RMZ — Materials and Geoenvironment, Vol. 57, No. 2, pp. 195-214, 2010 195

Jurassic and Cretaceous neptunian dikes in drowning
successions of the Julian High (Julian Alps, NW Slovenia)

Neptunski dajki v potopitvenih zaporedjih Julijskega platoja
(Julijske Alpe, SZ Slovenija)

ANDREJ SMUC'-*

"University of Ljubljana, Faculty of natural science, Department of Geology, Privoz
11, SI-1000 Ljubljana, Slovenia

*Corresponding author. E-mail: andrej.smuc@ntf.uni-lj.si

Received: January 12, 2010 Accepted: January 31, 2010

Abstract: In the Julian Alps the Jurassic neptunian dikes are com-
mon features of the drowning successions of the Julian High.
In the research area, comprising Ravni Laz, Luznica Lake and
Triglav Lakes Valley areas, neptunian dikes are present in the
Pliensbachian shallow — water limestone and in the Bajocian
to the Tithonian Prehodavci formations. The dikes were formed
by two mechanisms: A) the initiation of the voids by mechani-
cal fracturing and later reshaping by dissolution, B) formation
solely by mechanical fracturing of the host rock. The time span
of dike infillings ranges from the Bajocian to late Cretaceous in
age. According to the age of the host rock and neptunian dike
infillings, the following phases of neptunian dike formation in
the investigated area are recognized: Pliensbachian and/or Bajo-
cian phase, Late Kimmeridgian-Early Tithonian phase and Late
Cretaceous (pre-Senonian) phase.

Izvlecek: V Julijskih Alpah se v jurskih potopitvenih sekvencah Julij-
skega praga pogosto pojavljajo neptunski dajki. Na raziskanem
obmo¢ju Ravnega Laza, Jezera v Luznici ter Doline Triglavskih
jezer se dajki pojavljajo v pliensbachijskih plitvovodnih apnen-
cih in znotraj bajocijske do tithonijske Prehodavske formacije.
Zapolnitve dajkov so od bajocijske do zgornjekredne starosti.
Dajki so nastali na dva nacina: A) z mehanskim razpokanjem
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mati¢ne kamnine, razpoke pa so bile kasneje preoblikovane z
raztapljanjem; B) nastanek izklju¢no z mehanskim razpokanjem
mati¢ne kamnine. Na podlagi raziskav mati¢ne kamnine in za-
polnitev smo dolo¢ili naslednje faze nastajanja dajkov: pliens-
bachijska in/ali bajocijska faza, kimmeridgijska faza in zgornje-

kredna faza.

Key words: neptunian dikes, Julian High, Jurassic, Cretaceous, Julian

Alps
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INTRODUCTION

Neptunian dikes are defined as bodies
of younger sediment filling fissures in
rocks exposed on the seafloor. They are
of great importance in the paleogeo-
graphic interpretation of an area be-
cause 1) fracture fillings often preserve
unique bits of stratigraphic and pale-
ontological information, which can be
missing in normal bed-on-bed succes-
sions, 2) understanding the mechanism
of opening and infilling is of great help
in highlighting the relative importance
of extensional tectonics, slope instabil-
ity and sub-aerial or submarine disso-
lution.

In Slovenia the most frequent occur-
rences of neptunian dikes are in the
western part of the Julian Alps. The
dikes outcrop at Kanin, near Uceja,
in the surroundings of Bovec at the
Mangart Saddle and in the Krn ridge.
The host rocks of the dikes are Trias-
sic, Jurassic and Cretaceous carbon-

ate rocks. The dikes themselves are
of Jurassic and Cretaceous ages. The
present study investigated in detail the
neptunian dikes of Julian Carbonate
Platform-Julian High drowning suc-
cessions in three key areas; the Ravni
Laz area under the Kanin massive, the
Luznica Lake area in the eastern part of
the Krn ridge and the neptunian dikes
of the Triglav Lakes Valley.

The aims of this study were to define
the stratigraphical distribution of nep-
tunian dikes in the aforementioned
areas, to define their frequency, to de-
cipher all varieties of neptunian dike
forms and their infillings and to inter-
pret geological processes that were re-
sponsible for their formation.

GEOLOGICAL SETTING
The Julian Alps are located in the NW
part of Slovenia and NE part of Italy.

Structurally, they belong to the Julian
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Nappe and, together with the underly-
ing Tolmin Nappe, they represent the
easternmost continuation of the South-
ern Alps (Figure 1). In the Julian Alps
the Paleogene Dinarides intersect with
the Neogene Southern Alps. The area
was first deformed by SW-vergent
thrusts related to the most external Di-
narides during the Oligocene — early
Miocene and then by S to SSE-vergent
“’Alpine” thrusting since the late Mi-
ocene (DocGLiont & SiorpaEs, 1990;
BresNnaN et al., 1998; PLACER, 1999;
PLACER, 2008; Pracer & Car, 1998;
MELLERE et al., 2000; VrRaBEC & Fopor,
2006). At the Miocene-Pliocene transi-
tion the major strike-slip deformation
started in the Julian Alps (VRABEC &
Fopor, 2006). From the Neogene to the
present NW-SE trending dextral faults
cut the area and displaced both the Di-
naric and South Alpine fold-and-thrust
structures.

Paleogeographically, the area in the
Jurassic belonged to the Adriatic-
Apulian  microcontinent, bordered
by the Alpine Tethys and the Vardar
Ocean (StamprL et al., 2001). From the
Late Triassic to the earliest Jurassic,
the area of the Julian Alps belonged to
the Julian Carbonate Platform. During
Early Jurassic rifting, the platform was
dissected into blocks, forming a horst-
and-graben structure. Some of these
blocks became part of an isolated pe-
lagic carbonate platform named the Ju-
lian High (Figure 2), while other blocks
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formed deeper basins, for example, the
Bovec Trough (Smuc, 2005; Smuc &
GoriIcan, 2005).

Neptunian dikes are present only in
the drowning successions of the Julian
High and they are completely absent in
the Bovec Trough.

In general, the drowning succession
of the Julian High is represented by
Pliensbachian platform limestones of
the Julian Carbonate Platform that are
unconformably overlain by Bajocian
to lower Tithonian highly-condensed
limestones of the Prehodavci Forma-
tion or by middle Cretaceous Scaglia
variegata or Senonian Scaglia rossa.
Distinct features of all Julian High suc-
cessions are numerous polyphase nep-
tunian dikes that occur in Pliensbachi-
an shallow water limestones and in
the Prehodavci Formation. In the most
extreme cases the dikes represent the
only preserved Jurassic sediments that
are otherwise missing from bed-on-bed
successions.

PREVIOUS RESEARCH

The Jurassic neptunian dikes are well
documented in the Carpathians (Au-
BRECHT, 1997; Luczynski, 2001), Sicily
(MaLLARINO, 2002; MARTIRE & Pavia,
2004) and the in Southern Alps (LEHNER,
1991; WINTERER et al., 1991; MARTIRE,
1992) while in Slovenia detailed studies
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of the neptunian dikes are scarce (BABIC,
1981; CrxE et al., 2007, Smuc, 2005).

The neptunian dikes in the Julian Alps
were first reported by Basic¢ (1981). He
observed and described fractures in the
Upper Triassic Dachstein Limestone
that were filled with the angular Upper
Triassic and Lower Jurassic limestone
clasts embedded in a red Middle-Upper
Jurassic matrix. He interpreted them as
neptunian dikes that were formed by
extensional fracturing and later filled
with pelagic sediments in the marine
environment. BUSER (1986, 1987, 1996)
observed heavily karstified Jurassic
fractures in the Dachstein limestone
that were filled with assumed Bajo-
cian-Bathonian grey-red crinoidal and
micritic limestone. He suggested that
these fractures were intensively karsti-
fied during the Early Jurassic emersion
of the platform and later, when the plat-
form drowned, filled with marine sedi-
ments.

Smuc (2005) described in detail the
Jurassic and Cretaceous successions
of the Julian Alps. Within investigated
sections he reported neptunian dikes
from the Mangart area, Ravni Laz,
Luznica Lake and Triglav Lakes Val-
ley. Neptunian dikes from the Man-
gart area were investigated in detail by
CRrNE et al. (2007), whereas a detailed
analysis of the neptunian dikes in the
Luznica Lake, Ravni Laz and Triglav
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Lakes Valley areas is presented in this
article.

Research of the Mt. Mangart dikes
system by CRNE et al. (2007) repre-
sents an exemplar study of the complex
neptunian dike system. The dikes at
Mt. Mangart exhibit several different
geometries: dissolution cavities, thin
penetrative fractures, larger fractures
and laterally confined breccia bodies.
They were filled by two main genera-
tions of infillings. The first generation
is Pliensbachian in age and represented
by bioclastic limestone subdivided into
five microfacies. The second generation
is composed of breccias with a marly
matrix. The timing of the second gener-
ation is only broadly assigned from the
Pliensbachian to the Late Cretaceous.

DESCRIPTION OF NEPTUNIAN DIKES AND
INTERPRETATION OF THEIR FORMATION

The research areas of Luznica Lake,
Ravni Laz and Triglav Lakes Valley
paleogeographically belong to the Up-
per Triassic — Lower Jurassic Julian Car-
bonate Platform and Middle to Upper
Jurassic Julian High. In all of the inves-
tigated sections the drowning succes-
sion starts with the Pliensbachian plat-
form limestone that is unconformably
overlain by condensed limestone of the
Bajocian to lower Tithonian Prehodavci
Formation (Smuc, 2005) (Figure 3).
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Figure 3. Lithostratigraphic sections of the investigated areas with marked
occurrence of the neptunian dikes
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The Lower Jurassic platform limestone
is primarily a massive and bedded
oolitic limestone that in places alter-
nates with beds of micritic limestone,
laminated dolomite and dolomitic
limestone (Buser, 1986; JURKOVSEK,
1986; JurkOVSEK et al., 1990; Smuc,
2005; Smuc & Gorican, 2005). The
limestone was deposited in a variety of
different peritidal environments rang-
ing from intertidal to a high-energy
subtidal environment.

The Prehodavci Formation unconform-
ably overlies the Lower Jurassic plat-
form limestone (Figure 3). The con-
tact is represented by a highly irregu-
lar unconformity surface that marks a
stratigraphical gap comprising at least
Toarcian to Aalenian. The Prehod-
avci Formation consists of condensed
limestone of Ammonitico Rosso type
and is subdivided into three members
(Smuc, 2005). The Lower Member
(Bajocian to? Callovian) is composed
of condensed, red, bedded bioclastic
limestone with Fe-Mn nodules that
gradually passes into light grey, indis-
tinctly nodular limestone. The Middle
Member (early Oxfordian?) consists
of thin-bedded micritic limestone. The
Upper Member (late Oxfordian? to
early Tithonian) unconformably over-
lies the Lower or Middle Members. It
is represented by red nodular limestone
and red marly limestone with abundant
Saccocoma sp. (Smuc, 2005).
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Neptunian dikes are present in all of the
investigated sections (Figure 3). In the
Triglav Lakes Valley and in Ravni Laz
area the neptunian dikes only occur in
the Prehodavci Formation while in the
Luznica Lake area neptunian dikes are
also present in the Lower Jurassic shal-
low-water limestone.

Neptunian dikes at LuZnica Lake
section

At Luznica Lake (section L1 in Figure
3,y=399234 x = 124072 z = 1865) the
neptunian dikes occur in Pliensbachian
platform limestone and in the Preho-
davci Formation. Two generations of
neptunian dikes were recognized.

1. Generation

The dikes located in the Pliensbachian
platform limestone represent I gen-
eration (1L Gen. in Fig. 3). They are
elongated, mostly sub-vertical, bed-
crossing and occasionally bed-parallel
oval cavities with smooth walls filled
with younger limestone. The neptu-
nian dikes are up to 10 cm wide and
can cut up to 70 cm deep into the host
rock. The neptunian dikes show poly-
phase laminated infillings. The oldest
sediment is microsparitic limestone
with rare ostracods, followed by a
wackestone-packstone with echino-
derm fragments, small sparite grains
and Fe-Mn encrusted clasts that grade
into wackestone with planktonic fo-
raminifera (Protoglobigerinids), be-
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Plate 1

PIL 1, Fig. 1: 1L Generation of neptunian dikes filled with wackestone with small sparite
grains (lower part of the photograph) overlain by wackestone-packstone with plank-
tonic foraminifera (Protoglobigerinids), belemnites, echinoderm fragments, filaments
and occasional benthic foraminifera (middle part of the photograph). In the uppermost
part the infill is calcite cement. The scale bar is 1 mm long.

PL 1, Fig. 2: 2L Generation of neptunian dikes filled with packstone mainly composed of
filaments and encrusted intraclasts of bioclastic limestone. The scale bar is 1 mm long.
PIL 1, Fig. 3: 2L Generation of neptunian dikes filled with packstone mainly composed
of filaments and encrusted intraclasts of host rocks. The scale bar is 1 mm long.

PL 1, Fig. 4: 1R Generation of neptunian dikes filled with lower Berriasian fine-grained
breccias. The breccia is clast-supported and composed of lithoclasts of wackestone to
mudstone with echinoderm fragments, benthic foraminifera and calpionelids Calpionel-
la elliptica (Cadisch). The scale bar is | mm long.

PIL 1, Fig. 5: 2R Generation of neptunian dikes. The laminated infill in the upper part of
the neptunian dikes is composed of alternatiing packstone laminae up to 5 mm thick and
thinner mudstone. The scale bar is 1 mm long.

PI 1, Fig. 6: 2R Generation of neptunian dikes filled with Upper Cretaceous wackestone-
packstone with planktonic globular foraminifera, globotruncanids and rare echinoderm

fragments. The scale bar is 1 mm long.

lemnites, echinoderm fragments, fila-
ments and rare benthic foraminifera
(PL. 1, Fig. 1). The clasts of the host
rock are occasionally observed. The
matrix is micrite to microsparite. On
the basis of the presence of planktonic
foraminifera, (Protoglobigerinids) this
neptunian dike infill is Bajocian. The
Bajocian infillings are in places addi-
tionally cut by younger dikes that are
partly filled by a radiaxial fibrous cal-
cite cement and micrite. The uppermost
Bajocian sediments are occasionally
encrusted with Fe-Mn oxides and the
remaining pore space is filled by upper
Tithonian mudstones with Calpionella
alpina (Lorenz).
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11. Generation

The II generation of neptunian dikes oc-
curs in the Prehodavci Formation (2L
Gen. in Fig. 3). The dikes are repre-
sented by sub-vertical and bed-parallel
cavities up to few dm in diameter show-
ing smooth and straight walls. In the
Lower Member the neptunian dikes are
filled with packstone mainly composed
of filaments and encrusted intraclasts
of bioclastic limestone (Pl. 1, Fig. 2).
Other grains include echinoderm frag-
ments and gastropod protoconchs. In the
Upper Member of the Prehodavci For-
mation the infill is characterized by an
Upper Kimmeridgian to Lower Titho-
nian packstone composed of numerous
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filaments, Saccocoma sp. fragments and
intraclasts of host rock (P1. 1, Fig. 3). In
places the dikes are also filled with mud-
stone with calpionellids (Calpionella al-
pina (Lorenz)) of Tithonian age.

The overall geometry, smooth walls
and clasts of the host rock of the I.
generation of neptunian dikes indicate
formation of the cavities by mechani-
cal fracturing. However, subsequent re-
shaping of the existing voids by disso-
lution is also indicated (small scale un-
dulation of the walls). Neptunian dikes
of the II generation were formed due to
mechanical fracturing of the host rock
and were later episodically filled with
younger sea-bottom sediments. The
infilling of the dikes is represented by
autochthonous and allochthonous sedi-
ments. Autochthonous sediments are
clasts of the Prehodavci Formation,
derived from the walls of the fracture,
while all other sediments are alloch-
thonous and derived from an active sea
bottom surface.

Neptunian dikes at Ravni Laz

At Ravni Laz (section R1 in Fig. 3, y =
388997 x = 134741 z =720), neptunian
dikes occur only in the Prehodavci For-
mation. The neptunian dikes are sub-
parallel to the bedding and occur in a
distinct horizon within the Prehodavci
Formation. On the basis of the strati-
graphic position and age of infillings,
two different generations of neptunian
dikes were recognized.

1. Generation

I generation (1R.Gen. in Fig. 3) occurs
in the Lower Member of the Prehod-
avci Formation and is filled with Kim-
meridgian to lower Berriasian lime-
stone. The geometry of the dikes is
bed-crossing fractures down to 0.5 m
deep, however, smaller oval cavities
with undulating walls that occur in a
distinct horizon are also observed. The
base of these neptunian dikes is charac-
terized by laminated and graded pack-
stone to mudstone with abundant frag-
ments of Saccocoma sp. The remaining
space in the dikes is filled with graded
microsparitic limestone composed of
echinoderm fragments, calpionellids
(Calpionella alpina (Lorenz)) and in-
traclasts of packstones with Saccoco-
ma sp. In places, the neptunian dikes
of the I. generation are filled only by
fine-grained clast-supported carbon-
ate breccias (Pl. 1, Fig. 4). The clasts
consist of lithoclasts of mudstone to
wackestone with echinoderm frag-
ments, benthic foraminifera (Lenticuli-
na sp., Textularidae) and Calpionella
elliptica (Cadisch). Other grains in-
clude individual echinoderm fragments
and Fe-Mn encrusted bioclasts.

11. Generation

The II generation of neptunian dikes
(2R Gen. in Fig. 3) occurs in the Upper
Member of the Prehodavci Formation
and is filled by late Cretaceous depos-
its. These dikes are up to 10 cm wide
bed-crossing and bed- parallel cavi-
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Figure 4. 2R Generation of neptunian dikes. On the left side of the pho-
tograph is wackestone with planktic globular foraminifera and globotrun-
canids. On the right side of the photograph is horizontal and oblique lami-
nated infill represented by thicker packstone and thinner mudstone layers.

The photograph is 5.5 cm wide.

ties, with undulating wall geometries
in places. The dikes are filled with
red-brown wackestone with planktonic
globular foraminifera, globotruncanids
and rare echinoderm fragments (PL. 1,
Fig. 5). In the upper part of the dike,
the infilling is grey in colour, laminated
and graded. Laminations are bed-par-
allel and oblique (Fig. 4). The lamina-
tions are represented by alternations of
up to a few mm thick packstone and
thinner layers of mudstone (PI. 1, Fig.
6). In places, packstone grades into
mudstone. The packstone is exclusive-
ly composed of fragmented globotrun-
canids and extremely rare echinoderm
fragments.

The geometry of the neptunian dikes of

the Ravni Laz section is characterized
by bed-crossing and bed-parallel frac-
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tures, smooth walls of the host rock and
also by undulating oval cavities. Thus
the formation of the cavities was most
probably caused by initial mechanical
fracturing of the host rock and also sub-
sequent dissolution in places, the latter
causing reshaping of the existing voids.
All of the different infillings of the nep-
tunian dikes represent allochthonous
sediments as is evidenced by the marked
age difference of the host rock and in-
filling. The sedimentary structures, such
as grading and lamination, are result of
minor turbidity currents which episodi-
cally transported the sediment into the
open voids (SarTr et al., 2000). The ob-
lique laminations usually occur in the
vicinity of the cavity walls (Figure 4)
and most are probably formed as a re-
sult of the impact of minor turbidity cur-
rents with the cavity walls.
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Neptunian dikes in Triglav Lakes
Valley

Neptunian dikes in the Triglav Lakes
Valley (section TV1, Figure 3, y =
40755 x = 134509 z = 2000) are de-
veloped only in the uppermost part of
the Prehodavci Formation (1T Gen.
in Fig. 3) as bed-crossing fractures
up to 50 cm deep and a few tens of
cm wide (Figure 5), with a prefer-
ential SE — NW orientation (Pl. 2,
Figs. 1 and 2). In places the neptu-
nian dikes exhibit a jigsaw structure
(P1. 2, Figs. 1 and 2). The walls of
the fractures are usually encrusted
with Fe-Mn oxides. The fractures are
filled with two different breccias. The
first breccia consists of fragments of

ammonite moulds and centimetre-
sized lithoclasts of red wackestone to
packstone with disarticulated valves
of thin-shelled bivalves and calcified
radiolarians of the red nodular facies
(PL. 2, Fig. 3). The matrix of this bre-
ccia is packstone with filaments, rare
echinoderm fragments, belemnites
and foraminifera (Lenticulina sp.)
The second breccia is composed of
euhedral grains of terrigenous quartz,
lithoclasts of red nodular limestone,
packstone with calcified radiolarian
moulds and wackestone with aptychi
(PL. 2, Fig. 4). The matrix of the bre-
ccia is wackestone with echinoderm
fragments, opaque minerals and Fe-
Mn incrusted bioclasts.

Figure 5. Photograph of the neptunian dike outcropping in the bed surface
of the Upper Member of the Prehodavci Formation from the Triglav Lakes
Valley. The photograph is approximately 1m wide

RMZ-M&G 2010, 57



Jurassic and Cretaceous neptunian dikes in drowning successions of the Julian High ... 207

/

NEPTUNIAN

HOST ROCK

Plate 2

Pl. 2, Figl: 1T Generation of neptunian dikes. Neptunian dikes with jigsaw struc-
ture. Host rock is limestone of the Prehodavci Formation.

Pl. 2, Fig. 2: Sketch of the neptunian dike in Pl. 2, Fig. 1.

Pl. 2, Fig. 3: 1T Generation of neptunian dikes. First breccia with lithoclasts of red
wackestone to packstone with calcified radiolarians and filaments. The matrix of
breccia is wackestone-packstone with filaments and rare echinoderm fragments.
Pl. 2, Fig. 4: 1T Generation of neptunian dikes. Second breccia composed of
lithoclasts packstone with filaments and calcified radiolarian moulds and intrac-
lasts of red nodular limestone. The matrix of the breccia is wackestone with echi-
noderm fragments.

The dikes are clearly open fractures formed due to a brittle fracturing of a well-
lithified host rock. The jigsaw structure additionally indicates a mechanical defor-
mation by penetrative fracturing of the host rock (Cozzi, 2000). Fe-Mn impreg-
nated walls of the fractures indicates phases of non-deposition following fracture
formation.
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DiscussioN

Neptunian dike formation

The formation of the neptunian dikes in
the investigated areas was the result of
two different mechanisms. Neptunian
dikes of I. generation of Luznica Lake
and I and II generation in Ravni Laz are
bed-crossing or bed-parallel oval cavi-
ties with smooth and undulating walls
and represent a group of neptunian
dikes in which at least reshaping of the
voids by dissolution is indicated. This
reshaping by dissolution can occur by
meteoric waters, indicating an episode
of sub-aerial exposure and karstic dis-
solution or it can occur on the sea-floor.
The episode of sub-aerial exposure is
a valid hypothesis for the I generation
of neptunian dikes in Luznica Lake.
Namely they are located in the Lower
Jurassic shallow-water limestone strati-
graphically under the unconformity
surface separating shallow-water lime-
stone and the Prehodavci Formation.
Similar, but more intensively karsti-
fied Jurassic fractures in the Dachstein
Limestones were reported by BUSER
(1986, 1987, 1996) and attributed to
emersion during the Early Jurassic. The
emersion scenario, however, is difficult
to apply for the I and II generation of
neptunian dikes in Ravni Laz. The dikes
are located within the Prehodavci For-
mation that represents typical deposits
of a pelagic plateau with depth of the
deposition at least a few ten to hundreds

of metres (MARTIRE, 1996). The disso-
lution and reshaping of the voids most
probably occurred on the seafloor in a
phreatic marine environment. How-
ever, in both cases the initiation of the
voids was probably related to mechani-
cal fracturing.

The second group of neptunian dikes
includes dikes that were formed only
by a mechanical fracturing of the host
rock. This group includes the II genera-
tion of neptunian dikes in the Luznica
Lake and dikes from the Triglav Lakes
Valley. The dikes are bed-crossing
straight fractures filled with autoch-
thonous sediments derived from the
walls of fracture. The jigsaw structure
of the fractures that is present in places
indicates a mechanical deformation by
penetrative fracturing of the host rock
(Cozzi, 2000) which is commonly the
result of a seismic shock (MONTENAT et
al., 1991, Cozzi, 2000).

Timing of the neptunian dike forma-
tions

The detailed study of the neptunian
dikes from Ravni Laz, Luznica Lake
and Triglav Lakes Valley areas revealed
the following main phases of neptunian
dike formation.

1. Pliensbachian or Bajocian phase

The 1 generation of neptunian dikes
from Luznica Lake represents the
oldest investigated neptunian dikes.
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They were formed in the Pliensbachian
shallow-water host rock and filled with
Bajocian and Tithonian deposits. These
neptunian dikes are correlative with 1.
generation of neptunian dikes from Mt.
Mangart (same host rock and mechanism
of void formation) (CrNE et al., 2007).
CRNXE et al. (2007) determined that void
initiation as well as infilling with sedi-
ments occurred in the Pliensbachian.
The dikes from LuZznica Lake however
are filled by younger strata ranging from
Bajocian to Tithonian. Thus, two possi-
ble explanations exist:

A). I generation of the neptunian dikes
from LuZnica Lake formed in the
Pliensbachian and started to communi-
cate with the seafloor no earlier than the
Bajocian. In this case, dike formation
is related to the Julian Carbonate dis-
section that occurred during that time
(Smuc, 2005; Smuc & GoricaN, 2005).
The fragmentation of the platform
caused fracturing of the host rock and
differential subsidence of blocks. Some
blocks were most probably emerged
and this caused reshaping of the initial
voids by meteoric waters. The Early
Jurassic tectonic event is widely rec-
ognized across the entire south Tethyan
passive margin and a great number of
dikes was formed at that age (WIN-
TERER & BOSELLINI, 1981; WINTERER et
al., 1991; BertoTTI, 1993; SARTI €t al.,
1992, CLARI & MASETTI, 2002).

B). another possibility is that I genera-
tion of neptunian dikes at Luznica Lake
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were formed in the Bajocian. If the
dikes were formed in the Bajocian, their
formation was related to the Bajocian
tectonic phase that caused deepening of
the Julian High and the beginning of the
sedimentation of the Prehodavci For-
mation (Smuc, 2005). The accelerated
subsidence pulse 1s well documented in
the Southern Alps (WINTERER & BOSEL-
LINI, 1981; MARTIRE, 1992, 1996; WIN-
TERER, 1998) and also in the successions
of the Slovenian Basin (Rozi¢ & Pori,
2006; Rozic, 2009)

2) Late Kimmeridgian-Early Titho-
nian phase

Neptunian dikes of this phase (II gen-
eration of dikes from LuZnica Lake
and I generation of dikes from Ravni
Laz and neptunian dikes from Triglav
Lakes Valley) are mainly located in
the Upper Member of the Prehodavci
Formation. The same age — mainly
Late Kimmeridian to Early Tithonian
— was determined for the host rock
and for the oldest dike infillings. This
suggests that opening of the voids oc-
curred soon after the deposition of the
Upper Member. The dikes are filled
with Kimmeridgian to Berriasian de-
posits. Different infillings of the dikes
in different areas represent rather local
lateral variations in the sedimentary
environments, and most possibly also
tectonic styles of deformation. Addi-
tionally, some of the voids (LuZznica
Lake and Ravni Laz) exhibit relatively



210

SMUC, A.

continuous infilling ranging from Kim-
meridgian to Late Tithonian, while the
dikes at Triglav Lakes Valley exhibit
phases of deposition and non-deposi-
tion as proved by Fe-Mn incrustations
of the walls of neptunian dikes and also
of clasts of the infillings.

The Late Kimmeridgian — Early Titho-
nian phase of the neptunian dike forma-
tion is tentatively related to the onset of
convergent plate movements in the Di-
naric Tethys that caused normal fault-
ing and differential subsidence in the
external domains (Dozet, 1994; Dozt
et al., 1996; VLanovi¢ et al., 2005).

3) Late Cretaceous phase (pre-Seno-
nian)

Neptunian dikes in the Prehodavci For-
mation that are filled with Late Creta-
ceous limestone with globotruncanids
are present only in the Ravni Laz sec-
tion. The late Cretaceous phase is most
probably related to the tectonic pulse
in the Late Cretaceous, more precisely,
before the Senonian.

CONCLUSIONS
Neptunian dikes in the investigated
area of the Julian High are present in
the Pliensbachian shallow-water lime-
stone and in the Prehodavci Formation.
The following generations of dikes
were defined.
Luznica Lake

I. generation dikes are located in the
Pliensbachian shallow-water limestone
host rock and filled with Bajocian to
Tithonian limestone. II generation is
represented by dikes in the Prehod-
avci Formation that are filled by Up-
per Kimmeridgian to Lower Tithonian
sediments.

Ravni Laz:

I. generation is represented by dikes in
the Lower Member of the Prehodavci
Formation filled with Kimmeridgian to
Berriasian sediments. II generation of
dikes is placed in the Upper Member
of the Prehodavci Formation and filled
with late Cretaceous deposits.

Triglav Lakes Valley

The dikes occur in the Upper Member
of the Prehodavci Formation and are
filled by Late Kimmeridgian and Early
Tithonian breccias.

The dikes were formed by two differ-
ent mechanisms; A) the initiation of
the voids by mechanical fracturing and
later reshaping of the voids by disso-
lution. The reshaping by dissolution
occurred by meteoric waters indicat-
ing an episode of sub-aerial exposure
and karstic dissolution (I generation of
LuzZnica Lake dikes) or it could have
occurred on the seafloor in a phreatic
marine environment (I and II genera-
tion of dikes from Ravni Laz). B) The
dikes were formed only by mechanical
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fracturing of the host rock and in plac-
es by penetrative fracturing of the host
rock as a result of seismic shock. This
group includes the II generation of nep-
tunian dikes in the Luznica Lake and
dikes from the Triglav Lakes Valley.

According to the age of the host rock
and neptunian dike infillings, three
main phases of neptunian dike forma-
tion in the investigated area are rec-
ognized: Pliensbachian and/or Bajo-
cian phase, Late Kimmeridgian-Early
Tithonian phase, and Late Cretaceous
(pre-Senonian) phase.
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