e n t of al l t r a c e e l e m e n t s inc reases i m m e d i a t e l y b e y o n d t h e con tac t : Mg 
from 3400 to 3900 p p m ; S r f rom 335 to 470; M n from 11 to 25 p p m a n d Fe from 60 to 
230 p p m . 

T h e K o z i n a l imes tones of t h i s prof i le a r e c o n s t i t u t e d by d a r k b i t u m i n o u s m u d s t o -
nes , w a c k e s t o n e s a n d p a c k s t o n e s . T h e r e a r e s o m e t i m e s g r a d u a l t r a n s i t i o n s b e t w e e n 
t h e s e l imes tone types . T h e rocks c o n t a i n g a s t r o p o d s , c h a r o p h y t a r e m a i n s a n d m i n u t e 
o s t r a c o d s . B u r r o w s a n d b r e c c i a t i o n fabr ics a r e f r equen t . 

A n o u t s t a n d i n g f ea tu re of t h e P a l e o c e n e s t r a t a of prof i le 3 ( inc lud ing Mil io l id 
l imes tones ) is t h e o c c u r r e n c e of M i c r o c o d i u m . It a p p e a r s as loose, r e g u l a r ca lc i te 
p r i s m s b u t a lso forms o r g a n i z e d a r r a n g e m e n t s (p la te 6). K l a p p a (1978) t e r m e d t h e 
first " M i c r o c o d i u m g r a i n s " , w h e r e a s h e n a m e d t h e s econd " M i c r o c o d i u m a g g r e g a 
t e s " . 

B recc i a t i on a n d a lveo la r t e x t u r e s a r e very c o m m o n in t h e K o z i n a s t r a t a (p la te 7/2). 
Pe lo ids a r e q u i t e a b u n d a n t in t h e P a l e o c e n e l imes tones of ten fo rming p a c k s t o n e s . 
Mi l io l id l imes tones consis i t of m u d s t o n e s , w a c k e s t o n e s to p a c k s t o n e s a n d p a c k s t o n e s 
to g r a i n s t o n e s . T h e l a t t e r c o n t a i n fossils of v a r i o u s species w h i c h ev iden t ly a c c u m u 
l a t e d by c u r r e n t ac t i on af ter d e a t h (p la te 6/3). S u c h b i o c a l c a r e n i t e s a lso s h o w c ross -
b e d d i n g (e.g. s a m p l e no . 41). 

In t h e y o u n g e r Mil io l id s t r a t a r e m a i n s of m a r i n e o r g a n i s m s g r a d u a l l y p r e d o m i 
n a t e . A m o n g these , t h e r e a r e ech ino ids , cora l s , d a s y c l a d a c e a n a lgae (see a lso B u s e r 
& R a d o i č i ć , 1987), co ra l l i ne a lgae a n d s p o n g e f r a g m e n t s . 

E x h i b i t i n g a c h a r a c t e r i s t i c facies, t h e Mi l io l ida l i m e s t o n e is u b i q u i t o u s al l over 
t h e K a r s t r eg ion a n d a p p e a r s in al l prof i les . It p r o b a b l y d id o r i g i n a t e in a specif ic 
e n v i r o n m e n t . Consequen t ly , it h a s b e e n s e p a r a t e d as a spec ia l f o rma t ion a n d n a m e d 
t h e Slivje formation a f ter a so n a m e d vi l lage . T h e foo twal l of t h i s f o rma t ion is in t h e 
i n v e s t i g a t e d a r ea t h e K o z i n a l imes tone ; it does c o n s t i t u t e t h e u p p e r p a r t of t h e 
L i b u r n i a n fo rma t ion , w h e r e a s i ts h a n g i n g w a l l b e d s a r e t h e A l v e o l i n a - N u m m u l i t e 
l imes tones . The c h a r a c t e r i s t i c prof i le of t h e Slivje f o r m a t i o n is e x p o s e d in a r o a d - c u t 
w e s t of Slivje, w h e r e s a m p l e s w e r e t a k e n for o u r i nves t i ga t i ons . 

T h e A l v e o l i n a - N u m m u l i t e s l imes tones of prof i le 3 a r e c o n s t i t u t e d by l igh t g r a y 
w a c k e s t o n e s to p a c k s t o n e s c o n t a i n i n g - in a d d i t i o n to t hese fo ramin i fe ra - r ed a lgae , 
b ryozoa , e c h i n o i d f r a g m e n t s a n d pe lo ids (p la te 6/4). Red a lgae can b e local ly m o r e 
i m p o r t a n t c o n s t i t u e n t s t h a n a lveol ines a n d n u m m u l i t e s (e.g. s a m p l e s no . 64 a n d 65). 
S o m e t i m e s t h e s e a lgae a r e found i n c r u s t i n g o t h e r o r g a n i s m s l ike b ryozoa . 

W i t h a few e x c e p t i o n s (e.g. s a m p l e no . 27 w i t h 94 pe rcen t ) , t h e t o t a l c a r b o n a t e 
c o n t e n t of K o z i n a a n d Mil io l id l imes tones va r i e s b e t w e e n 98 a n d 100 pe rcen t . On t h e 
ave rage , h o w e v e r , t h e h ighes t c a r b o n a t e va lue s w e r e r e c o r d e d in t h e A lveo l ina -
N u m m u l i t e s l imes tones . 

K o z i n a l imes tones h a v e v a r y i n g Mg (1800 to 4850 p p m ) a n d S r c o n t e n t (125 to 470 
ppm) . Fe a n d M n c o n t e n t osc i l la tes b e t w e e n 42 a n d 230 p p m a n d b e t w e e n 10 a n d 37 
p p m , respec t ive ly . 

The h i g h e s t c o n t e n t of t r a c e e l e m e n t s w a s m e a s u r e d r i g h t a t t h e bas i s of t h e 
T e r t i a r y s equence . 









Fig. 6. Profile 3 



Fig. 7 X R D - d iagram s h o w i n g the mineralogical compos i t ion of baux i t e 
k = kaol inite; g = goethi te; b = boehmite; an = anatase 

Miliolid l imestones show dist inctly higher Mg (2570 to 4850 ppm) and Sr content 
(223 to 723 ppm). Fe and Mn content varies be tween 36 and 266 ppm and between 
9 and 64 ppm respectively. 

A lveo l ina-Nummul i te s l imestones have the fo l lowing trace e lement content: Mg 
2250 to 3910 ppm; Sr 213 to 263 ppm; Fe 37 to 53 ppm and Mn 9 to 45 ppm. These are 
the highest and lowest values registered. 

Figures 8 and 9 display the results of the isotopie analysis (b^^C and б'**0) wh ich 
were carried out for the fo l lowing samples: 6, 7K (Upper Cretaceous l imestones); 7T, 
12, and 15 (Kozina l imestones); 34 and 46 (Miliolid l imestones); 63 and 66 (Alveol ina-
Nummul i t e s l imestones) . 

The ô'^C diagram (Fig. 8) shows that samples no. 46, 63 and 66 correspond to 
marine carbonates wh ich formed under isotopie equil ibrium wi th atmospheric car
bon dioxide . In arrow direction, however, fresh water influence becomes more and 
more noticeable , as indicated by the negative б'-̂ С values. Fresh water input may have 
taken place s imultaneously wi th deposit ion (brackish environments) and/or during 
subaerial exposure, where soil forming and subaerial diagenetic processes were 
active. 



Fig. 8. Ò^^C - va lues of l imestones from profile 3 p lot ted against the thickness at w h i c h the 
samples were co l lected 

T h e U p p e r C r e t a c e o u s l imes tones shov^^ a m o r e pos i t ive v a l u e t h a n t h e ones 
d e t e r m i n e d in s a m p l e s f rom t h e bas i s of t h e T e r t i a r y s equence . Neve r the l e s s , t h e s e 
va lue s do n o t c o r r e s p o n d to t hose of n o r m a l m a r i n e c a r b o n a t e s . I t c an be e x p e c t e d 
t h a t i so top ie e x c h a n g e b e t w e e n c e m e n t s a n d m e t e o r i c w a t e r s - w h e r e t h e l i gh t e r 
i so topes p r e d o m i n a t e - t ook p l ace d u r i n g k a r s t d e v e l o p m e n t . 

T h e б'**0 d i a g r a m (figure 9) s h o w s t w o a r ea s . T h e va lues w i t h i n a r ea A a r e less 
n e g a t i v e t h a n t h o s e in a r e a B. A l t h o u g h they do n o t a c t u a l l y c o r r e s p o n d to c a r b o n a -



Fig. 9. Ô'̂ O - va lues of l imestones from profile 3 plot ted against the 
th ickness at w h i c h the samples were co l lected 

t e s fo rmed u n d e r n o r m a l m a r i n e cond i t i ons , t h e y do d o c u m e n t a t e n d e n c y t o w a r d s 
c h a r a c t e r i s t i c va lues of m a r i n e c a r b o n a t e s . In c o n t r a s t , a r e a B s h o w s v a l u e s t h a t 
d i s t i nc t ly i n d i c a t e f resh w a t e r inf luence . 

Palynological analysis 

T h e fo l lowing s a m p l e s w e r e se lec ted for pa lyno log ica l ana ly s i s : 13, 14, 15 (profi le 
1); 6K, 6T, 9 (profi le 2); 7, 8 (profi le 3). Only t w o of t hese s amp le s , no . 13 a n d no . 8, 
y i e lded wel l p r e s e r v e d s p o r o m o r p h species t h a t a l l owed s u r e d e t e r m i n a t i o n . 



N o n e of t h e s a m p l e s c o n t a i n e d e n o u g h m a t e r i a l t o p e r m i t a q u a n t i t a t i v e s t a t i s t i 
ca l ana lys i s w h i c h is neces sa ry w h e n c h a r a c t e r i s t i c t i m e species a r e absen t . N e v e r t 
he less , s o m e s t a t e m e n t s c o n c e r n i n g s t r a t i g r a p h y c a n b e m a d e . 

F o r i n s t ance , c h a r a c t e r i s t i c C r e t a c e o u s a n d P a l e o c e n e s p o r o m o r p h s w e r e n o t 
found . 

T a b l e 1 d i sp l ays t h e d e t e r m i n e d species . The s u p p o s e d b o t a n i c o r ig in is g iven in 
p a r e n t h e s e s . 

Bes ide s o m e forms t h a t r e a c h in to t h e Mesozoic (d i sacca te conifers , p i n u s forms), 
m o s t s p o r o m o r p h s a r e r a t h e r t yp i ca l for t h e E o c e n e a n d t h e Miocene . A lmos t al l 
d e t e c t e d forms a p p e a r soone r or l a t e r d u r i n g t h e E o c e n e a n d las t un t i l t h e U p p e r 
Miocene , a n d p a r t l y t h e P l iocene . 

S a m p l e no . 8, for e x a m p l e , c o n t a i n e d t h e u n m i s t a k a b l e po l l en of Pterocarya 
w h i c h a p p e a r e d in t h e M i d d l e E o c e n e a n d a t t a i n e d i ts m a x i m a l d i s t r i b u t i o n b e t w e e n 
t h e U p p e r Ol igocene a n d t h e U p p e r Miocene , p a r t l y t h e P l iocene a n d local ly un t i l t h e 
L o w e r P le i s tocene . 

Polyporopollenites undulosus (Ulmus, Zelkova) a l so r e a c h from t h e E o c e n e to t h e 
P le i s tocene , h a v i n g i ts m a x i m a l d i s t r i b u t i o n s ince t h e Ol igocene . 

Table 1. List of the determined sporomorphs 

S a m p l e no. 8 (profile 3) 

Sequoiapollenites polyformosus? (Sequoia) 
Pityosporites labdacus (Pinns) 
Poly por opollenites undulosus (Ulmus, Zelkova) 
Pterocaryapollenites stellatus (Pterocarya) 
Inaperturopollenites dubius (Taxodium, Glyptostrobus) 
Trivestibulopollenites betuloides (Betula) 
Caryapollenites simplex (Carya) 
Fungus spores, not we l l preserved plancton, algal f i laments 

S a m p l e no. 13 (profile 1) 

Pityosporites labdacus (Pinus) 
Porocolpopollenites vestibulum (Symplocos) 
Sciadopityspollenites serratus (Sciadopitys) 
Tricolporopollenites marcodurensis I satzveryensis (Partenocissus I Cornus) 
Nyssapollenites kruschi (Nyssa) 
Triatriopollenites microcoryphaeus (Platycarya, Engelhardtia) 
Pityosporites microalatus (Pinus? Cathaya) 
Leiotriletes maxoides (Lygodium) 
Polyporopollenites undulosus (Ulmus, Zelkova) 
Leiotriletes spec. (Lygodium) 
Inaperturopollenites dubius (Taxodium, Glyptostrobus) 
Intratriporopollenites instructus? (Tilia) 
Pol len remains of d i saccate conifers, algal remains 

Sample no. 14 (profile 1) 

Polyvestibulopollenites verus (Alnus) 
Algal remains 

Sample no. 6K (profile 2) 

Pol len remains of d isaccate conifers 
Algal remains 
The remaining samples (no. 7, 6T, 15 and 9) conta ined indeterminable spores 



Facies interpretation 

Upper Cretaceous rocks 

T h e U p p e r C r e t a c e o u s f loa t s tones f rom prof i le 1 p r o b a b l y c o r r e s p o n d to a c c u m u 
l a t e d d e b r i s f rom fo rmer r u d i s t m o u n d s . R u d i s t a n d ech ino id f r a g m e n t s c o n t a i n e d in 
t h e s e l imes tones a r e a n g u l a r i n d i c a t i n g s h o r t t r a n s p o r t or n o n e a t al l . Moreover , t h e 
l imes tones e x h i b i t c lo t t ed s t r u c t u r e w h i c h is gene ra l l y i nd i ca t i ve of low ene rgy 
e n v i r o n m e n t s . Howeve r , a t l eas t t e m p o r a l ene rgy i nc r ea se s a r e sugges t ed by t h e 
p r e s e n c e of a n i n t r a b i o s p a r i t e i n t e r l o c k i n g t h e f loa t s tone ( sample no . 7, p l a t e 1/1). 
I n t r a c l a s t s a r e c o n s t i t u t e d by g r a p e s t o n e s w h i c h form, a c c o r d i n g to F l ü g e l (1978, 
109), w i t h i n t h e s u b t i d a l t o i n t e r t i d a l zones of a s h a l l o w w a t e r e n v i r o n m e n t w i t h 
l i t t l e w a t e r c i r cu l a t i on . 

T h e U p p e r C r e t a c e o u s l imes tones of prof i les 2 a n d 3 s h o w a h i g h e r v o l u m e t r i c 
m i c r i t e c o n t e n t t h a n c o r r e s p o n d i n g r o c k s of prof i le 1. R u d i s t a n d e c h i n o i d f r a g m e n t s 
a r e m o r e r a r e . T h e d o m i n a t i n g o r g a n i s m s h e r e a r e mi l io l ids , t h e a lga Thaumatopo
rella a n d p l a n k t o n i c fo ramin i fe ra . A l t h o u g h t h e l a t t e r a r e r a t h e r n u m e r o u s , t h e y a r e 
m o s t p r o b a b l y a l l o c h t h o n o u s . Loca l l a m i n a t i o n s l ike ly a s soc i a t ed w i t h b o t h pe lo id s 
a n d b l u e - g r e e n a l g a e a r e p r e s e n t (e.g. s a m p l e no . 6 f rom prof i le 3). 

L o w ene rgy cond i t i ons a r e i n d i c a t e d - in a d d i t i o n to m i c r i t e d o m i n a n c e - by t h e 
local ly f o u n d c lo t t ed s t r u c t u r e . F u r t h e r m o r e , t h e o b s e rv ed mi l io l ids a r e ve ry s m a l l 
a n d t h i n - s h e l l e d . 

Microfac ies d a t a of t h e U p p e r C r e t a c e o u s l imes tones sugges t a w a r m - w a t e r 
s h a l l o w o p e n shelf w i t h r e l a t ive ly sma l l r u d i s t m o u n d s . 

B a u x i t e oo ids a r e accessory c o n s t i t u e n t s of t h e U p p e r C r e t a c e o u s l imes tones . 
S i n c e th i s b a u x i t i c m a t e r i a l is obv ious ly p e n e c o n t e m p o r a n e o u s to s e d i m e n t d e p o s i 
t ion , i t c a n b e c o n c l u d e d t h a t t h e b a u x i t i z a t i o n t o o k a l r e a d y p l ace in U p p e r C r e t a c e 
uos t i m e . F u r t h e r m o r e , b a u x i t i c m a t e r i a l in t h e s e l imes tones i n d i c a t e s l a n d p r o x i 
mi ty . 

T h e o b s e r v e d b a u x i t e p o c k e t s h o w s a c o n g l o m e r a t i c fabr ic w h i c h is i n d i c a t i v e of 
r edepos i t i on . T h e rock f r a g m e n t s c o n t a i n e d in it be long to l imes tones s h o w i n g 
g l aebu l e s a n d i n c i p i e n t c r u m b l y f r a c t u r i n g (p la te 1/5). These f ea tu r e s h a v e b e e n 
obse rved in ca l i che h a r d p a n s , t h u s p o i n t i n g to i ts o c c u r r e n c e in h i n t e r l a n d . Th i s 
seems p l a u s i b l e s ince " t h e soil cover of k a r s t m a y a lso evolve in t h e d i r e c t i o n of 

T h e u n c e r t a i n Intratriporopollenites instructus (Tilia) does n o t seem to a p p e a r 
be fore t h e U p p e r Ol igocene . 

To s u m m a r i z e , t h e fo l lowing r e m a r k s a r e p e r t i n e n t : 
- A n a c c u r a t e s t r a t i g r a p h i e s t a t e m e n t is n o t poss ib le b e c a u s e c h a r a c t e r i s t i c t i m e 

s p o r o m o r p h s a r e l ack ing . Moreover , a q u a n t i t a t i v e s t a t i s t i ca l ana ly s i s cou ld n o t b e 
c a r r i e d ou t . 

- T h e d e t e c t e d s p o r o m o r p h s do po in t , howeve r , to a t i m e p e r i o d s o m e w h e r e b e t w e e n 
t h e E o c e n e a n d t h e P l iocene . 

I t s h o u l d b e p o i n t e d o u t t h a t t h e c o r r e s p o n d i n g f lora m a y h a v e a p p e a r e d ea r l i e r i n 
t h e M e d i t e r r a n e a n r eg ion t h a n i t is gene ra l l y be l ieved . 

T h e l a c k of d ino f l age l l a t e cys t s e x c l u d e s t h e poss ib i l i ty of d e p o s i t i o n u n d e r 
m a r i n e cond i t i ons . F u r t h e r m o r e , p l a n t r e m a i n s w e r e of ten obse rved . 



c a r b o n a t e r i c h soils of t h e ca l i che type , p a r t i c u l a r l y in m a t u r e a n d l a t e s t ages of k a r s t 
e v o l u t i o n " ( E s t e b a n & K l a p p a , 1983, 14). 

After a l ong ces sa t ion of s e d i m e n t a t i o n w h i c h e x t e n d e d u n t i l t h e e n d of U p p e r 
C r e t a c e o u s t i m e t h e K o z i n a l imes tones s t a r t e d to form a t t h e b e g i n n i n g of t h e 
T e r t i a r y age . 

Kozina limestones 

Fac i e s i n t e r p r e t a t i o n of t h e s e s e d i m e n t s is diff icul t b e c a u s e of t h e i r po lygene t i c 
c h a r a c t e r . A c c o r d i n g to P a v l o v e c a n d P l e n i č a r (1979), t h e s e b a d s s h o w " q u i c k 
e x c h a n g e s of l agoona l , b r a c k i s h , l a c u s t r i n e a n d p a r t l y m a r i n e fac ies" (p. 28). G r ü 
b l e (1980, 41) r e f e r r ed to t h e K o z i n a l imes tones as l imn ic a n d e s t u a r i n e s e d i m e n t s . 
T h e e n c o u n t e r e d facies d ive r s i t y is a t t r i b u t e d to t e c ton i c m o v e m e n t s w h i c h t o o k 
p l a c e a t s e d i m e n t a t i o n t i m e . 

T h e c r i t e r i a p o i n t i n g t o a l a c u s t r i n e o r ig in of t h e K o z i n a l imes tones a r e essen t i a l ly 
pa l eon to log i ca l . F r e q u e n t r e m a i n s of c h a r o p h y t a , b l u e - g r e e n a lgae , g a s t r o p o d s , m i 
n u t e o s t r a c o d s a n d t h i n l a m e l l i b r a n c h shel ls c o n s t i t u t e t h e r a t h e r p o o r f lora a n d 
f a u n a r e m a i n s of t h e s e b e d s . 

L i m i t a t i o n of species cou ld be , t heo re t i ca l ly , c a u s e d b y f r e q u e n t c l ima t i c c h a n g e s 
to w h i c h l a k e s a r e sens i t ive ( C o l l i n s o n , 1978, 67). Howeve r , l ow o r g a n i s m d i v e r 
s i ty is in t h e first p l a c e t h e r e su l t of s t ress cond i t i ons w h i c h c a n b e found in o t h e r 
e n v i r o n m e n t s (see P i c a r d & H i g h , 1972, 117). 

F l ü g e l (1978, 67) p o i n t e d o u t t h a t c h a r o p h y t a a r e useful f resh w a t e r i n d i c a t o r s . 
Neve r the l e s s , some spec ies seem to t o l e r a t e sa l in i ty v a r i a t i o n s u p t o 18 a n d 26 p a r t s 
p e r t h o u s a n d ( H e c k e l , 1972, 277), a n d o t h e r c a n b e even f o u n d in h y p e r s a l i n e 
mi l i eus ( F l ü g e l , 1978, 265). C h a r o p h y t a can t h u s b e found in v a r i o u s h a b i t a t s 
( c o m p a r e J o h n s o n , 1961, 36). 

T h e K o z i n a l imes tones s h o w h i g h c a r b o n a t e c o n t e n t s , v a r y i n g mos t ly b e e t w e e n 95 
a n d 100 p e r c e n t . T h e l ack of a n y s ign i f ican t c las t ic c o m p o n e n t i nd i ca t e s t h a t t h e 
d e p o s i t i o n a l s e t t i ng w a s , a t l eas t in t h e s t u d i e d a rea , n o t fed b y a n y r iver . Moreover , 
n o f luvial ser ies a r e k n o w n f rom t h e reg ion . Th i s is a n i m p o r t a n t a r g u m e n t a g a i n s t 
t h e s u g g e s t e d e s t u a r i n e o r ig in of t h e K o z i n a l imes tones , al l t h e m o r e so as e s t u a r i n e 
s e d i m e n t s s h o w p a r t i c u l a r c h a r a c t e r i s t i c s t h a t c a n n o t b e c o m p a r e d w i t h t h e ones 
obse rved (see E l l i o t , 1978, 171 ff.). 

A c c o r d i n g to P i c a r d a n d H i g h (1972) t h e a s soc ia t ion of s u p p o s e d l a c u s t r i n e 
b e d s w i t h f luvia l s e d i m e n t s c a n b e (also) i m p o r t a n t t o d i s t i n g u i s h b e t w e e n l a c u s t r i n e 
a n d l a g o o n a l e n v i r o n m e n t s . T h e s a m e a u t h o r s a d d : "If t h e u n k n o w n u n i t is in close 
p r o x i m i t y w i t h m a r i n e rocks , a n d no i n t e r v e n i n g f luvial r ocks a r e p r e sen t , a l a g o o n a l 
s e t t i ng t h a t o p e n s t o t h e sea is i n d i c a t e d " (p. 117). 

Th i s is of p a r t i c u l a r i m p o r t a n c e s ince w e k n o w t h a t t h e t r a n s i t i o n to t h e n e x t u n i t 
(Mil iol id l imes tones ) is g r a d u a l , a n d t h a t t h e p r e d o m i n a n c e of m a r i n e o r g a n i s m s is 
m o r e a n d m o r e c o n s p i c u o u s t h e y o u n g e r t h e s e q u e n c e gets . 

K o z i n a l imes tones a r e p r e d o m i n a n t l y mic r i t i c , a fact t h a t is gene ra l l y i n d i c a t i v e 
of l o w ene rgy e n v i r o n m e n t s . T h e rocks a r e typ ica l ly d a r k a n d b i t u m i n o u s p o i n t i n g t o 
depos i t i on u n d e r eux in i c cond i t i ons . These w e r e p r o b a b l y c a u s e d by r e s t r i c t ed w a t e r 
c i r cu la t ion . S u c h r e s t r i c t e d e n v i r o n m e n t s c a n deve lop as b r a c k i s h w a t e r , a n o x i c 
s w a m p s or a s h y p e r s a l i n e shelf b a s i n s (see E n o s , 1983, 281). 

In severa l s a m p l e s d i s s a m i n a t e d agg rega t e s of M i c r o c o d i u m w e r e de tec t ed . A c 
c o r d i n g to K l a p p a (1978 ,510) , M i c r o c o d i u m is t h e r e su l t of ca lc i f ica t ion of m y c o r r -
h izae , a symbios i s b e t w e e n fungi a n d t h e co r t i ca l cells of h i g h e r p l a n t roo t s . S ince 



soil is t h e n a t u r a l e n v i r o n m e n t in w h i c h p l a n t s g row, M i c r o c o d i u m is u l t i m a t e l y 
i n d i c a t i v e of p e d o g e n e t i c p rocesses . F u r t h e r m o r e , E s t e b a n (pe r sona l c o m m u n i c a 
t ion) s t a t e d t h a t r a t h e r t y p i c a l e n v i r o n m e n t s for t h e f o r m a t i o n of M i c r o c o d i u m a r e 
h y d r o m o r p h i c soils, m e a n i n g w a t e r - s a t u r a t e d s e d i m e n t s sub jec t ed to i nc ip i en t soil 
p rocesses . S u c h e n v i r o n m e n t s m a y b e found in p a l u s t r i n e a r e a s ( swamps , m a r s h ) . 
Indeed , M i c r o c o d i u m h a s b e e n r e p o r t e d f rom p a l u s t r i n e mi l i eus ( F r e y t e t , 1971 , 
1973). 

A n o t h e r i m p o r t a n t f e a t u r e of t h e K o z i n a l imes tones is t h e o c c u r r e n c e of ca lc i t e 
p s e u d o m o r p h s af te r g y p s u m . S e l l w o o d (1978) re fe r red to g y p s u m f o r m a t i o n in 
m a r s h e s ( s u p r a t i d a l zone) f rom s u b t r o p i c a l c a r b o n a t e shelves . Moreover , h e a d d s , 
i n t e r s t i t i a l g y p s u m c rys t a l s c a n a lso b e found in mos t ly u n d i s t u r b e d a lga l m a t s f rom 
t h e u p p e r i n t e r t i d a l zone " w h e r e m u d d y s e d i m e n t b r o u g h t in by s t o r m s is t r a p p e d " 
(p. 265). T h e t e x t u r a l c h a r a c t e r i s t i c s of s a m p l e 19 f rom prof i le 1 s t rong ly r e s e m b l e 
th i s s i t u a t i o n (p la te 1/1). F r e y t e t (1973, 43) a lso r e p o r t e d ca lc i te p s e u d o m o r p h s 
af ter g y p s u m from p a l u s t r i n e e n v i r o n m e n t s . 

T h e obse rved b i o t u r b a t i o n t e x t u r e s w e r e p r o b a b l y no t only c a u s e d by b u r r o w i n g 
o r g a n i s m s w i t h i n t h e s e d i m e n t b u t a lso by phys ica l , chemica l a n d b io logica l d i s t u r 
b a n c e of t h e soil m a t e r i a l d u r i n g s u b a e r i a l e x p o s u r e ( " p e d o t u r b a t i o n " ) . A close 
e x a m i n a t i o n of t h e b r e c c i a t i o n t e x t u r e s r evea l s t h a t t hey m a y h a v e o r i g i n a t e d in 
v a r i o u s w a y s . As t h e r e su l t of r e w o r k i n g of l ime m u d m a t e r i a l u n d e r s u b a q u e o u s 
cond i t i ons , t h e c las t s m a y b e a n g u l a r to s u b r o u n d e d , c o a t e d or not , d e p e n d i n g on t h e 
l i th i f i ca t ion deg ree of t h e p a r e n t m a t e r i a l . S o m e of t h e obse rved b recc ia , h o w e v e r , 
m a y h a v e b e e n c a u s e d by p e d o t u r b a t i o n (e. g. roo t p e n e t r a t i o n ) or by d i a g e n e t i c 
p rocesses (cal ichif icat ion) . 

T h e c a l c u l a t e d c a r b o n a n d o x y g e n i so top ie r a t i o s s u p p o r t t h e idea t h a t t h e K o z i n a 
l imes tones fo rmed in a coas t a l p a l u s t r i n e a r e a s u b m i t t e d t o sea level a n d sa l in i ty 
c h a n g e s . D u r i n g r a t h e r long p e r i o d s of s u b a e r i a l e x p o s u r e , ca l i ch i f i ca t ion fo l lowed 
so i l - fo rming p rocesses as t h e a c c u m u l a t i o n of СаСОз i n c r e a s e d in d e t r i m e n t of 
po ros i t y a n d p e r m e a b i l i t y of t h e soil prof i le . C l ima t i c fac tors a lso p l a y e d a n i m p o r 
t a n t role , p a r t i c u l a r l y in con t ro l l i ng ra in fa l l a n d e v a p o r a t i o n . 

N o t u n t i l t h e y o u n g e r b e d s , a r e l a t i ve d ive r s i ty of b e n t h o n i c fo ramin i fe ra can b e 
obse rved . These b e d s r e p r e s e n t t h e g r a d u a l t r a n s i t i o n to t h e Mil io l id l imes tones a n d 
a r e c o n s t i t u t e d by poor ly w a s h e d fo ramin i f e ra l b i o s p a r i t e s , i n d i c a t i n g s o m e w a t e r 
c i r cu l a t i on w i t h i n t h è d e p o s i t i o n s i te . Th i s s l igh t i nc rea se in w a t e r ene rgy a l l o w e d 
some o x y g e n a t i o n c r e a t i n g b e t t e r cond i t i ons for life to deve lop . 

Th i s s h o u l d a lso b e r e g a r d e d as e x p r e s s i o n of t h e c o n t i n u o u s t r a n g r e s s i v e d e v e 
l o p m e n t , s ince t h e l imes tone t ypes obse rved in t h e Mil io l id s t r a t a c o r r e s p o n d to t hose 
W i l s o n (1975) de sc r ibed as h a v i n g fo rmed w i t h i n facies zone 8. Moreover , t h e 
y o u n g e r b e d s s h o w a m a r k e d d o m i n a n c e of m a r i n e o r g a n i s m s w h i c h i nd i ca t e s t h a t 
t h e fresh w a t e r i n p u t g r a d u a l l y g r e w w e a k e r . Th i s a s s u m p t i o n is s u p p o r t e d by t h e 
i so top ie d a t a . 

Miliolid limestones - Sl ivje f o r m a t i o n 

P r i m a r y Mil io l id l imes tone t ypes a r e c o m p a r a b l e t o severa l s t a n d a r d mic ro fac ies 
d e s c r i b e d by W i l s o n (1975), w h i c h i n d i c a t e r e s t r i c t ed cond i t i ons : pe lo ida l p a c k s t o 
nes to g r a i n s t o n e s c o n t a i n i n g f o. amini f e ra ( S M F 16); g r a p e s t o n e - p e l o i d - i n t r a c l a s t 
g r a i n s t o n e s ( S M F 17); fo ramin i fe ra l o r d a s y c l a d a lga l p a c k s t o n e s t o g r a i n s t o n e s w i t h 
pe lo ids (SMF 18); l a m i n a t e d to b i o t u r b a t e d pe l le t m u d s t o n e s t o w a c k e s t o n e s , loca l ly 
w i t h fenes t ra l fabr ic ( S M F 19). 



Mil io l id l imes tones a lso s h o w h o r i z o n s c o n t a i n i n g in s i tu fo rmed M i c r o c o d i u m . 
A n a l t e r n a t i v e to t h e idea of pe r iod i c d i s con t i nu i t i e s w h i c h m u s t h a v e l a s t ed long 
e n o u g h to a l l ow p e d o g e n e t i c p rocesses t o t a k e p l a c e is t h e concep t i on of i s l ands 
(s imi lar t o m o d e r n m a n g r o v e i s lands) w i t h i n t h e i n t e r t i d a l zone , w h i c h w e r e co lon i 
zed by h i g h e r p l a n t s . In t h e p r o x i m i t y of t h e s e i s l a n d s c h a n n e l s o c c u r r e d w h e r e 
s e d i m e n t s fo rmed e x h i b i t i n g d ive rse d e p o s i t i o n a l t e x t u r e s . T e x t u r e d ive r s i ty is 
p r o b a b l y d u e t o t h e fact t h a t c u r r e n t ve loc i ty w i t h i n c h a n n e l s m a y v a r y grea t ly , t h u s 
c a u s i n g t h e l i tho logie s p e c t r u m to r a n g e from m u d s t o n e s to g r a i n s t o n e s ( c o m p a r e 
S e l l w o o d , 1978, 266). Moreover , a n a l o g o u s t o some m o d e r n e n v i r o n m e n t s , b a r s 
m a y o c c u r w i t h i n t h e c h a n n e l sys t em s h o w i n g c r o s s - b e d d e d s e d i m e n t s . S u c h a s ed i 
m e n t cou ld b e r ecogn ized in s a m p l e no . 41 f rom prof i le 3 (gra ins tone) . I t c o n t a i n s 
g a s t r o p o d s , d a s y c l a d a c e a n a lgae , mi l io l ids , co ra l s a n d ech ino id r e m a i n s , pe lo ids a n d 
g r a p e s t o n e s . 

O r g a n i s m d ive r s i ty in t h e Mil io l id l imes tones i nd i ca t e s f avo rab l e l iv ing c o n d i t i 
ons . Sure ly , some of t h e obse rved o r g a n i s m s w e r e n o t b u r i e d in t h e p l ace t h e y l ived 
on. P a r t i c u l a r l y in t h e case of t h e b ioca l ca r en i t e s , p r o b a b l y m o s t o r g a n i s m s a c c u m u 
l a t e d by c u r r e n t ac t ion . Neve r the l e s s , espec ia l ly in t h e y o u n g e r b e d s of t h e Mil io l id 
l imes tones , b i o t a a b u n d a n c e i n d i c a t e s a g r a d u a l d i s a p p e a r e n c e of s t ress cond i t i ons 
w h i c h w e r e p e r h a p s d e t e r m i n e d by s t r o n g v a r i a t i o n s in sa l in i ty a n d / o r p o o r w a t e r 
c i r cu l a t i on . 

A g r a d u a l t r a n s i t i o n a lso ex i s t s b e t w e e n Mil io l id a n d A l v e o l i n a - N u m m u l i t e s 
l imes tones s i m u l t a n e o u s l y i n d i c a t i n g a g r a d u a l c h a n g e of facies. 

Alveolina-Nummulites limestones 

T h e e n c o u n t e r e d l imes tones obv ious ly f o r m e d in t h e s u b t i d a l z o n e of a we l l 
o x y g e n a t e d , s t r i c t ly m a r i n e a r e a of t h e c a r b o n a t e p l a t f o r m . T h e p r e s e n c e of f r e q u e n t 
o r g a n i s m s such as co ra l l ine a lgae a n d b ryozoa p o i n t to t h e p r o x i m i t y of reefs . 
F u r t h e r m o r e , t h e i r r a t h e r h i g h c a r b o n a t e c o n t e n t a n d l igh t color i n d i c a t e of f -shore 
d e p o s i t i o n l a c k i n g s ign i f ican t c las t ic a n d o r g a n i c r e s idues . 

T h e d e p o s i t i o n a l s e t t i ng of t h e A l v e o l i n a - N u m m u l i t e s l imes tones c a n b e p r o b a b l y 
c o m p a r e d w i t h t h e one a s s u m e d for s imi l a r fossil s t r a t a f rom t h e M e d i t e r r a n e a n 
reg ion . A n e x t e n d e d o p e n c a r b o n a t e p l a t f o r m w i t h a m o r e or less h o r i z o n t a l s e d i m e n 
t a t i o n bas i s h a s b e e n sugges ted (see C i t a , 1965, 39; W i l s o n & J o r d a n , 1983, 
316-317) . 

I so top ie a n d pa l eon to log i ca l d a t a p o i n t to m a r i n e cond i t i ons . 

Deposi t ional history and concluding remarks 

D u r i n g t h e Mesozoic a t yp i ca l s h a l l o w w a t e r c a r b o n a t e s e d i m e n t a t i o n took p l a c e 
on t h e D i n a r i c c a r b o n a t e p l a t f o r m ( B u s e r , 1989). 

As sugges t ed by t h e o c c u r r e n c e of b a u x i t i c ooids in t h e U p p e r C r e t a c e o u s 
l imes tones , t h e sea b e g a n to r e t r e a t f rom t h e p l a t f o r m in U p p e r C r e t a c e o u s t i m e 
a l r eady . 

T h e regress ive d e v e l o p m e n t w a s c a u s e d by t h e t ec ton i c upl i f t of t h e D i n a r i c p l a t e 
w h i c h is gene ra l l y a s soc i a t ed w i t h t h e A l p i n e orogenes i s . 

S u b a e r i a l e x p o s u r e w a s f irst ly c h a r a c t e r i z e d by k a r s t d e v e l o p m e n t a n d b a u x i t i 
za t ion . C a r b o n a t e loss by d i s so lu t ion w a s t h e n fo l lowed by c a r b o n a t e a c c u m u l a t i o n 
d u r i n g ca l ich i f ica t ion . 



Fig. 10. Block d iagram s h o w i n g facial re lat ionships b e t w e e n the s tudied units 

Fac i e s i n t e r p r e t a t i o n of t h e P a l e o c e n e s t r a t a (Koz ina a n d p a r t l y Mil io l id l i m e s t o 
nes) is diff icul t b e c a u s e w e a r e d e a l i n g w i t h po lygene t i c s e d i m e n t s . We sugges t t h a t 
t h e s e s e d i m e n t s o r i g i n a t e d w i t h i n a coas t a l zone s u b m i t t e d t o sea level a n d c l ima t i c 
changes . In th i s sense , t h e ve r t i ca l s e q u e n c e s h o w s s u p e r i m p o s e d p a l u s t r i n e a n d 
b r a c k i s h l a g o o n a l h o r i z o n s t h a t w e r e a l t e r e d b y so i l - fo rming p rocesses a n d ca l i che 
d e v e l o p m e n t . 

It s h o u l d b e e x a m i n e d w h e t h e r poss ib ly ove r looked f luvial ser ies a r e a s soc ia t ed 
w i t h t h e K o z i n a l imes tones , in w h i c h case a p a r t l y l a c u s t r i n e o r ig in cou ld b e 
p o s t u l a t e d . 

T h e p r i m a r y l i m e s t o n e t y p e s of t h e Mil io l id l imes tones c lear ly f o r m e d w i t h i n t h e 
i n t e r t i d a l a n d s u b t i d a l zones , t h u s d o c u m e n t i n g t h e t r an s g re s s i v e c h a r a c t e r of t h e 
s equence . As w e found M i c r o c o d i u m agg rega t e s w i t h i n t h e Mil io l id l imes tones , t h i s 
m a y p o i n t e i t h e r t o p r o l o n g e d e m e r g e n c e pe r iods , or to t h e ex i s t ence of e m e r g e d 
a r e a s ( is lands) t h a t w e r e co lon ized by h i g h e r p l a n t s . 

A l v e o l i n a - N u m m u l i t e s l imes tones c lear ly f o r m e d u n d e r s u b t i d a l cond i t i ons . T h e 
s e d i m e n t s w e r e d e p o s i t e d in a s t r i c t ly m a r i n e , we l l o x y g e n a t e d e n v i r o n m e n t . Th i s 
i nd i ca t e s a n i m p o r t a n t facies c h a n g e , s ince r e s t r i c t e d cond i t i ons g r a d u a l l y w e a k e 
ned . At t h e s a m e t ime , A l v e o l i n a - N u m m u l i t e s l imes tones give ev idence of t h e n e x t 
s t ep in a t r a n s g r e s s i v e d e v e l o p m e n t w h i c h f inal ly c u l m i n a t e d in t h e f o r m a t i o n of 
d e e p w a t e r s e d i m e n t s (flysch). 

T h e low S r a n d Mg c o n t e n t s of t h e U p p e r C r e t a c e o u s l imes tones c o r r e s p o n d to 
t hose c o m m o n l y found in c a r b o n a t e rocks affected by m e t e o r i c d i agenes i s . Th i s is 
a lso s u p p o r t e d by t h e i so top ie d a t a (nega t ive va lues) . 

W h e r e a s K o z i n a a n d A l v e o l i n a - N u m m u l i t e s l imes tones h a v e c o m p a r a b l e S r a n d 
Mg c o n t e n t s ( average : 250 a n d 2600 p p m respec t ive ly) , t h e c o n t e n t of t h e s e t r a c e 
e l e m e n t s is d i s t i c t ly h i g h e r in t h e Mil io l id l imes tones (average : 420 a n d 4100). It 
c a n n o t b e pos i t ive ly c o n c l u d e d w h e t h e r t hese d i f ferences in c o n t e n t a r e r e l a t e d to t h e 
fo rmer m i n e r a l o g i c a l c o m p o s i t i o n of t h e c a r b o n a t e s (high m a g n e s i a n ca lc i te , a r a g o -
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Plate 1 

1 S a m p l e 7 
Poorly w a s h e d intrabiosparite (f loatstone to rudstone) 

An utterly recrystal l ized rudist shel l showing internal sediment and micrit ized shell 
structures. Rounded components are intraclastes ("grapestones") that probably formed 
w i t h i n the subt idal to the intert idal zones of sha l low water environment w i t h l i tt le water 
circulation. The A cement has been complete ly obl i terated during meteoric d iagenes i s 

Thin sect ion, p lane polarized light. Sca le bar = 1 mm 

2 S a m p l e 8 
Biomicrospari te (floatstone) 

Foraminifera are accessory components of the Cretaceous f loatstones. They commonly e x h i 
bit, as the one s h o w n here, micri t ized tests. Note areas of c lotted micrite that subs i s ted 
recrystal l izat ion 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

3 S a m p l e 2 
Biomicrospari te (floatstone) 

In spite of ex tens ive recrystal l izat ion, b lue-green algal laminae can be recognized. The 
observed c lotted structure may be in some w a y assoc iated w i t h these algae. On the left s ide, 
a cross sect ion of an echinoid spine s h o w i n g incipient micr i t izat ion and rel icts of syntax ia l 
rim cement 

Thin section, p lane polarized light. Sca le bar = 1 m m 

4 S a m p l e 11 
Biomicrospari te (packstone) 

Al lochems consist most ly of echinoid fragments s h o w i n g rim cement . The dark spheroidal 
objects are baux i t e ooids w h i c h were incorporated to the b iogenic debris at depos i t ion t ime 
thus indicat ing ongoing baux i t i za t ion 

Thin section, p lane polarized light. Sca le bar = 1 mm 

5 S a m l e 10 
Conglomerat ic baux i te 

L imestone fragments s h o w features commonly found in cal iche. The clast on the left is 
laminated and exhib i t s c ircumgranular cracking. On the lower right, non- laminated g l a e b u 
les are cemented w i t h microspar. A baux i t ooid (arrow) is also s h o w n 





Plate 2 

1 S a m p l e 19 
Intrapelmicrite (wackestone to packstone) ' 

Detri t ic t iny tooth- l ike crystals are calc i te pseudomorphs after gypsum. They are arran
ged along straight l ines indicat ing growth on an even surface, probably algal mats . Algal 
laminat ions can be observed on the left. Abundant components are peloids . Intraclasts are 
rounded and most ly darker than the matr ix 

Thin section, p lane polarized light. Sca le bar = 1 m m 

2 S a m p l e 21 
Algal b io l i thi te (bindstone) 

Irregular fenestral fabrics are characterist ic of this laminated l imestone. B inded material 
consist of micrite and abundant pe lo ids 

Thin section, p lane polarized light. Sca le bar = 1 m m 

3 S a m p l e 24 
Biopelmicr i te (wackestone) 

Charophyta remains are not very we l l preserved. The occurrence of these green algae in the 
Kozina l imestones has been one of the criteria indicat ing lacustrine condit ions . However , 
these algae have been found in other environments (see sect ion 7.2) 





Plate 3 

1 S a m p l e 49 
Caliche crust 

"Flower spar" calc i te cement . E longate calcite crystals grow in a roset te- l ike fashion as 
a result of cont inued prec ipi tat ion in a void . S u c h features are particularly indicat ive of 
calcareous crusts 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

2 Sample 60 
Caliche crust (?) 

Clotted micrite fabric resulted from the abundance of pe lo ids w h i c h exh ib i t inc ip ient 
crumbly fracturing 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

3 S a m p l e 50 
Caliche crust 

View of a cal iche piso id d isp lay ing c ircumgranular and intragranular cracking. N o t e detrit ic 
Microcodium grains in the nucleus . Glaebules of various sizes can be observed. Cement 
consists of microspar 





Plate 4 

1 S a m p l e 5 
Biomicr i te (wackestone) 

The algae Thaumatoporella as we l l as mi l io l ids and other smal l foraminifera are c o m m o n 
const i tuents of the Cretaceous rocks from profi le 2. The micrit ic matr ix is local ly 
recrystal l ized and shows scattered silt - s ized crystals and pelo ids 

Thin sect ion, p lane polarized l ight. Sca le bar = 1 m m 

2 S a m p l e 2 
Biomicr i te (wackestone) 

Various sect ions of local ly abundant p lanctonic foraminifera (Pithonella ?). Other small 
foraminifera w i t h complete ly recrystal l ized test are also s h o w n 

Thin section, p lane polarized l ight. Scale bar = 1 m m 

3 S a m p l e 2 

Brecc iat ion textures due to karst processes are c o m m o n features of the Cretaceous l imes to 
nes . Such textures can be also v i e w e d in photomicrographs (microbreccia). Fissures are not 
a lways cemented w i t h sparry calc i te but, as s h o w n in the photo , w i t h micrit ic to silt - s ized 
calcite . Note small foraminifera w i t h utterly recrystal l ized tests on the right 





Plate 5 

1 S a m p l e 9 
Intrapelmicrite (wackestone to packstone) 

S a m p l e from the "Kozina l imestones showing c lot ted micrite and crumbly fracturing. 
Intraclasts probably consist of reworked soil material . Coat ings can be readi ly d i s t ingu i s 
hed from the original material by their darker color. The gastropod shell on the left is 
recrystal l ized but stil l recognizable due to the micrit ic enve lope 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

2 S a m p l e 18 
Foraminiferal b iomicrospari te (packstone) 

Biogenic a l lochems consis t of Mil iol id and other benthonic foraminifera. Other const i tuents 
are peloids . The former micrit ic matr ix recrystal l ized to microspar. S a m p l e from the Mil iol id 
l imestones 

Thin section, p lane polarized light. Sca le bar = 1 mm 

3 S a m p l e 20 
Algal and foraminiferal biomicrite (wackestone) 

View of a sample col lected from the A l v e o l i n a - N u m m u l i t e s l imestones . Several foraminifera 
(nummuli t ids , lepidocycl ina, rotalids) as we l l as coral l ine a lgae can be recognized 





Plate 6 

1 S a m p l e 26 

The primary rock type may be regarded as a biopelmicri te (wackes tone to packstone) . The 
primary texture has been heavi ly altered by in s i tu formed Microcodium. Microcodium is 
u l t imate ly indicat ive of pedogenet ic processes w h i c h could only take p lace over rather 
long emergence periods 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

2 S a m p l e 55 

A pe ta l - l ike Microcodium aggregate replaces a foraminifera wi th perforated test {Europertia ?). 
Microcodium aggregates are often found corroding primary l imestone components and obl i tera
t ing primary textures 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

3 S a m p l e 41 
Biospari te (grainstone) 

S a m p l e from the Mil iol id l imestones conta in ing fossi ls of typical marine env ironments 
(fragments of corals and dasyc ladacean algae). The former aragonit ic shel ls have been 
d isso lved and only micrit ic enve lopes are left 

Thin sect ion, p lane polarized light. Sca le bar = 1 m m 

4 S a m p l e 67 
Foraminiferal biomicri te (wackestone) 

Characterist ic v i e w of an Alveo l ina l imestone . Accessory components are remains of e c h i n o 
ids and coral l ine algae. The micrit ic matr ix is part ial ly recrystal l ized. 





Plate 7 

1 S a m p l e co l lected right at the con
tact b e t w e e n U p p e r Cretaceous 
and Paleocene l imestones . N o t e 
the sharpness of the contact and 
the contrast ing l imes tone colors. 
The paleorel ief resulted from d i s 
so lut ion processes during suba
erial exposure (karst) 

Sca le bar = 1 cm 

2 Brecc iat ion textures are 
commonly observed in the 
Kozina l imestones . S o m e of 
these breccia may have for
m e d as a result of mechan i 
cal reworking of more or 
less conso l idated l ime mud. 
Others, however , resulted 
from bioturbat ion (or p e d o -
turbation) or from d iagene -
tic processes during ca l ichi 
f icat ion 


