
Abstract

In the Southern Alps and the northern Dinarides the main Variscan deformation event occurred during Late Carboniferous (Bashki-

rian to Moscovian) time. It is represented locally by an angular unconformitiy, the “Variscan discordance”, separating the pre-Variscan 

basement from the post-Variscan (Moscovian to Cenozoic) sedimentary cover. The main aim of the present contribution is to inves-

tigate whether a Variscan thermal overprint can be detected and distinguished from an Alpine thermal overprint due to Permo-Meso-

zoic basin subsidence in the Alpine-Dinaric Transition Zone in Slovenia. Vitrinite reflectance (VR) is used as a temperature sensitive 

parameter to determine the thermal overprint of pre- and post-Variscan sedimentary successions in the eastern part of the Southern 

Alps (Carnic Alps, South Karawanken Range, Paški Kozjak, Konjiška Gora) and in the northern Dinarides (Sava Folds, Trnovo Nappe). 

Neither in the eastern part of the Southern Alps, nor in the northern Dinarides a break in coalification can be recognized across the 

“Variscan discordance”. Consequently the post-Variscan thermal overprint during Permo-Mesozoic passive continental margin evolution 

and/or Cenozoic Alpine orogeny reached at least the same intensity as the Variscan (Late Carboniferous) one. In the northern Dina-

rides (Sava Folds, Trnovo Nappe) Triassic and Cretaceous rocks reached a similar thermal maturity as the pre-Variscan ones. There-

fore in these regions the Alpidic thermal overprint exceeded the Variscan one. The Alpidic thermal overprint in the northern Dinarides 

(Sava Folds, Trnovo Nappe) occurred in post-Late Cretaceous and pre-Mid Oligocene times. This is testified by a substantial gap in 

thermal maturity across the Upper Cretaceous – Middle Oligocene unconformity. Nappe stacking in the northern Dinarides had no 

impact on regional maturity patterns. Thermal maturity of post-Variscan Permo-Carboniferous rocks of the northern Dinarides is gene-

rally higher than in the South Karawanken Range and the Carnic Alps. This is a result of both, a deeper burial during Permo-Mesozoic 

basin subsidence and an accumulation of thick Paleogene flysch sediments during the Paleocene to Eocene Dinaric orogeny.

Die Hauptphase der variszischen Gebirgsbildung datiert in den Südalpen und den nördlichen Dinariden ins Oberkarbon (Bashki-

rian bis Moscovian). Ausdruck der tektonischen Bewegungen ist die „variszische Winkeldiskordanz“, die das prä-variszische Grund-

gebirge von der post-variszischen sedimentären Überlagerung (Moscovian bis Känozoikum) trennt. Vorrangiges Ziel dieser Studie 

ist es zu untersuchen, ob eine variszische thermische Überprägung der Gesteine im Bereich der alpin-dinarischen Übergangszone 

(Kärnten, Slowenien) nachgewiesen und von der durch die permo-mesozoische Beckenabsenkung verursachten alpinen thermi-

schen Überprägung getrennt werden kann. Im Rahmen des Projektes wurde die Vitrinitreflexion (VR) als Indikator der thermischen 

Überprägung prä- und post-variszischer sedimentärer Abfolgen in den östlichen Ausläufern des Südalpins (Karnische Alpen, Süd-

karawanken, Paški Kozjak, Konjiška Gora) und den nördlichen Dinariden (Sava Falten, Trnovo Decke) bestimmt.

Ein Inkohlungssprung entlang der variszischen Winkeldiskordanz kann weder im Südalpin, noch in den nördlichen Dinariden nach-

gewiesen werden. Dies bedeutet, dass die post-variszische thermische Überprägung während der permo-mesozoischen Beckenab-

senkung (passiver Kontinentalrand) und/oder der känozoischen alpinen Gebirgsbildungsphasen zumindest die Intensität der ober-

karbonen variszischen Überprägung erreicht hat. In den nördlichen Dinariden (Sava Falten, Trnovo Decke) erreichen auch triassi-

sche und kretazische Gesteine die thermische Überprägung des prä-variszischen Hochwipfelflyschs (Oberkarbon). In diesen Ge-

bieten sollte folglich die alpine thermische Überprägung die variszische übersteigen. Die alpine thermische Überprägung des Sedi-

mentstapels ereignete sich nach der Oberkreide, jedoch vor dem Mitteloligozän. Dies wird durch einen bedeutenden Inkohlungs-

sprung zwischen  den Gesteinen der Oberkreide und des Mitteloligozäns der Sava Falten belegt. Deckenstapelung hat in den nörd-

lichen Dinariden keinen erkennbaren Einfluss auf die Höhe der thermischen Überprägung der Gesteine. Die thermische Reife des 

post-variszischen Permokarbons ist in den nördlichen Dinariden generell höher als in den südalpinen Karnischen Alpen und den 

Südkarawanken. Dies wird durch eine tiefere Beckenabsenkung während des Permo-Mesozoikums und die Akkumulation mächtiger 

paleozäner und eozäner Flyschsedimente während der dinarischen Gebirgsbildung erklärt.

______

_______________

_________________________________
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1. Introduction

The Variscan orogeny resulted from the Late Paleozoic con- tinental collision of Laurussia (Laurentia-Baltica) with North-
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Gondwana and some intervening microplates (e.g. Neubauer, 

1988; Stampfli et al. 2002; Von Raumer et al. 2002; Ebner et 

al. 2008). In the Southern Alps and the northern Dinarides the 

main Variscan deformation event occurred during Late Carbo-

niferous (Bashkirian to Moscovian; Schönlaub and Forke, 2007; 

Ebner et al., 2008) time. It is represented locally by an angular 

unconformitiy, the “Variscan discordance”, separating the pre-

Variscan basement from the post-Variscan (Moscovian to Ce-

nozoic) sedimentary cover. In many areas of the Circum-Pan-

nonian Realm the Variscan deformation is associated with a 

metamorphic overprint (e.g. Ebner et al., 2008).

The main aim of the present contribution is to investigate 

whether a Variscan thermal overprint can be detected and dis-

tinguished from an Alpine thermal overprint due to Permo-Me-

sozoic basin subsidence in the Alpine-Dinaric Transition Zone 

in Slovenia. To reach this goal, the thermal overprint of pre- 

and post-Variscan sedimentary successions is investigated in 

the eastern part of the Southern Alps (Carnic Alps, South Ka-

rawanken Range, Paški Kozjak, Konjiška Gora) and in the nor-

thern Dinarides (Sava Folds, Trnovo Nappe; Figs. 1, 2). Vitrini-

te reflectance is used as a sensitive parameter of maximum 

temperature (Taylor et al., 1998).

Previous investigations in the Southern Alpine realm (Carnic 

Alps, South Karawanken Range) demonstrated a continuous 

coalification trend across the “Variscan discordance” (Rantitsch, 

1997; Rantitsch et al., 2000; Rantitsch and Rainer, 2003; Ran-

titsch, 2007). In the Carnic Alps, VR of the syn-orogenic Hoch-

wipfel Formation and the post-Variscan Auernig Group along 

the Straninger and Waidegger Alm Section (Fig. 3) ranges from 

3.8 to 5.9 % Rmax (Rantitsch et al., 2000). In the South Kara-

wanken Range near Trögern (Fig. 3), VR in the same strati-

graphic interval ranges from 5.3 to 6.8 % Rmax (Rantitsch et

____________

________________________

al., 2000).

No data are yet available from the 

Northern Dinarides.

This contribution focuses on very 

low- to low-grade metamorphic Up-

per Paleozoic units of the eastern 

segment of the Southern Alps and 

the northern Dinarides (Fig. 1). The 

Southern Alps and the northern Di-

narides form part of the Adria-Dina-

ria Megaterrane sensu Ebner et al. 

(2008). This megaterrane is of Me-

sozoic/Cenozoic (Alpine) age, but 

includes pre-Mesozoic sequences. 

The most complete Paleozoic suc-

cession is preserved in the Carnic 

Alps (Schönlaub and Forke, 2007), 

where Upper Ordovician to Lower 

Visean “pre-flysch” sediments are 

overlain by 1000 m thick siliciclastic 

flysch sediments (Hochwipfel For-

_____________

2. Geological Setting
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Figure 1: Paleozoic very low- to low-grade metamorphic units in the Eastern Alps, the Southern 

Alps and the Northern Dinarides (the study area is indicated by the grey shaded rectangle).________

mation; Visean to Bashkirian). The Variscan climax occurred 

between the Bashkirian and the Early Moscovian and is docu-

mented locally by a spectacular angular unconformity (“Vari-

scan discordance”).

Both in the Southern Alps and the northern Dinarides, the “Va-

riscan discordance” is overlain by shallow marine molasse se-

diments (e.g. Auernig, Rattendorf and Trogkofel Groups) with 

a late Moscovian to early Permian (Artinskian) age (Schönlaub 

and Forke, 2007; Ebner et al., 2008; Vozárová et al., 2009). 

The Trogkofel Group is unconformably overlain by non-marine 

(Tarvis Breccia, Gröden Formation) and shallow marine (Bel-

lerophon Formation) deposits with a Kungurian to late Permi-

an age.

A carbonate platform of a passive continental margin formed 

during Triassic times. It has been intersected by elongated 

deep-water basins, e.g. the E-W trending Slovenian Basin 

(Buser, 1987). The Slovenian Basin remained in a deep water 

setting from the Mid Triassic (Ladinian) to the Late Cretace-

ous. Within the study area, sediments of the Slovenian Basin 

crop out north of the Trnovo Nappe and in the Sava Folds 

(see Fig. 2).

The Alpine-Dinaric Transition Zone was affected by polypha-

se Alpine tectonics comprising the Maastrichtian “Eoalpine 

phase” (S directed thrusts), the Paleocene to Eocene „Dina-

ric“ phase (SW directed thrusts), the Mid to Late Oligocene 

“South-Alpine” phase (S directed thrusts) and the “Alpine” 

event (S-SE directed thrusts) from Late Miocene onward (e.g. 

Doglioni and Bosellini, 1987; Placer and Čar, 1998; Placer, 

1999a,b; Castellarin and Cantelli, 2000; Fig. 2).

In the western Southern Alps, N-S compression during the 

Maastrichtian “Eoalpine phase” constituted S directed over-

thrusts. Since Eocene flysch sediments lie discordantly on

__________________________________

___________
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folded Maastrichtian flysch (e.g. Natisone Valley/Italy, see Fig. 

2; Doglioni and Bosellini, 1987), the Late Cretaceous orogenic 

phase possibly affected the eastern Southern Alps and parts 

of the Dinarides as well. In the well Cargnacco-1 (Fig. 2), a 

maturity break between Upper Cretaceous and Lower Paleo-

gene sediments was recognized by Fantoni et al. (2002). “Eo-

alpine” heated sediments are also reported from the Mt. Med-

vednica (Dinarides, Judik et al., 2008; Fig. 2) and the base-

ment of the Pannonian Basin System (Igal unit; Árkai et al., 

1991).

The “Dinaric” phase was accompanied by the deposition of 

thick Eocene flysch sediments (e.g. Rainer, 2003).

During the Cenozoic “Alpine” orogeny compressional and ex-

tensional phases occurred. A main extensional phase during 

the Oligocene (Läufer, 1996) is recorded by the emplacement 

of intrusives along the Periadriatic Lineament (e.g. Laubscher, 

1983).

Apatite fission track cooling ages of the South Karawanken 

Range vary from Late Eocene (36.48 +/- 1.49 Ma) to Early 

Oligocene (31.72 +/- 1.89 Ma), investigated on rocks of the 

Werfen Grp. and Auernig Grp. of the Seeberg Rise (Nemes, 

1997). Compression resulted in S-SE directed thrusting and in 

the reactivation of Mesozoic normal faults and Dinaric thrusts

_________

as strike-slip faults. Some of these SE trending dextral faults 

are still active, e.g. the Idrija Line (e.g. Mlakar, 1969) and the 

Periadriatic Lineament (e.g. Vrabec et al., 2006).

Samples have been taken from sediments beneath (up to 

Baskirian) and above the “Variscan discordance” (Kasimovian 

and younger) in the Southern Alps and the northern Dinardes.

Southern Alps: The thermal overprint across the “Variscan 

discordance” in the Carnic Alps and the Trögern section in 

the South Karawanken Range was investigated by Rantitsch 

(1997), Rantitsch and Rainer (2003) and Brime et al. (2008). 

In order to achieve a better regional coverage, additional sam-

ples from the syn-orogenic Hochwipfel Formation and the 

post-Variscan Auernig Group have been taken in the central 

and eastern part of the Carnic Alps (8 samples), the South 

Karawanken Range and its eastern continuation in the Paški 

Kozjak and the Konjiška Gora (19 samples). An additional 

sample represents the Auernig Group south of the Sava Fault 

in the Julian Alps.

Northern Dinarides: Carboniferous and Lower Permian strata

__________

___________________________________

3. Samples and analytical techniques

3.1 Samples

Figure 2: Tectonic map of the Alpine–Dinaric transition zone (modified from Placer, 1999b). The direction of Alpine and Dinaric thrusting is indica-

ted by arrows. Carboniferous rocks of the Southern Alps and the Dinarides are shaded in dark gray (see legend). Note the rectangle for the location of 

the pre-Mid or pre-Late Oligocene nappe structure shown in Fig. 7.___________________________________________________________________
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are not differentiated in the geological maps 1:100.000 of cen-

tral Slovenia, but are mapped as “Permocarboniferous” (see 

sheets Kranj: Grad and Ferjančič, 1974; Ljubljana: Premru, 

1982; Celje: Buser, 1977; Rogatec: Aničić and Juriša, 1984). 

However, Mlakar (1985/86, 1994/95a,b, 2001a,b) and Mlakar 

et al. (1992) provided the exact (pre-Variscan vs. post-Vari-

scan) stratigraphic position of some localities.

In the Trojane Anticline (northern anticline of the Sava Folds; 

Fig. 2) three pre-Variscan (Hochwipfel Fm.) and 14 post-Vari-

scan (fluvial sandstones of the Permian Gröden Formation and 

black shales of the Ladinian Pseudozilian Formation) samples 

were investigated. In the southern Litija Anticline six slates of

_____________

3.2 Analytical techniques

Vitrinite reflectance (VR) was used to determine the organic 

maturity of the samples. Vitrinite is formed by humification of 

higher plant remnants. During thermal maturation the reflec-

tance of non-polarized light on vitrinite (random VR; % Rr) 

increases. Rising temperature and stress result in observable 

reflectance anisotropy in polarized light. Measuring reflectan-

ce in polarized light during microscope stage rotation gives 

information about the maximum (% Rmax), the minimum (% 

Rmin) reflectance and the bireflectance (Rmax-Rmin). Poli-

shed samples cut perpendicular to the bedding of foliation are 

used to evaluate the reflectance anisotropy. The relationship

the Hochwipfel Formation and five 

samples of the Auernig Group have 

been taken near the village Litija. 

Thermal maturity data of Upper Tri-

assic (Carnian) coals and Cretace-

ous rocks are included in this study. 

In the Trnovo Nappe (W of Ljublja-

na; Fig. 2) the thermal overprint of 

three slates from the Hochwipfel For-

mation is compared with the over-

print of six samples from the Grö-

den Formation.

The exact stratigraphic pre- or post 

Variscan age of 27 Permo-Carboni-

ferous samples (according to the 

geological maps 1:100.000) in the 

Sava Folds and the Trnovo Nappe 

remains uncertain.

_________________

______________

Figure 3: Vitrinite reflectance (% Rmax / % Rmin) of pre-Variscan and post-Variscan Upper Carboniferous to Lower Permian sediments in the 

Carnic Alps, the South Karawanken Range and its eastern continuation – the Paški Kozjak  and the Konjiška Gora (Southern Alps)._______________

Figure 4: Vitrinite reflectance (% Rr) in the Naßfeld Section (redrawn from Schönlaub and Forke, 

2007) including the data of the Gartnerkofel1 (Gk1) well (Rainer and Rantitsch 2002) and the data of 

Rantitsch (2007). VR in the Gartnerkofel Nappe (Schönlaub and Forke, 2007) corresponds to the da-

ta from the southern segment of the tectonically lower Stranig Unit (Schönlaub and Forke, 2007), but 

shows lower VR values than the northern segment of the Stranig Unit.__________________________
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Figure 5: Vitrinite reflectance of pre-Variscan and post-Variscan sediments of the northern Dinarides (Sava Folds, Trnovo Nappe).____________

between random VR (% Rr) and maximum VR (% Rmax) was 

described by Koch and Günther (1995).

The investigated samples were mainly siliciclastic, e.g. dark 

slates, siltstones, sandstones and marls. Locally the maturity 

was also evaluated from coals or marly carbonates. VR mea-

surement was performed on whole rock samples with the ad-

vantage that the organic material can be studied in its original 

position within the mineral matrix. Weathered and oxidized or-

ganic remains can be more easily recognized. Oxidized vitrini-

tes, which may occur e.g. along the bedding planes of sand-

stones, are not incorporated in the present study due to some-

times dramatically reduced reflectance. Vitrinites and inertini-

tes can be distinguished from solid bitumen only in an undis-

turbed sample, organolite concentrates are unsuitable (Jakob, 

1989). Moreover, only polished blocks of whole rock samples 

cut perpendicular to the bedding lead to exact measurements 

of reflectance anisotropy.

Solid bitumen occurred mainly in carbonatic samples within 

pores and microfractures. However, since the reflectance of

__________________

_____________________________

solid bitumen differs from VR (Jakob, 1989; Schönherr et al., 

2007), the focus was put on measuring the reflectance of vi-

trinites. Solid bitumen reflectance is available for sample 377 

(Carnian; Sava Folds).

VR measurements were carried out using a Leica MPV-SP 

microscope and 50/0.85 and 125/1.30 oil immersion objecti-

ves and following standard procedures (Taylor et al., 1998). A 

synthetic garnet standard (1.69 % Rr) and a wolfram-carbid 

standard (7.24 % Rr) were used for calibration. The aim was 

to measure at least 30 particles per sample.

Random VR (% Rr) is an input parameter for the estimations 

of peak paleotemperatures after Barker (1988) or Barker and 

Pawlewicz (1994), which are widely used time-independent 

tools to convert VR values into paleotemperatures. In the pre-

sent study the formula Tpeak = (lnRr + 1.68)/0.0124 for burial 

heating after Barker and Pawlewicz (1994) is used. The for-

mula is calibrated up to 7 %Rr (Tab. 1 in Barker and Pawle-

wicz, 1994). According to Underwood et al. (1993) estima-

tes of paleotemperature should be rounded to the nearest 

_______________________________

______________
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10 °C. 

is roughly ±30 °C.

A LECO CS-300 TM analyzer was used to determine the to-

tal organic carbon (TOC = Corg) content of selected samples. 

The TOC describes the quantity of organic carbon in a rock 

sample, including both kerogen and bitumen. The analysis re-

sults are shown in the tables.

VR data for the Carnic Alps and the South Karawanken Range 

are presented in Figs. 3, 4 and Tabs. 1, 2. Data for the Sava 

Folds and Trnovo Nappe are shown in Figs. 5, 6 and Tabs. 

3a,b and 4. The maturity of all Carboniferous samples rea-

ches the anthracite, partly also the meta-anthracite stage of 

organic metamorphism (Taylor et al., 1998). This fits well with 

the observation that according to clay mineral diagenesis (Illi-

te-“Crystallinity”, contents in pyrophyllite and paragonite; Rai-

ner et al., 2003) the studied Carboniferous samples are late 

diagenetic to anchimetamorphic. Illite-“Crystallinity” data are

incorporated in the Tables of the present study. Pyrophyllite, 

detected in the Upper Carboniferous of the South Karawan-

ken Range (sample 963), is an indicator mineral for late dia-

genesis and anchizone. For additional data and details see 

Rainer et al. (2003). Cleavages e.g. parallel to the bedding 

give also indications of metamorphism (e.g. in Carboniferous 

slates and siltstones of the Sava Folds; Trajanova, 2001).

New VR data are available from the Carnic Alps, the South 

Karawanken Range and its eastern continuation – the Paški

The error associated with paleotemperature estimates 

___________________________________

__________________________

__

4. Results and Discussion

4.1 Carnic Alps and South Karawanken 

Range

Kozjak and the Konjiška Gora (Fig. 3). One sample from the 

area of the Julian Alps (S of the dextral Sava Fault) comple-

tes the set. Since no continuous stratigraphic sections from 

pre-Variscan to post-Variscan sediments were available, the 

samples were taken from “isolated” localities.

Organic maturity of the Hochwipfel Formation and the Auer-

nig Group at the Naßfeld Section (Carnic Alps) is presented 

in Fig. 4. The data (Fig. 4) prove a break of organic maturity 

across the northern trace of a thrust fault of uncertain age 

(Schönlaub and Forke, 2007) which was reactivated as a nor-

mal fault (Gartnerkofel Normal Fault) during Miocene times. 

This pattern may be explained by a thrust-related overprint of 

the autochthonous Stranig-Unit below the Gartnerkofel Nappe 

(Schönlaub and Forke, 2007).

Slates of the pre-Variscan Hochwipfel Formation of the Carnic 

Alps near Achomitz (Zahomec) and Thörl (Vrata) show VR va-

lues from 5.63 to 6.72 % Rmax. One sample (949) has an ab-

normally high VR value (9.21 % Rmax). In coarser parts of the 

samples also “graphitic particles” were recognized. The “gra-

phitic particles” usually have a fine anisotropic mosaic texture.

As demonstrated by the values at the Wurzen Pass (Korens-

ko sedlo), NW of Ljubelj and N of Zg. Jezersko (5.43 to 7.33 

% Rmax), the maturity pattern within the central Carnic Alps 

is prolonged to the South Karawanken Range.

Post-Variscan slates and carbonates of the Auernig Group 

north of Jesenice (Planina pod Golico) and NW of Ljubelj (Bä-

rental/Medvedje Dol) show VR values between 3.90 % (sam-

ple 159a) and 4.48 % Rmax, corresponding to Rr values be-

tween 2.58 and 3.20 % Rr. These maturity values are slightly 

higher than VR of other Upper Carboniferous to Lower Permi-

an (Pečar, 1985/86; Jurkovšek, 1986, Budkovic, 1999; Brenčič

_____________

_________________________

____________

Figure 6: Vitrinite reflectance (Rmax / Rmin) of Permo-Carboniferous rocks in the northern Dinarides (Sava Folds and Trnovo Nappe) with un-

certain stratigraphic position in relation to the Variscan discordance. Note also localities and vitrinite reflectance of Triassic and Cretaceous rocks (Rr) 

mentioned in the text. Samples presented in Figure 5 are shown as white icons.________________________________________________________
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Table 1: Vitrinite reflectance of Carboniferous pre- and post-Variscan sediments of the Carnic Alps (Southern Alps).________________________

_______________________

Note: Sampling location according to Slovenian Coordinate System; Sht: Sheet in Slovenian Atlas 1:50.000; Rr: mean random vitrinite reflectance; 

Stdev: standard deviation; n: number of measurements; PPT: peak-paleotemperature after Barker and Pawlewicz, 1994; Rmax: maximum vitrinite re-

flectance; Rmin: minimum vitrinite reflectance; BR: Bireflectance; IC: Illite-“Crystallinity” (taken from Rainer et al., 2002).

et al., 1995) black shales in the Jesenice area (1.9 and 2.3 % 

Rr; Rainer, 2003).

Locally north of Jesenice, slates with Rmax values >6 % were 

sampled (samples 159b and 390). Since the sample 159b 

was taken from the same outcrop as sample 159a (VR 3.90 

% Rmax), reworked organic material may have caused the 

high VR values. Sample 390 contains rock chips taken from 

the soil along a road cut and is therefore not shown in Fig. 3. 

The high Rmax values suggest a pre-Variscan age of the sam-

ple. However, no pre-Variscan strata was mapped in this area, 

therefore the region north of Jesenice should be re-evaluated, 

when new geological maps are available.

The mean random VR for selected samples of the Hochwip-

fel Formation and the post-Variscan Auernig Group within the 

South Karawanken Range varies from 2.58 to 4.54 % Rr (see 

Tab. 2). According to the equation of Barker and Pawlewicz 

(1994) these values correspond to peak-paleotemperatures of 

210 to 260 ± 30 °C. This is consistent with results of numeric 

1D basin models for the Carnic Alps (Rantitsch, 1997) and 

the South Karawanken Range (Rantitsch and Rainer, 2003), 

indicating that the Auernig Group at the base of the Alpidic 

sedimentary cycle was heated to 200-270 °C during Mesozoic 

maximum sedimentary burial.

In the eastern continuation of the South Karawanken Range, 

in the area of the Paški Kozjak mountain ridge (E of Velenje,

___________________________________

_________________

__________________________

situated between the PL and the Sostanj Fault), post-Variscan 

Carboniferous slates show a similar thermal overprint as the 

South Karawanken Range (4.33 – 4.42 % Rmax). A higher ma-

turity was recognized at the Konjiška Gora (S of Konjiška Vas), 

where slates, presumably with a post-Variscan age, reach 6.78 

% Rmax. However, the high thermal overprint suggests a pre-

Variscan age of these sediments.

A thermal overprint similar to the Naßfeld section (Fig. 4) 

and the area north of Jesenice (Rainer, 2003) is recognized 

in the Julian Alps, south of the dextral Sava Fault (see Fig. 2). 

Clastics of the post-Variscan Auernig Group reach 2.04 % Rr. 

In that area rocks of the South Karawanken Range are over-

lain by the Triassic sequence of the Julian Alps (Ramovš and 

Kochanksy-Devide, 1979; 1981). Generally the thermal matu-

rity of Mesozoic rocks in the Julian Alps is lower than the ma-

turity of the South Karawanken Range and the Slovenian Ba-

sin (e.g. Rainer, 2003, Rainer et al., 2005).

In summary, the present study broadens the data base of 

thermal maturity data in the area of the Carnic Alps and the 

South Karawanken Range. The maturity data of the investiga-

ted localities fit well with published data from sections across 

the Variscan discordance (Rantitsch et al., 2000, Rantitsch, 

2007) and confirm the missing break in thermal overprint across 

the Variscan discordance in the Carnic Alps and the South Ka-

rawanken Range. A local variation of organic maturity within

_______________________

_______________
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the Naßfeld section is explained by Alpine thrust faulting.

Maturity at the base of the “Alpine” sedimentary cycle (Auer-

nig Group) is similar in the Carnic Alps, the western part of 

the South Karawanken Range (Jesenice area and NW of Lju-

____ belj) and the basement of the Julian Alps. Data from the Trö-

gern section are significantly higher and indicate an eastward 

increase in thermal overprint in the post-Variscan cover se-

quence (Rantitsch and Rainer, 2003). This eastward increase

Table 2: Vitrinite reflectance of Carboniferous pre- and post-Variscan sediments of the South Karawanken Range and its eastern prolongation 

(Southern Alps).

Note: Sampling location according to Slovenian Coordinate System; Sht: Sheet in Slovenian Atlas 1:50.000; Rr: mean random vitrinite reflectance; 

Stdev: standard deviation; n: number of measurements; PPT: peak-paleotemperature after Barker and Pawlewicz, 1994; Rmax: maximum vitrinite re-

flectance; Rmin: minimum vitrinite reflectance; BR: Bireflectance; IC: Illite-“Crystallinity” (taken from Rainer et al., 2002)._______________________

Table 3a: Vitrinite reflectance of Permian to Cretaceous sediments of the Sava Folds (Northern Dinarides).______________________________

______

Note: Sampling location according to Slovenian Coordinate System; Sht: Sheet in Slovenian Atlas 1:50.000; Rr: mean random vitrinite reflectance; Stdev: 

standard deviation; n: number of measurements; PPT: Peak-paleotemperature after Barker and Pawlewicz, 1994; Rmax: maximum vitrinite reflectance; 

Rmin: minimum vitrinite reflectance; BR: Bireflectance; IC: Illite-“Crystallinity” (taken from Rainer et al., 2002); TOC: Total Organic Carbon content.
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in thermal maturity is also visible in Triassic sediments (Ran-

titsch and Rainer, 2003; Rainer, 2003). It may reflect a higher 

geothermal gradient or a thicker overburden succession accu-

mulating during basinal subsidence in the Trögern area.

The interpretation of the VR pattern in the Jesenice area is 

hampered by an uncertain stratigraphy and has to be confir-

med by further studies.

In the area of the Trojane Anticline (i.e. northern anticline of 

the Sava Folds; Fig. 5a) dark slates of the pre-Variscan Hoch-

wipfel Formation reach VR values up to 5.64 % Rmax, where-

as VR in the post-Variscan rocks of the Permian Gröden For-

mation and the Middle Triassic (Ladinian) Pseudozilian Forma-

tion reaches 5.58 and 6.21 % Rmax, respectively. It is impor-

tant to note, that Lower Cretaceous rocks (e.g. near the village 

Marija Reka) at the northern limb of the Trojane Anticline also

_____

_______________________________

4.2 Northern Dinarides (Sava Folds and 

Trnovo Nappe)

reach a similar maturity (5.10 % Rmax). Locally, especially in 

the western part of the Trojane Anticline (between Obrše and 

Šentgotard), “graphitic particles” with a fine anisotropic mo-

saic texture occur (Fig. 6). These particles are not favourable 

for reflectance measurements, due to their small size and the 

mosaic texture.

In the Litija Anticline (southern part of the Sava Folds; Fig. 

5b) VR values in slates of the Hochwipfel Formation are simi-

lar (5.06 - 6.08 % Rmax) to VR values in rocks of the Auernig 

Group (5.42 - 5.92 % Rmax).

In the Trnovo Nappe west of Ljubljana (Fig. 5c), slates of 

the Hochwipfel Formation show VR values between 5.53 and 

5.93 % Rmax, whereas VR of drift wood in the Permian Grö-

den Formation from the former Uranium mine at Žirovski Vrh 

ranges from 4.75 to 6.58 % Rmax. Coaly sandstone of the 

Gröden Formation from the abandoned copper mine near 

Čerkno reaches 6.73 % Rmax.

VR of Permo-Carboniferous slates of uncertain stratigraphic 

position in relation to the Variscan discordance results in simi-

lar maturity data (Fig. 6). VR results of Triassic and Cretace-

ous rocks are also shown in Fig. 6.

The VR data clearly show that in the northern Dinarides of 

central Slovenia (Sava Folds, Trnovo Nappe) the post-Variscan 

rocks reach the same maturity level as the pre-Variscan one. 

The high thermal maturity of the post-Variscan sedimentary 

cycle is also demonstrated by cross-plots of bireflectance [% 

Rmax – % Rmin] vs. % Rmax and % Rmax vs. % Rr (Fig. 7). 

Triassic (Ladinian Pseudozilian Fm.) and Lower Cretaceous 

rocks in the Trojane Anticline (e.g. near Marija Reka) and Cre-

taceous rocks from the Slovenian Basin W of Ljubljana (e.g. 

near Zali Log) suffered the same thermal overprint as the pre-

Variscan Upper Carboniferous sediments. This is also appro-

ved by clay mineralogical investigations (Rainer et al., 2002), 

which indicate that Cretaceous rocks reach the anchizone.

Presented mean random VR of Carboniferous to Cretaceous 

rocks in the Sava Folds and the Trnovo Nappe varies from 

3.75 to 5.18 % Rr (see Tabs. 3a,b and 4). According to the 

equation of Barker and Pawlewicz (1994), these VR values 

correspond to peak-paleotemperatures of 240 to 270 ± 30 °C.

Carnian coals from the N Dinarides east and west of Ljub-

ljana (Orle, Drenov Griž, Horjul; Fig. 6) show a slightly lower 

thermal maturity (Fig. 7): Rmax ranges from 3.31 to 4.53 %. 

The mean random VR of 2.69 - 3.38 % Rr correspond to 

peak-paleotemperatures of ~215 to 235 °C +/- 30 °C.

In the Sava Folds no break in thermal maturity between pre-

Variscan Carboniferous slates and post-Variscan Carbonife-

rous to Lower Cretaceous sediments is recognized. According 

to Rainer (2003) high thermal maturity characterizes Upper 

Cretaceous rocks (Fig. 6): VR in Aptian to Cenomanian rocks 

near Smlednik (NW of Ljubljana) is ~2.5 % Rr, VR in Turonian 

to Senonian marls of the southern limb of the Trojane Anticline 

(S of Limbarska Gora) is ~2.4 % Rr, VR in coeval marls from 

the northern limb of the Litija Anticline (near the villages Ples 

and Konjšica) is ~2.5 % Rr, and VR in Upper Cretaceous 

black marls from a quarry N of Gameljne (N of Ljubljana) is

__________________________

_________________________

_____________________

__

______

Figure 7: (a) Rmax versus Rr and (b) Bireflectance (Rmax - Rmin) 

versus Rmax cross-plots of pre- and post-Variscan sediments of the 

Sava Folds, the Trnovo Nappe and the Dinaric Carbonate Platform. 

Selected samples of the Slovenian Basin are included._____________
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1.9 to 2.3 % Rr. Consequently, the thermal overprint was achie-

ved during post-Senonian (post-Maastrichtian) times. On the 

other hand, VR in middle Oligocene rocks of the Pannonian 

Basin System preserved in the synclines of the Sava Folds 

shows a much lower thermal overprint (~0.4 % Rr; Sachsen-

hofer et al., 2001). Therefore, a post-Late Cretaceous pre-Mid 

Oligocene thermal overprint is responsible for the high maturi-

ty of Carboniferous to Cretaceous sediments at the NW edge 

of the Dinarides. Considering the equation of Barker and Paw-

lewicz (1994) the Upper Cretaceous (Senonian) rocks experi-

enced a paleotemperature of ~190 °C, whereas the Middle 

Oligocene deposits reached only ~60 °C.

During Cenozoic times the Dinaric (Mid Eocene-Lutetian), 

South-Alpine (Mid to Late Oligocene) and Alpine (Mid to Late 

Miocene) orogenic events affected the Alpine-Dinaric transi-

tion zone. Deep burial due to thrusting can cause a thermal 

overprint. The thermal effect of nappe stacking is fairly easy 

recognizable when VR data are integrated into a tectono-stra-

tigraphic framework.

In the area of the Sava Folds, a pre-Mid (Late?) Oligocene 

nappe structure is reported from the Litija Anticline (Mlakar, 

1985/86; Fig. 8). The uppermost tectonic unit, the Dolsko over-

thrust, rests on top of the Žiri overthrust (Mlakar, 1985/86). 

The latter, mainly composed of Upper Paleozoic clastic rocks, 

is locally thrusted onto the Dinaric Carbonate Platform. The

________________

stDolsko overthrust can be divided into a lower (“1  part”) and 
ndan upper tectonic slice (“2  part”). Mainly Middle and Upper 

Triassic carbonate rocks occur in the lower part, whereas the 

upper part starts with Upper Paleozoic strata and terminates 

with Upper Triassic sediments.

The integration of the VR data into the tectono-stratigraphic 

model of Mlakar (1985/86) shows a maturity inversion between 

the upper and lower part of the Dolsko overthrust (Fig. 8a). If 

the VR data of all investigated overthrust units are ordered 

according to their depositional age, a clear stratigraphic “top 

to bottom” increase from Upper Triassic (~3.2 % Rr) to Lower 

Carboniferous (>4 % Rr) strata is recognized (Fig. 8b). Con-

sequently, the pre-Mid or Late Oligocene nappe piling post-

dates the thermal overprint.

No other Dinaric (Paleogene) thrusts are known in the study 

area, which could have caused the thermal overprint. The in-

tensive folding and uplift of the W-E oriented Sava Folds with-

in the Sava compressive wedge during the Miocene (post-Sar-

matian) or presumingly Pliocene (Placer, 1999a) post-dates 

the pre-mid Oligocene maturation of the Paleozoic and Meso-

zoic basement.

This proves that nappe stacking in this region had no impact 

on the thermal maturity. Consequently, the regional maturity 

pattern is a result of basin subsidence. Most likely the accu-

mulation of thick Paleogene flysch sediments in the vicinity of

_________________________

___________________________

Table 3b: Vitrinite reflectance of Carboniferous pre- and post-Variscan sediments of the Sava Folds (Northern Dinarides).

Note: Sampling location according to Slovenian Coordinate System; Sht: Sheet in Slovenian Atlas 1:50.000; Rr: mean random vitrinite reflectance; Stdev: 

standard deviation; n: number of measurements; PPT: Peak-paleotemperature after Barker and Pawlewicz, 1994; Rmax: maximum vitrinite reflectance; 

Rmin: minimum vitrinite reflectance; BR: Bireflectance; IC: Illite-“Crystallinity” (taken from Rainer et al., 2002); TOC: Total Organic Carbon content.

___________________

______
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Table 4: Vitrinite reflectance of pre- and post-Variscan sediments of the Trnovo Nappe (Northern Dinarides).

Note: Sampling location according to Slovenian Coordinate System; Sht: Sheet in Slovenian Atlas 1:50.000; Rr: mean random vitrinite reflectance; Stdev: 

standard deviation; n: number of measurements; PPT: Peak-paleotemperature after Barker and Pawlewicz, 1994; Rmax: maximum vitrinite reflectance; 

Rmin: minimum vitrinite reflectance; BR: Bireflectance; IC: Illite-“Crystallinity” (taken from Rainer et al., 2002); TOC: Total Organic Carbon content.

______________________________

______

Figure 8: Pre-Middle or pre-Late Oligocene nappe structure of the southern Sava Folds. The maturity study indicates a pre-tectonic thermal over-

print of the sediment stack. At the transition zone from the Sava Folds to the Dinaric Carbonate Platform ?pre Middle - Late Oligocene thrusting caused 

a disruption of the former uniform Upper Carboniferous to Triassic sediment sequence (a). The observed vitrinite reflectance values show a clear top-

to-bottom increase from Upper Triassic (~3.2 % Rr) to Lower Carboniferous (>4 % Rr) strata (b). Therefore a pre-tectonic thermal overprint of the tran-

sition zone from the Sava Folds to the Dinaric Carbonate Platform is confirmed._________________________________________________________

the uplifting Dinaric orogen has caused the post-Late Creta-

ceous pre-Mid Oligocene thermal overprint of the Alpine-Di-

naric Transition Zone (Rainer, 2003; Rainer et al., 2005). Due 

to uplift, the thick Paleogene flysch sediments were subse-

quently eroded in the area of the Sava Folds and the Trnovo 

Nappe. However, these sediments are preserved on the Adri-

atic-Dinaric Carbonate Platform (e.g. SW Slovenia, Croatia) 

and in eastern Friuli (Italy), where according to Tunis and Ven-
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turini (1992) the thickness of the Upper Cretaceous to Middle 

Eocene sediment stack exceeds 4000 m.

Early Cenozoic heating overprinted the earlier Late Paleozoic 

to Mesozoic thermal events (e.g. related to Permian and Mid-

dle Triassic magmatic activity or Triassic-Jurassic rifting). Also 

the Maastrichtian “Eoalpine phase”, which caused a maturity 

break between Upper Cretaceous and Lower Paleogene rocks 

in the well Cargnacco-1 (near Udine/Italy; Fig. 3; Fantoni et al., 

2002), is not recognizable in the Alpine-Dinaric Transition 

Zone. VR of flyschoid overstep sequences in the Soča-valley 

(W Slovenia), resting on the Trnovo Nappe, decreases con-

tinuously from Upper Cretaceous rocks in the north (e.g. ~2 

% Rr; near Most na Soči) to Eocene rocks in the south (e.g. 

~0.8 % Rr; Goriška Brda; Rainer, 2003).

The comparison of the thermal overprint of pre-Variscan and 

post-Variscan rocks of the eastern Southern Alps and the nor-

thern Dinarides leads to the following conclusions:

Neither in the eastern part of the Southern Alps, nor in the 

northern Dinarides a break in coalification can be recogni-

zed across the “Variscan discordance”.

Consequently the post-Variscan thermal overprint during 

Permo-Mesozoic passive continental margin evolution and/ 

or Cenozoic Alpine orogeny reached at least the same in-

tensity as the Variscan (Late Carboniferous) one.

In the northern Dinarides (Sava Folds, Trnovo Nappe) Trias-

sic and Cretaceous rocks reached a similar thermal maturity 

as the Pre-Variscan ones. Therefore also in these regions 

the Alpidic thermal overprint exceeded the Variscan one.

The Alpidic thermal overprint in the northern Dinarides (Sa-

va Folds, Trnovo Nappe) occurred in post-Late Cretaceous 

and pre-Mid Oligocene times. This is testified by a substan-

tial gap in thermal maturity across the Upper Cretaceous – 

Middle Oligocene unconformity.

The Early Cenozoic thermal overprint in the northern Dina-

rides was strong enough to reset the earlier Late Paleozoic 

and Mesozoic thermal events, maybe related to Permian 

and Middle Triassic magmatic activity or Triassic-Jurassic 

rifting.

Nappe stacking in the northern Dinarides had no impact on 

regional maturity patterns.

Thermal maturity of post-Variscan Permo-Carboniferous 

rocks of the northern Dinarides is generally higher than in 

the South Karawanken Range and the Carnic Alps. This is 

a result of both, a deeper burial during Permo-Mesozoic 

basin subsidence and an accumulation of thick Paleogene 

flysch sediments during the Paleocene to Eocene Dinaric 

orogeny.
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