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Introduction 

The geotectonic unit of the Externa l Dinar ides covers the 

western, southwestern and southern part of the Republ ic of 

Croatia. It is character i sed by the south-west vergent fold-

thrust belt formed a long the eas tern margin of the Adriat ic 

carbonate platform s ince the late Cre taceous ( H E R A K , 

1986). T h e p r e d o m i n a n t strike of the External Dinar ides 

structures i s N W - S E and the unit therefore extends into 

the n e i g h b o u r i n g countr ies - Slovenia, Bosnia and H e r z e ­

govina and M o n t e n e g r o . T h i s is a recent karst area w h e r e 

the Palaeozoic and L o w e r Triassic rocks crop out through 

the karstified M e s o z o i c c a r b o n a t e s a long the pr inciple 

strike of the structures. 

O u t c r o p s of the Carboni ferous , Permian and L o w e r 

Triassic rocks will be e x a m i n e d at locations in the m o u n ­

tain region of Gorski K o t a r and in the vicinity of B r u s a n e 

at Mt. Velebit (Fig. 1). T h e s e areas were explored palae-

ontological ly and s trat igraphical ly by S A L O P E K (1942, 

1949a, b, 1960), K O C H A N S K Y - D E V I D E (1965, 1970, 

1973, 1979) and M I L A N O V I C (1982) . T h e investiga­

tions of Salopek were the first, w h e r e var ious facies w e r e 

del imited, descr ibed and m a p p e d in the a forement ioned 

area. Based on the fossil d e t e r m i n a t i o n s , superposit ion and 

similarities with the locus typicus in the Southern Alps and 

Sicily, Salopek w a s a lso able to e lucidate the strat igraphic 

determinat ion of the Pa laeozoic facies of the Gorski Kotar 

and Mt. Velebit. 

Recent invest igat ions, especial ly in the f ield of sedi-

mentology, revised the k n o w n chronostrat igraphic deter­

minat ion. S o m e s e d i m e n t o l o g i c a l and stratigraphic prob­

lems still remain unsolved and can therefore be discussed 

during this excurs ion. 

Visiting four localities in G o r s k i Kotar we will try to 

present a tentative interpretat ion of sedimentary processes 

and env i ronment of the clastic P e r m i a n and Lower Triassic 

facies and this is also an o p p o r t u n i t y to discuss the strati­

graphic problem. At the localit ies on Velebit Mt. we will 

see Carboni ferous(?) facies as well as M i d d l e and U p p e r 

Permian platform carbonates w h i c h are miss ing in the 

Gorski Kotar rea ion. 

1st day - Gorski Kotar region 

Geological setting 

Gorski Kotar is located in the NW part of the External 

Dinarides be tween the well k n o w n Palaeozoic sediment 

succession at Velebit M o u n t a i n ( K O C H A N S K Y - D E V I D E , 

1979) and the Palaeozoic rocks of the External Dinarides 

in Slovenia ( R A M O V Š et al., 1987; A L J I N O V I Ć & SRE­

M A C , 1997). Palaeozoic rocks appear at the surface only 

in the zones of the main deep faults in the central part of 

Gorski Kotar (vicinity of Mrz la Vodica) in the northern 

(vicinity of Gerovo and Tršće) and northeastern parts 

(vicinity of Brod na Kupi) (Fig. l a ) . They are in fault 

contacts with younger Triassic and Jurassic sedimentary 

rocks. 

The Palaeozoic sedimentary c o m p l e x i s most ly c o m p o ­

sed of Lower? and Middle P e r m i a n elastics ( S A L O P E K , 

1960; K O C H A N S K Y - D E V I D E , 1 9 7 3 ) - F i g . 2. In the cen­

tral part, an isolated occurrence of Carboniferous Triticites 

sandstones was discovered and these were determined (by 

S A L O P E K 1949a) to be of Ural ian age. T h e contact be­

tween these sandstones and the P e r m i a n clastic sediments 

remains u n k n o w n . T h e Clastic Permian sedimentary com­

plex consists, according to S A L O P E K (1949a, b, 1960) 

R A F F A E L L I & Š Ć A V N I Č A R (1968) and A L J I N O V I Ć 

(1997), of dist inctive l i thotypes: orthoquarzit ic and 

petromictic conglomerates, gravel ly and coarse grained 

sandstones and f ine grained (most ly pelitic) sedimentary 

rocks a m o n g w h i c h thin-bedded sandstone-sha le inter­

calation are dominant . Siliciclastic rocks usually lack fos­

sils, therefore the stratigraphic posit ion of the clastic Per­

mian sedimentary complex in Gorsk i Kotar has been the 

subject of m a n y discussions and interpretations. A tentative 

chronostrat igraphic correlat ion according to different au­

thors has been given in Fig. 2 as well as compar i son with 

the adjacent well known Permian success ion at Velebit Mt. 

and in the Slovenian part of the External Dinarides . 

In the central part of Gorski Kotar (in the vicinity of 

Mrzla Vodica) fossiliferous rocks are intercalated in a 

clastic sedimentary sequence. Thin-bedded calclithites 

and thick-bedded calcirudites appear intercalated in black 
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1 Locat ion and geo log ica l m a p of the 

A) Gorsk i Kotar reg ion. L e g e n d : 1) Car­

boni ferous sands tones , 2) Pe rm ian sedi­

mentary comp lex ; 3) Scy th ian clastic 

rocks and do lomi tes ; 4) U p p e r Trassic 

do lomi te (Hauptdo lomi t ) ; 5) Jurassic 

carbonates ; 6) C re taceous l imestones; 

7) Eocene breccia, 8) A l l uv ium; 9) Main 

local i t ies. B) Velebi t Mt. L e g e n d : 1) Car­

boni ferous sha le ; 2) Fusul in id sand­

stones 3) Carbon i fe rous cong lomera tes ; 

4) Carbon i fe rous l imes tones ; 5) Pyri te-

sands tones ; 6) Permian cong lomera tes ; 

7) Kosna cong lomera tes w i th l imestone 

pebbles ; 8) Permian sands tones ; 9) Dark 

grey spot ted do lomi tes ; 10) M idd le to Up­

per Permian black l imes tones (pv1 pv2, 

pv3); 11) L ight -co loured saccharo ida l 

do lomi tes ; 12) Upper Perm ian mar ly do­

lomites; 13) Lower Tr iassic do lomi te ; 

14) Lower Tr iassic elast ics; 15) pyroclas-

tites (after S A L O P E K , 1942) . 
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shales. T h e fossiliferous rocks al ternate vertically with or-
thoquartzit ic and petromict ic c o n g l o m e r a t e s forming fin­
ing u p w a r d sequences . In petromict ic c o n g l o m e r a t e clasts 
and b locks of fossiliferous l imestones occur. 

C o m p a r e d to the central part, there are certain differ­
ences in l ithology, m o r p h o l o g y of sedimentary bodies and 
their structural posit ion in the northern and northeastern 
part of G o r s k i Kotar. T h e facies a s semblage still consists 
of quartz rich conglomerates , quartzit ic sandstones and 
thin-bedded s a n d s t o n e - s h a l e intercalat ions but fossilife­
rous calcl i thites are complete ly absent. Nevertheless , 
S A L O P E K (1949b, 1961) reported that a scarce a m m o n i t e 
fauna w a s found in shales, a s s u m i n g a m a r i n e sedimentary 
env i ronment coeval with the clastic fossiliferous sequence 
of the central part . 

As the w h o l e Gorski Kotar area is soil and vegetat ion 
covered and chronostrat igraphic and l i thostratigraphic 
markers are miss ing, correlation b e t w e e n success ions from 
different localit ies is only possible according to similari­
ties in deposi t idnal processes and pa laeoenv i ronment . A m ­
monites found in black shale intercalat ions ( S A L O P E K , 
1949a, b; 1961) as sume a m a r i n e deposi t ional environ­
ment, and imply a connect ion with the open, unrestr icted 
sea. T h e a b u n d a n t plant detritus occas ional ly appear ing in 
sandstones indicates prox imity to the uplifted land mass . 
Vast quanti t ies of well rounded coarse grained material 
also imply denudat ion of the uplifted terrain and abrasion 
due to tract ion transport poss ibly related to alluvial fans. 
Thus, accord ing to the assumpt ion of intensive tectonic ac­
tivity in the Ear ly and Middle P e r m i a n ( G R U B I Ć , 1980), 
and k e e p i n g in m i n d that b lack shales contain m a r i n e 
fauna, fan-delta deposi t ional sys tems are a possible and 
the expected envi ronment . It w a s a s s u m e d that a fan delta 
complex fringed edges of the uplifted terrain that resulted 
in a c c u m u l a t i o n of vast quantit ies of coarse grained mate­
rial that intercalate with fine grained debris ( A L J I N O V I Ć , 
1997). An a s s u m p t i o n has been m a d e that the sed imento-
logical differences in central and north, northeastern parts 
were caused by variat ion in basin f loor m o r p h o l o g y formed 
due to tectonic instability, (mainly faulting). T h e subsiding 
trends were different in discrete parts of the study area and 
the steep or f lat palaeorel ief influenced the deposi t ional 
processes. Faul t ing was probably related to synorogenic 
phases . 

S o m e n e w and unpubl ished data however, suggest a 
complete ly different interpretation is possible and this will 
be discussed dur ing the f ield trip. 

T h e U p p e r Permian carbonate sediments were not 
found in the Gorsk i Kotar area, and this explains the 
hiatus of u n k n o w n duration as interpreted by A L J I N O V I Ć 
& S R E M A C (1997) - Fig. 2. T h e beg inning of the Early 
Triassic t ransgress ion is marked by the p r e d o m i n a n t l y 
carbonate sha l low marine sed imenta t ion with favour­
able condi t ions for ooid formation. T h e late diagenet ic 
processes caused by the M i d d l e Triassic m a g m a t i c event 
( A L J I N O V I Ć et al., 2000) resulted in pyrite and barite 
mineral izat ion of the Permian cong lomerates and sand­
stones and of the basal layers of the L o w e r Triassic oolitic 
rocks. 

Central part of Gorski Kotar 

S t o p 1: K o s m a c e v Brijeg old q u a r r y - P e r m i a n 
clastic f a c i e s associat ion w i t h fossi l i ferous 

rock intercalat ions 

In an abandoned quarry - K o s m a c e v Brijeg near M r z l a 
Vodica, a 6 m thick succession of Permian clastic rocks 
occurs (Fig. 3). T h e main characteristic of this success ion 
is the appearance of fossiliferous rocks a m o n g the f ine and 
coarse grained clastic facies association. T h e success ion at 
K o s m a c e v Brijeg shows some e lements of prodel ta-shel f 

and delta slope sediment associat ion ( A L J I N O V I C , 
1997). 

Coarse grained facies consist of calcirudites and grav­
elly muds tones . 

Calcirudites occur as lentoid beds in the lower part of 
the success ion (Fig. 3) and are characterised by t ightly 
packed part ly rounded l imestone clasts in the lower part 
of the beds and a gradual increase of pelitic matr ix (shale) 
upwards . 

Gravel ly mudstones contain a chaotic distr ibution of 
poor ly sorted most ly l imestone and lesser a m o u n t s of sand­
stone and quartz clasts scattered in shale - Fig 4. Clasts 
range from granule to boulder size. Granule size m a t e ­
rial usually forms contorted, s lump-like structures. In the 
m u d d y matr ix abundant crinoid ossicles have been found. 
In the l imestone clasts calcitic veins can be observed. T h e 
veins are restricted only to clasts. 

Facies interpretation: The sed iment characteris t ics 
suggest deposit ion due to emplacement of m u d rich de l ta- ' 
s lope derived debris flows that prograde to a deeper part 
of the basin. Increasing mud-rich matr ix in the calcirudite 
w a s interpreted as textural inversion due to debris f low 
interaction with background m u d (shale) of heterol i thic 
facies ( L A R S E N & STEEL, 1978). Gravel ly m u d s t o n e s 
s h o w the characteristics of typical subaqueous cohes ive 
debris f lows. Carbonate debris has been part ly der ived 
through destruction of a preexist ing carbonate-shelf plat­
form (that shows signs of complete lithification) and was 
mixed with extrabasinal material in relation to the early 
progradat ional phases of the fan-delta systems. L i m e s t o n e 
clasts show signs of complete lithification before they were 
resedimented. 

T h e coarse grained facies associat ion was interpreted 
as a fan-delta slope facies. which advanced into deeper 
parts of the deposit ional basin. 

Heterol i thic facies consists of thin-bedded s a n d s t o n e -
shale intercalations and sheet-like calclithites - Fig. 3. 

Thin-bedded sandstone-shale intercalat ions are repre­
sented by the even alternation of sandstone and shale beds 
a few c m s in thickness. Sandstone interbeds are not a lways 
tabular but can be rather uneven and lentoid in shape. T h e i r 
lower bedding planes are usually sharp or show load-cast 
structures. Sandstone interbeds consist of parallel lamina­
tion in their lower division with transit ioning u p w a r d ten­
dencies to faint current ripple-cross lamination. On the u p ­
per bedding planes of sandstone intercalations s y m m e t r i c 
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Fig 2 Schemat ic st rat igraphic co lumn through the Permian and Scyth ian sediments in Gorski Kotar and Velebi t Mt. and cor re la t ion wi th the 

Slovenian part o f the External Dinar ides. Vert ical scale after ITALIAN R E S E A R C H G R O U P (1986). CASSIN IS et a l . (1988) and M A S S A R I et 

a l . (1988). 
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Fig 3 Stop 1. Fan-del ta facies associat ion at the Kosmacev brijeg 

sect ion. Legend : 1) gravel ly mudstone; 2) calcirudite; 3) 

calcl i thite; 4) sands tone shale intercalat ion; 5) skeletal detritus; 6) 

ammono ids ; 7) paral lel laminat ion; 8) wavy laminat ion; 9) r ipple-

cross laminat ion; 10) symetr ica l r ipples; 11) ichnofossi ls; 12) load 

casts; 13) inverse grad ing; 14) posit ion of samples . 

ripples are preserved. Sandstone interbeds are very fine to 

fine grained. The boundary from sandstone to shale inter­

beds is transit ional . Sandstones are determined as quartz or 

lithic g raywackes with a calcitic or Fe-calcitic and sericite 

matrix. In lithic g raywackes a significant amount of lime­

stone clasts occur. In shale interbeds crinoid and ammoni te 

fragments can be observed. Large amounts of an organic 

substance and pyri te present in shales, gives the sediments 

a dark colour. In the shales slanted " U " shaped burrows 

occur. 

Sheet-like calclithites appear as massive 15-25 cm 

thick beds (Fig. 3), primarily composed of poorly rounded 

fragments of micritic or biomicr i t ic l imestones and older 

sandstones. Less abundant are poor ly preserved bioclastic 

detritus. Some quartz grains are also apparent. Detrital 

fragments have pyritic or organic rich cortices. 

Facies interpretation: The appearance of marine fos­

sils in the shales link this facies to a mar ine environment. 

Considering that this facies exchanges vertically with the 

conglomerates of coarse grained delta slope facies, it was 

interpreted as a prodelta-shelf facies (ALJ INOVIC, 1997). 

Sandstone intercalations were deposi ted during periods 

of a sudden influx of sand. Parallel lamination that passes 

upwards to current r ipple-cross laminat ion emphasises 

bedload transport and can be expla ined by deposit ion due 

to decelerating unidirectional currents . The sediment as­

sociation described is inferred to have been deposited from 

short lived, sandy currents. T h e fining upwards sequence 

reflects the declining energy of episodic currents after 

which suspension settling of f ines began. These mecha­

nisms distributed sand over a w ide area as a thin bedded 

cover, somet imes in a ""starved" condit ion (lentoid beds 

can be explained as ripple-thick sandstone beds) . Activity 

of dwelling organisms was connec ted to periods of slow 

suspension sedimentation. 

Thicker massive calclithites were interpreted as depo­

sition from occasional sandy debris flows or high-density 

turbidity currents ( JELASKA & P R O H I C , 1982) which 

carry material offshore and deposi t it in a distant area. 

Nevertheless the sands tone-sha le couplets , previously de­

scribed, can also be considered (part ly) as Tb,c,d turbiditic 

intervals. 

General characteristic of the Kosmacev Brijeg sedi­

mentary succession: The Variscan orogenic phase reached 

its climax during Middle Westphal ian t imes and was 

followed by faulting, which resul ted in the formation of 

discrete sedimentary basins ( K R A I N E R , 1993). Fol lowing 

this conception Permian clastic rocks seen at Kosmacev 

Brijeg have been interpreted as deltaic mar ine deposits 

of Early to Middle Permian age linked to the tectonic 

instability. Vast quantities of coarse grained material were 

derived mostly from the uplifted metamorphic source ter­

rains. Thus fan-delta sedimentat ion was proposed for the 

Kosmacev Brijeg sedimentary succession. 

Characteristics of calcirudite and gravelly mudstones 

suggest deposit ion from debris flows the evolution of 

which almost certainly requires a steep slope. The chan­

nel like morphology of conglomera te bodies emplaced 

in black shales found in the vicini ty of Kosmacev Brijeg 

permits the assumption of chutes formed at the steep fan-

delta slope. The deposition of coarse material was probably 

restricted to chutes , and scarps formed due to sliding while 

the fine grained facies association was considered as back­

ground sediment deposited a longs ide the chutes and on the 

f lat tened delta toe. These sediments suggest deposit ion be­

low wave base. The slump-like contort ions in the gravelly 

mudstones indicates steep palaeorel ief and the succession 

can be interpreted as a slope type delta of E T H R I D G E & 

W E S C O T T (1984) - mark A at Fig. 5. As in all s lope type 
189 



fan-deltas the shelf is na r row or missing. The carbonate 

fragments were interpreted as cannibalised parts of the 

marginal , shallow, recent ly uplifted shelf deposits . 

Al though the basin was primari ly considered as a fore-

deep basin, related to the orogenic activity, there is a pos­

sibility that depos i t ion took place in an active a rc - t r ench 

related system, possibly a forearc basin. Thus , the chaotic 

distr ibution of clasts and blocks in a mud matrix (gravel ly 

muds tone) can be cons idered as detritus derived from the 

front of the thrust forming accret ionary wedge. The hetero-

lithic f a d e s can be thus cons idered as deposits of the distal 

turbidites. This interpretation was supported mostly by 

the discovery of deep marine radiolaria-bearing limestone 

fragments in gravel ly mudstones as well as radiolaria from 

calclithites. Such faunas indicate water depth below 500 

m. A m m o n o i d s found in black shales do not occur in water 

depths be low 500 m. Thus, for the deposit ion of ammoni te-

bearing shales and indirectly for the associated deposits, 

the water depth assumed is less then 500 m (KOZUR. pers. 

com.) . The radiolarian age indicates a t ime span from the 

Late Carboniferous to Early Permian and favours continu­

ous sedimentat ion of the deep mar ine deposits and resedi-

190 

Fig. 5 A schemat ic reconstruct ion i l lustrates the 

two different fan-delta type sedimentat ion 

processes wh ich reflect the variat ions in 

depth of the Gorski Kotar sedimentary basin. 

They were interpreted in te rms of the differ­

ent basin f loor morphology possibly resulting 

f rom variable subs idence due to sub-basinal 

fault ing in a teotonical ly act ive area. A) Sedi­

mentat ion processes in the central part were 

determined by a steep delta s lope (slope 

type delta of E T H R I D G E & WESCOTT, 

1984). Sl iding as well as the formation of 

chutes were not iced. The fo l lowing facies 

and rock types were recognised: coarse 

gra ined facies (CG). calclithite (CL). calciru-

dite (CR), gravel ly mudstones (GyM). B) In 

the northern and north-eastern part, sedi­

mentat ion was determined by low incl ined 

relief. The delta type corresponds to the 

shelf type delta of ETHRIDGE & W E S C O T T 

(1984). Several facies associat ions were 

recognised: coarse grained (channel mouth 

der ived) facies (CG) and subaerial or coastal 

facies (S-C). Shales and sands tone-sha le 

intercalat ions, interpreted as prode l ta -she l f 

facies (P-S) have similar character ist ics in 

the central and N - N E part and were inter­

preted as "background" sediment deposi ted 

over the entire area, connect ing the two fan 

delta types. 
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mentat ion poss ib ly due to processes related to thrusting in 

an accret ionary w e d g e ( K O Z U R , pers. com.) . 

Stratigraphic constraints: In 1973 K O C H A N S K Y -

D E V I D E interpreted the coarse-grained clastic sediments 

near Mrz la Vodica as be ing the consequence of redeposi-

ton and uns tab le env i ronmenta l conditions linked with tec­

tonic activity. The Trogkofel age of the sediments has been 

proven wi th index species of Pseudofusulina and Robus-

toschwagerina. M I L A N O V I C (1982) descr ibed in detail 

the de te rmined microfauna and suggested the post -Kasi -

movian age for these sed iments . The work of S R E M A C & 

A L J I N O V I C (1997) , embraced several fossiliferous rock 

types (calcl i thi tes , ca rbona te breccia and l imestone clasts 

in conglomera tes ) from the vicinity of Mrz la Vodica, and 

resulted in 72 taxa be ing determined, with a predominat ion 

of foraminifers (32) and calcareous algae (20 taxa includ­

ing 15 dasyc ladaceans) . T h e age of the de termined fossils 

varies from the L o w e r Carboniferous (Visean) through the 

Uppe r Carboni fe rous (Moscov ian , Kasimovian, Gzhel ian) , 

to the L o w e r Pe rmian (Assel ian) . Fossils younger than 

Lower Pe rmian have not been collected. Accord ing to the 

fossil content , the s imilar i ty with the Rat tendorf beds can 

be inferred ( S R E M A C & A L J I N O V I C , 1997). As the fos­

siliferous f ragments have been considered as resedimented 

detri tus, a Midd le Pe rmian age was proposed. 

A m m o n i t e s found in b lack shales {Bamyaniceras sp.) 

indicate a Road ian age for the discussed sequence (deter­

minat ion and age ass ignment Dr. sc. L E O N O V A , Moscow, 

pers . com.) . 

Stop 2: Opa l jenac old quarry - sil iciclastic 
Middle Permian associa t ion with bar i te -pyr i te 

ore mineral isat ion 

The cross-sect ion will be observed along the face of 

the abandoned bar i te pit at Opaljenac hill. In a vertical 

sequence , these sed iments overlie the Permian elastics 

intercalated wi th fossiliferous l imestones described at Stop 

1 and are interpreted as be ing of Middle Permian age. The 

sequence is c o m p o s e d of (1) conglomerates , (2) sandstones 

and (3) pelit ic sed iments . 

The cong lomera tes are composed of very wel l sorted 

quartz detr i tus hav ing d imens ions of granule and rarely 

pebble sized part icles wi th a sandy matr ix. Within the 

sandy matr ix pyr i te and bari te crystals can be found. The 

graded as wel l as clast-supported or matr ix-supported 

conglomera tes of mass ive structure predominate . Layers 

are tabular and extens ive in the direction of the strike. The 

uppermos t parts of the sequence are characterised by the 

occurrence of " p o r o u s " conglomerates with a proport ion 

of pebbles d issolved so that only the clast molds remain. 

Their immedia te cover, the apical part of the sequence, is 

composed of f ine-grained conglomerates where in l imonite 

crusts can be observed , forming an almost regular grid. An­

other character is t ic observed in the conglomera tes is the 

precipi tat ion of bari te a long the joints or veinlets. 

The sands tones consis t of well-sorted quartz and lithic 

detritus of m e d i u m - to coarse-grain size and of the dolo­

mite cement . T h e y usual ly have a massive structure, with 

Fig 6 Stop 2. Permian sands tone f rom Opal jenac quar ry wi th bar i te -

pyrite minera l izat ion in the in tergranular pores. 

the except ion of the uppe rmos t part of the sequence where 

thinner sands tone layers wi th normal gradat ion appear. As 

shown in Fig. 6, barite and pyri te were occasional ly pre­

cipitated in the intergranular space. The peli t ic sediments 

are represented by si l tstones. The cm-size quar tz nodules 

can be found in thicker si l ts tone layers. 

General characteristics of the Opaljenac sedimentary 

succession: Based on de te rmined characteris t ics , the facies 

of this success ion cannot be interpreted unambiguously . I t 

can only be concluded that, apart from the bari te and pyrite 

mineral isa t ion, the defined types of conglomera tes and 

sandstones do not significantly differ from the character­

istics of s imi lar sediments analysed at the cross-sections 

in the nor thern part of the Gorski Kotar (Stop 4 of the field 

trip). The normal gradat ion signals deposi t ion by deceler­

ating turbulent currents. Based on the similari ty with the 

facies associat ion that was more extensively investigated 

in the nor thern part of Gorsk i Kotar, the fan delta deposi-

tional env i ronment can be interpreted. The gravel material 

is well sorted, wh ich m e a n s that grain-size separat ion took 

place in the course of lengthy transport , mos t probably 

connected wi th the alluvial fan. 

The bari te and pyrite mineral isat ion, as wel l as the 

"gr id" of l imonit ic crusts are the d iagenet ic products 

formed by the circulation of solutions through the porous 

sediments . These processes (diagenesis and circulation of 

pore solut ions) can also be connected wi th the dissolution 

of some pebb les (probably the carbonate ones) that left the 

clast molds . 

Stop 3: Locali ty H o m e r - Lower Triassic 
do lomi te wi th bari te mineral isat ion 

The carbonate and carbonate-s i l ic ic las t ic L o w e r Triassic 

sediments of Gorski Kotar are best represented by outcrops 

in the old bar i te pits in the area of the H o m e r hamlet west 

of Lokve and in the area of the Školski Brijeg near Mrzla 

Vodica (Fig. 1). In a t ransgress ive sequence , the Palaeozoic 

sediments are overlain by the basal d o l o m i t i s e d oolitic 

facies. Cross stratification s tems from the migra t ion of the 
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2D and 3D dunes (Fig. 7) . T h e thicker sets of the oolitic 

sand were interpreted as be ing deposi ted by tidal currents 

exaggerated dur ing s torms , wh i l e the thinner planar and 

trough cosets are in terpre ted as the result of post -s torm 

reworking of sed iments by tidal currents . Dur ing diagen-

esis, the oolitic sands w e r e exposed to late-diagenetic 

dolomit isa t ion 4 . 

The oolitic sands exhibi t the morpho logy and posi­

tion of barrier bars located be tween the open sea and the 

lagoon. The lagoon behind the barrier, was character ised 

by deposit ion of mos t ly ca rbona te muds , occas ional ly with 

varying propor t ions of si l iciclastic ter r igenous detri tus. 

These sediments are descr ibed as the l a g o o n a l facies. 

They are character ised by thin to m e d i u m - b e d d e d ( 2 - 3 0 

cm) dolomicr i tes wi th in terbeds of sandy dolomi tes and/or 

ca lcarenaceous sands tones . In the marginal parts of the 

lagoons, the carbonate m u d s have been subjected to early 

diagenetic dolomit isa t ion. 

General characteristics of the Homer sedimentary 

succession: In the vert ical sect ion at H o m e r a 7 - 1 0 m thick 

do lomi t i sed ool i t ic facies . interpreted as a barr ier bar, is 

overlain by a lagoonal facies. Such sequences are inter­

preted by some authors as represent ing progradat ion of the 

barrier bar complex , but we think that this was not the case 

with the above d e n n e d facies. Namely , the sequences of 

identical success ion, ooli t ic bar covered by lagoonal sedi­

ments can also be formed by sudden t ransgress ion i.e. by 

the " in-place d r o w n i n g " m e c h a n i s m as denned by REIN-

SON (1984) and descr ibed by F R I E D M A N & S A N D E R S 

(1978). In the case of gradual t ransgression, the barrier 

bars can be part ly e roded so that the sandy detri tus of the 

bar actually p rogrades seaward . But, w h e n sudden trans­

gression occurs , as is supposed in this case, the erosion of 

the bar no longer con t inues , as wel l as the progradat ion . 

and bars are covered wi th sed iments of the wider lagoon 

as long as the coast line ' " jumps" landward. The re a new 

barrier can be built . 

Fig. 8 Photomicrograph of Lower Triassic do lomi t ised oolit ic facies with 

relict ooid detr i tus. Note barite minera l isat ion (white). 

Further Lower Triassic t ransgress ive tendencies re­

sulted in formation of an extensive shal low sea. 

Barite and pyrite mineralisation: Mineral isat ion is 

confined to the basal, (metre-scale) interval of the macro­

crystalline cross-stratified dolomite with relics of ooid de­

tritus (dolomit ised oolitic facies). The mineral paragenesis 

consists predominant ly of barite and pyrite. with occur­

rences of quartz, magneti te , haemat i te , sphaleri te, cerusite. 

witherite, gypsum and manganese and t i tanium oxides . 

Barite appears in the host do lomi te as irregular im­

pregnat ions, in lenses, nests, a long the irregular system 

of veins, veinlets and in the stylolites. The irregular pre­

cipitation is the most frequent form of barite occurrence. 

Dolomite rocks affected by barite mineral isat ion are char­

acterised by their anhedral and subhedral macrocrystal l ine 

structure. The primary l imestone componen t s of these 

rocks are almost completely des t royed by dolomit isat ion. 

apart from the "ghos t s " of the pr imary ooids that can usu­

ally be observed in the dolomite (Fig. 8). The precipitation 

of barite is in the form of irregular impregnat ion, replacing 

the dolomite , as a poikilitic cement of the ooids (Fig. 8) or 

along certain directions in rocks that usually coincide with 

foresets in the dolomit ised ooid facies (Fig. 9). The barite 

mineralisation along foresets is usually associated with 

quartz precipitation. The more weather-resis tant minerals 

- barite and quartz clearly prot rude along the foresets, 

which makes the s ta ic ture highly observable , whi le it is 

actually almost unobservable at a fresh cut. Fur thermore, 

barite is also found in the form of cm-s ized concave-con­

vex lenses. Such lentoid occurrences along some lamina 

causes the wavy deformation of laminae above and below 

the lenses. Somet imes , barite crystals a few mm in size can 
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Fig 9 Preferred distr ibut ion of barite crystals (l ight grey) a long cross 

l a m i n a e in do lo mi t i se d oolit ic facies; p h o t o m i c r o g r a p h , crossed 

nicols. 

precipitate in cavities (nests), where they g r o w towards the 
centre like the drusy cement . In these nests, platy barite 
crystals several mm in size were observed. Veins are a few 
metres long and 2-5 cm wide. Several sys tems of veins and 
veinlets with either irregular or plan parallel surfaces were 
observed in the dolomites . Iron minerals a lso appear in the 
mineral paragenes is . Pyrite is usually altered at the surface 
due to weather ing condit ions . Stylolites are filled with bar­
ite, pyrite and iron oxides formed by weather ing . 

T h e veins, veinlets. lenses, nests, crusts and stylolites 
with barite, quartz and iron sulphides and oxides and with 
associated minera l s , both within the Triassic and underly­
ing Palaeozoic sediments , indicate a late d iagenet ic origin, 
i.e. post formation of the jo int systems w h i c h enabled the 
circulation of solutions from which the barite, quartz, iron 
minerals and the rest of accessory minera ls were crystal­
lised. Analys ing the characterist ics of the dolomite re­
placed with barite and the linear precipi tat ion of the barite 
crystals a long the inclined strata or lamina in the dolomites , 
A L J I N O V I C et al. (2000) concluded that the ore-formation 
and dolomit i sat ion had been connected wi th several late-
diagenetic phases and with circulation of the pore solu­
tions a long the jo ints and through the p o r o u s granular 
sedimentary rocks - Permian clastic s e d i m e n t s and Lower 
Triassic ooid grainstones. T h e mineral i sat ion was, at least 
partly, in connect ion with the processes that dolomit ised 
the pr imary l imestones in the late phase of diagenesis at 
high temperature . The non-planar anhedral d o l o m i t e types, 
suggest the dolomit i sat ion at high temperatures ( G R E G G 

& SIBLEY, 1984). Al though the h igh-temperature condi­
tions usual ly imply greater burial depths, the u p w a r d cir­
culat ion of hydrothermal fluids through the j o i n t systems, 
larger fractures or faults can be supposed. T h i s suggests 
that there was circulation of the hot pore solut ions influ­
enced by an increase in geothermal gradient ( K U P E C Z & 
L A N D , 1991) and this could have been caused by Middle 
Triassic volcanism which also formed the andés i te at the 
nearby Fuzinski Benkovac . 

T h e possible presence of witheri te can be explained by 
the metasomat ic influence of the secondary-hydrothermal 
solutions on the dolomite and by the secondary mobil isa­
tion of b a r i u m that is in a c c o r d a n c e with prev ious investi­
gat ions (SIFTAR, 1978). 

Since the mineral isat ion of barite, pyr i te and other 
descr ibed minerals is connected with the late diagenetic 
phase, the barite deposits are considered as epigenet ic . 

There is also a different interpretation for the origin of 
barite mineral ization. PALLNKAS et al. (1993) reported 
a barite and pyrite ore mineral association exclusively. 
A c c o r d i n g to the same authors barite and pyri te ore 
mineral izat ion is a s tratabound ore deposit conformably 
situated at the Permian-Triass ic boundary formed by 
early diagenetic, bacteriogenic sulphate reduct ion in a 
peritidal m u d d y environment, in a sabkha-like condit ions . 
The early diagenetic model is supported by analysis of 
the sedimentary facies, trace e lement geochemis t ry and 
sulphur isotope distribution not iced along the t w o vertical 
profiles. M o r e information about this interpretat ion can be 
obta ined in this fieldtrip g u i d e b o o k - field trip A 3 , Stop 4 
( P A L I N K A S & B O R O J E V I C - S O S T A R I C , this Vol.). 

Northern part of 
the Gorski Kotar region 

S t o p 4: Č a b a r s u c c e s s i o n - P e r m i a n 
sil iciclastic d e p o s i t s 

This stop represents the Permian, dominant ly siliciclastic 
facies association which is characterist ic for the north­
ern part of the Gorski Kotar. It is supposed that clastic 
sedimentary rocks as in the Č a b a r success ion overl ie the 
Permian succession seen at Stop 1. Orthoquarzi t ic con­
glomerates and quartz rich sandstones appear intercalated 
with thin-bedded sandstones and shales. S e d i m e n t types 
appear ing in the Čabar success ion were also found in other 
Permian outcrops in the N - N E part of Gorski Kotar. T h e 
interpretation of their deposi t ional env i ronment and facies 
was based on the comprehens ive study of m a n y localities, 
most of which are located in a rough area of m o u n t a i n 
creeks and were, thus, inaccessible for this field trip. In 
shale ("schist") intercalations S A L O P E K (1949b, 1961) 
found ammoni tes and crinoid fragments. T h e s e facts deter­
mine the depositional env i ronment as mar ine and it was in­
terpreted as fan-delta type deposits ( A L J I N O V I C , 1997). 

T h e section, observed at the roadcut near Čabar, consists 
of f ining-upward, metre scale cycles. In each cycle thick-
bedded coarse grained facies ( sandstones/conglomerates) 
that occur in the lower parts of the cycles, represent chan-
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nel mouth-der ived deposi ts , whi le the heterolithic facies 

( th in-bedded s ands tone - sha l e intercalat ions) in the upper 

parts of the cycles represent the prode l ta - she l f associa­

tion (Fig. 10). It mus t be emphas ized that the fol lowing 

facies interpretation was made according to a combina t ion 

of criteria: facies o w n characteris t ics , character of associ­

ated deposi ts and the broader structural context . 

Several structural sands tone /conglomera te types occur­

ring in the lower part of each cycle were defined as coarse 

grained facies. 

Coarse gra ined facies: Th ick-bedded mass ive or 

normal ly graded sandstones vary from med ium to 

very coarse grained types. Outs ized flattened shale clasts 

appear incorporated in the upper port ion of beds. Tabular 

sandstone bodies have very sharp lower bedding planes 

but no obvious s igns of erosion, rather some loading 

irregularities occur. The upper bedding planes somet imes 

show a convex surface. Lentoid (channel- l ike) beds 

incorporated in prodel ta-shelf fines are also present. The 

thickness of bed varies from 0.2 to over 2 m. Sands tones 

are most ly quar tz or lithic grayvvackes. 

Gravel ly sandstones are character ised by two dist inc­

tive l i thotypes: 

(a) Massive gravelly sandstones where gravels are scat­

tered homogeneous ly in a sandy matrix. Layers are 

0.15 to 0.3 m thick and usually show lentoid shapes . 

(b) Trough cross bedded gravelly sandstones consist 

mainly of sand, but gravel sized clasts accumula ted at 

the bot tom of shallow t roughs - Fig 11. Sporadical ly, 

gravel clasts that del ineate t roughs are not clearly vis­

ible. Instead, lentoid gravel marked forms or r andom 

accumula t ions of gravels can be observed. 

Massive clast supported conglomerates consist of 

well sorted and well rounded pebbles . The thickness of 

bed-- varies from 0.7 to 1.5 in. Mass ive matrix supported 

cong lomerate s occur very rarely. The matr ix is dominant ly 

sandy but c layey matr ix also occurs. In normal ly graded 

cong lomerate s the lower division of graded beds consists 

of clast supported gravels or pebbles wi th a sandy matrix. 

T h e thickness of beds var ies from 0.5 to 3.3 m. As the clast 

sizes decrease upwards the amount of sand matrix increas­

es which resulted in a cont inuous transition from the clast 

suppor ted ( lower) to matr ix supported (upper) part of the 

bed or to a sandy upper division. Usually approximately 

5 0 % of graded beds consist in their upper parts of parallel 

laminated or mass ive sandstones . Other matrix supported 

variet ies show only the upward decrease in gravel size. In­

versely graded conglomerates show a sandy base (a few 

cm thick) which passes upwards to clast supported pebbles 

at the top. Inverse ly- to-normal ly graded conglomerates 

have a pebble clast-supported fabric only in their middle 

part. In the lower and upper parts they are matrix supported 

or sandy. Outs ized flattened clasts of shale very often occur 

in all conglomera te types . 

Comprehens ive s tudies on some other localities in the 

vicini ty indicate that the tabular cross-bedded and trough 

cross -bedded conglomerates are also present. 

Facies interpretation: The coarse grained facies is 

general ly recognised as channel mouth-der ived deposits . 

No single described sands tone/conglomera te type permits 

recogni t ion of the deposi t ional setting, but as an assem­

blage it can be interpreted as a channel mouth deposit , due 

to the intercalation of beds generated by both traction and 

gravity-f low processes possibly representing the exchange 

of basin processes with f luvia l ly constructed phases . The 

character is t ic of coarse grained li thotypes suggest depo­

sition of vast quanti t ies of coarse material in a period of 

abrupt input. The mass ive to normally graded sandstones 

may represent channel mouth derived material that was 

depos i ted as a low-densi ty turbidite flow. A sudden input 

of sand indicates flood events. These flash flows act as 



unchannel ized j e t s at the mouth of high discharge distribu-

tory channels . T h e absence of traction and wave generated 

structures exc ludes rework ing by shal low marine currents 

and waves . 

All descr ibed cong lomera te types are interpreted as be­

ing deposi ted from debris flows or high-densi ty turbidity 

f lows ( L O W E , 1982; N E M E C & S T E E L , 1984). 

Lack of internal stratification, the non erosive basal 

contacts , inverse grad ing , disorganised fabrics and outsized 

flat tened clasts favour deposi t ion from debris f lows where 

shearing was restr icted to the lower part of the f low. The 

ungraded mass ive bed types could represent debris f lows 

which exper ienced m i n i m u m shearing probably only 

along the base. T h e appearance of debris f lows suggests 

the relatively rapid accumula t ion of material and relative 

quiescence of the deposi t ional environment . Debris f lows 

were generated at the channel mouth or along the mouth 

bar descent as descr ibed by K L E I N S P E H N et al. (1984) 

and M A R Z O & A N A D Ó N (1988). Debris f lows can 

change to h igh-dens i ty turbidity flows where the steep 

slopes of mouth bars advanced to the basin ( L O W E , 1982; 

N E M E C & S T E E L . 1984). Though, deposi t ion of normally 

graded cong lomera t e types was interpreted as high density 

turbidity currents . Inversely to normally graded li thotype as 

well as the transi t ion from normally graded conglomera tes 

to parallel laminated sandstones can be explained by 

deposit ion from pr imary debris f lows which transform into 

liquefied h igh-dens i ty turbidity flows. 

Structures like planar and trough cross bedding, indica­

tive of tractional t ransport could be explained by deposi­

tion from near shore unidirectional currents and suggest 

reworked channel mouth derived material or they could 

represent l inguoid or straight crested channel bars in fluvi-

ally const ructed per iods of fan-delta development . 

Interstratification of debris flow or turbidity flow de­

posits with sed iments generated by bedload traction cur­

rents could be the criterion that permits interpretation of 

mouth bar facies ( K L E I N S P E H N et al., 1984). 

He te ro l i th i c facies consists of thin-bedded s a n d s t o n e -

shale intercalations and occasionally dec imetre thick 

sandstone beds with plane parallel laminat ion. A m o n g 

sands tone-sha le intercalations several l i thotypes were 

dist inguished: (a) In parallel laminated shale lithotype 

shale appears to be dominant , whi le si l ty/sandy material 

occurs as rare distinct cm thick beds or mm thick laminae 

- Fig. 12. (b) Ripple-cross laminated lithotype consists of 

the even alternation of sandstone and shale beds a few cm 

thick (Fig. 13). The proportion of sandstone and shale beds 

are equal. Their lower bedding planes are usual ly sharp. 

They consist of small scale r ipple lamination whe re the 

dominant current ripple cross lamination is present in the 

lower part of the beds and passes upwards to w a v e ripple 

cross lamination. Some typical characterist ics of wave 

origin such as offshooting and swollen upbui ld ing have 

been noticed. Upper parts of the sandstone intercalation 

are intensively bioturbated. (c) Flaser lithotype consists 

mainly of f ine to middle grained sandstones wi th the 

thickness ranging from a few to several dec imetres . They 

show internal ripple cross lamination. In the lower divi­

sions of sandstone interbeds unidirectional current ripple 

cross lamination can be observed that passes upwards to 

wave-kni t ted lamination. Sandstone interbeds have sharp, 

very often erosional surfaces. The appearance of shale in 

this facies is restricted to rare thick lamina intercalat ions 

or thinner lamina shale drapes in ripple t roughs, (d) Plane 

stratified sandstones consist of fine to m e d i u m grained 

sandstones with an average thickness of about 0.25 m. The 

lower bedding plane is sharp, slightly erosive. Very often 

these beds have sinusoidal ripples on the upper bedding 

plane. Faint ripple cross lamination can also be noticed, 

(e) Micaceous sandstone beds containing plant detritus 

are very often intercalated in this facies assemblage . The 
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Fig 12 Stop 4. The parallel laminated 

shale l i thotype consists of black 

shale as a dominant rock type while 

si l ty/sandy material appears as rare 

dist inct lamina or thin beds. 

abundant fairly wel l preserved plant s tems or scat tered 

plant detritus accumula te sporadically as dec imet rer thick 

deformed or lensoid shaped layers. 

Facies interpretation: The sharp and often eros ive 

lower bedding planes of sandstone beds prove the abrupt 

c o m m e n c e m e n t of deposit ion. Several groups of s t ructures 

such as current ripples and erosive bases found in sand­

stones indicate that unidirectional currents were important 

as a sand transport ing agent. However , wave r ipple cross 

lamination and wave ripples found on top of s o m e sand­

stone beds suggest that wave activity was an important 

mechan ism in the redeposition of sandy material . S o m e 

types of structures resulted from the interplay of unid i rec­

tional and bed load transport and wave postdeposit ional 

rework ing . Fine pelit ic particles settled from suspension 

in quiescent per iods that postdate sand deposit ion. Intense 

b iogenic activity (bioturbat ion) appeared during the slow 

deposi t ion of f ines. The input of sand was possible during 

intense floods. Plane parallel-stratified sandstones show 

the characteris t ic of sediment deposited under the upper 

flow regime. Erosional lower bed surfaces also indicate 

that the sediment was derived by strong and erosive unidi­

rectional currents , but after the material was deposited, the 

top of beds were r eworked by waves (symmetrical wave 

r ipples) . Sheet like uni ts of plane-stratified sand may be 

interpreted as sandy tongues of the mouth bar toe zone or 

as s torm deposi ts . 

Fig. 13 Stop 4. The r ipple-cross lami­

nated l i thotype consists of even 

al ternat ion of r ipple cross laminated 

sandstone interbeds (cm thick) and 

black bioturbated shales. Peak of 

the hammer for scale = 2 5 cm. 
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From the lateral pers i s tence of s ands tone - sha le inter­

beds without any significant changes in bed th ickness it is 

apparent that they w e r e depos i ted on the flattened relief of 

the sedimentary basin which a l lows the interpretat ion as a 

prode l ta -she l f facies. T h e p rode l t a - she l f sed iment assem­

blage is thought to have accumula t ed in areas beyond and 

laterally equivalent to the ac t ive fan delta dis tr ibutories . 

Some facies w e r e surely restr ic ted to the subaeria l or 

coastal parts of the fan delta. T h e micaceous sands tones 

with abundant p lan t detr i tus represent the accumula t ion 

of plants in the mos t shal low, isolated parts of the deposi -

tional envi ronment , poss ib ly s w a m p s . The area landward 

of the barrier spit can be a s s u m e d , close to the areas where 

the plants had g r o w n . 

General characteristics of the Cabar sedimentary 

succession: The sed imen t s descr ibed at the Caba r cross-

section represent the character is t ics of deposi t ion in the 

northern and nor theas te rn part of the Gorski Kota r (marked 

as B in Fig. 5). Depos i t ion took p lace in a sha l low and flat­

tened part of the bas in whe re the coarse-gra ined elastics 

reflect the depos i t ion of channe l mou th der ived material 

deposited part ly as m o u t h bars , whi le the f ine gra ined het-

erolithic facies, h ighly influenced by waves , is interpreted 

as a p rode l t a - she l f facies. Facies characterist ics indicate 

the shelf fan-delta type as defined by E T H R I D G E & 

W E S C O T T (1984) . Vertical al ternat ion of m o u t h bar and 

prodel ta -she l f facies can be expla ined as the result of sea 

level oscillation wi th in the overal l subsiding trend but also 

as lateral shifting of t emporar i ly act ive dis tr ibutories . Ac­

cording to the low palaeore l ie f assumed, a sl ight sea level 

oscillation would have caused significant lateral facies 

changes . 

The central , nor thern and northeastern part can be inter­

preted as a fan del ta c o m p l e x connec ted wi th the hetero-

lithic finegrained facies ( interpreted as prode l ta -she l f ) , 

which assumes the Gorsk i Kotar region as a s ingle depo-

sitional area, but wi th different basin f loor morpho logy 

- Fig 5. Depos i t ional m e c h a n i s m s were different at the 

steep delta slope - the " s lope- type del ta" (central part) 

related to the flattened part of the basin where the "shelf-

type del ta" character is t ics were observed (in the northern 

and north-eastern part) - Fig 5. In the supposed sett ing of 

active tectonism it is a lso poss ib le to p resume the palaeo-

morphological differences were caused by var ia t ions in the 

rate of subs idence accelera ted by faulting in the central 

part of the basin. 

Stratigraphic constraints: Al though all the descr ibed 

facies were interpreted as con temporaneous , the quest ion 

still remains whe the r s o m e are relatively younge r than 

others. This impl ies only minor differences in the relative 

ages of the rocks; i t does not alter the previously de termi­

nation of a Midd le Permian age for the sediments . There 

is a possibility that the sed imen t s wi th character is t ics of 

deposit ion on a s teep del ta s lope are relatively older sedi­

ments that were depos i ted immedia te ly after the forma­

tion of steep faults in the initial phase of tectonic activity 

in either the Lower or early Midd le Permian. Extens ive 

weathering of the uplifted terrain and basin infilling result 

in the levelling of the deposi t ional area and shaping of the 
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mild palaeorelief. Therefore it is possible to assume that 

the sediments in the northern and northeastern part of the 

Gorski Kotar are relatively younger , and that they reflect 5" 

deposi t ion on a low inclined delta slope that formed after 51 

the deposit ional basin was partly filled and the steep relief CQ 

modified. However , the absence of au tochtonous fossils in o, 

the rocks, and the lack of their precise chronostrat igraphic GO 

determinat ion makes this only an assumpt ion . Q. 

Fol lowing another possible concept ion , the whole q 

Permian sequence in the Gorski Kotar region can be inter- 2-

preted as the upward transition from the long lasting (Late o 

Carboniferous - Middle Permian) deep wate r condit ions, ^< 

seen in the central part, to the shal low mar ine and coastal 1 

deposit ional condit ions, seen in the nor thern part. This can § 

possibly indicate a shal lowing upward forearc sequence at 2-, 

the northern margin of the Palaeotetys which disappeared ® 

in the Late Permian (KOZUR, pers . com.) . o 

co 

2nd day-Velebit Mt. 

Geological setting 

The Upper Palaeozoic tectonic belt of Mt. Velebit and Lika 

represents the best known and the mos t comple te ly devel­

oped Palaeozoic area in Croatia, showing a partial analogy 

with the Carnian Alps. 

The lowermost portion of Carboni ferous deposits of 

Moscov ian-Kash i r i an age is present only in Lika but not 

in the area of this field trip. Kas imovian sedimentary rocks 

contain the first fusulinid taxa with keriothecal walls , to­

gether with calcareous algae ( K O C H A N S K Y - D E V I D E , 

1970). Gzhelian beds at Velebit Mt. are often compared 

with the Auernig beds of the Carnian Alps . N u m e r o u s rem­

nants of foraminifera, brachiopods and bivalves have been 

found in these sediments . This horizon is well exposed at 

P ikovac creek valley (Stop 8). Different types of sediments 

can be dist inguished: 

(1) Argil laceous shales with brachiopods , cr inoids, trilo-

bites, bivalves and gastropods. The list of determined 

Pennsylvanian macrofossils from these sediments is 

extremely large. Numerous species of bivalves (includ­

ing the genera Lima, Pterinea, Aviculopecten, Streblo-

pteria, Carbonarca, Schizodus, Modiola, Lucina and 

several other taxa were descr ibed by R U K A V I N A 

(1973). A m o n g the gast ropods, the mos t abundant are 

prosobranchs from the families Naticopsidae, Bellero-

phontidae, Subulitidae, Murchisoniidae, Zygopleuri-

dae and Pleurotomaridae. More than thirty taxa were 

determined ( B A L A Z , 1981). Bryozoans (predomi­

nantly Fenestella, Septopora and Polypora) and scarce 

trilobites of the genus Pseudophillipsia also occur in 

these sediments . Particularly numerous and diverse 

brachiopods were studied by S IMIC (1935) , produc-

toids and spiriferids predomina te . S o m e of the most 

important genera are Linoproductus, Chaoiella, Pro-

ductus, Productus, Marginijera, Neospirifer, Spirifer, 

Choristites and Martinia. Chonet ids are also numerous 

and diverse, as well as Streptorhvnchus and Derbya. 
" 1 9 7 
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Crinoid s tems were also found in these sediments . L o ­

cal findings of the land flora indicate the vicini ty of the 

shorel ine. Almos t thirty species of p te r idosperms, equi-

setaceans , lycopodiaceans and cordai taceans were de­

scribed from this area. Some of the c o m m o n genera are 

Sphenopteris, Crossotheca, Pecopteris, Asterotheca, 

Alethopteris, Callipteridium, Odontopteris, Linopteris, 

Taeniopteris, Catamites, Sphenophyllum, Lepidoden-

dron and Cordaites. 

(2) Fusul inid sands tones with fusulinids, crinoids and 

small b rach iopods are developed in the wider area. 

F ine-gra ined greenish-grey sandstones wi th small fos­

sils, and medium-gra ined , b rownish-ye l low wea thered 

sandstones wi th fusulinids, b rachiopods , bivalves and 

crinoids can be dist inguished. The brachiopod species 

Chaoiella grunewaldti K R O T O V is ex t remely abun­

dant in these sediments . 

(3) L imes tones in terbedded with argi l laceous shales, wi th 

a p redominance of Anthracoporella spectabilis p ro -

ductoid and spiriferid brachiopods are ra ther c o m m o n 

in the sediment succession, whi le b ivalves , mol luscs , 

cepha lopods and corals occur sporadically. Cr inoid 

remnants p redomina te at several localit ies, a iding the 

product ion of carbonate sediments . Smal l fusulinids 

also occur in these sediments . 

(4) Quar tz -conglomera tes c o m m o n l y conta in pebble sized 

clasts. They gradual ly pass into sands tones . Mar ine 

sediments p redomina te over sporadic intercalat ions of 

continental origin. The same type of sedimenta t ion w a s 

pro longed into the Lower Permian. 

A schemat ic c o l u m n of the P e r m i a n rocks is s h o w n 

in Fig. 2: the L o w e r Permian '"Rattendorf ' l imestones, a l ­

though scarce, can be divided into three hor izons on the ba­

sis of fusulinid foraminifera. The microfossi l assemblage 

indicates a Sakmar ian age for these sed iments . 

The Kosna beds (clastic equivalents of the Trogkofel 

l imestone) are developed in a much broader area. Colourful 

conglomera tes with l imestone pebbles , fine/grained quar tz 

conglomera tes , red, ye l low or grey pyri t ic sandstones and, 

very se ldom, l imestones with Da)-vasites, Pseudoschwa-

gerina and ca lcareous algae can be dis t inguished. Typical 

Kosna cong lomera tes with clasts of Midd le Carboniferous , 

Upper Carboniferous and Sakmar ian l imestones , ou tc rop 

at Kosna voda spring, NW from Brusane and in P ikovac 

creek valley - Stop 8. 

Middle and Uppe r Permian sediments represent a con­

t inuous series of dolomi tes and l imestones , that concord-

antly overlie the red Kosna sandstones . A gradual t ransi­

tion from the red sands tone into the b lack l imestone of the 

zone Eoverbeekina salopeki can be observed at Par ipov 

jarak , west from Brusane vil lage (near Stop 5). L i m e ­

stones contain large gast ropods: Platystoma, Bellerophon, 

cephalopods (Orthoceras) and a typical microfauna (Eo­

verbeekina, Sphaerulina, Staffella). L imes tones are over­

lain with an approximate ly 300 m thick sequence of g rey 

"spot ted" do lomi tes . Whi te spots are recrystal l ized fossils, 

predominant ly Mizzia, accompanied by Eoverbeekina, 

Staffella, Neo.se/nvagerina, Waagenophyllum, Bellero-

phon, Pleurotomaria, Orthoceras and Edmondia. Mid­

dle l imestone zone - Zone Neoschwagerina craticulifera 

(Stop 5), is extremely rich in macrofossils . N u m e r o u s bra­

chiopods (45 taxa), predominant ly spiriferids, enteletids, 

productoids , o ldhaminoids , including several endemic 

species; the aberrant bivalve Tanchintongia, ca lc isponges , 

b ryozoans and gastropods have been col lected from the 

area of Brusane and Baske Ostarije (Fig. 1). Foraminifers 

(Neoschwagerina, Dunbarula, Nankinella, Schubertella, 

Glomospira, Globivalvulina etc.) and ca lcareous algae 

(Mizzia, Vermiporella, Gymnocodium, Permocalcnlus and 

many other taxa) are extremely abundant ( K O C H A N S K Y -

D E V I D E , 1965; K O C H A N S K Y - D E V I D E et al., 1982; 

S R E M A C , 1986, 1991). 

The middle and the uppermost l imestone zones are sep­

arated, or, at some places, replaced with light grey crystal-

lime dolomite ("Schwager ina-dolomi te" sensu S A L O P E K , 

1942) wi th Mizzia, Likanella, Salopekiella, Goniolinopsis, 

Neoschwagerina, Kahlerina, Dunbarula and gas t ropods . 

Fauna from the lowermost l imestone zone also occurs 

sporadical ly (Staffella, Eoverbeekina). At s o m e localities, 

sedimentat ion of so-called "transitional d o l o mi t e s " (sensu 

S A L O P E K , 1942) with poorly preserved fossil assem­

blage, had already begun in this period. 

The uppermost l imestone zone was n a m e d after the 

dominant fusulinid species - Zone Yabeina syrtalis (Stop 

6) , Al though, Yabeina also occurs in the midd le l imestone 

horizon, but not in such numbers . Differences in the 

microfossil assemblages are not very dist inct from the 

middle l imestone zone, but some new macrofoss i ls occur 

in the Yabeina-zone, such as brachiopods (Derbya, Strep-

torhynchus, Orthotetes) and gas t ropods (TemnocheHus) 

( S A L O P E K , 1942; K O C H A N S K Y - D E V I D E , 1965). In 

its lower portion predominant ly gymnocod iaceans have 

been found ( R A M O V S & K O C H A N S K Y - D E V I D E , 

1981). A lack of index species in the uppermos t dolomite 

beds leave the problem of the Permian-Tr iass ic boundary 

open. Dense " t ransi t ional" dolomites (sensu Salopek) are 

well bedded and rather poor in microfossi ls . In the lower 

port ion predominant ly gymnocodiaceans have been found, 

the uppermost port ion contains small foraminifers, with a 

p redominance of Earlandiacea. 

Stop 5: Par ipov jarak - Middle Permian 
patch-reef l imestones 

(Neoschwagerina craticulifera zone) 

In the area of Brusane and Baske Ostarije vi l lages, in the 

central part of the Velebit Mt., three dist inctly separated 

zones of black l imestones can be clearly dis t inguished 

within the light grey dolomites of Middle and Upper Per­

mian age (Figs, lb & 2). These l imestones are character­

ized by numerous well-preserved micro- and macrofossi ls , 

thus enabl ing the precise stratigraphic divis ion. 

The zone named after the large fusulinid Neoschwage­

rina craticulifera (Middle Permian) is up to 30 m wide , 

and ca. 8. km long. Dur ing the detailed research numerous 

macrofossi ls and microfossils (175 taxa in total) were de­

termined and fossil communi t ies were s tudied ( S R E M A C . 

1986, 1991). 

http://Neo.se/nvagerina
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A shal low pla t form envi ronment with calcareous algae, 

large benthic foraminifera, and, at some places, numerous 

macrofossi ls (b ryozoans , brachiopods , corals, bivalves) 

was wide ly spread in this area during the Murghabian 

(Fig. 14a). A lmos t thir ty taxa of dasycladaceans and gym­

nocod iaceans w e r e de te rmined - Mizzia, Vermiporella, 

Gymnocodium and Permocalculus were the most abundant 

(Fig. 14b, c, d, e ) . Cyanobacter ia l c rus t s 'were extremely 

important in the format ion of mounds and patch-reefs. Fo­

raminifera are the m o s t diverse, with a lmost 50 taxa. Large 

fusulinids (Neoschwagerina, Nankinella) are often associ­

ated wi th ca lcareous a lgae, and/or with other fossils. Small 

foraminifera were s o m e t i m e s part of these diverse c o m m u ­

nities, but s o m e t i m e s formed their own assemblages (Glo-

bivalvulina, Glomospira and some other taxa). Tubiphytes 

was widespread in this area, support ing the consolidation 

of the sed iment (F ig . 14c). Calc isponges (eg. Sinocoelia, 

Imilce) p layed the mos t important role in the formation 

of patch-reefs . Large brachiopods inhabited reef cavities 

(Martinia, Enteietes), l ived on muddy substrate anchored 

wi th spines (e.g. Ramovsia and many small productids) 

or even formed b ios t romes by cement ing themselves on 

the sea floor or on each other (Leptodus, Keyseriingina). 

T h e y were the m o s t diverse and abundant large mar ine 

inver tebrates in this area. Bafflestones with Waagenophyl-

lum can also be found at some places. Molluscs , though 

represented with 28 taxa, were less important. Large, aber­

rant Tanchintongia is an except ion, forming lumachells at 

several localit ies. Smal l sized gastropods and cephalopods 

were found only sporadical ly. Bryozoans , predominant ly 

fenestell ids, p layed an important role in the formation of 

m o u n d s and reefs. F ragment s of echinoderms (radiolae, 

co lumnal ia ) can be found in bioclastic sediments . 

A m o n g the bounds tones with an autochtonous c o m m u ­

nity the b ryozoan-ca l c i sponge -cyanobac te r i a l b ioherm is 

the mos t interest ing p h e n o m e n o n . Large fenestellids were 

the first to co lon ize the substrate. Smaller bryozoans and 

ca lc i sponges a t tached themselves to their fans, and were 

a l together o v e r g r o w n with cyanobacter ial crusts (Fig. 140-

In later phases , the r ee f f ramework was almost solely com­

posed of ca lc i sponges (F ig . l 4g ) . Reef cavities were inhab­

ited wi th other ben th ic organisms. Brachiopods Martinia 

velebitica S R E M A C and Enteietes salopeki S R E M A C 

were the mos t abundan t within the reef framework. At least 

three t imes the reef was bur ied in carbonate mud or f ine 

grained bioclast ic de t r i tus of reef origin, and the recoloni-

zation had to start from the beginning. Three main cycles 

of reef formation h a v e been observed ( S R E M A C , 1991; 

M A R J A N A C & S R E M A C , 2000) . Bioclastic sediments 

with redeposi ted microfoss i l s (foraminifera, calcareous 

algae, fragments of Tanchintongia) can be found around 

the patch-reef. 

Some shal low par t s of the platform emerged from t ime 

to t ime; accord ing to the oscil lat ion of the sea-level there 

is no ev idence of cont inenta l or pelagic Murghabian sedi­

ments in the vicinity. Therefore the position and distance of 

the Murghab ian land cannot be proved. 

In most of the ne ighbour ing regions, the Middle Per­

mian is represented by clast ic Groden deposi ts , which are 

overlain by the U p p e r Permian Bellerophon l imestone. 

The area of Velebit Mt. differs from other known Permian 

localities in the long-last ing carbonate sedimentat ion and 

pecul iar macrofauna, and it is very dificult to make any 

conclus ion on its regional posit ion. 

Stop 6: Road cut near Brusane -
- the Upper Permian peritidal carbonates 

(Yabeina syrtalis zone) 

Stop 6 is a cont inuous section of shal low water periti­

dal carbonates that cont inuously overlie the patch-reef 

l imestones of Stop 5. Accord ing to previous studies (KO­

C H A N S K Y - D E V I D E , 1979; S R E M A C , 1991; TISLJAR 

et al., 1991) the section represents the Upper Permian 

Yabeina syrtalis zone as shown in Fig. 15a). Along the ap­

proximate ly 200 m thick succession several facies types 

can be dis t inguished. 

The lowermost part is characterised by the light grey 

mass ive dolomi t ized packstone 'gra ins tones of Facies A. 

Packstones and grainstones contain abundant foraminifera, 

green algae, bioclasts of echinoderms, corals, calcispong­

es, gas t ropods , brachiopods (Fig. 15b, c), and occasionally 

large cortoids (micrit ic bioclasts) occur. Drusy calcite ce­

ment or micri te matr ix is found in the intergranular pores. 

The rocks in this part of the section are completely dolo­

mit ized in the manne r of mimic replacement; therefore the 

pr imary rocks remain structurally unchanged. The pres­

ence of vugs filled with crystal silt indicate the very shal­

low envi ronment and occasional emersion during which 

the vugs occurred by dissolution processes. The shallowest 

parts of the subtidal and lower intertidal zone is proposed 

as a deposi t ional envi ronment (TISLJAR et a l , 1991). The 

macrocrys ta l l ine dolomite structures were noticed in ad­

dit ion to the macrocrysta l l ine dolomite types and partly 

dolomit ized l imestones . Early stage dolomitization of the 

platform l imestones is suggested (TISLJAR et a l , 1991), 

but the late diagenet ic phase with mimic replaced fossils 

can also be a s sumed . 

Rocks of Facies A contain the following fossil assem­

blage: foraminifera (Hemigorius and Globivalvitlina are 

the most abundant ) , calcareous algae (Permocalculciihis), 

encruster (Tubiphytes) and macro fossil fragments of gas­

t ropods (abundant ) , bivalves, brachiopods and echinoids. 

Fac ies B is represented by the early diagenetic supra-

tidal dolomites that overlie Facies A. It consists of a 30 

m thick sequence of wavy laminated cryptalgal (stroma-

tolitic) dolomi tes and dolomicri tes that are light to dark 

grey (T ISLJAR et al., 1991) in colour. This facies is di­

v ided into three parts . 

The lower part of Facies B consists of dolomicrites and 

the occasional appearance of undulous cryptalgal laminae 

or thin cryptalgal beds. In the dolomicri tes debris of thin-

shel led b ivalves and microgas t ropods are present. Irregular 

fenestrae, green a lgae, as well as moulds of shells appear. 

There are also solution vugs fi l led with internal sediments 

in their lower part and dolomite drusy cement in their up­

per part (geopetal structures). 

In the middle part the thin cryptalgal dolomitised 

(stromatoli te) beds / laminae occur (Fig. 15c). containing 
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in places dolointraspari te laminae, and rarely dolomicri te 

laminae with a clotted micri te structure. Desiccation and 

shr inkage cracks interrupt the continuity of laminae and 

th in-bedded edgewise breccia occur occasionally. The 

breccia consis ts of platy cryptalgal or micritic fragments 

which accumula te forming beds a few centimetres thick. 

Fragments w e r e formed due to desiccation or shr inking of 

the cryptalgal or micrit ic rocks . Approching the top of this 

part, the quant i ty of stromatoli t ic laminae decreases , whi le 

the quanti ty of cryptocrystal l ine dolomites (dolomicri tes 

and dolopelspar i tes) increases. 

The upper part of the Facies B is an approximately 16.5 

m thick interval of dark grey laminated cryptocrystal l ine 

dolomites . L a m i n a e are 2 - 1 0 mm thick, and are composed 

of dolopelmicr i te , dolointraspari te, dolopelspari te, dolo­

micri te , and occasional ly stromatoli te. Towards the up­

permost part of this interval the colour of the dolomicri tes 

darkens to black; the dark colour probably originated from 

organic mat ter and the presence of f ine-grained pyrite sug­

gests the act ivi ty of sulphate reducing bacteria (T ISLJAR 

et a l , 1991). 

In contrast to Facies A, the fossil assemblage no longer 

contains large fusulinids, but numerous taxa of small fo-

raminifera (Globivakulina and Glomospira) occur instead 

as wel l as os t racods . 

The textural and structural characteristics of facies 

B, in par t icular the stromatoli te laminae with desiccat ion 

cracks , the fenestral fabrics, the isolated edgewise breccia, 

and the degree of dolomite crystallinity (0.01 m m ) , sug­

gest supratidal ear ly-diagenet ic dolomitization, possibly in 

sabkha like condi t ions (T ISLJAR et al., 1991). 

Facies C consists most ly of l imestones al though the 

dolomites are still present. The rhythmic alternation of 

organical ly rich mudstones and bioclastic-intraclastic 

packstone or f loatstones occur. Metre scale coarsening 

upward cycles containing muds tones in the lower part and 

packs tone/gra ins tones in the upper part can be observed. 

The muds tones ( lowermost cyc les ' portion) are hori­

zontally laminated or show ext reme fissil i ty. In thin-sec­

tion, the horizontal laminae appear as alternating thin 

laminae of (a) organical ly rich micrites, (b) biomicri tes , 

and/or (c) organic substance with or without siliciclastic 

and bioclastic detri tus. Some bioclastic laminae contain 

large quanti t ies of algae. The siliciclastic detritus is com­

posed of quar tz grains and small mica flakes. The X R D 

analysis shows that the rock, apart from calcite, contains 

small amounts of dolomite, quartz, hydromica, and py­

rite. The organic matter content is 0 .88% C o r „, and the 

microscopic analysis shows that it is strongly thermally 

al tered ( % R C = 2.43 ± 0 . 2 6 ) , cor responding to the dry gas 

formation s tage, i.e. metagenesis (TISLJAR et a l , 1991). 

T h e macera l morphology suggests a predominant ly algal-

sapropel or igin, with considerable terrestrial influences 

(main ly vitr inite and some inertinite). 

In the upper parts of the cycles the coarsest biodetri tus 

appeared (Fig. 15e) forming packs tone or floatstones . 

The black, organical ly rich packs tone is cross-laminated 

in p laces . Various amounts of mol lusc bioclasts, and gas­

t ropods occur at the topmost part of the cycles or as thick 

laminae in muds tones . Biodetri tus compris ing green algae, 

ech inoderms , benthic foraminiferal tests , micrite intrac-

lasts, and cortoids represent the resedimented detritus de­

r ived part ly from the adjacent patch reefs (Fig. 15e, f). The 

micr i te matr ix often contains aggregates of small grains, 

impregna t ion of organic pyrite, siliciclastic detritus and or­

ganic matter, and is similar to the matr ix of the mudstone . 

Organ ic subs tance , together with pyri te, forms a thin film 

over the surface of the intraclasts and bioclasts. They also 

occur in the matr ix . 

The black, organically rich grainstones/rudstones ap­

pear occas ional ly in Facies C ( T I S L J A R et a l , 1991). They 

are usual ly cross- laminated, and in thin-section show 

abundant gra ins tone laminae, al ternat ing with thin, laminal 

intercalat ions of muds tone , wackes tone , and somet imes 

packs tone . Grains tones/ rudstones contain well-sorted ben­

thic foraminifera, bioclasts of green a lgae, molluscs, gas­

t ropods and ech inoderms; micri te and biomicrite intrac­

lasts often have algal or micrite envelopes . In general , to­

wards the uppe rmos t part of this facies, the amounts of 

gra ins tone and rudstone increase, as does the size of intra-

clast, bioclast and cortoid grains. 

The muds tones were deposi ted as organically rich mud 

in a restricted shal low bay and/or on the edge of a shal­

low lagoon situated between large supratidal areas. The 

prevai l ing reducing condit ions enabled the development 

of sulphate reducing bacteria. These deposi ts were thus au­

toch thonous in origin. Occasional ly in such shallow areas, 

however , bioclast ic and intraclastic detritus from nearby 

agi tated sha l lows were brought in by high tides or storm 

w a v e s . T h e fossil assemblage in Facies C comprise calcar­

eous algae {Vermiporella, Gymnocod iaceae ) . foraminifera 

{Glomospira, Tuberitina, Globivalvulina, Nankinela, Neo-

schwagerina and small lagenids), encruster Tubyphiies and 

macrofossi l f ragments of calc isponges , gastropods, ostra­

cods and ech inode rms . 

Fig. 14 Stop 5. a) Distr ibut ion of fossi l communi t ies in the Neoschwagerina craticulifera Z o n e at Velebit Mt. (Brusane Region). Legend: 1) 

cyanobacter ia ; 2) Mizzia; 3) Vermipore l la ; 4) gymnocod iaceae ; 5) macro foramin i fe ra , 6) microforamini fera; 7) por i fera; 8) Tanchintongia; 

9) gas t ropoda; 10) bryozoa; 11) lyt toni idae; 12) producto idea; 13) b rach iopods wi th pedic!e;14) ech ino ideae 15) sha le ; 16) calcareni te; 

17) calc i rudi te ( S R E M A C , 1991). Photomicrographs: b) bioclast ic packs tone wi th a lgae , foramini fera and macrofoss i l f ragments (Mizzia 

cornuta K O C H A N S K Y - D E V I D E & HERAK, Vermiporella nipponica ( E N D O ) , Hemigordius sp . , and cr inoid ossic les) ; c) bioclastic packstone 

wi th Vermiporella longipora P R A T U R L O N & Tublphytes obscurus M A S L O V ; d) packs tone wi th Gymnocodium Bellerophontls ROTHPLETZ ; 

e) packs tone wi th Mizzia velebitana SCHUBERT, M. cornuta K O C H A N S K Y - D E V I D E & H E R A K , and smal l foramin i fera ; f) b ryozoan-ca lc i -

sponge -cyanobac te r i a l f ramestone; sample was taken f rom the base of the reef. In the lower part of the photograph generat ions of overgrowth 

can be obse rved . Smal ler b ryozoans and calc isponges (2) a t tached themse lves to large feneste l ids (1) and then were all overgrown together 

wi th cyanobacter ia l crusts (3); peel 6x4 cm; g) plate-l ike ca lc isponges g row ing on each other; peel 6x4 cm. 
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consti tuents of the communi t i e s . The uppermos t part of 

the section contains small foraminifera, with a predomi­

nance of Earlandiacea, typical for stressed environments 

( I B R A H I M P A S I C & S R E M A C , 2002) . The lack of index 

species in the uppermost dolomite beds leaves the problem 

of the Permian-Tr iass ic boundary open. 

Al though relatively poor ly preserved, several fossil 

genera can be obtained: foraminifera (Agathammina, Glo-

mospira, Globivalvulina, Endothyra, Ear landi idae, Hemi-

gordius, Nankinella, Schubertella, Palaeotextulari idae), al­

gae (Anhtracoporella, Connexia, Deckerella, Epimasto-

porella, Gyroporella,Mizzia,Permocalcidus, Vermiporella, 

Gymnocodiaceae) and skeletal fragments of macrofossi ls . 

Stop 8: Carboni ferous sed iments in 

the P ikovac creek val ley 

In the valley of the P ikovac creek, north of Brusane, there 

is a cross-sect ion that according to S A L O P E K (1942) rep­

resents one of the bes t -developed successions of the Upper 

Carboniferous clastic sed iments in this part of Croatia. In 

the creek gully, the Middle Permian clastic sediments can 

be observed, including characteristic Kosna conglomer­

ates, named after the nearby type locality Kosna Voda. The 

facies as descr ibed by Salopek are shown in the detailed 

geological m a p (Fig. l b ) . 

The oldest rocks exposed in the valley of the Pikovac 

creek are the elastics and carbonates for which the age of 

the Auernig layers (Carboniferous) was supposed. The 

characteristic facies observed are the black silty shales, 

l imestones, fusulinid sandstones , conglomerates and lime­

stone breccias. 

The age of the succession was defined by the fossil con­

tent of the packs tone and grainstone l imestones intercalated 

with shale. Apar t from the autochtonous skeletal detritus, 

these l imestones contain ooid detritus as well . The most 

important findings in these layers comprise algae -Anthra-

coporella spectabilis PIA, foraminifera - Ozawainella sp., 

Boultonia sp., b rachiopods of the product idae group - Mar-

tinia sp., Phillipsia sp., as well as small d ie lasmae (D. plica 

Kut. sp., S A L O P E K , 1942). Based on this fossil commu­

nity, Salopek expressed doubt on the Uppe r Carboniferous 

age of the l imestones and interstratified clastic rocks. The 

excursion authors share the opinion that, on the basis of the 

determined fossil communi ty (calcareous algae - Anchico-

dium, Eugonophyllum, Anthracoporella, Epimastoporella. 

Velebitella, Gymnocodiaceae; foraminifera - Tuberitina, 

Tetrataxis, Endothyra, Schubertella, Bradynia. Triticites. 

Rugosofusulina; macrofossil fragments of calcisponges, 

aeotextular iaceans took advan tage , and become dominant gastropods, os t racods, b ryozoans , brachiopods . crynoids) 

Stop 7: R o a d cut near B r u s a n e - the Upper 

Permian th ick -bedded tabular dolomites 

( t ransi t ion to Lower Tr iassic deposits) 

These tabular like thick bedded do lomi tes ("transitional 

do lomi tes") con t inuous ly overl ie l imestones of Facies C 

from the former stop (facies D of T I $ L J A R et a l , 1991). 

The transi t ion from l imestones to dolomites is rather 

abrupt. In the uppe rmos t part of the sect ion nodular dolos-

tones and thin grey shale intercalat ions appear. 

Within the 85 m thick sect ion tabular like layers or 

faintly laminated do lomi tes can be seen. The thickness of 

layers varies from 0.5 to 1.5 m. Bedd ing plains are sharp, 

usual ly flat, sporadica l ly wavy. In thin section two stages 

of dolomit iza t ion can be seen: the dolomicr i t ic structure 

of poss ible early diagenet ic peri t idal or igin (TISLJAR et 

al., 1991), as seen in Fig. 15g, and subhedra l macrocrys­

talline do lomi te of late d iagenet ic or igin (Fig. 15h). Late 

diagenet ic dolomit iza t ion part ial ly des t royed the pr imary 

structure of the rock. Accord ing to the preserved relics, the 

pr imary rock resembles the bioclast ic l imestones of Facies 

C at Stop 6. A rather poor fossil a s semb lage was preserved 

- most of the skele tons were do lomi t i zed as well as the 

matr ix of the rock (Fig. 15i, j ) . In the uppermos t part of the 

section geopeta l crystal silt fils the algal vugs . 

The laminated dolomi te types represent the alternation 

of laminae with dolomicr i te s t ructure and laminae with 

preserved intraclastic detr i tus. T h e nodular like dolomite 

has a h o m o g e n e o u s dolomicr i t ic s t ructure including iso­

metric pyrite crystals . 

Shales contain microcrys ta l l in ic carbonates (dolomite, 

calcite) and sil iciclastic detr i tus c o m p o s e d of quartz, hy-

dromica , chlori te , Fe-oxide and hydrox ide . 

Accord ing to the microcrys ta l l ine structure, intraclast 

remnants , and geopeta l crystal silt, a suprat idal early diage­

netic origin in a regress ive cyc le w a s proposed (TISLJAR 

et al., 1991). Never the less , late d iagenet ic dolomitization 

appears to be the dominan t phase dur ing which the pr imary 

structure was main ly des t royed. Insert ion of finegrained 

siliciclastic detr i tus into ear ly-d iagenet ic dolomites is a 

c o m m o n p h e n o m e n o n in the U p p e r Per iman rocks. In this 

area, this might be a sign of the imminen t shift of a shal low 

peritidal sedimenta t ion area to the terrestrial, dominant ly 

siliciclastic realm. Al though the change of composi t ion 

appeared in the uppermos t part of the section, the fossil 

assemblage is still typical for the Uppe r Permian. Mic ro-

fossil communi t i e s from th ick-bedded tabular dolomites 

are character ized by a decreased n u m b e r of calcareous 

algae, as well as large fusulinid foraminifera. On the 

other hand, g lobivalvul ines , l agenids , miliolids and pal-

Fig. 15 Stops 6 & 7: Yabeina syrtalis zone & " t ransi t ional" dolomites, a) sect ion at the road cut near Brusane (geological co lumn after T ISLJAR et 

al . . 1991). Legend : 1) ech inode rms ; 2) fusul in ids; 3) corals: 4) a lgae, 5) gast ropods; 6) b ivalves; 7) ear ly-diagenet ic stromatol i t ic dolomites; 

8) ear ly -d iagenet ic do lomi tes ; 9) la te-d iagenet ic dolomites; 10 )sha le ; 11) p a c k s t o n e - m u d s t o n e a l ternat ion; 12) nodular l ike dolomi te. Photomi­

c rographs of Facies A: b) f r agmen ts of b rach iopods and gast ropods in mud matr ix; c) gra instone wi th foramini fera and brach iopod f ragments; 

Facies B: d) s t romato l i tes wi th do lo in t raspar i te laminae; Facies C: e) packstone wi th smal l foramini fera (Geinitzma pastcarbonica SPANDEL) : 

f) laminated packs tone with smal l fo ramin i fe ra (Hemigordius) and algal f ragments ; Facies D: g) cyanobacter ia l onco ids in dolomicr i te; h) an -

hedral macrocrys ta l l ine do lomi te s t ruc ture wi th diagenet ic pyrite crystals (black); i) part ial ly do lomi t ized matr ix in bioclastic packstone: j) Mizzia 

velebitana S C H U B E R T and Gymnocodium sp. Mizzia is recrystal l ized and dolomi t ized. 
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Fig. 16 Stop 8. Upper Ca rbon i fe rous? - L o w e r Permian? ooid gra in-

s tone. 

the fossil a s semblage r e sembles that for the Rat tendorf 

beds (the lower megacyc le of the post-Variscan sediments 

of the Carnic Alps ; K R A I N E R , 1993). 

In the Pikovac creek valley, l imes tones occur at several 

horizons. The thickness of l imes tone intervals does not ex­

ceed 10 metres . Be tween these l imes tones the black shales 

crop out. L imes tones are e i ther bioclast ic packs tones or 

ooid to bioclastic gra ins tones (Fig. 16). The grainstone 

types contain wel l -preserved ooid and skeletal detr i tus, and 

they are considered to represent the au tochtonous rocks. 

Large l imestone lenses within the shale could be interpret­

ed as olistoli thes rather than the au toch tonous deposi ts . 

In the black shales, except for the pelitic siliciclastic 

detritus, there are laminae and inter layers of sandstone 

and micaceous sands tone . T h e b e d d i n g planes are full of 

fossils: brachiopods , b ryozoans , gas t ropods , crynoids , co­

rals and mol luscs . In the m i c a c e o u s sands tone interbeds 

plant remains occur (Alethopteris, Annularia, Acitheca, 

Asterotheca, Odontopteris, Callipteridium, Catamites, Cor-

daites - S A L O P E K , 1942). 

The shales occas ional ly conta in thin interbeds of cal­

careous l imestones - calcl i thi tes , where in wel l -preserved 

fusulinids of the genus Triticites sp. can usually be found. 

Several hor izons of c o n g l o m e r a t e s and sandstones crop 

out in the valley of the P ikovac c reek and are interlayered 

with shales. Accord ing to their minera l composi t ion , the 

conglomerates are of o l igomyct i c and petromyct ic types. 

The black coloured variet ies enr iched in pyrite and organic 

matter also occur. S o m e c o n g l o m e r a t e types contain well-

rounded pebbles of black chert . T h e variety of calcareous 

conglomerate is character ised by domina t ion of the poorly-

rounded clasts of irregular shape , of more than 5 cm di­

ameter. 

In the conglomera te layers , clast- and matr ix-supported 

massive conglomera tes were identified, ei ther of bimodal 

or polymodal compos i t ion . T h e po lymoda l varieties are 

extremely rare. Graded and inversely graded conglomer­

ates are also present. In the g raded types, the transition 

from the clast-supported (c lose to the base of layers) into 

the matr ix-supported structural type (in the uppermost part 

of the lavers) can be observed . Within the inversely graded 

layers, the gradual coarsening upward of clast-supported 

pebbles is observed at first and then again normal gradation 

and a transition into the more fine-grained clast-supported 

topmost part. The layers of both normally and inversely 

graded sandstones have a th ickness ranging from a few to a 

m a x i m u m of seven metres . The bedding surfaces are sharp 

and usually planar. 

The sandstone layers are mos t frequently tabular and 

show massive structure. Somet imes they exhibit parallel or 

ripple cross lamination. Thin granular interbeds also occur, 

usually depict ing the bot toms of shal low channels , or show-

chaotic distribution of granules within the predominant ly 

sandy material . The micrographic characteristics of sand­

stones define them as lithic greywackes . Apar t from quartz 

grains that dominate their composi t ion , there are fragments 

of chert, quartzites, low grade metamorphic rocks and re-

crystallised volcanic rocks . Also , rare feldspar grains are 

identified (mostly plagioclase) . The cement is quartz-seric-

ite. Occasionally, the pores are fi l led with sparry calcite 

cement as well as with large pyri te crystals, result ing in the 

green colour of the rock. 

The complete succession of l imestone intercalations 

within shales with mar ine fauna confines the deposit to 

the marine realm. The int imately associated sandstones 

containing well preserved plant detritus indicate that land 

masses were probably adjacent to the deposi tonal envi­

ronment . Very f ine grained rippled sandstones c o m m o n l y 

intercalated in shales represent the sudden influx of sand 

material to the region where normally suspension settling 

of fines occurerd. These are attributed to periods of flood­

ing. The association of black shales with black carbonates 

suggest deposi t ion in the restricted area beside the active 

siliciclastic distribution where l imestones were deposited. 

The grainstones containing ooid detritus represent autoch­

tonous shallow marine l imestone types. The calcareous 

sandstone types rich in black calcite matrix and abundant 

bioclasts can be interpreted as resedimented rocks. Calcar­

eous detritus came from the shal low parts of the nearshore 

envi ronment where l imestone sedimentat ion occured. 

The conglomera te /sands tone facies association ob­

served in the Pikovac creek can be produced by both trac­

tion and mass flow processes in the area of an activ e delta 

front or at the channel mouth . The abundance of traction 

current structures (granule to pebble clasts line shallow 

troughs, parallel and r ipple laminated sands) can be inter­

preted as a channel mouth bar complex . The inverse graded 

and mass ive conglomera te types interpreted as mass f low 

deposits may be the product of overs teepening and failure 

on the slope of a mouth bar. The normally graded cong lom­

erates were probably the product of a turbidity current gen­

erated from liquefied debris flows. 

The micaceous sandstones with abundant plant detritus 

represent the shal lowest parts of the deposit ional environ­

ment and probably the quiet, protected parts of the envi­

ronment. The area landward of the coastl ine and possibly 

mouth bar or barrier spit can be assumed. 

In the part of the Pikovac creek the Middle Permian 

Kosna type conglomera tes can also be observed ( f ig . I 7). 

The Kosna conglomerate succession consists of pebble size 
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Fig. 17 Stop 8. P e r m i a n K o š n a c o n g l o m e r a t e . 

ol igomyctic quartz rich c o n g l o m e r a t e types that intercalate 

with limestone, rich, mos t ly cobble sized ( 4 - 2 5 0 m m ) con­

glomerates ( K O C H A N S K Y - D E V I D E et al., 1982). T h e 

quartz c o n g l o m e r a t e s sporadical ly interfinger with red 

sandstones. T h e matr ix content is very low. Typical K o s n a 

conglomerates are c o m p o s e d of poorly sorted l imestone 

clasts with s o m e pebb les of quartz, chert and sandstones. 

The l imestone clasts conta in Middle and U p p e r Carbon­

iferous and L o w e r P e r m i a n microfossi ls . T h e structure of 

typical Kosna c o n g l o m e r a t e s is po lymodal , massive and/or 

graded. 

T h e origin of Kosna-type c o n g l o m e r a t e s still remains 

poorly u n d e r s t o o d and will be the task for further investi­

gations and discuss ions. 
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