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Abstract

The frequent occurrence of sandstenes and other coarse-grained
sedimentary rocks in Gerski Kotar indicates molasse type sedimenta-
tion as a consequence of the intensive erosion of an uplifted terrain in
a tectonically active area. The indirect assumptions indicate that the
age ol the Gorski Kotar Palacozoic complex, with the exception of a
limited occurrence of Carboniferous clastic rocks, corresponds to the
clastic Trogkofel beds, i.e. to Middle Permian. The absence of Upper
Permian carbonate deposition in Gorski kotar indicates an interrup-
tion in sedimentation at the Permo-Triassic boundary, and a possible
hiatus in the Upper Permian, In previous studies it was concluded that
there is a continueus transition from the Permian (developed as the
Griden clastic facies) to the Lower Triassic shallow marine sedimen-
tary rocks, although no such transitions occur in either the neighbour-
ing areas (Velebit, Slovenia) nor in the wider Southern Alps. The
continuous transition exists only in the carbonate successions (Upper
Permian dolomite in the Velebit region and the Bellerophone forma-
tien in the Alps).

1. INTRODUCTION

The studies that deal with the sedimentary rocks of
the clastic tacies within the Palacozoic complex of
Gorski kotar, inevitably encounter the problem of their
age where they do not contain fossils or any intercala-
tion of fossiliferous limestone. In general, the strati-
graphic differentiation of clastic Palacozoic sedimenta-
ry rocks from Gorski kotar is complicated due to the
general absence of fossils in the clastic rocks, the poor
prescrvation of ammonite fragments in black shales,
poor preservation of fossils in the limestone intercala-
tions, and also due to the extremely intensive tectonics
in the region and the absence of any lithostratigraphic
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marker. These are the reasons why chronostratigraphic
determination of the Palaeozoic sedimentary rock com-
plex is ambiguous. The coarse-grained clastic rocks are
considered the youngest facies in the Permian succes-
sion. They are usually termed as “Groden clastites”,
“clastic rocks of the Groden type™ or as “deposits that
correspond to Groden beds”. The aim of this paper is to
discuss the ages attributed to these “Griden clastic
rocks™ by various authors and to present differing and
often opposing ideas about the age of the Palacozoic
complex. Also the intention is to compare the Gorski
kotar Palacozoic with the studied and described Palaco-
zoic deposits in the neighbouring areas, and to contem-
plate the justification of the assumption ol a continuous
sedimentation from the Permian to the Lower Triassic.

2. REVIEW OF PREVIOUS STUDIES

Previous studies of Palacozoic rocks in the Gorski
Kotar region have been aimed mainly towards the dil-
ferentiation of the principal rock types, their mapping,
and the description of mapped units which are some-
times termed as facies (Fig. 1).

In papers dating back to the end of the last century
and the beginning of this century, various stratigraphic
interpretations have been given for the Gorski Kotar
Palacozoic complex, with the majority dating it as Car-
boniferous (FOETTERLE, 1855; HAUER, 1868).

More recent data about the Gorski Kotar Palacozoic
arc presented in papers by SALOPEK (1949a, b, 1960,
1961).

During studies of the Gorski Kotar region Salopek
defined the principal Upper Palacozoic sedimentary
rock units in the vicinity of Mrzla Vodica and Crni Lug
(SALOPEK. 1949a, 1960) and Gerovo and Trsée (SAL-
OPEK, 1949b, 1961) - Figs. 1 & 2, and [ig. [ in SRE-
MAC & ALJINOVIC (1997 - this Vol.) The principal
sedimentary rock units were defined according to their
lithology and mode of occurrence.

This paper was presented at the scientific meeting
dedicated to the 80th anniversary of the life of
Professor Milan Herak,
held on March 5th, 1997 in Zagreb
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Fig. | Simplified geological map of Gorski Kotar (modified after SAVIC & DOZET, 1984). Legend: 1) Carboniferous sandstones; 2) Permian

sedimentary complex; 3) Scythian clastic rocks and dolomites; 4)

Upper Triassic dolomite (“Hauptdolomit™); 5) Jurassic carbonates; 6) Cre-

taceous limestones; 7) Eocene breccia; 8) alluvium; 9) main localities.

Apart from a limited occurrence of Upper Carbonif-
erous Triticites sandstones on the banks of the Kriz
stream, SALOPEK (1949a, 1960) regarded the major
part of the Palacozoic complex to be of Permian age. In
this complex he differentiated the following units: (1)
the “clayey schists™ in alternation with dark sandstones
(pgs), (2) the “clayey schists” (g8), and (3) the gray
sandstones (p$) which occur separately in the broader
region. As a separate unit (4) the author distinguished
also dark fossiliferous limestone (cv). This type of rock
frequently accompanies the “clayey schists” in alterna-
tion with dark sandstone (pgs), and is also frequently
intercalated within the “clayey schists” (g§). Within the

fossiliferous limestone, a fauna was discovered that
corresponds to that of the Rattendorf beds. The ensuing
units (5) are the Trogkofel limestone which differs in
the presence of intersecting calcite veins, the occur-
rence of numerous calcite and quartz pebbles, and rarer
occurrences of fusulinids than in the previous limestone
types. A distinct (6) type termed the “cephalopod cla-
yey schists” occurs in alternation with sandstone in a
restricted area around Mrzla Vodica. Also he distin-
guished a different type of limestone (7) from the previ-
ous ones, the “limestone with Lithoniae”.

According to SALOPEK (1960) these seven rock
types contain enough fossil data to confirm a Lower
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and Middle Permian age (which was later verilied by
MILANOVIC & KOCHANSKY-DEVIDE, 1968, and
KOCHANSKY-DEVIDE, 1973) - Fig. 2. After these
conclusions SALOPEK (1960) described an eighth
independent rock type (8), the Griden conglomerates,
and (9) gray to light gray Griden sandstone (pep).
SALOPEK (1949b) outlined the Upper Palacozoic
in the vicinity of Gerovo and Trice (Figs. 1 & 2) and
differentiated live rock types, i.e. facies which corre-
spond to those near Mrzla Vodica. However, he noticed
that “the most striking difference is the lack of signifi-
cant limestone intercalations, which are present in all
Upper Palaeozoic cross sections adjacent to Mrzla Vod-
ica, where they were the principal bearers of a fusulinid
and brachiopod fauna” (SALOPEK, 1949b, p. 194).
Later, SALOPEK (19494, b, 1960) also attempted to
solve the stratigraphic questions connected with the
Palacozoic complex (Fig. 2). His conclusions were as
follows: “The lusulinid sandstone undoubtedly proves
the very limited occurrence of the Upper Carboniferous
in the Palacozoic rocks near Mrzla Vodica. According
to the fauna determined they belong to the Uralien. The
basis for the Permian differentiation was the determina-
tion of ammonites found in the “black schists™ by
VOGL (1913) as being related to the Sossio fauna type.
The Sossio beds are represented by a goniatite cephalo-
pod fauna. These layers are confined to the upper part
ol the succession of clayey schist in alternation with
dark sandstones (pg$). Therefore, “the clayey schists
and sandstones™ (pg$) reach and enclose the Middle
Permian Sossio beds. The sporadic dark limestone
intercalation with fusulinids contains a scant fauna,
which indicates the Rattendor( and in part maybe the
Trogkofel beds. A gradual transition exists from the
“pes” into the Groden deposits which consist of con-
glomerates and sandstone. The Upper Permian Bellero-
phone facies is absent” (SALOPEK, 1960, p. 128).
Although Salopek does not stress it, it is obvious
[rom his papers that the rocks called “Groden conglom-
erates” and “Groden sandstone’” he associates with the
rocks that, by the fossil content, are attached to the
Lower and Middle Permian. So, he concludes: “Within
the clayey schists and sandstones (pgs) in their upper
parl sporadically an intercalation ol conglomerate can
be found. This is the transition into the Permian clastic
series.” However, he considers that the mentioned con-
glomerates occur in the upper part of that Permian
series, therefore they are still confined to the Middle
Permian (Fig. 2). The confirmation ol this opinion is
found in the paper by SALOPEK (1961, p. 245), where
in the description of Palacozoic rocks in the arcas of
Smreéje, Trice and Cabar (Fig. 1) he states the follow-
ing: “The typical cephalopod schist facies does not
occur in the Gerovo-Cabar Palacozoic, nevertheless on
the basis ol the significant “pg§” serics, these deposits
in the Gerovo-Cabar Palaeozoic can be, together with
overlying sandstones and conglomerates, connected to
the Wordian (Middle Permian) which was palaconto-
logically determined near Mrzla Vodica.” It 1s impor-

tant to stress that Salopek tried to find the equivalent
sedimentary rocks to those that he had previously stud-
ied (SALOPEK, 1948), and that he associates the Gors-
ki kotar Palacozoic development with the development
of the Palacozoic in the Velebil region (and not in the
Alps).

From the description of Groden conglomeraltes in
Gorski Kotar made by Salopek which he claimed 1o
belong to the “Upper Permian series” some later misin-
terpretations were inferred. According to some later
citations (JURKOVIC, 1959; RAMOVS & KOCHAN-
SKY-DEVIDE, 1965: SUSNJARA & SINKOVEC,
1973) it is stated that Upper Permian Groden clastic
rocks cxist, which is a total misinterpretation of conclu-
sions made by Salopek. An accurate conlirmation of the
Upper Permian in Gorski kotar documented by fossils
has not been made.

The problem whether Upper Permian rocks do or do
not occur in Gorski Kotar, consequently raises the ques-
tion of a continuous or discontinuous transition at the
Permo-Lower Triassic boundary. The question of this
contact was raised by SCAVNICAR & SUSNJARA
(1967, p. 93) - Fig. 2, who determined that “at several
places it is possible to observe a direct contact, and no
clements indicating transgression are visible, but an
impression exists that there was a continuous succes-
sion.” These authors tried to solve this problem with the
aid of petrographic methods. These methods revealed
only the quantitative differences in associations of
heavy minerals between the Palacozoic clastic rocks
(for which it is claimed that they are the transitional
lithofacics) and the Triassic clastic rocks. The differ-
ence is primarily manilested through the content of
chlorite and apatite, the quantity of which rises from the
Permian sedimentary rocks and is signilicantly enha-
nced in the Lower Triassic sedimentary rocks. The sa-
me authors, on the basis of these analyses emphasise
the tight connection between the sedimentary rocks
which are presumably Upper Permian with the Lower
Triassic rocks. The authors themselves conclude that
“further field and analytical studies are necessary in
order to solve the relationship between the Upper Pal-
acozoic and the Lower Triassic”. RAFFAELLI & SCA-
VNICAR (1968, p. 25) state that “the coarse-grained
petromictic conglomerates and sandstone, according to
their petrographic composition and their stratigraphic
position, maich the Groden deposits [rom the Carnian
Alps”. These authors also state their doubt: *... that it is
not known whether the whole Upper Permian in the
Gorski Kotar region is developed as a clastic facies or
that equivalents of the Bellerephon limestone might
exist.”

The authors ol the Explanatory notes for the Del-
nice Sheet of the Basic Geological Map SAVIC &
DOZET (1985), state that the Gorski Kotar Palacozoic
complex contains Upper Carboniferous deposits (C,) as
well as Lower and Middle Permian deposits.

The frequent occurrence of coarse grained sedimen-
tary rocks and sandstones (Groden facies) HERAK &



(R861) 219 TIVSSYIN

puE (8861) "2 12 SINISSVD (9861) dNOAD HOUVASHY NVITY.LL 91JE 2[e3s [2II3A (1A 11GI[3A PUR SIPLRULC 1900 2y) Jo 1ed

L

I

g
0

URIUDAOIS) SRAIE TUOSRIPE ylim UONRISLI0D PUR IRIOY] DSION UL SIUDWIPs uRIIAdg pue uriwag yinony uwnjos sydesdnens MBWAYDS T

OUTER DINARIDS
SLOVENIA

GORSKI KOTAR

VELEBIT Mt.

(KOCHANSKY-DEVIDE, 1979}

{vertical scale modified)

Staffela sp.

Yabeina sirtalis

Neoschwagerina
craticulifera

ORTNEK KOCEVJE TRSCE MRZLA VODICA
SCYTHIAN NAMMALIAN %%%Emgg&ﬁlou?. JQfg&m%ﬁ'& — SALOPEK (RAFFAELI &
4 tal., = LJINOVI 3
GRIESBACHIAN 1558 DEVIDE, 1965) : 1997) (1961) (1960) (KOCHANSKY-DEVIDE, 1973} SEASAR.
CHANGXINGIAN
LATE DZHULFIAN
PERMIAN
ABADEHIAN
CAPITANIAN Paratriticites
MIDDLE Darvasites
PERMIAN WORDIAN ] Pseutolusulina aff, rakovect
KUBERGANDINIAN wm 8 inpepbpimiedeecibgel|  iCbUSt0SChAGS TN
a 1T R romara, b < chellvi
CHISIAN w m :
m - oolitic =
KUNGURIAN ol o W WESMMS
[ o & o
(@] x z © NET KD
é g o 2 | 0 biosparites
ARTINSKIAN | £ Zelis 0w, P
g O . ool Nankinela
2 5 Quasifusuiina
g 5 Rugotusulina
EARLY =l 5] Paraschwagerina
PERMIAN 2 S
7] 2 | o | Y- @ calcirudite
SAKMARIAN B Syl = micro-breccia
E Pseudoschwagerina extensa
o Schwagerina carniolica
g BRI
2 AT
iy Schwagerina cf. confinii AP,
E o S
ASSELIAN L4 ugofusuling [ o o o]
= wOGOETOH

Aamovsia limes

conglomerate

sandy micaceous
shale

limestone breccia
% tabular grainstone

fragments of
reef limestone

limonite and haematite
fragments

pelite sediments
shale

AT ADE -

limestane with
quariz pebbles

H i iocalcarenite

@ limestone blocks
@ ammonites

G& brachipods
& crinoids

o

floral detritus

A, unconformity

| Eoverbekina salopeki

Darvasites ex.gr. conlractus

Schwagerina carniolica

KOSNA BEDS

]

Zallia herftschi

Oceldentoschwagering
extensa

RATTENDORF BEDS

Pseudoschwagering ex.aff.
alpina

@ bioclastic detritus
with cortices

calclithite

intraclasts and
@ pellets

>. lateral facies exchange

Lower Triassic dolomites

Lower Triassic shales

Dense, bedded dolomites
Light-coloured saccharoidal dolomites
Middle-Upper Permian black limestones
Dark-gray spotty limestones

Trogkofel limestones

Middle Permian shales

Kosna conglomerates with limestone pebbles
Permian quartz conglomerates

Kosna basal breccia

Sandstones (gray, red, yellow)
Rattendorf limestones

T

2017y BIS01020

7/0C BIIE



Aljinovi¢ & Sremac: The Middle and Upper Permian Deposits in Gorski Kotar...

235

TOMIC (1995) considered as molasse type sedimenta-
tion occurred in Upper Permian.

Since the studies published by SALOPEK (1949a,
b, 1960, 1961), and the paper by SCAVNICAR &
SUSNJIARA (1967), who on the basis of petrological
evidence regard the coarse-grained facies as the youn-
gest Upper Permian deposits, not a single paper has
been published that gives either new palacontological
or petrological evidence or data that could be used to
clarify the problem of the Upper Permian in Gorski
Kotar. Nevertheless, a widespread idea that “Upper Per-
mian Groden clastic rocks” exist, is expressed by cita-
tions made by various authors (SUSNJARA & SIN-
KOVEC, 1973; CERINA, 1986; PALINKAS & SRE-
MAC, 1989; PALINKAS et al., 1993), although their
studies did not deal with the stratigraphy of the rocks
present.

3. DISCUSSION

In the rather few papers that deal with the problems
of the youngest Palacozoic sedimentary rocks in Gorski
Kotar several inconsistent interpretations can be obser-
ved. Firstly, there is an inconsistency in the petrograph-
ic definition of the youngest facies. As can be observed
in the paper by SCAVNICAR & SUSNJARA (1967) it
is asserted that in the boundary region towards the
Lower Triassic at the studied localities near Suha
Recina, Podtisovac, Zelin and TrSce, sandstones occur
which have the characteristics of transition rocks. Due
to their red colour they resemble the Lower Triassic
sedimentary rocks. However, red sandstones also have
grey equivalents. A year later RAFFAELLI & SCAV-
NICAR (1968, p. 25) determined that the “coarse-
grained petromictic conglomerates and sandstones™ are
transition deposits and compared them with the Gridden
type deposits from the Carnian Alps. SCAVNICAR et
al.* (p. 46) substantiated a facies differentiation, i.e. the
cxistence of “coarse-grained and fine-grained conglom-
crates inserted between sandstones” which represent the
“members of the youngest Palaeozoic clastic series”.
However, the same authors (p. 47) state that “occasion-
ally the terminating members are fine-grained mica-
ceous sandstone and silty-pelitic sedimentary rocks of a
grey-purplish to a reddish colour which are lithological-
ly similar to the Lower Triassic deposits at the Trsce,
Podtisovac and Suha Re¢ina localities”. PALINKAS &
SINKOVEC (1986) consider shale, siltite and sand-
stone as the youngest Permian clastic sedimentary
rocks. PALINKAS et al. (1993) adopted the opinion
from earlier studies (SCAVNICAR & SUSNJARA,
1967) about the Upper Permian greyish-green and pur-
plish-grey fine-grained siltite and pelite which are in

PSCAVNICAR, B., SOKAC, B. & VELIC, 1. (1972): Paleogeografija
trijasa u podrucju Vanjskih Dinarida, 1 Gorski kotar.- Unpub-
lished report, Archive of the Institute of Geology, Zagreb.,

conformable succession with the Lower Triassic periti-
dal basal dolomites. However, PALINKAS et al. (1993)
stated, that “according to a cross section near Lokve
and Skolski Brijeg, the Upper Permian clastics are rep-
resented by black shales and sandstones the layers of
which are several centimetres thick. Red shales and
“Groden” type sandstone equivalents underlie these
deposits™.

From the above statements it is obvious that the
answer to “what underlies the Lower Triassic sedimen-
tary rocks™ is ambiguous. Red and grey conglomerates
and sandstone are present below the Lower Triassic
rocks (SCAVNICAR & SUSNJARA, 1967; RAFFA-
ELLI & SCAVNICAR, 1968), also red coloured con-
glomerates, sandstone and pelitic rocks (SCAVNICAR
et al.’; PALINKAS & SINKOVEC, 1986), as well as
black shale and sandstone (PALINKAS ct al., 1993).
No single facies can be inferred as the sole Upper Per-
mian member, excluding thercfore the lithological crite-
rion as being satisfactory for stratigraphic evaluation. It
is apparent that the colours are also not characteristic.
RAFFAELLI & SCAVNICAR (1968) determined that
there are red Groden clastic rocks that also have grey
cquivalents. Although SCAVNICAR et al.* concluded
that the transition deposits are red and can be mistaken
for Lower Triassic, PALINKAS ct al. (1993) found
black shale and sandstone in contact with the overlying
dolomites, and in boreholes bluish and gray sandstones
were determined.

Since SALOPEK (1949a, b, 1960) interpreted the
facies that the above mentioned authors present as the
upermost part of the Upper Permian sequence, as Mid-
dle Permian, it is possible that these are the same facies
but their age was interpreted differently.

In the longest encountered cross section through
Palacozoic sedimentary rocks (approximately 150 m)
situated in the valley of the Sokolica stream near Trice
(SALOPEK, 1961; ALJINOVIC, 1997) - Figs. 1 & 2, it
is possible to distinguish several facies of coarse-grai-
ned quartz conglomerates and sandstone. These facies
are laterally contemporancous (ALJINOVIC, 1997).
Moreover, in the uppermost part of the cross section,
black shales occur in alternation with sandstone con-
taining large quantities of plant detritus. It is indis-
putable that the conglomerate facies alternating with
shales and sandstones form a unique genetic sequence
and are interpreted as facies of a fan delta complex
(ALJINOVIC, 1997).

It is important to stress that SALOPEK (1961) beli-
eved that this Palacozoic sequence was folded during
the Variscan orogeny which he represents with a sketch
(p. 248, fig. 4).

Very close to this outcrop, i.e. in the Sokolska stije-
na cross section, SCAVNICAR et al.? determined a
continuous transition over the Palacozoic/Lower Trias-
sic boundary in the following way: “The starting point
for the study was located in grey dolomites, and the
outcrops of Upper Palaecozoic clayey schists and sand-
stone occur some 10 m below them”. The real contact
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therefore is absent, but the effect of a continuous transi-
tion remains, probably due to the lack of any angular
discordance. The lack of any angular discordance was,
it scems, the principal criterion indicating continuous
deposition between the Palacozoic and Lower Triassic.
Some authors have questioned the validity of the char-
acter of this contact. SCAVNICAR & SUSNJARA
(1967, p. 93), and SCAVNICAR et al.? state that there
are no elements of Lower Triassic transgressive rela-
tionships, nor an angular discordance, “but an impres-
sion exists that there is a continuous sequence and a
normal transition”. In their report SCAVNICAR et al.?
conclude that continuous deposition exists on the basis
of characteristics of 6 studied cross sections across the
Palaeozoic/Lower Triassic boundary. On four of the
studied cross sections the contact was covered so that
direct observations were not possible. The same authors
state that the character of the transition is gradual, but,
nevertheless, in their conclusion claim that the contact
with the Palacozoic is marked by an abrupt appearance
of Lower Triassic dolomites accompanied by variable
amounts of barite. The following question remains: If
the change from Palacozoic sedimentation to Lower
Triassic sedimentation is expressed as an abrupt change
from a principally clastic deposition (sandstone, shale,
red conglomerates, or black shale and sandstone) into
oolitic lightly coloured dolomites, is the presumption of
continuous sedimentation justified? Perhaps less so, as
the character of the contact cannot {requently be obser-
ved due to the surface cover and tectonics. It has been
recognized that a few metres of a cross section can con-
tain whole geological periods (e.g. the Upper Aptian
and Lower Albian in Istria - VELIC et al., 1995). If a
continuous transition exists, and it can only be docu-
mented petrographically, it is then necessary to show
the cross section in detail accompanied by almost con-
tinuous sampling, in order to determine the changing
character ol the petrographic parameters.

The attempt to determine the transitional deposits,
i.e. the character of the Palacozoic/Lower Triassic tran-
sition by the analysis of the heavy mineral fraction
(SCAVNICAR & SUSNJARA, 1967) seems to be co-
mpletely justilied. The difference is mainly expressed
in the quantity of apatite and chlorite in the rocks. The
rocks that were determined as Upper Permian transi-
tional rocks have higher quantities of apatite and chlo-
rite than the underlying Palacozoic rocks, and are simi-
lar to the Lower Triassic sedimentary rocks. However,
clevated quantities of apatite and chlorite as the only
differentiating parameter between Palaeozoic rocks and
Lower Triassic rocks was disputed by the discovery of
apatite and chlorite as the main mineral components in
the heavy mineral [ractions in succession that were doc-
umented as Middle Permian (JELASKA & PROHIC,
1982). Therefore, these Middle Permian sedimentary
rocks, due to the elevated quantities of apatite and chlo-
rite have the character of transition deposits towards
Lower Triassic. It should be noted that the Lower Per-
mian sedimentary rocks from the Alps also contain

apatite and chlorite in the heavy mineral [raction
(KRAINER, 1993, p. 546, fig. 9).

In the light of these questions and inconsistancics,
an open dilemma remains as to which criterion to usc
for age determination of the unfossiliferous clastic
facies, 1.e. how to interpret the transitional nature of the
Palaecozoic/Lower Triassic boundary. With this objec-
tive in mind it is necessary to review the definitions of
Palacozoic and Lower Triassic successions in adjacent
areas and present some of the more recent develop-
ments that deal with the problems of similar lithofacies.

3.1. GEOLOGICAL SETTING OF PALAEOZOIC
AND LOWER TRIASSIC ROCKS IN ADJACENT
REGIONS (VELEBIT AND THE SLOVENIAN
PART OF THE OUTER DINARIDS)

The geographical position of the Gorski Kotar, bet-
ween the Velebit Palacozoic complex to the East, and
the Slovenian Palacozoic to the West (Figs. | & 2),
necessarily imposes the need for comparison with these
areas both in the lithological and biostratigraphical
sense. Revealing the lithostratigraphical problems in
Gorski Kotar would provide the answer to the problem
of the “missing link”. This would not only be of local
importance but would also contribute to the studies that
deal with global events within the Palacozoic.

The Palacozoic sedimentary sequence in Velebit
(Fig. 2) was described in detail and biostratigraphically
documented by SALOPEK (1948), KOCHANSKY-
DEVIDE (1965, 1982), SREMAC (1991), and TIS-
LJAR et al. (1991). The Permian deposits unconfor-
mably overlic Carboniferous deposits. They commence
with limestone containing Schwagerina and Pseu-
doschwagerina, which are equivalent to the Rattendorf
beds that occur in the Alps. The middle Rattendor( beds
arc especially well developed (sandy clays with shale
intercalation - Grinzlandbinke) with fusulinids of the
Zellia-type, Quasifusulina nimia KOCHANSKY-DEV-
IDE, Neospirifer (KOCHANSKY-DEVIDE, 1982) and
the problematica Ramovsia limes KOCHANSKY-
DEVIDE. The Ko$na beds consist of coarse-grained
conglomerates which often contain limestone pebbles
that range from Moscovian to Upper Asselian (KOCH-
ANSKY-DEVIDE et al., 1982). Apart from these extra-
ordinary mottled limestone conglomerates, the Kosna
series also includes fine-grained quartz conglomerate
and also red, yellow and grey pyritic sandstone (RAF-
FAELLI & SCAVNICAR, 1968) which are usually
found in the basal part together with the breccias
(SALOPEK, 1942). Limestones containing Darvasites,
Pseudoschwagering and algac (KOCHANSKY-DEV-
IDE, 1973) are rarely found in this series. The Kosna
series is considered to be the continuation of the clastic
Trogkotel beds deposits from Slovenia, which form a
dominantly carbonate limestone evolution in the Alps,
passing gradually in the east into a more clayey-sandy-
conglomerate type of sedimentation (KOCIHANSKY -
DEVIDE, 1982).
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The Middle and Upper Permian deposits consist of
dolomites and limestones which conlformably overlie
the red Kogna-sandstones (KOCHANSKY-DEVIDE,
1982). Occasionally it is possible to observe the transi-
tion from the red sandstone into the so-called First zone
ol black limestone (the zone with Eoverbekina salopeki
KOCHANSKY-DEVIDE). The First zone limestone
contains Orthoceras and the large gastropods Platys-
toma indiciunt WAAGEN and Bellerophon cl. jone-
sianus KONINCK, and also an extraordinary microfau-
na of the Eoverbeekina-Sphaerulina and Staffella-type
(KOCHANSKY-DEVIDE, 1982). The narrow lime-
stone zone is overlain by a succession (up to 300 m
thick) of dark gray dolomite, sometimes filled with
Waagenophyllion (non indicum), Mizzia, Eoverbeeckina,
Sraffella exposed scctions, and occassionally with Neo-
schwagerina.

The Second zone of black limestone (the Neosch-
wagerina craticulifera zone) is most abundant in macro-
lossils, among which over 45 brachiopod genera were
determined (SREMAC, 1991) together with the aber-
rant lamellibranchiata Tanchintongia ogulineci KOCH-
ANSKY-DEVIDE (KOCHANSKY-DEVIDE, 1978).
[n the Upper Permian from Velebit, only carbonate
beds were deposited as follows: 1) subtidal to intertidal
fusulinid grainstone-packstone limestones, 2) early dia-
genetic supratidal dolomites, 3) black organic rich
shales which alternate with bioclastic packstones/grain-
stones, 4) supratidal dolomites with red shale intercala-
tions (TISLJAR et al., 1991). The Upper Permian depo-
sition therefore occurred in a shallow marine, supratidal
to intertidal environment, in locally isolated lagoons or
bays rich in organic mud (TISLJAR et al., op. cit.). The
transition into the Lower Triassic is characterised by a
more {requent alternation ol dolomite and shale. The
dense, so called boundary well bedded grey dolomite is
poor in fossils, but nevertheless it contains Permian
microforaminifera and gymnocodiacea up to the bound-
ary with the Werfen slightly sandy yellowish dolomites
(SALOPEK, 1942, 1948; RAMOVS & KOCHAN-
SKY-DEVIDE, 1981; TISLIAR et al., 1991).

The Lower Palacozoic of the Slovenian Outer Dina-
rides outcrops mainly in Dolenjska and ncar Kocevje
(Fig. 1). This complex extends across the rivers Kupa
and Cabranka into Croatia. The Palacozoic succession
near Orinek (Dolenjska) corresponds to the clastic faci-
¢s of the Trogkolel beds and can be differentiated into
three main lacies types which alternate both vertically
and laterally (RAMOVS & KOCHANSKY-DEVIDE,
1965: RAMOVS, 1968) - Fig. 2. According to these
authors it was possible that the clastic deposition com-
menced in this area even in the Lower Permian and
continued into the Middle Permian. The whole Palaco-
zoic complex in this area is approximately 2,000 m
thick (RAMOVé, 1968) and 1s a coherent lithostrati-
graphic unit.

The lower part of this unit is represented by quartz
conglomerates and quartz sandstone (Fig. 2). The con-
glomerates are usually grey and only occasionally red-

dish as a consequence of the presence of haematite. In
conglomerates with large pebbles, large blocks ol limo-
nite can be found (RAMOVS, 1968). Hacmatite frag-
ments and plant remnants (according to this author) arc
an indication of shallow marine deposition - Fig. 2.
Grey lissile quartz sandstone that dominates the inter-
mediate lithological unit occasionally passes into grey
clay sediments. Within this unit, red varicties ol sand-
stones with floral remnants can also be found, as well
as black sandstone with veinlets containing anthracite.
It was a shallow marine environment surounded by a
rich vegetated hinterland (RAMOVfé, 1968).

The upper part is dominated by grey schists which
alternate with layers ol quariz sandstone which also
contains abundant organic remnants (RAMOVS, 1968).
Within the clayey schists lenses of different recl lime-
stone types, limestone breccia or breccia-conglomerates
occur (RAMOVS & KOCHANSKY-DEVIDE, 1965;
RAMOVS, 1968). According 1o the above authors (op.
cit.) these limestone intercalations partly represented
small recls that developed on the clayey sandy sca [loor
(Fig. 2). Erosion of these reefs produced the limestone
breccia and conglomerates, which, apart from limestone
fragments, also contain sandstone clasts. A number of
smaller reefs probably existed separated by deeper
water, where clay and sand sediments were deposited
(RAMOVS, 1968).

A similar lithological development occurs ncar
Kocevje (the region closest to Gorski kotar, Fig. 2), but
it docs not contain limestone sediments (RAMOVS,
1968). Also in the Gerovo-Cabar Palacozoic on the oth-
er side of the Kupa river no limestones were lound
(SALOPEK, 1949b, 1961; ALJINOVIC, 1997).

In the Idrija region the equivalents of the Trogkofel
limestone are continental clastic facies and the Upper
Permian is represented by gray marine dolomites of the
Zazar formation (RAMOVS, 1968).

The description of the sediments near Mrzla Vodica
and Crni Lug given by SALOPEK (1960) corresponds
in many details to the successions observed at Ortnek,
while the Trs¢e-Gerovo Palacozoic complex shows a
similarity with the Kocevje succession (Fig. 2). The
correlation is mainly in the description of three lithofa-
cies: quartz conglomerates, quartz sandstone and shale
alternation, as well as the presence of limestone interca-
lations. The vertical succession of any particular litho-
facies is not, however, the same in the descriptions giv-
en by SALOPEK (1960) and RAMOVS (1968). SALO-
PEK (op. cil.) presumes that in the upper part of the
sequence, conglomerates and sandstone occur, while
RAMOVS (op. cit.) places them in the basal part of the
sequence. However, since Ramovs also presumes that a
lateral facies differentiation exists, it is possible that the
strict superposition order is missing. These dilferences
can be interpreted as lateral facies differentiation as
mentioned by RAMOVS (1965). The absence of lime-
stone intercalation in distinet areas can be interpreted as
a departure [rom the small reefs from where limestone
clasts were derived.
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The Griden clastic rocks as described by SCAV-
NICAR & SUSNJARA (1967), RAFFAELLI & SCA-
VNICAR (1968, fig. 5) and PALINKAS et al. (1993)
do not correspond, however, to the Grioden clastic rocks
of neighboring Velebit and Slovenian (Idrija) arcas,
where this facies is considered to be Middle Permian by
SALOPEK (1948) and RAMOVS (1968), but to the
Groden clastic rocks of the Carnian Alps. Nevertheless,
their features (colour and composition) could also cor-
respond to the Groden clastic rocks described by
SALOPEK (1949a, b, 1960, 1961) in the vicinity of
Mrzla Vodica and Crni Lug, as well as Gerovo, Trice
and Cabar, and are also similar to the lithofacies near
Ortnek and Kocevje. This diversity highlights the
necessity to analyse the characteristics of a broader
region, i.c. the Griden clastic rocks from the Southern
Alps (the Southern Alps are defined according to
FLUGEL & FAUPL, 1987, as the southern part of the
Eastern Alps).

3.2. THE GEOLOGICAL FRAMEWORK OF
THE PALAEOZOIC AND LOWER TRIASSIC
ROCKS IN THE SOUTHERN ALPS

The geological framework of the Palacozoic sedi-
mentary rocks from several sites in the Southern Alps is
presented by the ITALIAN RESEARCH GROUP
(1986, p. 37), and modified by MASSARI et al. (1988).
In short, the framework characteristics are as follows:
The results of recent studies of this area are summa-
rized in the papers by SWEET et al. (1992). RAUMER
& NEUBAUER (1993) distinguish the Carboniferous-
Permian sedimentary rocks and Lower Triassic sedi-
mentary rocks, also termed late- to post-Variscan sedi-
mentary rocks, as two megacycles. The late-Variscan
and the post-Variscan movements commence in the
Southern and Eastern Alps in the Upper Carboniferous
(Moscovian/Cantabrian), which resulted in molasse
type sedimentation which dominated the lower sedi-
mentary cycle, and persisted until the Lower Permian
(KRAINER, 1993). It is separated [rom the upper sedi-
mentary cycle by a hiatus caused by the Saalian oro-
genic movements. The upper cycle commenced in dif-
ferent arcas at different times, but in general it consists
of (7)Middle-Late Permian and Lower Triassic sedi-
mentary rocks. Tectonic and climate changes are the
main factors that diversified the sedimentation process-
es of these two cycles (SCHONLAUB, 1993).

The lower cycle (Upper Carboniferous - Lower Per-
mian) is characterized by the formation of intramontane
basins filled with molasse type sediments. Within the
lower cycle the transgressive-regressive clastic-carbon-
ate sedimentary rocks are interpreted as a consequence
ol custatic sea level oscillations, caused by glaciation
on Gondwana (KRAINER, 1993). This in turn caused
the climate to change from humid to semi-arid during
the Middle Permian (SCHONLAUB, 1993).

The most important event which occurred in the
Permian was the hiatus caused by the Saalian orogenic

movements which divided the two cycles. The Saalian
movements are characterized by block- and wrench-
faulting (KRAINER, 1993, p. 549). In the basal part of
the upper cycle, in semi-arid conditions conglomerates,
sandstone and mudstones are present as well as the “red
bed type” sedimentary rocks deposited as periodic bra-
ided streams and playa sediments (ASSERETO ct al.,
1973; BUGISCH et al., 1976). These sedimentary rocks
are designated as the Groden formation (according to
KRAINER, 1993). In the Carnian Alps and the Kara-
vanke, deposition commences with the Tarvissio bree-
cia, and the Groden formation consists ol carbonate
shales and siltites with thin dolomite intercalations, and
sandstones that represent fluvial sediments, alluvial
plain sediments, playas and shallow sea sediments
(BUGGISCH et al., 1976; BUGGISCH, 1978; ORI &
VENTURINI, 1981; FARABEGOLI et al., 1986). Dur-
ing the upper cycle (?Middle-Late Permian - Lower
Triassic) deposition is characterized by the Tethyan
transgression from the SE towards the NW which cau-
sed a change in depositional type manifested in the [re-
quent alternation of shallow marine sediments with
clastic continental sediment types (Groden formation).
The tectonic movements gradually abate during the
upper cycle so the sedimentation in the broader region
became more homogenous and is characterized by shal-
low marine carbonate and evaporite sedimentation rep-
resented by the Bellerophone formation. In the Julian
Alps near Bled marine deposition is characterized by
spongy-algal recfs (KRAINER, 1993),

Apart from western Dolomites (Lombardy) where
the “red bed” fluvial sediments of the Verucano-Lom-
bardo formation are the equivalents ol Griden and
Bellerophone formation (CASSINIS et al., 1988). the
Palacozoic successions of all other regions terminate
with the Bellerophone formation. Deposition of the
upper cycle continuously proceeds with similar deposi-
tonal style to the Lower Scythian where the upper
boundary of the second cycle is traced. However, the
climatic conditions changed from arid to humid
(BRENDNER et al., 1986) which caused drastic faunal
changes.

If the clastic facies of Gorski Kotar is compared
with the Groden formation from the Carnian Alps
(RAFFAELLI & SCAVNICAR, 1968; PALINKAS et
al., 1993), it is presumed that at least some alternation
with the carbonate facies (equivalent of Bellerophone
formation) has to be expected as is the case with all the
studied profiles in the wider region. If this is not the
case, can we expect an continuous transition into Lower
Triassic carbonate sedimentation?

The deposition of the Bellerophone formation is
characterized by a transgression in the north-western
direction (BROGLIO LORIGA & CASSINIS, 1992,
p.79, fig. 8.1.), explaining why it pinches-out in that
direction and passes into the continental facics. The
deposition of the Werlen, i.e. Lower Triassic Servino
formation (represented by alternating clastic and car-
bonate sedimentary rocks) continues in the westward
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dircction from the cast, into the Groden formation (or
its equivalent the Verucano-Lombardo formation), and
allerward into lagoon, evaporite or shallow marine
lacies of the Bellerophone formation (BROGLIO LOR-
IGA & CASSINIS, 1992). Only in the region cast of
the Adige Valley can this contact be considered as a
continuous conformable sequence (BROGLIO LORI-
GA & CASSINIS, op. cit.).

4. CONCLUSION

From the numerous papers that dealt with the
Palacozoic complex of the Gorski Kotar, no explicit cri-
teria are available for the exact definition of the
youngest Permian facies. due to the absence of auto-
chthonous fossils. Also none of the facies referred to
can be recognized with certainty as ol Upper Permian
age. The complex tectonics in the Gorski Kotar region
do not allow conclusions to be drawn about the unique
Middle - Upper Permian sedimentological succession.
The facies diversity and their frequent vertical and lat-
cral variation does not permit conclusions about their
unique superposition, and therefore it cannot be stated
that the youngest facies corresponds to conglomerates
and sandstones. The superposition criterion used for the
determination of the youngest facies is therefore not
applicable. The interpretation of a continuous transition
from the Permian, developed as Groden clastic rock
facies, into shallow marine sedimentary rocks of the
Lower Triassic, does not exist either in the adjacent
arcas (Velebit, Slovenia) or the wider region of the
Southern Alps. The continuos transition can only be
found in carbonate successions (Upper Permian dolo-
miles from Velebil, and the Bellerophone [ormation in
the Alps).

The frequent occurrence of coarse grained sedimen-
tary rocks and sandstone permits the assumption that
molasse type sedimentation occurred as a consequence
ol intensive erosion ol uplifted areas as inferred by
HERAK & TOMIC (1995). Although no direct evi-
dence exists for the age ol the Permian facies, an indi-
rect conclusion about the age can be made from the fos-
sil analysis of limestone pebbles and calelithites, which
indicate that the age ol the Gorski Kotar Permian com-
plex corresponds to the clastic Trogkolel beds, i.e. Mid-
dle Permian (SREMAC & ALJINOVIC, 1997 - this.
vol.). The molasse type deposition is the consequence
ol intensive tectonics in the Lower Permian or at the
beginning of Middle Permian, as indicated by GRUBIC
(1980).

The absence ol Upper Permian carbonate deposition
in Gorski Kotar, that would be similar to that which
existed in the adjacent Velebit region (TISLIAR ct al.,
1991) or further to the east and southeast in middle
Bosnia and Dalmatia (TISLJIAR, 1992), also supporis
the presumption that a break in sedimentation exists at
the Permo-Triassic boundary. The lack of carbonate
and evaporite sedimentation, which is in contradiction

with the Upper Permian characteristics ol the wider
region indicates that the Gorski Kotar region was under
the influence of an emergence phase at that time. Depo-
sition recommences in the Lower Triassic after a hiatus
in the Upper Permian with a transgression of a shallow
sca onto a flattened relief, which is the reason why an
angular discordance, and other elements characteristic
of a gradual transition across the boundary between the
Upper Permian and the Lower Triassic are missing.

The gradual transition, as was until now presumed
for the Permo-Triassic boundary in Gorski Kotar, sho-
uld be manifested either with a gradual increase or dec-
rease of certain parameters across a very short segment
of the column. This means that only the outcrops per-
mitling continuous sampling can document these chan-
ges. For the Permo-Triassic boundary, generally accept-
ed criteria exist (seec SWEET et al., 1992) that must be
displayed within a small segment of a vertical sequ-
cnce, thus further work on this task seems Lo be inevi-
table. From the known, published data it is not possible
to infer the conclusion about continuous sedimentation
on Permo-Triassic boundary.
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