GEOLOGICKY SBORNIK XVII, 2 — BRATISLAVA, NOVEMBER 1967

MILAN TIERAK, BRANKO SOKAC, BISERIKKA SCAVNICAR®

CORRELATION OF THE TRIASSIC IN SW LIKA, PAKLENICA
AND GORSKI KOTAR (CROATIA)

(Figs. 1=5)

Abstract: Litho- and biostratigraphical investigations of the Tria
the eontenl and western parts of the Croatinn Kavst zone have been carrvied on,
New dala enable a correlation of facies and reconstruction of the sequence of
lavers as o consequence of complex geological changes during the Triassic
period,

Lithostratigraphical sequence

The Lower Triassie

A continuous transition between the Permian and the Sevthian in the area ol the
Velika Paklenica (fig. 3. a—ec) and Brufane (all mentioned localities are 1o be lound
on the orientation maps — [igs, 1, 21, established during the mapping, has been conlirmed
also by means ol sedimentological analyses, The transient zone between Permian dolo-
miles and Seythian sillstones consists ol dolomiles charged with some terrestrial detritus
(fig. 3. a). This implies a change in paleogeographical relations of the suroundings of
the arca. We Tind a confirmation of this conclusion al numerous localities in Lika (Bu-
kova Glava, Staro Selo near Sv. Rok. Rizvanuda. Brezik ete.). where an unconformity
between the Upper Palacozoic and the Seythian has been established (fig. 3. ). Basal
Seythian layers consist of conglomerates with pebbles of Permian dolomites accompanied
by dolomitic pelites and silt-bearing dolomites. The unconformity and change in sedi-
mentation must be connected with the Plalzian orogenetic phase. Therefore, we consider
admixtures of terrestrial detritus in the dolomites in the Pakleniea area and al Brufane
a sign of the beginning of the Lower Triassic,

The sequence of sediments in the lower part of the Seythian stage shows an increase
ol terrigencous components and the Tormation of a series of thin bhedded ealearcous
sandstones and schistose siltstones. Within this series allochthonous carbonate rocks (in
Lika always the dolomilic ones) are also interbedded.

Basic components of Lower Sevthian sediments are micacceons sandstones and their
[ine-grained equivalents. The often mentioned ..schistosity™ of those sediments is due 1o
the arrangement of micaceous minerals parallelly 1o 1he bedding plane. Sporadically.
cross-bedding of small seale and ripple-marks on the upper bedding-plane of sandstones
are also present.

Detrital particles of sandstones e line-grained. well sorted hut often ivregularly
disteibuted in basal carbonate cement. The particles ave of o terresteial and subagqueouns
intrabasinal) origin, The Tormes are composced of angular quartz geains, Teldspars (acid
plagioclases . muscovite, chlovite. and. ravely. biotite and particles of sedimentary roeks,
The intrabasinal detritus consists of subronnded and rounded calearcous pacticles of an
inorganic and organic orvigin (pseudoolites, oolites, organice Tragments. The cement s
most often dolomitic. rarely composed of quartz. ivon oxide. or elay. These sandstones
ave classified as micaccons suburkose. calearvenitic subarkose. and some of them as pro-
logquarlziles.

S Prof. DM ITera ke Geoloiko-paleontoloski zavaod Zawreh, Socijal. Bevol, 8 M, geol,
B, Sokae, B Céavnicar, Institut za geoloska instrazivanja, Zogreh, Kupska 2.
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Orientation map of the SW Lika
and Gorski Kotar

E Jurassic
m Tricssic K3
ﬂl]]mmmu Palaeozoic

Localiteties: 7 7mICE, 2 6EROVO, 3 MALO SELO, % CRNILUG, 5 ZELUN CRNOLUSKI, 6 DEDIN, 7LOKVE, 8 (OKVARSKE LAZE,
9 YRATNIK, 10 VEUKA PLANA, If DONJE PAIARISTE, 12 GRGIN BRIJEG, 13 KOSNA, 14 BRUSANI, 15 RIZVA=
NUSA, 16 BREZIK, I7 OPSENICA, 16 SV.ROK, 19 STARO SELO, 20 BUNOVAC, 21 VELIKA VRSINA, 22 BUKOVA
GLAVA, 23 YRSILIAK, 24 RASTOVACA, 25 GOLIC, 26 VELIKA PAKLENICA, 27 VELIKA MOGILA

Iig. 1.
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IFig. 3. Geological columns of the Seythian: a-l — the Lower Sevthian at V. Pakleniea (a —
the lower mainly dolomitic beds, b — the upper clastic beds): ¢ — the Upper Seythian at
Velika Paklenica:  — the Lower Seythian at Sv, Iok:; 1 — micaceous silistone, 2 — miea-
ceous sandstone; 3 — shale: 4 — dolomite; 5 — dolomite with elav: 6 — ealeitic dolomite;
7 — silty caleitic dolomite: 8 — sandy ecaleitie dolomite: 9 — silty dolomite; 10 — sandy
dolomite; 11 — dolomitized oolitie calearenite with detrital quarlz erains: 12 — dolomitie
quartz ealearvenite; 13 — quartz conglomerate; 14 — subarkose-protequartzite; 15 — quartz
siundstone: 16— enlearcons sandstone; 17 — brecein-conglomerates: 18 — dolomite mit

Neoschwagerina,

Micaceous sillstones, interbedding with mentioned sandstones. may be poorer by
:arbonate, but richer by mica or micaceous-clay minerals,

The heavy minceral suite of both sandstones and micaceous siltstones is characterized
by the domination ol rounded flakes ol chlorite containing hematite inelusions, then
subrounded brown tourmaline and rounded apatite. rutile. zirkon. and rarely. brookite,
epidole, and garnet.

Within the deseribed series of sediments dolomitic oolitic calcarenites are alzo inter-
hedded. They sontain oolites, organie [ragments. rounded shells [illed with calearcous
. and tereestrial deteital materials, These sediments ave medium-grained, and locally
cross-bedded. They are partially or completely dolomitized, Depending on the stage of
the dolomitization of oolites. they have preserved a more or less concenlrie texture.

Mirks ol postdepositional diagenetic and epigenctic changes. due to pressure and
solution, are often established (deformations of oolites, microstylolites. compaction and
removed of cement),

After the described sedimentary series al the localities Bukova Glava. Staro Selo.
Velika Paklenica o 1—25 m. thick horizon of orthoquartzitic conglomerales and sand-
stones Tollows, consisting of chert, quartz. and quartzite grains, Main components of
these sediments are identical with those of Permian sandstones and  eonglomerales
(Groden, Kosnal, which suggests resedimentalion.

The upper part of Sevthian sediments is characterized by a gradual diminishing of
rervvestrial deteitus, by an overwhelming deposition ol ealearcous rocks. and by the
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formation of fine-grained dolomites (Tig 3. ¢/ The orvigine of the dolomites is due to the
dolomitization of caleilutites, Some of them eontain spherie particles (pellets) and may
be elassifiod ag dolomitie ealeisiltites or calearenites, Butl they always contain some ad-
mixliees of line-grained or pelitic components. al least as lraces.

Sevthian sediments established recently in Gorski Kotar al Gerovo. Lokvarske Laze.
and Zelin Cenoludki (B, Séavnicar and Ao Susnjara 1966a. bl are composed
of the same main elements as those of Lika: calearenitic mieaceous sandstones and
volitie or [me-grained, always sandy dolomites. Dut neither basal conglomerates nor
sandslones were registered. It remains 1o explain whether they are missing beeause of
dilferent sedimentary enviconments or becaunse ol the teetonies.

The Middle Triassie

[. At most loealities in Lika Anisian sediments follow Seythian dolomites withoul any
fntereuplion. which makes it vather difficult 1o determine a proper limit between the
Seythian and the Anisian (Opseniea near Sv. Rok. Stare selo, Rizvanuda cte)). Fxeep-
tionally. the Anisian may be in conlact with older sediments due to transgression.

The Anisian is represented predominantly by limestones and dolomites. Dut. morcover.
lenses of clasties al different horizons are found, A gencral view of the sequence of the
Auisian deposils s given in fig. 4, a.

A detailed analysis of the Anisian was performed in the arvea of Bizvanusa. in the
surroundings of Gospié. Fine-grained dolomites continue also during the [irst phase of
the Anisian (the limit is unelear’. Intergranularly they contain also silt-quartz. mus-
lovite, elav-particles, relic calearcous material, and pyrite. Terrestrial admixtures gra-
dually diminish and finally disappear. and a pure carbonale sedimentation is con-

tinued,

I the Tower part of the Anisian eevsialline dolomites with a granoblastic texture (line
o course-grained anhedral mosaic! are mostly Tound. They are interbedded with some
dolomite lavers characterized by orzanie stracture with a crinkled lamination of ervplo-
ervstalline, probably algal. carbonate.

At Nizvanu$a the deseribed dolomites are [ollowed by a horizon of dolomitic Time-
stones and finally by pure limestones. Anisian limestones are more often partially
reeryslallized, Nearer genclic classilication is nol obvious. bul it seems that we have to
do with biocalearenites or bioaccumulated limestones,

At different horizons of the Anisian smaller or larger lenses of clastic sediments also
neenr, Those of the profiles Golici-Visilja and RW Rastovaca (Q-843) were analysed.
Most [requently they are pelitic sediments (ealearcous shale). They consist of quartz.
illite, chlozide with or without plagioclases. Tn the upper part of the elastie sediments
limestone-conglomerale oceurs. consisting ol pebbles of different types ol caleareous
rocks and eontaining some quarlz. cherl and muscovite.

2. The Ladinian Tollows after the Anisian without any inlerruplion (fig. 4, b). It
consisls predominantly ol limestones and dolomites substituting each other laterally
and vertieally, Clastie lenses also oceur. In the arvea of the Velika Pakleniea there are
no Ladinian sedimonts (primarvily reduced and eroded).

Ladinian limestones and dolomites have similar compositional and textural chavae-
leristics as those of the Anisian. Therelore, no commenl is necessary.

More inleresting are bwo pl'{!l’ili's with elastic rocks representing ]:ll'gl_‘l' or smaller parls
of the Ladinian.

The most intevesting proflile s the one of Donje P

azariSte, alveady studied by dil-
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iz 4. Geologieal eolmnns of the Middle Triassie of the Velebit region: a — general schemalic

it of the Anisian: b — general schematie column of the Ladinian; ¢ — tuffaceous
clasties and limestones of the Lower Tadinian at D, Pazaridte; d — toffaceous elastics of
the Ladinian at V. Vesina: 1 — nonbedded limestone: 2 — bedded limestones; 3 — limestone
with Crinoids: 4 — Limestone with Ammonites: 5 — limestone with small knots of ehert; 6 —
tuffaceons limestone: 7 — nonbedded  dolomite; 8 — bedded  dolomite: 9 —  breeein-
conglomerace: 10 — conglomernee: T — line-geained clasties: 12— alf: 13 — llfaceons
sinddstone: 14 — sandstone and silistone (voleanie gravwacke @ 15 — shale: 16 — elay: 17 —

lemses of chert.

ferent authors (M. Salopek 1918 5 Baliuna 1963, ete.. On the basis of new
petrologieal investigations, two dilferent groups of sediments mav he distinguished:
one consisting of sandstones and pelites and the other composed ol limestones, 1offs.
and variesated cherls.

The lower parl of the Ladinian clastie sevies at Donje Pazwiste (e, 4. ¢l is charae-
tevized by the rhyvthmie interbedding of two members: one pelitie (dark grey shale,
the other psamitic Ssandstone). The pelitic member has o uniform composition consis-
ting of quarlz, acid o nlermediate plagioclases, kaolinite, and illite. The content of
CaCOy varies rom 0—20 Y%,

The sandsiones are mainly composed ol Tragments of voleanie rock. These particles
consist ol miceolites of plagioclases which have a sub-parallel ovientation and are in-
cluded in feebly polarvizing or chlovitic aroundmass. Feldspar grains are represented
by albite. Onartz is vare. Chlorvite occnrs as a product of allerntion and as a part ol



CORBELATION OF TIE TRIASSIC 105

mateix. Caleite pactinlly veplaces Teldspars and mateix, These sandstones may be clis-
sified as voleanic grayvwackes. The rhythmice interbedding of graywackes and shales
makes this association similar 1o fysch assemblage. Produets of erosion ol o voleanie
veliel (emerged or submarine) are acenmulated in quiet deeper watee inrather vedueing
environmenls (dark colour of sediments),

Clastic sediments in the higher part of the sequence at Donje PazaviSte are more
complex. Caleareons. argillaceous. pyroelastie. and silicious deposits are 1o be Tonnd
there, in exchange, The presence of pyroclastic components allributes an essential
charaeteristic 1o sedimentation. We eneounter bedded lmestones as the Tiest element
of the series. Usually they arve detrital ealearcous rocks: graded hedded  calearenites,

finc-erained ealeilutite and areillocalearcons vocks, This ealeareous sedimentation was

interrupted by temporary explosive submarine eruptions. On such oceasions acid 1ulfs

were formed. interhedded with sedimentary material or mixed with it forming tal-
laceous sediments. By voleanism sea water was enviched with silica (Si042) whicl has
caused o deposition of cherl. made a convenient biotope Tor Badioleria, anabled o sili-
lication of elavs, ete. The mffs are composed of angulae grains ol quarz and acid 10
intermediate plagioclases (albite 1o andesine) ineluded 1o the matvix of deviteiliod vol-

canic glass.

More Trequent ave the tuffaceons sediments (tulfaceons ealearenites. elay, ete. which
contain pyroclastic material as admixtures in all proportions,

A [requent member in the upper part of the Ladinian clastic series is cheet (usually
Radiolarian one). Tt is composed of cryptoerystalline 5i0y (chaleedon, quariz). Red and
reddish-hrown varicties contain Tine dispersed hemalite and the green ones pyrite:
Cherts are most Trequently interbedded with wlfs. Even. they may contain grains of
pyroclastic Teldspar and quarlz: o relies of vitroclastic textoree are visible in then,
which proves a genetie relation o submarine eruplions. 3

In the avea of Velika Vedina near Sv. Rok (Ng. 4. d) the Ladinian is mainly vepre-

sented by limestones. But there are also smaller or larger Tenses of elastics similar 1o

those of Donje Pazarvidte,
T the disteiet of Gorski Wotie Middle Prinssie sediments have not been establishod
so Tar,

Fie, o Geologieal selivimatie colummns of i
lIH' l‘l]]“']' II‘l .\;1' llr 5\\ [,il\:l: H - l‘]n’l.‘;‘
ties of the lower pariz b — dolomites of
the upper part: | aloal lmestone
dindant: 2 ealeirndite (hthoealeivadite) :
: A — limestone: 5 — par- |
|II1I“I'. dolomitized limestone; 6 — dolo-

iy 7 — tull; & tullfaceons hreceias
! tulfaeeous marelstone withe 1

HE

a2 maelston

hiroken ||_\l'rn'!.‘|\ul|'l' fi'.‘lj_'lln TIETS B

Careons conerelions.,
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The Upper Triassie

[n Lika and Paklenica there is always an unconformity between the Middle and

Upper Trinssic. Basal deposits of the Upper Trinssie are usually elasties (fg, 5. o) and

r
blished at mumerous localities mainly in

only exceplionally dolomites. Clasties were ¢
the tl[‘[n’l'.'-:si{‘-llls of ij.’ll(:nk:ll':&h

Upper Triassic clastie sediments have been analysed at Bunovae. Grein Brijeg and
partially at Velika Plana and Vreatnik,

At all localities the Upper Triassic (the Carnian stage) beg
glomerates, unconformable to Middle Triassic sediments. Limestone pebbles dominate
(mostly Middle Triassic limestone), bul there are rare grains of quarlz. The pebbles arve
often in conecave-convex or sutured conlacts. Matrix is sparse. and as Lo ils composilion.

s with limestone con-

il is argillaccous and [erruginous or calearcons,

In the sequence limestone pebbles diminish, matrix becomes dominant. and these
coarse limestone clasties pass to argillaceous caleilutites and  calearcous shales with
sparsely distributed pebbles. Red pigmentation dominates in Carnian elasties. In this
part of the sequence at Bunovae admixtures of voleanic particles start. forming tuf-
Taceous sediments and tffs.

Tuffaceous pelites are represented by red caleareous shales with 17—49 % of CaCO.,.
In them quartz, kaolinile, chlorite, plagioclase, hematite and traces of montmorillonite
were identified by Neray method. At the localities Velika Plana and Grein Brijee the
elay mineral is more requently illite than kaolinite, and feldspars do not helong 1o the
high temperature type. Admixtures of medium grains of pyroelastic quartz and feldspars
are abeavs 1o be Tound.

Tullaccons sandstones and brecciag contain medinm and eoarse-grained pyroclastic
partier s quarlz and leldspar) mungled inoall proportions with epicelastic malerials,

Tulls and voleanic breceias ave crystal-vitrie pyroclasties. They eonsist of [ragments
ol voleanie quartz. plagioclases. particles of voleanie glass and of lithie wll. Grains of
epiclastie origine are rare. Matrix of voleanic glass is partially replaced by caleite.
Pyroclastic particles are represented by fractured grains, angular chips, or resorbed
grains, Quarlz contains inclusions ol gass or fluid and it is eorroded with deep embay-
ments filled with glass. Feldspars are plagioclases with 20—40 9%, An (andesine, rarely
oligoelase). Measurements of Teldspars were performed on the samples of Bunovac.

The higher part of the clustic series is characlerized by a gradual reduction of pyro-
clustic ecomponents and by the domination of pelitic and ealearcons sediments.

‘In the area of Grgin Brijeg, further on NNW of Velika Plana and at Vreatnik the
serpuence of clasties is similar to that of Bunovae: [lirst limestone conglomerates, then
tuffaceous sandstones and peliles,

In Gorski Kotar petrographic investigations were performed in the surroundings of
Cerovo. Creni Lug, Zelin Crnoludki, Tidée, Lokve. and Dedin. Here similarly to Lika,
specific assemblage of red elastic vocks ave also developed in the lower part, and cal-
carcous rocks in the upper part, of the Carnian stage. At Gerovo. Lokve. and Ceni Lug
there are obvious alternations of medium and [ine-grained clastic rocks and continuous
transitions into dolomites. In the lower horizonls al Gerovo, Zelin Cenoluski and Dedin
petromict and tulfaceous conglomerales are present. which, hesides pyroclastic quarlz
and Teldspars, contain numerous rock particles and therelore represent a coarse-grained
equivalent of sub-graywackes. Among the rock particles limestones (of the Upper Per-
miann and the Lower Triassie), cherls, quartziles. sandstones, low-grade schistes. were
vegistered, The cement is caleite, fine o coarse-grained.



CORRELATION OF TIHE TRIASSIC 197

Sandstones are a very [requent member, They consist of: gquartz. feldspars. grains of
myrmekite, rock particles. chlorite and muscovite. Owing 1o a high content of feldspars
(= 209%) they may be classified as arkosic sandstones. Some of them are tulfaceous
sandstones. Feldspars are identical with those of Velika Plana. Grgin Brijeg and Vreatnik,
i, .. anhedral or subhedral grains of albite. pink. elouded due to alternation, and some-
times replaced by calcite. They are found even more often than at the mentioned loca-
lities of Lika. Rock particles in some horvizons exceed feldspars and. consequently. the
sandstones are considered as sub-graywacke. The cementing material is iron oxid or
carbonate (ealeite or dolomite). Quartz cement. deposited as a secondary overgrowth on
quartz grains, was registrated at Ceni Lug (Malo Selo). Ieavy minerals exiracted from
Carnian sandstones are: magnetile. hematite, ilmenite, zireon, tourmaline, rutile, corun-
dum and traces of apatite. brookite. and garnet.

Pelitie sediments are interbedding with the sandstones. They are similar 1o those of
Lika (for example at Grgin Brijeg). hul often very dolomitic. They may continuously
pass to compact dolomilic beds. Small quantities of sandy detritus are the same as in
sandslones.

Alternating series ol sandstones and pelites are gradually substituted by dolomites.
Sandstones [all out Tirst. As to polites. a change of pigment oceurs first. 1. e, instead
of the red ones there are greyish-green and white-grey pelitic intercalations. In the
lower part dolomites ave argillaceous. fine-grained, and interbedded into the pelites.
Then follow compact grey dolomites (fig. 5. b). They conlain some sandy detritus. which
desappears towards the top of the serics. In sedimentary environment the change of
redox potential from oxidizing to veducing is proved by the disappearing of hemalite
pigmentation and the presence of auligenic pyrite in grey pelites and dolomites.

The common characteristic of Upper Triassie dolomites is the fact that they are more
or less uniform within a broad area including Lika and Gorski Kotar. Three general
tvpes may be distinguished:

a) Dolomites with an organic irregular laminated structure are rather widespread.
This structure is aseribed to algal action (blue-green algae of the sediment-binding typel.
Interbedded are also algal calearenites which represent a product of the mechanical
deformation and fragmentation of the mentioned sediments.

b) The second type of dolomites are dolomilic calearenites which have preserved
more or less their primary texture of calearenites depending on the degree of dolomiti-
zation or recrystallization.

¢) Finally medinm- to coarse-grained fully recrystallized dolomites are present which
display a granoblastic lexture forming @ porous mosaic with anhedral or rhomboedral
vrains. These dolomites are genetieally undefined.

Sequence of Jossils

Bemains of maerofossils are relatively rare in the investigated areas. In the Lower
Trinssic remains of Anodontophora Jassaensis Wissmann were loeally established.
I is interesting to point oul that Lower Triassic Ammonites have nol been registered.
though they are relatively frequent in Dalmatia and oceur even in Novthern Ceoatia,
We have not established any emendation in this respect.

The most frequent macrofossils of the Middle Triassic in Lika are Ammonites them-
selves. Two Twmous loealities were deseribed by M. Salopek i e, al Kunovae
Veelo and Donje Pazaridte. At Kunovae Vreelo M. Salopek (1914 determined the
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following forms: Ceratites {Popinites) bispinosus 1l awer var licanus Salopek.
(. (Popinites) bosnensis 1l awer. Proareestes of. quadrilabiatus Mo js. P, ex afl.
bocelifii Moo js. P.oall. subteidentinus M o js.. P, cl. pannonicus M oo j s.. Pinacoceras
ex all. damesi Mo js. Gymaites palmai Mo js. (. ex all. humboldii Mo js. (.
el bosnensis Hauer, Gl incultus Mo js. Pyehites flexuosus Mo js., Pr. pro-
fugns Salopek, Proacuius Mojs., Piocol ubligi Mojs. Proex all. cusonius
Boeyoe and Progarjanovié-rambergeri S alop el Also determined were Nautiloids:
Plewronautilus mosis M o js., Mojsvaroecras all. bulogense 11 aucer and Orthoceras
campanile Mo js. Though this fauna was vich it has been impossible 10 deaw an
obvious limit between the Anisian and the Ladinian stage. M. Salopek considers
the mentioned Tauna o transient one, with more inelination to consider it the basis of
the Ladinian (Buchenstein beds). At Donje Pazariste M. Salopek (1918) determined
Dinarites dinaricus 5 alo p ek, Haltlucites haugi S alop ek, [ alf. obliguus Hawer,
[l all. plicatus Hawer, fucther on. vemains of the genern Arcestes. Pryehites. and
Nautiloid Orthoceras. The age has been determined s Ladinian.,

We found also some Ammonites in the area of Velika Veding near Sv. Bok, But the
remains were not favourable Tor determination. 1L is interesting that a vemain very
stmilar to Ceratites trinvdosus Mo js. was Tound in the higher part of the Ladinian.
Whether it was brought. by flow or should we rather believe that €. trinodosus has
a breoader steatigraphical range, this will remain unsolved,

lixeeptionally. the plant Velizia recubariensis S ¢ hen ks Tound in Ladinian elastics
(ML Herak 1965h).

In Upper Triassic sediments mainly the Megalodontidae have been established so
far. No detailed investigations have been pecformed.

O adtention was mainly paid 1o microfossils. In connection with the Lower Trinssic.
we have only 1o cite V. Kochanski-Devidé and S0 Pantié (1966). who
compiled the data of the Foraminilee Meandrospira ivlie (P renmoli Silva). This
Foraminiler probably appears alvcady in the lower part of the Seythian (at Lokvarske
Laze in Gorski Kotar together with Anodontopliora fassaensis Wissmann and
Amamnodiseus), but it usually Trequently oceurs in the Upper part of the Seythian slage
accompanied by  Ammodiscus incertus ('O v b.). wavely  Frondicularia  woodwardi
Howehin, further on, Ostracods ete. So [ar we have not established any deter
minable calearcous algae.

On the contrary, in the Middle Triassic caleavcous algae represent the most applicable
{ossil group Tor stratigraphical determinalion,

The Tamily Dasycladaceae oceupies the dominant place among them. The forms
established in the inves

gated areas may be scen in table 1. 1t is visible that numerous
forms are present only in the Anisian, and others only in the Ladinian, By means of
theni it has been possible 1o deaw the limit between these wo slages in spite of litho-
logical similavity or even identity, This fact has been most important for local strati-
craphy in Lika becanse other Tossils applicable o this purpose are absent or very rare.
Sompe Torms ave Tound in both stages but, nevertheless, they are very uselul for establi-
shing the limit between the Middie and the Upper Triassic.

Although dasyelad algae are exeelent index fossils, oue results show that their stra-
tigeaphical vange is more or less Iargee then it was considered, They are mostly not
conflined swithin the substages.

Beside dasyclad algae in the NMiddle Prinssic, some Toraminileral Torms are also
present. Among them very uselul index Tossils ave Meandrospiva dinarica 1< o ¢ han-
skvDoevide wnd Pantié established ar numerons localities in Lika. Pilammina
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Table I Trinssie Calearcous Algae of SW Lika. Paklenien and (Gorski Kotar

Chlorophyta— Dasyeladaceae:
Teutloporella herculea

Tewtroporellu trinsina

Teutroporella tabuluta

Tewtroporella nodosa

Mucroporella benecket

Vacroporella alpina

Maeroporella perforatissimaZ?
Gryroporella el ampleforata
Gyroporella marima

Guyroporella vesiculifera

(Migoporellae pilosa var, pilosa
Oligoporella pilosa var, varicans
Oligoporella pilosa var, semivaricans
Oligoporella pilosa var. intusannulata
Poiliitoporella duplicata

Plhiysoporella lilana

Physoporella pauciforata var. pauciforata
Physoporella pauciforata var. undulata
Pliysoporella varicans

Physoporella prealpina

Ploysopurella eroatica

Pliygsoporella pauciforata var. undulata
Physoporella lotharingica

Diplopara annualata

Diplopora annulatissima

Diplopora hewaster subsp. hevaster
Diplopora hevaster subsp. helvetica
Diplopora subtilis var. subtilis
Diplopora proba

Diplopora philosophi

Creiphoporella cursata

Aeienlaria

DBhodoplyta:

Theawmatoporella

Cyanophyin:

Sphacrocodivm bornemanni

-————————— [requent; — — — — — rare;
+ present in undetermined horizon

Anisian Ladinian

Upper
‘ Triassic

_____ |

T
|
e | |
. |
I .
> 4+ 2
+
—— -
+
—_}_ I S
+

<+« ...probable;

|
|
|
|
|

semiplana Kochansky-Devidae and Pantié and Pilammina densa P an i,

all established only in Anisian sediments.

Upper Triassic sediments contain relatively rare fossil remains applicable 1o a detailed

steatigraphical elassilication.,

Only two forms of dasyvelad algae have been established. i e Gyroporelln vesiculi-
Jera (Giimbell and Griphoporella curvata (G iimbel). both near one another in

Norian limestoues,

Representatives ol  blue-green alene. mostly Sphaerocodium  bornemanni
| < b b

Roth-



900 HERAK, SOKA, SCAVNICAR

pletz are more frequent in Upper Trinssic dolomiles. Recent investigations have
shown thal they are present in different horvizons of the Upper Triassic and that their
abundanee depends more on the facies then on the hovizon. They are most [requent in
dolomites following elasties (M. Ileralk 19520 1957. 1, Gudié, V. Jelaska
and D Nenadovié 1965,

[ the recent time the genus Thaumatoporella (red alga) has also been established in
the Upper Triassie, which means a Turther enlargement of ils siratieraphical range.

BReconstruction of geological processes

The Plalzian orogenetic phase between the Permian and the Triassic was aclive more
or less in Lika and Northern Dalmatia as well as in Gorski Kotar. Henee either an
unconformity between these two systems or a mere change in the sedimentation cha-
raclerizes the limit between them. Subsequent geologie history in the mentioned three
arens is uniform in general. bul different in detail.

In SW Lika a continnous sedimentation had occurred until the end of the Ladinian.
During the Lower Triassic there was a rhythmie change of terrestrial elasties and intra-
hasinal earbonate sediments, as well as a mingling of particles of both terrestrical and
subaqueous origin. The source arca of detritical material was a more distal and mildlyv
lifted continent. Henee the fine-grained and well sorted particles. Types of heavy mi-
nerals, as well as their morphological [eatures (roundness of some resistant minerals)
suggest that sonree rocks were, at least partially, preexisting sediments. The existence
of subangular grains of zircon, lourmaline. rutile. apatite, epidote. and garnel suggests
an origin from acid igneous and metamorphic rocks.

As stated belore, between the Lower and the Middle Triassic there were no inter-
ruplions in sedimentation. During the Anisian there were more or less quicl environ-
ments with carbonate sedimentation and  with  some sporadical local aceumulation
mainly ol pelites, and. mear at the beginning of the upper Anisian. also of carbonate
pebbles.

During the Ladinian. conditions were changed in the sense that clastic lenses (de-
posited locally) were a product of increasingly unstable tectonic conditions. Along new
fractures smaller submarine flows on the sea floor occured. concurrently with sedimenta-
tion. In the investigated areas of Lika voleanic activity was of explosive nature. which
resulled in the sedimentation of pyroelastic rocks (acid tuffs) and anabled the formation
ol siliceous sediments (Radiolarian chert), as well as of hybrid (mixed) ones. During
the intervals of the eessation of voleanic activity there was a normal sedimentation of
detrital ealearcous rocks. The existence of phases of relative quietness is proved by
skeletons  of calearcous algae. which are present in limestones and rarely in dolomites
and fine-grained sandstones. Minute as they are, they are nol damaged to a greater
extent. Garbonate sedimentation in larger areas of Lika testifies that tectonic changes
ware limiled o individual places.

Near the end of the Ladinian, diastrophic movements resulted in the emergence of
all the investigated country,

The consequence is an unconformable relation between  the Middle and Upper
Trinssic. The latter starts nsually by the sedimentation of elastics. which are partial
products of explosive voleanie activity (primary 1uffs) and of an erosion of preexisting
sediments or o reliel of acid igneous rocks emerging by some orogenelic movements.
The compositional immaturity implies an accelerated erosion, The uplift was accom-
panied by voleanic ejecta (pyroclastic particles mingled with ordinary sedimentary
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detritus!. The rising movements. as well as the voleanic activily, were not continuous.

The decreasing volume of elastic and pyroclastic sediments and the domination, first
of all, of pelitic sediments, and then of carbonate rocks in the Upper Triassic. indicate
the quieseenee of movements and voleanism, [lat relief, and tectonical stable conditions
of sedimentation,

In the arca of the Velika Pakleniea the difference of geological activity during the
Triassic is visible especially in the reduced sedimentation of Ladinian deposits. which
were completely eroded before the sedimentation of the Carnian ocenrred. Therelore
Carnian deposits lie unconformably directly on the Anisian ones,

Al visible data concerning lithosteatigraphieal sequence in Lika and Velika Pakle-
nica suggest a conceplion of relative aunthochthony. The inverse attitude of strati-
graphical members is noticed only exeeplionally,

[n Gorski Wotar. on the contrary, obvious allochthony has been recognized. which
make difficult the reconstruetion of paleogeographical relations in some districts. Inverse
relations have been established in the wider surroundings of Gerovo, mormal ones al
Crni Lug. Zelin Crnoluski. and Lokve. Nevertheless, al all the mentioned localities the
Sexvthian stage has been recognized. The presence of the Middle Triassic is still in
cquestion. The uplift of the territory oceurred most probably. and hence the conception
of a hiatus in marine sedimentation during the Middle Triassic. The presence of Per-
mian pebbles and of fragments of Seythian oolithic ealcarenite in Carnian conglomerate
at Gerovo and Crni Lug speaks in favour of such a conceplion.

In general. in the explored arveas the reduction of Triassic sediments inereases from
SW 1o NE. Consequently, in that direction we have to look for source arveas of 1errestrial
components of Triassic elastics. This conclusion is in accordance with the results of the
exploration of NI Lika performed by M. Sudnjar and his collaborators.
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