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governed by climate. Burial diagenesis usually resulted in 
only moderate dolomitization, either in connection with 
compactional fluid flow or via thermal convection. The Tri-
assic fault zones provided conduits for fluid flow that led to 
both replacive dolomitization and dolomite cement precipi-
tation. In the Late Triassic extensional basins, synsedimen-
tary fault-controlled dolomitization of basinal deposits was 
reconstructed.

Keywords Diagenesis ·  Fault-related dolomite · 
Organogenic dolomite · Reflux · Stable isotopes · Thermal 
convection · Triassic · Tethys margin

Introduction

Dolostone and dolomitic limestone of Late Permian–Late 
Triassic age appear in a number of sedimentary succes-
sions in the Transdanubian Range (TR) of NW Hun-
gary. They form large masses with a total thickness of 
2.5–3 km, whereas only a negligible amount of dolomite 
was detected in the post-Triassic carbonate formations. A 
wide variety of dolostones and dolomite-bearing forma-
tions evolved in this domain, reflecting various deposi-
tional settings and diagenetic histories. In several cases, 
coeval completely dolomitized, partially dolomitized and 
non-dolomitized carbonates of similar depositional facies 
occur with preserved transitional intervals. Due to these 
characteristics, the TR can be considered as a natural labo-
ratory providing a unique opportunity to study multi-phase 
dolomite genesis. The aim of this paper is to identify the 
main controlling factors of dolomite-forming processes by 
comparing a number of case studies of polygenetic dolo- 
stones formed on the Tethys margin during a given geo-
logic time period.

Abstract In the Transdanubian Range (Hungary), dolo- 
stone and dolomitic limestone appear in a number of sedi-
mentary successions formed from the Late Permian to the 
Late Triassic in various depositional settings and under 
various diagenetic conditions, whereas only a negligible 
amount of dolomite was detected in the post-Triassic for-
mations. Seven dolomite-bearing units representing ramp, 
small and large carbonate platforms, and intraplatform 
basin settings are presented in this synopsis. In most cases, 
multi-stage and polygenetic dolomitization was inferred. 
The main mass of the dolostones was formed via near-sur-
face diagenetic processes, which were commonly preceded 
by the formation of synsedimentary dolomite. Accordingly, 
surficial conditions that prevailed during sediment deposi-
tion controlled the dolomite-forming processes and thus the 
lateral extension and the time span of dolomitization. The 
area of episodic subaerial exposure was a critical control-
ling factor of the lateral extension of the near-surface dolo-
mite genesis, whereas its temporal extension was mostly 
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Interpretation of dolomite-forming processes can help 
to reveal the relationship of dolomite genesis with palaeo- 
environmental, depositional, diagenetic, and tectonic pro-
cesses, and with certain stages of basin evolution. Infer-
ences of our studies on various Triassic dolostones and 
dolomite-bearing units in the TR can be applied to evaluate 
the dolomitization history of similar successions formed in 
a vast region along the margin of the Tethys Ocean, and 
may also be considered for the interpretation of dolomite 
genesis under similar conditions in other regions and other 
periods of the Earth’s history. Interpretation of dolomite-
forming processes can provide a basis for the analysis of 
their relationships with depositional, diagenetic, and tec-
tonic processes and stages of basin evolution, with signifi-
cant implications for hydrocarbon exploration and hydro-
geologic research.

Geologic setting

The Transdanubian Range (TR) is a NE–SW-trending chain 
of moderately elevated mountains and hills, extending for 
a length of about 200 km (Figs. 1, 2). The Transdanubian 
Range Unit is an Upper East Alpine (Austroalpine)-type 
nappe, which was not affected by Alpine metamorphism 
(Fodor et al. 2003; Tari and Horváth 2010). In the early 

period of the Alpine plate-tectonic cycle the TR was located 
between the South Alpine and Upper East Alpine realm, as 
a segment of the Adriatic margin of the Neotethys Ocean 
(Fig. 3; Haas et al. 1995; Mandl 2000; Gawlick 2000).

After a long continental rifting stage from the Late Per-
mian to the early period of the Middle Triassic, the opening 
of the Neotethys Ocean commenced during the middle part 
of the Middle Triassic in the Alpine–Carpathian–Dinaric 
domain (Csontos and Vörös 2004). In connection with the 
opening, crustal extension led to development of a seg-
mented topography also along the continental margins of 
the young narrow oceanic basin; grabens and submarine 
highs came into being (Budai and Vörös 1992). The open-
ing of the ocean continued during the Late Triassic to Early 
Jurassic. On large parts of the passive margin thick plat-
form, carbonate successions were formed, whereas much 
thinner pelagic sequences accumulated in the basins (Haas 
et al. 1995). In the course of the ocean opening, attenua-
tion of the crust continued. This resulted in the acceleration 
of the subsidence and downfaulting of blocks in the near- 
oceanic external belt of the continental margin, which is 
manifested in step-by-step drowning of the carbonate plat-
forms from the latest Triassic to the Early Jurassic.

The main stages of the evolution of the depositional 
area of the TR in the studied time range are the following 
(Budai and Vörös 1992; Budai et al. 1993; Haas and Budai 
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1995, 1999; Budai and Haas 1997; Haas 2012; Haas et al. 
2012; Figs. 4, 5):

•	 Late Permian transgression, leading to the establish-
ment of alluvial plain (Balatonfelvidék Sandstone), 
coastal sabkha (Tabajd Formation), and shallow marine 
lagoonal environments (Dinnyés Dolomite) under semi-
arid to arid climatic conditions.

•	 Marine inundation of the entire TR area at the Permian/
Triassic boundary, followed by mixed siliciclastic–car-
bonate shallow ramp sedimentation during the Early 
Triassic (Köveskál, Arács and Alcsútdoboz Forma-
tions), mostly during a semi-arid climate with a signifi-
cant humid pulse in the early Olenekian (Hidegkút and 
Csopak Formations).

•	 Cessation of siliciclastic input led to carbonate depo-
sition on the ramp during the Early Anisian (Aszófő 
and Megyehegy Dolomite, Iszkahegy Limestone), still 
under arid to semi-arid climatic conditions.

•	 As a consequence of the Middle Anisian extensional 
tectonic activity the former carbonate ramps were dis-
sected along normal faults. Asymmetric hemipelagic 
basins came into existence above the downfaulted 
blocks (Felsőörs Limestone), whereas isolated carbon-

ate platforms evolved on the relatively elevated ones 
(Tagyon Formation). Larger platforms developed during 
the latest Anisian to earliest Carnian interval (Budaörs 
Dolomite), and volcanic tuff interbeds formed along 
with hemipelagic carbonates in the basins (Buchenstein 
and Füred Formations). The semi-arid climate persisted 
during this evolutionary stage.

•	 Humid climate in the late Early Carnian (Carnian 
Pluvial Event) led to the onset of filling up of the 
intraplatform basins by fine siliciclastic sediments 
(Veszprém and Csákberény Formations). The basin 
infill was completed during the early Late Carnian in 
the south-western part of TR (Sándorhegy Formation), 
whereas new basins developed in the north-eastern 
part of the area (Mátyáshegy and Csővár Limestone 
Formations).

•	 Levelled topography gave rise to the development of 
an extremely extended carbonate platform system in 
the latest Carnian. Semi-arid climate prevailed dur-
ing the first stage of the platform evolution (Fődolomit 
Formation; equivalent of Hauptdolomit and Dolomia 
Principale, respectively), which gradually changed to 
semi-humid conditions in the middle part of the Norian 
(Dachstein Limestone).
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•	 A large extensional basin formed in the south-western 
part of the TR in the Late Norian to Rhaetian, in con-
nection with the opening of the Penninic Ocean basin 
(Alpine Tethys). In the Rhaetian, as a result of the 
increasing humidity, carbonate sedimentation (Rezi 
Dolomite) was replaced by deposition of fine siliciclas-
tic sediments (Kössen Formation) in this basin.

The extensional regime was maintained and differ-
ential subsidence continued during the Jurassic into the 
Early Cretaceous. Above an attenuated continental crust, 
pelagic carbonate sediments formed on the articulated 
bottom, and the Permian‒Triassic formations reached the 
deep burial zone (2–5 km). A crucial compressional defor-
mation event occurred in the mid-Cretaceous that resulted 
in the formation of the large synclinal structure of the TR 

(Haas 2012 and references therein). This was followed by 
uplift and intense erosion during the Turonian–Coniacian 
interval that resulted in the denudation of the entire Juras-
sic–Lower Cretaceous succession and even a large part of 
the Triassic sequence in the limbs of the syncline (Haas 
2012 and references therein). Accordingly the Triassic 
carbonates were first raised to a near-surface position at 
this time. Similar tectonically controlled uplift, denuda-
tion and fracturing occurred in several stages during the 
Cenozoic. The fault-related fluid circulation and teloge-
netic processes (calcitization, precipitation of fracture-
filling cements and locally hydrothermal minerals, pow-
derization) significantly altered or completely destroyed 
the original fabric of the dolostones over large parts of 
the TR (e.g. Esteban et al. 2009; Győri et al. 2011; Poros 
et al. 2012, 2013).

Fig. 3  Palaeogeographic setting of the Transdanubian Range Unit (modified after Haas et al. 1990)
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Materials and methods

This paper is mostly based on the investigation of samples 
collected during the past 5 years within the framework of 
a project dedicated to the study of dolostones in the TR. 
Twenty-one natural outcrops and quarries and 13 cored 

wells were sampled. A total of 141 samples were taken 
for petrographic, mineralogical and geochemical stud-
ies. In addition to the new samples, petrographic analyses 
were carried out on about 1600 archive thin sections pre-
pared previously during geological mapping projects and 
the National Key Section Project. The samples and thin 

Fig. 4  Stratigraphic setting of the dolostones and dolomite-bearing 
formations in the TR (modified after Haas and Budai 1995, 1999). 
Abbreviations: CsH Csővár Hills, FL Felsőörs Limestone Formation, 

SD Sédvölgy Dolomite Member, SH Sándorhegy Formation, RD Rezi 
Dolomite Formation, MF Mátyáshegy Formation, CsL Csővár Lime-
stone Formation, RH Mb Remetehegy Member
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sections are stored in the repository of the Geological and 
Geophysical Institute of Hungary and in the collection of 
the MTA-ELTE Geological, Geophysical and Space Sci-
ence Research Group.

The methods used in the studies of the project were 
described in the following papers: Haas et al. (2014a, b, c, 
2015) and Hips et al. (2015, 2016). Investigation of fluid 
inclusions was possible only in three cases (studies of 
Middle Triassic dolomitized platform carbonates; Carnian 
dolomitized reef limestone; Carnian-Norian dolomitized 
slope and basinal carbonates) due to lack of suitable inclu-
sions. The majority of the stable isotope data presented 
here had been published in the previously listed research 
papers; however, the data of the Lower Triassic and the 
Anisian carbonates are first published here. The samples 
were taken by a dental drill, but in most cases the selective 
sampling was not successful due to the small size of the 
components, therefore the data are marked as bulk on the 
diagram. All the samples of the project were measured in 
the Institute for Geological and Geochemical Research of 
the Hungarian Academy of Sciences, using the same instru-
ment. The analyses were carried out using the continu-
ous flow technique (Spötl and Vennemann 2003), and the 

calcite and dolomite reaction conditions and fractionation 
factors described by Rosenbaum and Sheppard (1986). The 
13C/12C and 18O/16O ratios were determined in CO2 gases 
liberated by phosphoric acid using a Finnigan delta plus XP 
mass spectrometer (Thermo Fisher Scientific, Bath, UK). 
Standardization was conducted using laboratory calcite 
standards calibrated against the NBS 18 and NBS 19 stand-
ards. During the measurement of the dolomite samples a 
laboratory dolomite standard (DST; calibrated to NBS-19 
in analyses at 25 °C) was used. All samples were meas-
ured at least in duplicate, and the mean values are in the 
traditional δ notation in parts per thousand (‰) relative to 
Vienna Pee Dee Belemnite (VPDB). Reproducibility is bet-
ter than ±0.1 ‰ for δ13C and ±0.15 ‰ for δ18O.

Petrographic and geochemical characteristics 
of the dolomite‑bearing formations 
and interpretation of the dolomite‑forming 
processes

Characteristics of the investigated Triassic dolomite-bear-
ing formations are summarized in Table 1, and the stable 
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isotope values measured in dolomite samples of the studied 
formations are presented in Fig. 6.

Lower Triassic (Induan–Olenekian) dolomitized 
shallow marine mixed siliciclastic‑carbonate rocks

The Lower Triassic succession of the TR is made up 
mainly of carbonates with variable amounts of siliciclastics 
(Haas et al. 1988). During the Induan, the sediments were 
deposited in tidal flat, lagoon and ooid shoal environments 
(Köveskál Dolomite, Arács Marl, and Alcsútdoboz Lime-
stone Formations; Fig. 4). Following siliciclastic sedimen-
tation during a humid episode, sea level drop and a decrease 
in terrigenous input (Haas et al. 2012) led to the formation 
of shallow lagoonal carbonates (Hidegkút Dolomite). Dur-
ing the late Olenekian, silty marl with partially dolomitized 
carbonate tempestite interlayers were deposited in a middle 
to outer ramp setting (Csopak Marl Formation; Fig. 4). A 
strikingly similar Lower Triassic succession (Werfen For-
mation) occurs in the Southern Alps; peritidal dolostones in 
the Induan (Andraz Horizon), and the upward shallowing 
Olenekian succession (Cencenighe and San Lucano Mem-
bers) (Broglio Loriga et al. 1990).

Five lithofacies types have been differentiated in the 
studied cores, such as dolomitic siltstone and sandstone 

(Fig. 7a, b), silty and sandy dolostone, dolostone (Fig. 7c), 
dolomitic limestone (Fig. 7d) and limestone. The silici-
clastic rocks are made up of quartz, quartzite, mica, glau-
conite grains and other clay minerals. Replacive dolomite 
and ankerite were found in the first two lithofacies types; 
either as poikilotopic crystals enclosing quartz grains 
(Fig. 7a) or as fine-to medium crystals among the quartz 
grains (Fig. 7b). The crystals exhibit zonation as revealed 
by SEM-BE. The fabric-preserving and fabric-destructive 
dolomite textures are characterized by nonplanar-anhe-
dral crystals of various sizes ranging from very fine to 
medium (Fig. 7c). The replacive dolomite is either non-
ferroan or ferroan, and a ferroan dolomite overgrowth rim 
was observed on some crystals in fractures or vugs. In the 
dolomitic limestone lithofacies coarse subhedral ferroan 
dolomite crystals replaced the bioclasts and ooids, whereas 
the intergranular pore space is filled by calcite and ferroan 
calcite (Fig. 7d). The replacive dolomite crystals exhibit 
undulose extinction in all lithofacies. Microfacies of the 
limestone is nodular mudstone, bioclastic wackestone 
and grainstone. All rock types are cut across by fractures 
cemented with coarse dolomite cement.

The presence of sulphates, namely gypsum and anhy-
drite (Fig. 7b), characterizes the dolomitic siltstone and 
sandstone. These minerals occur as poikilotopic crystals 

Table 1  Lithology/lithofacies types of the studied rock bodies, paragenetic sequence of the dolomite phases and interpretation of the dolomite-
forming processes

Chronostratigraphic 
units,

depositional facies

Lithostratigraphic 
units Lithofacies types or lithology Dolomite phases in paragenetic sequences Processes Diagenetic realm

dolomitic limestone 1. finely to coarsely crystalline replacive dolomite fault-controlled, buoyancy-
driven convection intermediate burial

laminated dolostone 2. coarsely crystalline dolomite cement fault-controlled, buoyancy-
driven convection intermediate burial

massive dolostone
Lf A  calcrete/dolocrete 1. finely crystalline dolomite aggregates organogenic precipitation synsedimentary
Lf B  stromatolite 2. very finely to medium crystalline replacive dolomite reflux near-surface

Lf C massive dolostone and 
dolomitic limestone 
(wackestone/packstone/grainstone)

3. finely to coarsely crystalline dolomite cement fault-related intermediate burial

non-dolomitized to slightly 
dolomitized reef limestone 1. finely crystalline dolomite aggregates organogenic precipitation synsedimentary

selectively dolomitized reef limestone 2. finely to coarsely crystalline replacive dolomite compaction-related fluid flow intermediate burial

dolostone with calcareous remnants 3. medium to coarsely crystalline dolomite/calcite cement fault-related intermediate burial

dolostone  
thin-bedded/laminated dolostone 1. aphanocrystalline dolomite precipitate organogenic precipitation synsedimentary

massive dolostone 2. finely crystalline replacive dolomite tidal pumping in mesohalin 
setting synsedimentary

3. medium crystalline replacive dolomite pervasive, thermal convection intermediate burial
4. dolomite overgrowth cement pervasive, thermal convection intermediate burial

Lf A  calcrete/dolocrete 1. finely crystalline dolomite aggregates organogenic precipitation synsedimentary

Lf B  stromatolite 2. very finely to finely crystalline replacive and cement dolomite combination of pedogenic and 
reflux synsedimentary/near-surface

3. finely to medium crystalline replacive dolomite reflux near-surface

4. (a) finely to medium crystalline replacive dolomite pervasive, thermal convection intermediate burial
5. medium to coarsely crystalline cement; (a) dolomite, (b) 
calcite+dolomite fault-related intermediate burial

dolostone 1. very finely to finely crystalline replacive dolomite reflux near-surface
dolostone with evaporite nodules 2. medium to coarsely crystalline dolomite cement reflux near-surface

calcareous/dolomitic siltstone and 
sandstone 1. very finely to medium crystalline replacive dolomite reflux near-surface

silty and sandy dolostone 2. finely to coarsely crystalline replacive and cement ferroan 
dolomite-ankerite fault-controlled brine-mixing intermediate burial

dolostone
dolomitic limestone
limestone

7. Carnian-Norian 
dolomitized slope and 
basinal carbonates

Mátyáshegy 
Formation, Csővár 
Formation

1. Lower Triassic 
dolomitized shallow-
marine mixed siliciclastic-
carbonate rocks

Köveskál Dolomite, 
Arács Marl, 
Alcsútdoboz 
Limestone, Hidegkút 
Formation, Csopak 
Formation

2. Lower Anisian ramp 
dolostone Aszófő Dolomite

3. Middle Anisian 
platform dolostone (a) 
and dolomitic limestone 
(b)

Tagyon Formation

4. Middle Triassic 
(uppermost Anisian-
Ladinian) dolomitized 
platform carbonates

Budaörs Dolomite

5. Carnian partially and 
selectively dolomitized 
reef limestone

Ederics Limestone

6. Carnian-Norian 
dolomitized and partially 
dolomitized platform 
carbonates

Gémhegy Dolomite, 
Fődolomit Formation, 
Fenyőfő Member

Lf C  massive dolostone, dolomitic 
limestone, limestone 
(boundstone/grainstone)
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in patches, as fibrous crystals filling fractures and anas-
tomosing vugs, and also as nodules. Barite and sulphides 
(pyrite, sulphosalts, subordinately galena and chalcopyrite) 
post-date all the previous minerals and occur in fractures or 
form patches in all the various lithofacies types.

Pressure dissolution resulted in the formation of stylo-
lites. Replacive dolomite was locally observed along stylo-
lites. Ferroan calcite replaces some of the dolomite in the 
dolomitic limestone, and it also appears as a fracture-fill 
both pre- and post-dating stylolitization.

Stable isotope geochemistry

The stable oxygen and carbon isotope pattern of the Lower 
Triassic rocks are characterized by negative δ18O and both 
negative and positive δ13C values (Fig. 6). The δ18O values 
range from −9.3 to −4.2 ‰, whereas the δ13C values range 
from −1.6 to 4.7 ‰.

Interpretation

The petrographic features suggest multistage dolomiti-
zation. The first stage of the dolomitization took place in 
the shallow burial realm, as proposed earlier by Haas et al. 
(1988). Occurrence of gypsum and anhydrite in the Induan 

beds indicates arid conditions. Accordingly, reflux circula-
tion of fluids within the sedimentary succession is assumed. 
The observed replacive non-ferroan, nonplanar-anhedral 
dolomite likely belongs to this stage. A more humid cli-
mate in the Olenekian most probably terminated the reflux 
of the fluids. The lack of the non-ferroan replacive dolo-
mite phase in the Olenekian rocks is in accordance with 
this assumption.

The ferroan dolomite, ankerite, barite and sulphide par-
agenesis represents a subsequent event in the diagenetic 
history of the Lower Triassic rocks. This mineral associa-
tion suggests an influx of metal-transporting fluids, which 
ascended along faults from the underlying Permian evapo-
rite and red sandstone beds. The fluids reacted with the wall 
rocks and became acidic and reducing (cf. Dill 2010). This 
resulted in (1) dissolution and transport of Fe and other 
cations (such as Sb, As, Cu, Zn, Hg), most probably from 
the Permian red sandstone, (2) dissolution of vugs in the 
Lower Triassic limestone/dolostone, (3) replacement of the 
remaining calcite phases by ferroan dolomite–ankerite, and 
(4) precipitation of sulphides and barite in the last stage.

Stable C-isotope values of most of the Lower Trias-
sic samples are more negative than all the other investi-
gated dolomites, which is in accordance with the docu-
mented negative shifts on C-isotope curves representing the 

Fig. 6  Stable isotope values measured in dolomite samples from 
the TR. The arrows illustrate ranges of values, which are interpreted 
as being typical for the indicated dolomite-forming processes in the 

Triassic succession of TR. The plot is primarily based on previously 
published data (for references see the legend included in the figure)
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aftermath of the Permian–Triassic boundary event (cf. Cor-
setti et al. 2005). The reasons put forward are: (1) release 
of methane from gas hydrates, (2) input of CO2 of volcanic 
origin, and (3) release of CO2 from the degrading biomass 
caused by the mass extinction (Corsetti et al. 2005). The 
negative oxygen isotope data could be explained by the 
elevated temperature of the metal-bearing, dolomitizing 
fluid, but a proposed increase of 8 °C in tropical sea surface 
temperatures has to be taken into consideration, as well 
(Joachimski et al. 2012).

Lower Anisian ramp dolostone

In the early Anisian, carbonate deposition became pre-
vailing on the shallow ramp as a result of significant 
reduction in the fine terrigenous siliciclastic input; 50- to 
250-m-thick, laminated to thin-bedded dolomite was 
formed (Aszófő Dolomite Formation; Fig. 4). In many 
cases, the sedimentary fabric of the precursor rock was 
completely destroyed by dolomitization but successions 
with moderately to well-preserved sedimentary fabric also 
occur. In the latter cases, cyclic alternation from shallow 
subtidal to evaporite-bearing supratidal facies was observed 

(Haas et al. 1988). There is a tens of metres thick transi-
tion zone between the entirely dolomitized formation and 
the overlying limestone. The transitional section is charac-
terized by alternation of dolomitized and non-dolomitized 
intervals.

Similar to the TR, Lower Anisian inner ramp dolomites 
are also widespread in the Dolomites (Lower Serla Dolo-
mite), in Lombardy (Carniola di Bovegno) (De Zanche 
et al. 1993; Gianolla et al. 1998) and in the Northern Cal-
careous Alps (Reichenhalle Formation) (Spötl and Burns 
1991).

Based on microfacies investigations, completely dolo-
mitized oolitic grainstone and peloidal wackestone charac-
terize the lower part, whereas peloidal wackestone or mud-
stone is common in their upper part of the cycles. In the 
latter part, mm-sized anhydrite and gypsum nodules, dolo-
mite–calcite pseudomorphs after gypsum crystals (Fig. 8a, 
b), and pores after dissolution of evaporites were observed. 
The matrix is usually replaced by very finely crystalline 
dolomite. Micritized bioclasts and ooids are common, 
although dolomite cement-filled moulds of molluscs also 
occur. In certain laminated evaporite-bearing deposits, des-
iccation cracks and rip-up clasts are common.

A

1000 µm

B

1000 µm

C

1000 µm

1000 µm

D

Fig. 7  a Nonplanar-anhedral dolomite among quartz grains in dolo-
mitic sandstone, crossed polars, well Kk-9, 377.7 m (Köveskál Dolo-
mite Formation). b Nonplanar-anhedral dolomite-ankerite among 
quartz and quartzite grains in dolomitic sandstone, crossed polars, 
well Bsz-3, 887.5 m (Hidegkút Formation). c Skeletal fragments of 

echinoderms and molluscs in fabric retentive dolomite, stained thin 
section, well Kk-9, 356.2 m (Köveskál Dolomite Formation). d Fer-
roan dolomite replaces bioclasts in dolomitic limestone, stained thin 
section, well Gát-1, 277.6 m (Arács Marl Formation)
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Stable isotope geochemistry

The δ13C and δ18O values of the samples taken from com-
pletely dolomitized peloidal and mudstone deposits are 
within a rather narrow range; δ13C from 2.3 to 3.1 ‰ and 
δ18O from −4.1 to −2.1 ‰ (Fig. 6).

Interpretation

Decreasing terrigenous input at the beginning of the Ani-
sian reflects increasing aridity, which was accompanied 
by rising sea level (Haas et al. 2012). Oolite shoals were 
established in the high-energy parts of the carbonate 
ramp and carbonate mud deposited in the protected low-
energy back-shoal zone. The subsequent sea level fall 
led to increasing restriction of the inner platform and, 
accordingly, to increasing salinity. This is reflected in the 
low diversity fossil assemblage (Haas et al. 1988). In the 
hypersaline water, gypsum crystals were precipitated, 
which were transformed into nodules during diagenesis. 
On the prograding mudflat, sabkha with ephemeral pools 
formed. Reflux of the evaporated sea water caused com-
plete dolomitization of the previously deposited evaporite-
bearing carbonate sediment. The δ18O values are somewhat 
depleted in 18O, which seems to be in contradiction to the 
reflux dolomitization. However, the extremely hot climate, 
which prevailed from the Permian–Triassic boundary until 
the early Anisian (Joachimski et al. 2012; Sun et al. 2012), 
may have caused a negative shift of the δ18O values. This 
interpretation is also supported by similarly depleted val-
ues reported from coeval evaporitic dolostone (Reichenhall 
Beds) in the Northern Calcareous Alps (Spötl and Burns 
1991). The cycle of shallow marine carbonate accumula-
tion during rising sea level, and reflux dolomitization dur-
ing subaerial exposure periods, was repeated several times 

due to changes in sea level. The long-term trend of rising 
sea level later led to cessation of recurring subaerial expo-
sure episodes, which in turn terminated the dolomitization 
processes.

Middle Anisian platform dolostone and dolomitic 
limestone

Disintegration of the carbonate ramp led to formation of 
small platforms and deeper basins in the Middle Anisian. 
On the platforms, 50- to 100-m-thick cyclic platform car-
bonate sequences were formed (Tagyon Formation; Fig. 4). 
The metre-scale cycles consist of subtidal beds with frag-
ments of shallow marine fossils, intertidal stromatolite beds 
and calcrete/dolocrete caps. Most of the platform carbon-
ates were subjected to complete dolomitization. However, a 
small platform in the area of the Balaton Highland consists 
mostly of limestone with both partially and entirely dolo-
mitized intervals (Haas et al. 2014b).

The corresponding isolated platforms of the Southern 
Alps are either partially dolomitized (e.g. the Upper Serla 
Formation and the Contrin Formation) in the Dolomites, or 
non-dolomitized (e.g. Dosso dei Morti Limestone in Lom-
bardy, Gaetani et al. 1981; De Zanche et al. 1993; Gianolla 
et al. 1998).

In the partially dolomitized rock bodies, various fabric-
selective dolomite types were observed. In the cap hori-
zons, pedogenic nodules, glaebules, and coated grains are 
mostly composed of very finely to finely crystalline dolo-
mite, although the intragranular micropores are generally 
filled by very finely crystalline calcite, and less frequently 
by dolomite of similar crystal size (Fig. 9a, b). The dolo-
mitic stromatolite beds exhibit clotted micrite microfabric. 
In the subtidal beds, scattered, irregular aggregates of very 
finely crystalline dolomite, and/or 15- to 200-μm-sized 

A B

1000 mμ 400 mμ

Fig. 8  Photomicrographs showing characteristic features of evapor-
itic wackestone–mudstone facies that commonly occur in the upper 
part of the depositional cycles (Aszófő Formation). a Medium crys-
talline dolomite with calcite-filled moulds after dissolution of gypsum 
crystal aggregates. Stained thin section. Road cut exposure at Aszófő, 

Balaton Highland. b Coarse crystalline dolomite with cement-filled 
dissolution pores after evaporates. The pore is filled by medium-
to-coarse crystalline mosaic calcite and dolomite. In some cases, 
the dolomite occurs in the form of inclusion within calcite crystals. 
Stained thin section. Well Bsz-3. 658 m
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euhedral, subhedral and anhedral dolomite crystals or crys-
tal clusters occur in the micritic fabric elements (small 
peloids, micritic nodules, cortex of oncoids, and micritic 
envelope of various grains) testifying micrite-selective dol-
omitization. The small pores among the micrite nodules are 
occluded by finely crystalline calcite cement. The mm- to 
cm-sized vuggy pores are lined by calcite cement. Coarsely 
crystalline mosaic calcite and/or coarsely crystalline dolo-
mite occur in the central part of the vugs (Fig. 9d).

In several horizons, mostly in the uppermost 20 m of 
the formation, entirely dolomitized rocks occur. In these 
intervals, fabric-destructive dolomite prevails, although 

ghosts of some grains (e.g. peloids, bioclasts, and oncoids) 
are locally recognizable. This dolomite is typically fine-to-
medium crystalline, exhibiting planar-subhedral and non-
planar-anhedral texture (Fig. 9c) with coarsely crystalline 
dolomite cement in vugs (Fig. 9d). Saddle dolomite occurs 
locally as the last cement phase in these vugs.

In the completely dolomitized part of the formation (in 
the north-eastern part of the Balaton Highland; Figs. 4, 
5), the pedogenic and microbial fabric in the upper part of 
the cycles is well preserved (Fig. 10a–c). In the subtidal 
beds, dolomitization usually preserved the sedimentary 
fabric and the crystal morphology of the precursor early 

1000 mμ 1000 mμ

400 mμ
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Fig. 9  Photomicrographs showing characteristic fabrics of the par-
tially dolomitized rock bodies (Tagyon Formation). a and b Pedo-
genic glaebules and mm-sized coated grains composed of very finely 
to finely crystalline dolomite. The intragranular micropores are filled 
by finely crystalline calcite. The irregular pores among the grains 
are usually lined by inclusion-rich bladed calcite whereas medium 
crystalline mosaic calcite cement fills the inner part of the pores. 
Stained thin section; well Drt-1, 125.4 m. c Micrite nodule with 

clusters of euhedral to anhedral dolomite. Stained thin section; well 
Drt-1, 112.6 m. d Coarsely crystalline calcite and coarsely crystalline 
dolomite vug-filling cement phases. Stained thin section; well Drt-
1, 112.6 m. e Fine-to-medium crystalline planar-euhedral-subhedral 
dolomite; stained thin section; well Drt-1, 75.8 m. f Coarsely crystal-
line planar-subhedral dolomite in medium crystalline nonplanar-anhe-
dral and planar-subhedral dolomite; well Drt-1, 84.9 m
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diagenetic cements. However, in many cases, only ghosts of 
the grains are visible. In some beds, biomoulds after dasy-
cladalean algae are abundant. Fibrous dolomitized cement 
occurs locally among the remnants of dasycladalean algae 
(Fig. 10c). The smaller vugs are filled with fine-to-medium 
crystalline dolomite, whereas medium-to-coarse dolomite 
cement occurs in the larger (mm-sized) vugs (Fig. 10d).

Stable isotope geochemistry

There is a remarkable difference between the δ18O values 
of the dolomites from the pervasively dolomitized and the 
partially dolomitized successions, whereas the δ13C values 
are similar (1.1–2.9 ‰ for the completely dolomitized and 
1.4–3.0 ‰ for the partially dolomitized sequences; Fig. 6; 
for further details see Haas et al. 2014b).

The δ18O values of calcite cements sampled from the 
partially dolomitized succession yielded −2.9 ‰ for fibrous 
calcite, and −4.4 ‰ for fracture-filling bladed calcite. Bulk 
samples taken from the slightly dolomitized limestone with 
micrite matrix and pore-filling calcite cement yielded more 

negative δ18O values (−5.7 and −5.4 ‰). These values are 
within the range measured on bulk samples of fabric reten-
tive and fabric-destructive dolomite (−6.2 to −3.4 ‰). The 
most negative δ18O values were measured in coarsely crys-
talline calcite cement (−7.3 ‰) and in medium-to-coarse 
crystalline dolomite cement (−7.4 ‰).

The δ18O values measured on bulk samples of fabric 
retentive, moderately to poorly fabric retentive and fabric-
destructive samples of the pervasively dolomitized suc-
cession range between −2.0 and +1.4 ‰. The separately 
sampled dolomitized cements (replaced fibrous and bladed 
calcite cement) are characterized by values of −2.2 to 
0.1 ‰. The most negative δ18O value (−3.9 ‰) was meas-
ured on medium-to-coarse crystalline vug-filling dolomite 
cement phase.

Interpretation

High-frequency sea level oscillation controlled the sedi-
mentation of the Middle Anisian isolated carbonate plat-
forms where cyclic successions of alternating shallow 
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Fig. 10  Photomicrographs showing characteristic fabrics of the 
completely dolomitized rock bodies (Tagyon Formation). a Stroma-
tolite with aphanocrystalline prostrate threads and faint clotted mic-
rite, surrounded by very fine-to-fine crystals. Szentkirályszabadja 
Quarry. b Pedogenic coated grains. Both the grains and the inter-
granular cement were subjected to micritization, microsparitization 
and replacive dolomitization. Szentkirályszabadja Quarry. c Bio-
clastic grainstone. Clotted micrite envelope preserved the outlines 

of the dasycladalean algae fragments and filled their internal hollow. 
The biomoulds are filled by finely crystalline dolomite. Dolomitized 
fibrous cement (arrows) occurs between the micrite-coated skeletal 
fragments (which were later dissolved). Szentkirályszabadja Quarry. 
d Vugs with coarsely crystalline zoned dolomite cement. In the cen-
tral part, late-stage calcite cement precipitated, post-dating the disso-
lution of dolomite crystals. Stained thin sections
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subtidal, tidal flat and palaeosol facies were formed. 
Based on studies performed on partially dolomitized sec-
tions, synsedimentary dolomite formation and near-sur-
face dolomitization were interpreted as the earliest stages 
of the dolomite genesis (Haas et al. 2014b). In the shallow 
subtidal lithofacies, fabric-selective porphyrotopic dolo-
mite occurs in microbial fabric elements (clotted micrite, 
micrite nodules, microbial crusts, cortex of oncoids) sug-
gesting organogenic Mg–Ca carbonate precipitation and/
or selective replacement of the microbial high-Mg calcite 
(HMC) components. Organogenic Mg–Ca carbonate pre-
cipitation took place in the microbial tidal flat deposits. 
This primary carbonate precipitation was followed by 
progressive replacement of the carbonate sediments right 
beneath the surface. Pedogenic processes also resulted in 
dolomite formation. Dolomitic calcrete or dolocrete above 
the intertidal or truncated subtidal beds were developed in 
this way. In the partially dolomitized succession, intervals 
affected by complete fabric-destructive dolomitization 
were commonly found below subaerial exposure surfaces. 
This preferential stratiform dolomitization probably took 
place via reflux of evaporated sea water in a near-surface 
diagenetic setting.

Due to their dissimilar palaeogeographic settings, the 
burial history and related diagenetic conditions of the par-
tially dolomitized and the pervasively dolomitized plat-
forms were different (Haas et al. 2014b). In the latter case, 
after a short-term drowning episode platform conditions 
were restored giving rise to replacive dolomitization in a 
near-surface setting and in the course of burial. In contrast, 
in the case of the partially dolomitized platforms the rela-
tively thin platform carbonate succession was covered by 
basinal deposits, preventing any intense circulation which 
is required for complete burial dolomitization. By the Late 
Norian, the Middle Triassic platform carbonates reached 
the intermediate burial realm. Medium-to-coarse crystalline 
dolomite occluded the newly opened fractures and vuggy 
pores.

Middle Triassic (uppermost Anisian–Ladinian) 
dolomitized platform carbonates

In the Middle Triassic, rift tectonics led to the formation 
of topographic highs with thick carbonate platform suc-
cessions (Budaörs Formation; Figs. 4, 5) and coeval basins 
with limestone and tuff layers (Buchenstein and Füred For-
mations; Haas and Budai 1995).

Coeval carbonate platforms of various sizes are also 
known from the Southern Alps (De Zanche et al. 1993). In 
the Dolomites most of these platforms are pervasively dol-
omitized (Schlern = Sciliar Dolomite), but a few platforms 
(e.g. Latemar) were subjected only to partial dolomitiza-
tion of various origins (Hardie et al. 1986; Blendinger 

1997; Meister et al. 2013). Coeval platform carbonates 
(Wetterstein Formation) in the Northern Calcareous Alps 
and Western Carpathians were locally subjected to partial 
or complete dolomitization (Henrich and Zankl 1986; Lo- 
bitzer et al. 1990).

In the TR the platform succession consists of thick beds 
of massive dolomite; however, metre-scale cycles of alter-
nating massive dolomite and thin-bedded/laminated dolo-
mite lithofacies occur locally. These two lithofacies were 
subdivided into four fabric types, which occur systemati-
cally in accordance with the depositional succession (from 
bottom to top): (1) fabric-destructive dolomite and (2) 
bioclastic dolomite were found in the massive lithofacies, 
whereas (3) micritic dolomite and (4) microbial bound-
stone with fenestral pores characterize the thin-bedded/
laminated one. These dolomite fabric types are composed 
altogether of four dolomite phases: aphanocrystals (1), fine 
replacive crystals (2), medium-to-coarse replacive crystals 
(3) and overgrowth cement (4).

The fabric-destructive dolomite and bioclastic dolo-
mite are typified by medium and coarse crystals (Phase 3), 
and Phase 2 and Phase 4 are also present (Fig. 11a). In the 
bioclastic dolomite, the appearance and occurrence of the 
medium-to-coarse replacive crystals is heterogeneous. This 
dolomite (Phase 3) exhibits three crystal habits, which also 
differ in richness of solid inclusions and texture (Hips et al. 
2015). They are as follows: dark brown, inclusion-rich 
anhedral mosaics (3a); lighter brown, isopachous, elongate, 
anhedral crystals (3b); and less inclusion-rich subhedral‒
anhedral crystals (3c). The dark brown, mosaic crystals (3a) 
are distributed in irregular mottles and unequally attached 
to the surface of altered bioclasts (Fig. 11a). Blue-light illu-
mination of these mosaic crystals revealed bright green flu-
orescence. These features resemble a clotted micrite micro-
fabric characteristic for the microbial deposits (e.g. Monty 
1967, 1981; Défarge et al. 1996; Dupraz et al. 2004). 
Elongate dolomite crystals (3b) occur locally between the 
ghosts of bioclasts and in the primary intraparticle pores of 
skeletal fragments. These crystals exhibit undulose extinc-
tion, which moves into a uniform direction in sets of neigh-
bouring crystals. The less inclusion-rich, subhedral‒anhe-
dral crystals (3c) occur mainly as a biomould pore-filling 
phase post-dating the dolomite silt infilling.

The microbial boundstone fabric type is characterized 
by the ubiquitous presence of aphanocrystalline dolomite 
(Phase 1; Fig. 11b, c). Arrangement of the submicron-sized 
crystals shows the characteristic appearance of calcimi-
crobes, (Fig. 7a, b, in Hips et al. 2015), clotted–spherular 
aggregates and bundles of prostrate threads. Clotted aggre-
gates appear as spongy groundmass (Fig. 11c); accordingly 
they can hardly be sedimentary grains. Replacive fine crys-
tals (Phase 2) occur in all four fabric types and are the main 
component of the micritic dolomite fabric type. Both the 
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aphanocrystalline and the finely crystalline dolomites dis-
play dull red luminescence (Fig. 11d). Fenestral pores of 
the microbial boundstone are filled by Phase 3 dolomite, 
which exhibits blotchy luminescence, and dolomite cement 
(Phase 4). Phase 4 cement forming a limpid overgrowth on 
replacive crystals was observed in every fabric type. These 
cement crystals exhibit dull red luminescence with fine 
non-luminescent subzones.

Stable isotope geochemistry

In the largest pores of the microbial boundstone, the 
medium and coarse crystals (Phases 3 and 4) were micro-
drilled together, but separately from the heterogeneous 
part of the rock. All other measurements were made on 
bulk rock powder samples. The δ13C values of all analyses 
are similar, ranging between 2.2 and 3.9 ‰ (Fig. 6). The 
δ18O values of dolomite crystals from large pores (−4.3 to 
−1.7 ‰) are depleted in 18O relative to the values of the 

bulk samples. Bulk samples from microbial boundstone, 
micritic dolomite and bioclastic dolomite (potentially mix-
tures of all four dolomite crystal phases) yielded δ18O val-
ues of 0.2–1.2 ‰. The fabric-destructive dolomite has δ18O 
values in a wide range between −1.9 and 1.6 ‰.

Fluid inclusion petrography and microthermometry

Fluid inclusion data are available from two samples of 
microbial boundstone and from one sample of fabric-
destructive dolomite (Poros 2011; Hips et al. 2015). The 
primary two-phase aqueous inclusions of the medium and 
coarse crystals (Phases 3 and 4) gave a similar range in the 
homogenization temperatures from the microbial bound-
stone (72 and 79 °C) and from the fabric-destructive dolo-
mite (62 up to 83 °C). Entrapment temperatures of the fluid 
could not be calculated, but the homogenization tempera-
ture values still provide a valid measure of the minimum 
entrapment temperature (Goldstein and Reynolds 1994). 

A B

C D

Fig. 11  Photomicrographs showing the dolomite fabrics (Budaörs 
Dolomite) (Hips et al. 2015). a Bioclastic dolomite fabric with ghosts 
of dasycladalean algae. Dark brown, inclusion-rich mosaics (Phase 
3a; white arrows) delineate the biomoulds and form mottles (pink 
arrow). Dolomite silt at the bottom (orange arrow) and bands of less 
inclusion-rich mosaic crystals (Phase 3c and Phase 4; yellow arrow) 
filled the biomoulds. The grey areas consist of fine replacive crystals 
(Phase 2). b Framework structure of microbial boundstone fabric con-
sists of aphanocrystals, which densely arranged in bushy clot clusters 
(white arrow) and irregular mottles (double-headed white arrow). 
Abundant uniform, oval-shaped globules (double-headed white 

arrow) are embedded among the dense, submicron-sized crystals. The 
pore network is filled by coarser cement crystals (pink arrow). c Nod-
ular/reticulate lamina with aphanocrystals (Phase 1; white arrow), 
a mixture of aphanocrystals and fine crystals (Phases 1 and 2; yel-
low arrow) and medium crystals (Phase 3; pink arrow) in microbial 
boundstone fabric. d CL image of the same field of view shown in 
b. The aphanocrystals (white arrow) show dull red luminescence, the 
mixture of aphanocrystals and fine crystals (yellow arrow) show faint 
dull red luminescence and the medium crystals (pink arrow) show 
brighter spots in a non-luminescent background
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Only three inclusions were appropriate for salinity meas-
urements. All of them were hosted by the inclusion-rich 
core of the dolomite crystals (Phase 3). The salinity values 
calculated from the final melting temperatures, assuming a 
NaCl–H2O system, are 3.4, 3.8, and 6.4 NaCl eq. wt%.

Interpretation

Petrographic features of the bioclastic dolomite suggest 
the presence of three types of calcite precursors. The fea-
tures of the dark brown, mosaic crystals (Phase 3a) indicate 
organogenic precursor crystals, likely aphanocrystalline 
high-Mg calcite (HMC), which was precipitated in micro-
bial deposits rich in bioclasts. The lighter brown, elongate, 
anhedral dolomite crystals (phase 3b) exhibiting undulose 
extinction refer to fibrous calcite cement precursor (RFC; 
sensu Kendall 1985) precipitated after the formation of the 
aphanocrystalline phase. The features of the pore-filling, 
less inclusion-rich subhedral‒anhedral crystals (Phase 3c) 
refer to a calcite cement precursor (CAL).

Comparative petrographic analyses of microbial 
boundstone (exhibiting microbial microfabrics) and bio-
clastic dolomite (including dolomitized organogenic 
calcite) provide circumstantial evidence suggesting that 
the aphanocrystalline dolomite (Phase 1) did not form 
via mimetic replacement. The precipitation of the apha-
nocrystalline dolomite is interpreted as having been 
occurred in deposits of microbial films and mat favouring/
tolerating an increasing frequency of subaerial exposure 
in the upper intertidal setting. Therefore, the aphanocrys-
talline dolomite is interpreted as an organogenic primary 
dolomite precipitate.

The bulk rock δ18O values of the microbial boundstone, 
micritic dolomite and bioclastic dolomite significantly dif-
fer from the much more negative values of the coarser crys-
talline replacive and cement dolomites. It can be assumed 
that the crystal association of the aphanocrystals (Phase 1) 
and the fine crystals (Phase 2) are more enriched in heavier 
oxygen isotopes than the solid phase mixture of all dolo-
mite phases (cf. Banner and Hanson 1990)‒‒since bulk 
rock samples include the 18O-depleted crystal phases. The 
presence of mesohaline pore water is assumed during the 
precipitation of aphanocrystals (Phase 1; cf. Simms 1984) 
which likely occurred within buried, upper intertidal pus-
tular mat deposits (cf. Allen et al. 2009; Abed et al. 2010). 
Although evaporite minerals do not occur in the formation, 
hypersaline condition likely determined the synsedimen-
tary replacive dolomitization (Phase 2 crystals; Land 1983). 
This dolomitization phase was coupled with aragonite dis-
solution, and it post-dated the organogenic dolomite precip-
itation. This synsedimentary dolomitization occurred only 
in the peritidal caps of the shallowing-upward depositional 
units. Both peritidal processes (dolomite precipitation and 

replacement) were likely controlled by environmental fac-
tors in a semi-arid climate.

Those components of the platform succession that had 
not been dolomitized in the peritidal environment were 
replaced and cemented by medium and coarsely crystal-
line dolomite at elevated temperature in the intermediate 
burial realm (Hips et al. 2015, 2016). This process was 
not restricted to a particular depositional environment but 
affected the entire platform carbonate succession.

Carnian partially and selectively dolomitized reef 
limestone

A sea level rise, after the Carnian Pluvial Event, led to 
re-establishment and then progradation of the isolated 
carbonate platforms during the late Early Carnian high-
stand period. Massive carbonate bodies of reef facies were 
formed along the basinward margins of these platforms 
(Ederics Limestone) whereas cyclic peritidal successions 
were formed in the internal part of the platforms (Gém-
hegy Dolomite; Fig. 4). In the south-eastern part of the 
TR (Keszthely Mts.), the lower part of the reef limestone 
was locally subjected to low-grade partial dolomitization, 
whereas the upper part of the succession is usually entirely 
dolomitized. Multistage partial dolomitization of Carnian 
reef limestones, akin to that found in the Ederics Lime-
stone, was reported from the Northern Calcareous Alps 
(Henrich and Zankl 1986).

The following lithofacies types were distinguished 
(Haas et al. 2014a): (1) Non-dolomitized to slightly dolo-
mitized reef limestone characterized by boundstone and 
rudstone microfacies consisting of microbially encrusted 
calcareous sponges and colonial corals. A small amount of 
very finely crystalline dolomite aggregates and fine scat-
tered dolomite rhombs, i.e. porphyrotopic dolomite, were 
found in the irregularly laminated and commonly filamen-
tous micritic crusts (Fig. 12a). (2) Selectively dolomitized 
reef limestone with clusters of finely crystalline, planar-
subhedral dolomite and medium-sized porphyrotopic dolo-
mite crystals with inclusion-rich cores, occurring pref-
erentially in microbial fabric composed by filamentous 
and clotted micrite (Fig. 12b). (3) Heavily dolomitized 
limestone showing remnants of precursor fabric elements 
(Fig. 12c). (4) Dolostone with ghosts of grains of the pre-
cursor limestone (Fig. 12d). (5) Fabric-destructive dolo- 
stone characterized by irregular mottles of aphanocrys-
tals to coarse crystals (Fig. 12e). Dolostone character-
ized by unimodal medium, planar-subhedral crystals with 
inclusion-rich cores and clear rims is also included in this 
lithofacies.

In the selectively dolomitized and heavily dolomitized 
lithofacies, calcite-filled moulds, calcite bioclasts and 
vugs with isopachous calcite cement are common. Some 



1006 Int J Earth Sci (Geol Rundsch) (2017) 106:991–1021

1 3

of the vuggy pores crosscut partially dolomitized calcimi-
crobes and microbial crusts. No porphyrotopic dolomite 
was found, whether in isopachous cement, in calcite bio-
clasts or calcite-filled biomoulds. Accordingly, the mould 
and vug-creating dissolution, and the precipitation of the 
mould- and vug-filling calcite cement post-date the very 
finely crystalline dolomite generation. In some cases the 
bioclasts and calcite-filled biomoulds are completely or 
partially replaced by fine-to-medium crystalline planar-
subhedral and/or nonplanar-anhedral dolomite. Therefore, 
this generation of replacive dolomite post-dates the mould 
and vug-filling calcite cement. Completely dolomitized 
segments with ghosts of original sedimentary fabric ele-
ments, and replaced fibrous cement, as well as completely 

fabric-destructive dolomite may have formed, either during 
this stage or subsequently, but prior to the precipitation of 
medium crystalline dolomite and saddle dolomite cement 
representing the last dolomite phase (Fig. 12f). The latter 
phases are usually present in fractures or in the internal, 
remnant parts of growth-framework pores and in inter-
granular or vuggy pores in every lithofacies type, from reef 
limestone to completely dolomitized rock types.

Stable isotope geochemistry

The δ13C and δ18O values of the samples taken from vari-
ous fabric elements (micrite, microbial crust, and calcite 
cements) of the non-dolomitized or slightly dolomitized 

1000 µm

A B

600 µm

1000 µm

C

1000 µm

D

E

1000 mμ

F

1000 mμ

sd

sd

cal

Fig. 12  Petrographic features of a partially dolomitized Carnian reef 
limestone (Ederics Formation), Well Bet-1, Balatonederics, Kesz-
thely Mts. a Scattered porphyrotopic dolomite rhombs (planar-p) in 
filamentous microbial crust, 48.8 m. b Clusters and mottles of very 
finely crystalline dolomite and fine euhedral dolomite crystals in 
micritic components of the limestone, 64.5 m. c Mottles of fine-to-
medium crystalline planar-subhedral dolomite with inclusion-rich 

cores and clear rim, 64.5 m. d Ghosts of bioclasts (yellow arrows) in 
finely to coarsely crystalline dolomite, 77.1 m. e Very finely to finely 
crystalline dolomite with aphanocrystalline mottles, 69.0 m. f Pore-
filling saddle dolomite cement (sd), and coarsely crystalline calcite 
(cal) formed as a cement and via calcitization of the dolomite cement, 
129.7 m. Stained thin sections: a, b, e, f
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reef limestone lithofacies (δ13C: 3.0–3.2 ‰; δ18O: −3.8 to 
−2.7 ‰; Fig. 6) are within the range expected for calcite 
precipitated in equilibrium with Carnian seawater (Korte 
et al. 2005). Porphyrotopic dolomite was sampled and 
measured separately and gave values of 3.7 ‰ for δ13C and 
−3.5 ‰ for δ18O. Both δ13C and δ18O values of the finely 
crystalline dolomite measured in strongly dolomitized rock 
types are similar to those of the reef limestone but show 
a slightly wider range (δ13C: 2.7–4.1 ‰; δ18O: −4.3 to 
−2.0 ‰). Values of the dolomitized fibrous calcite cement 
(δ13C: 3.3–4.0 ‰; δ18O: −3.4 to −2.9 ‰) are within the 
field of finely crystalline dolomite. The values represent-
ing medium crystalline dolomite and coarsely crystalline 
saddle dolomite are typified by a narrow δ13C range (2.4–
3.1 ‰) but a wide δ13O range (−9.1 to −5.3 ‰).

Fluid inclusion petrography and microthermometry

Fluid inclusion studies were carried out on saddle dolomite 
samples. Primary fluid inclusions in saddle dolomite crys-
tals are 1–10 μm in size and their shape is irregular. The 
inclusions are commonly present along growth zones. They 
are two-phase (liquid–vapour) inclusions, when determina-
ble, with constant phase ratios (L:V = 90:10–95:5). Several 
secondary inclusions were also observed along cleavage 
planes. Microthermometry was carried out on the primary 
two-phase aqueous inclusions. The inclusions homog-
enized into liquid phase. Measured homogenization tem-
peratures fall between 60 and 98 °C. The vapour phase of 
the inclusions usually did not reappear during cooling to 
room temperature or below; therefore, it was not possible 
to measure the final melting temperature.

Interpretation

A series of diagenetic processes led to the partial dolomiti-
zation of the Carnian reefs. The diagenesis of the subma-
rine reef included biological encrustation of the skeletal 
components, microbially mediated and the abiotic cemen-
tation, bioerosion and mechanical destruction of the build-
ups. In this stage, Mg-rich carbonate (HMC, VHMC) 
microaggregates selectively formed in microbial mats and 
crusts. The very finely crystalline aggregates represent the 
earliest dolomite generation. It was succeeded by the for-
mation of the euhedral crystals around the tiny dolomite 
aggregates, which acted as the nuclei for the small dolo-
mite rhombs (cf. Choquette and Hiatt 2008). Then, in the 
course of burial, the individual crystals merged to dolomite 
mottles and the extension of the mottles led to the forma-
tion of finely crystalline replacive dolomite. The Carnian 
reef carbonates reached 1–1.5 km burial depth by the Late 
Norian. The negative δ18O values measured on medium-
to-coarse crystalline fracture and pore-filling dolomite 

cement indicate elevated temperature of the dolomitizing 
fluid. This is in accordance with the morphology of the 
crystals (saddle dolomite forms above 60 °C, Spötl and Pit-
man 1998) and the fluid inclusion data that gave minimum 
60 °C for the parent fluid.

Carnian–Norian dolomitized and partially dolomitized 
platform carbonates

In the Late Triassic, a ca 2.5-km-thick platform carbon-
ate succession was formed. The lower part of this cyclic, 
peritidal succession is completely dolomitized (Gémhegy 
Dolomite and Fődolomit Formations; Figs. 4, 5). There 
is a gradual transition between the dolostone (Fődolomit 
Formation) and the overlying limestone (Dachstein Lime-
stone). The transitional interval (Fenyőfő Member) is char-
acterized by alternation of entirely dolomitized, partially 
dolomitized and non-dolomitized segments (Balog et al. 
1999; Haas and Demény 2002).

Gradual transition between the Hauptdolomit and the 
internal platform facies of the Dachstein Limestone was 
locally observed also in the Northern Calcareous Alps 
(Mandl 2000), although detailed studies on the transitional 
interval have not been performed. The characteristics of the 
Dolomia Principale (Frisia 1994; Meister et al. 2013) are 
very similar to those of the Fődolomit Formation; however, 
due to a sea level fall, there is no marine record of the lat-
est Norian in the Southern Alps. Therefore, study of the 
gradual climate change signals is not possible in that area 
(Berra et al. 2010; Haas et al. 2015).

The 1- to 5 m-thick cycles are mostly bounded by nearly 
flat or slightly uneven bedding planes (Lofer cycles—cf. 
Fischer 1964, 1991). The entirely dolomitized succession, 
exhibiting depositional fabrics, is made up of an alterna-
tion of wackestone–packstone–grainstone beds with marine 
biota (Lithofacies C; Lf C) and stromatolite beds (Lithofa-
cies B; Lf B). The cycles are locally capped by a centimetre 
to tens of centimetres-thick, laminar, brecciated and rarely 
pisolitic pedogenic crust (Lithofacies A; Lf A—Balog et al. 
1999). The transitional unit is composed of an alternation 
of these lithofacies types, but additionally, a reddish or 
greenish lithoclastic, argillaceous carbonate layer (Lf A) 
may appear above the disconformity surface.

In the completely dolomitized formations, the stromato-
lite beds consist of clotted micrite and fenestral pores filled 
by fine-to-medium crystalline dolomite cement (Fig. 13a, 
b). In the Lf C beds, the degree of fabric preservation var-
ies between good fabric preservation (Fig. 13c, d) and 
complete fabric destruction. The fabric-destructive dolo-
mite is usually very finely to finely crystalline, exhibiting 
predominantly planar-subhedral texture. The crystals have 
inclusion-rich cores and limpid rims showing mottled and 
dull red CL, respectively.
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Very fine-to-medium crystalline dolomite occurs in the 
intergranular pores in the Lf C beds, as well as in larger 
vuggy pores and fractures in both the microbial beds (Lf B) 
and Lf C beds. This dolomite phase is always rich in inclu-
sions and it is commonly overgrown by medium-to-coarse 
crystalline clear dolomite cement (Fig. 13e, f).

In the transitional interval, both fabric-selective and 
non-selective dolomite types were observed. When fabric-
selective the clotted micrite of Lf B is usually dolomite; the 
fenestral pores are fringed by finely crystalline dolomite 

and usually filled by calcite (Fig. 14a), whereas scattered 
dolomite crystals occur in the micrite matrix of Lf C (por-
phyrotopic texture; Fig. 14b, c). When not fabric-selective 
the dolomite crystals occur in irregular mottles (Fig. 14d).

Stable isotope geochemistry

There is no obvious correlation between the degree of 
fabric preservation and the isotope values, nor are differ-
ences in the sedimentary fabric reflected in the isotope 
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Fig. 13  Common fabrics of the Gémhegy Dolomite and Fődolomit 
Formation. a Lf B—millimetre-sized domical structure in stroma-
tolite. Upper part of the Fődolomit Formation, Csákánykő Quarry, 
Vértes Mts. b Undulating laminated and clotted micritic microfabric 
of Lf B. Middle part of the Fődolomit Formation, Horogvölgy sec-
tion, Vértes Mts. c and d Peloidal grainstone with cement-filled 
moulds of skeletal fragments of bivalves and gastropods. Lower 
part of the Fődolomit Formation, Aranyosvölgy Quarry, Bakony 

Mts. e Microbial boundstone with fenestral pores. Lower part of 
the Fődolomit Formation, Aranyosvölgy Quarry, Bakony Mts. f CL 
image (overexposed) of the field of view shown in e. Aphanocrys-
talline dolomite has dull red luminescence (d1) and pores are lined 
by inclusion-rich, fine-to-medium crystalline dolomite with mottled 
luminescence (d2), which is overgrown by a dull red, zoned dolomite 
cement (d3)
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values. The δ18O values of both the Gémhegy Dolomite 
and the Fődolomit Formations are scattered within a 
narrow range from 0.5 to 3.1 ‰. These values are very 
similar to those reported from the early dolomite phases 
of the equivalent South Alpine Dolomia Principale (0.6–
3.0 ‰; Frisia 1994; Meister et al. 2013). The δ18O val-
ues for the Fenyőfő Member are comparable with the 
transitional features of this unit between the Fődolomit 
and the Dachstein Limestone (Fig. 6; for further details 
see Haas et al. 2015). The δ13C values range from 1.2 to 
3.8 ‰, within the range of Carnian to Norian sea water 
(Korte et al. 2005). The δ18O values of cements are always 
more depleted in 18O compared to the replacive dolomite 
values; the difference is 1–5 ‰. The δ13C values of the 
dolomite cement do not significantly differ from those of 
the replacive dolomite.

Interpretation

Synsedimentary and near-surface diagenetic processes 
led to the formation of dolomite in the wide internal zone 
of the Late Triassic carbonate platforms, where high-
frequency sea level oscillations resulted in the deposition 

of unconformity-bounded, metre-scale peritidal cycles 
(Haas et al. 2015). No near-surface dolomite was found 
in the coeval deposits of the permanently subtidal exter-
nal platform belt (Remetehegy Limestone Mb of the 
Dachstein Limestone; Figs. 4, 5). Thus, the recurring 
subaerial exposure in the supratidal zone appears to be an 
important controlling factor of the near-surface dolomite 
formation.

Selective occurrence of dolomite in the clotted mic-
rite microfabric of the laminated microbial deposits in 
the Fenyőfő Mb suggests synsedimentary organogenic 
precipitation of Mg–Ca carbonates (VHMC), which may 
have been the metastable precursor phases to dolomite. 
Dolomitization of the subtidal facies took place via reflux 
of evaporated sea water during longer-term subaerial epi-
sodes. The conditions of near-surface dolomitization were 
likely re-established during the successive exposure events, 
which resulted in the completion of the dolomitization of 
the subtidal facies.

The sea-level-controlled and unconformity-bounded 
cyclic facies pattern did not change significantly in the 
study area during the Late Triassic. Therefore, the upward 
decreasing dolomite content through the transitional part up 
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Fig. 14  Characteristic fabrics of the transitional interval (Fenyőfő 
Member and basal part of the Dachstein Limestone (s.s.)). a Stroma-
tolite—Lf B. Aphanocrystalline dolomite boundstone. The fenestral 
pores are rimmed by finely crystalline clear dolomite cement fol-
lowed by calcite cement. Basal part of the Dachstein Limestone (s.s.) 
well Po-89, 412.0 m, Bakony Mts. b Partially dolomitized peloidal, 

bioclastic grainstone—Lf C. Fenyőfő Mb, well Po-89, 467.5 m, 
Bakony Mts. c Partially dolomitized peloidal wackestone—Lf C. The 
echinoderm fragment (yellow arrow) was not affected by dolomitiza-
tion. Fenyőfő Mb, Epöl Quarry, Gerecse Mts. d Heavily dolomitized 
limestone—Lf C. Fenyőfő Mb, Epöl Quarry, Gerecse Mts. Stained 
thin sections
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to the overlying limestone suggests climatic control rather 
than a change in the depositional setting. The increasing 
humidity probably led to gradually decreasing intensity and 
finally almost complete cessation of the near-surface dolo-
mitization processes by the latest Triassic.

In the course of burial an extensional tectonic regime 
prevailed from the latest Norian to Middle Jurassic, leading 
to formation of fractures later cemented by dolomite. Rela-
tively low δ18O values of these dolomite cements indicate 
elevated temperature.

Carnian–Norian dolomitized slope and basinal 
carbonates

During the Late Triassic spreading stage, fault-controlled 
extensional basins developed near the platform margin. 
Biogenic silica and organic matter-rich carbonates were 
deposited in the basins. Cherty dolostone occurs in the 
lower part of the succession, progressing into cherty lime-
stone upsection (Mátyáshegy Formation in the Buda Mts, 
Csővár Limestone Formation in the Csővár Hills, Dan-
ube-East blocks; Figs. 2, 4; Haas 1994, 2002; Haas et al. 
1997).

Thick-bedded (10‒30 cm) dolostone contains grey or 
brown 5- to 10-cm-sized chert nodules and/or 1- to 2-cm-
sized angular chert clasts. In the Buda Mts, alternation of 
dark and medium grey laminae was commonly observed 
in the upper part of the dolostone succession. The crystal 
size moderately or significantly varies from fine to coarse 
(Fig. 15a). The medium-to-coarse saddle dolomite occurs 
as a replacive phase as well as a pore-filling cement. In the 
laminated dolomite, aphanocrystalline clots and peloids 
are minor components that are arranged into discontinuous 
bands (Fig. 15b). Very fine-to-fine dolomite crystals occur 
in the partially dolomitized limestone upsection.

The completely dolomitized part of the formation is char-
acterized by variously sized mottles resembling multiphase 
breccia fabric (Figs. 6, 7, 8 in Hips et al. 2016). The coarser 
crystalline mottles commonly cut across the boundary of fine 
and medium crystalline mottles. The latest phase is limpid 
saddle dolomite cement precipitated within a fracture-net-
work. No preserved sedimentary components or sedimentary 
fabric can be recognized inside the mottles/breccia clasts. 
The fine-to-medium, subhedral‒anhedral crystals have 
blotchy dull red luminescence, whereas the rhombohedral 
medium crystals display a core and growth zones of vari-
ously dull red luminescence. The medium and coarse anhe-
dral saddle dolomite crystals show dull red blotchy lumines-
cence, or they have a blotchy core and a faint red rim. The 
coarse saddle dolomite crystals exhibit variously intense dull 
red growth zones with a brighter red subzone under CL.

Stable isotope geochemistry

Only the fracture-filling saddle dolomite cement from 
large pores was measured separately; otherwise, bulk rock 
samples were analysed. The δ13C values of all samples are 
similar, ranging between 2.2 and 3.3 ‰ (Fig. 6). The δ18O 
values of the coarse saddle dolomite (ranging between −9.1 
and −6.0 ‰) are much more depleted in 18O relative to 
those of bulk samples of fine-to-medium crystalline dolo-
mite (−1.3 to 2.1 ‰). The bulk rock values, representing all 
phases together, yielded a δ18O range from −5.4 to −1.3 ‰.

Fluid inclusion petrography and microthermometry

Primary aqueous fluid inclusions of the medium crystal-
line replacive subhedral dolomite crystals and the saddle 
dolomite cement were analysed. In the core of the sub-
hedral crystals, isometric primary fluid inclusions are 
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Fig. 15  Photomicrographs of Upper Triassic dolomite (Mátyáshegy 
and Csővár Limestone Formations). a Mottles with irregular bounda-
ries consist of crystals of various sizes. The transition is commonly 
gradual between the mottles as shown by the gradually increasing 
crystal size (arrows), but sharp boundaries are also visible. Well Csv-

1, 638.0 m, crossed polars. b Finely crystalline dolomite with apha-
nocrystalline components occurring in lamina (arrow) and with scat-
tered medium subhedral crystals. Remnants of organic matter (brown) 
occur in intercrystalline pores and along solution seams; well Vh-1, 
242.3 m
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also present from 1 to 5 μm in size. They are all mono-
phase liquid inclusions, implying that the precipitation of 
the mineral occurred below 50 °C (Goldstein and Reyn-
olds 1994). Fluid inclusions are also present in the core 
and along growth zones of the saddle dolomite crystals. 
Microthermometry was carried out on the primary two-
phase inclusions of saddle dolomite crystals. The meas-
ured homogenization temperature values range between 
72 and 108 °C. The homogenization temperature values 
provide a reasonable approximation of entrapment tem-
peratures in this case, given the relatively low salinity of 
the fluid (Goldstein and Reynolds 1994). Five final melt-
ing temperatures were obtained, which range between 
−1.8 and −1.1 °C. These values are equivalent to a 
salinity range from 1.9 to 3.1 NaCl eq. wt%, assuming a 
NaCl–H2O system.

Interpretation

Fine-to-medium, subhedral‒anhedral crystals were 
interpreted as having been formed via a replacive pro-
cess (Hips et al. 2016). The primary monophase aque-
ous inclusions of the subhedral crystals indicate forma-
tion below 50 °C (cf. Goldstein and Reynolds 1994). 
The 70 °C minimum entrapment temperature of the 
saddle dolomite implies elevated temperature of the 
fluid compared to that of the replacive fine-to-medium 
crystals. The negative δ18O values of the saddle dolo-
mite crystals are also in accordance with these results 
(cf. Land 1983). The paragenetic sequence, the isotopic 
values and the fluid inclusion data indicate that the vari-
ous dolomites were formed by the same fluid at different 
temperatures rather than by various fluids of different 
compositions. Petrographic study revealed that the pecu-
liar breccia fabric is not inherited from the precursor 
carbonates, but was formed during the dolomitization 
process, possibly under the influence of repetitive seis-
mic shocks. As a result of rising temperature of the dolo-
mitizing fluid, the precursor carbonates were replaced by 
coarser and coarser and eventually by saddle dolomite 
that also precipitated as cement. Bed-parallel stylolites 
in the dolostone suggest that dolomitization took place 
in intermediate burial realm prior to the onset of chemi-
cal compaction.

The geologic setting and palaeontological data indicate 
that the elevated blocks, located among the fault-related 
extensional basins, were subjected to subaerial exposure in 
the Rhaetian (Haas et al. 2000, 2010). Under humid climate 
conditions, meteoric water lenses were established within 
these blocks. Mixing of the deeply circulated freshwater 
with the fault-channelled ascending fluid may have been 
possible in this setting, which in turn could explain the low 
salinity of the parent fluid.

Discussion

Dolomite‑forming processes

Comprehensive studies of dolomite-bearing formations of 
the TR revealed that dolomitization is never a single event 
but the result of series of diagenetic processes. It is of cru-
cial importance to determine the main phase of the dolo-
mitization that can be defined as the stage of transformation 
of the main mass of the CaCO3—dominated sediments or 
rocks into dolostone. This main phase may have been pre-
ceded by phases of protodolomite/dolomite-forming pro-
cesses usually resulting in small amounts of dolomite. In 
some cases, mostly in the partially dolomitized formations, 
traces of the early incipient dolomitization are preserved. 
Although the amount of the synsedimentary (penecontem-
poraneous) Ca–Mg carbonate phases was generally small, 
the dolomite, which formed via transformation of a very 
high-Mg calcite (VHMC) precursor, probably played an 
important role during subsequent dolomitization (Machel 
2004; Gregg et al. 2015). The main dolomitization phase 
was commonly followed by dolomite cement precipitation 
in open pores and fractures in rock-buffered settings and/
or in hydrothermal systems. In the course of the multiple 
dolomitization processes, various dolomite-forming mech-
anisms were in operation (Fig. 16).

Organogenic dolomite formation

Studies in various modern natural environments‒‒mostly 
in microbial mat or organic-rich carbonate deposits, located 
in peritidal settings‒‒pointed out the presence of VHMC 
or protodolomite (Wright 1990; Vasconcelos et al. 1995; 
Wright 2000; Mazzullo 2000; Wright and Wacey 2005; 
Dupraz et al. 2009; Bontognali et al. 2010). Laboratory 
experiments demonstrate the possibility of VHMC nuclea-
tion in microbe-secreted extracellular polymeric substances 
(EPS; Vasconcelos et al. 1995; Sánchez-Román et al. 2008; 
Bontognali et al. 2008, 2010; Spadafora et al. 2010). How-
ever, VHMC was also produced in the laboratory at ambient 
temperature without microbes (Gregg et al. 2015). Abiotic 
precipitation of dolomite within organic matter, with a high 
density of carboxyl groups has been demonstrated (Rob-
erts et al. 2013); furthermore, polysaccharide-catalysed and 
dissolved sulphide-catalysed precipitation of VHMC were 
also pointed out (Zhang et al. 2012a, b). VHMC is com-
monly regarded as the precursor to ordered dolomite (e.g. 
Zhang et al. 2015) although there is no unambiguous evi-
dence for this (Gregg et al. 2015).

Distinction of dolomite formed primarily as organogenic 
mineral from those that mimetically replaced the organo-
genic calcium carbonate precursor is extremely difficult in 
fossil microbial mat deposits. Additionally, in the case of 
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ancient rocks, it is not possible to determine whether dis-
ordered protodolomite or ordered dolomite precipitated 
primarily (cf. Wenk et al. 1993). In the studied Triassic 
formations, petrographic analyses provide circumstantial 
evidence for primarily precipitated organogenic protodo-
lomite/dolomite (Haas et al. 2014a, b, 2015; Hips et al. 
2015).

Organogenic dolomite formation, was interpreted both 
in subtidal and tidal flat settings. In the case of the subtidal 
setting the concept was based on petrographic evidence 
from two of the studied formations. Textures character-
istic of selective dolomitization of microbial fabric ele-
ments was observed in Carnian reef limestone. Clusters of 
fine crystals and scattered medium dolomite rhombs occur 
preferentially in filamentous crusts and in clotted micrite, 
whereas they are missing from calcite skeletal fragments, 

and from calcite cement phases. In the subtidal beds of 
Middle Anisian cyclic shallow platform deposits, dolomite 
rhombs of similar size were found in microbial crusts cov-
ering skeletal grains, in the cortex of oncoids, and in clot-
ted micrite nodules (Haas et al. 2014b). It is supposed that 
VHMC along with HMC crystals nucleated within micro-
bial organic matter (Haas et al. 2014a, b). The precipitation 
of organogenic minerals was followed by their stabilization 
and enlargement via a series of successive processes. This 
stabilization process was described from many limestones 
with HMC components (e.g. skeletal grains, or cement) 
whereby HMC is converted to LMC and microdolomite 
(e.g. Lohmann and Meyers 1977; Leutloff and Meyers 
1984).

Organogenic dolomite formation in tidal flat setting 
was assumed for microbial deposits. The formation of the 
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primary precipitates (HMC, VHMC) was succeeded by 
recrystallization and related cation ordering. In the case 
of the Carnian–Norian platform carbonates, a definite 
relationship between the microbial deposits and the syn-
sedimentary dolomite-forming processes was inferred in 
the transitional interval between the entirely dolomitized 
and selectively dolomitized parts of the succession (Haas 
et al. 2015). In this interval, the tidal flat microbialite beds 
have significant dolomite content, whereas the subtidal 
beds are either selectively dolomitized to various degrees 
or non-dolomitized. Fabric-selective occurrence of dolo-
mite crystals in the laminated microbial deposits sug-
gests organogenic precipitation of Mg–Ca carbonates. In 
the stromatolite beds, the clotted micrite is predominantly 
composed by dolomite whereas the fenestral pores are gen-
erally rimmed by dolomite cement post-dated by mosaic 
calcite cement (Haas 1995). The clotted micrite usually 
contains small amounts of dolomite in the stromatolite beds 
even in the lower part of the otherwise non-dolomitized 
Dachstein Limestone (i.e. in an interval directly above the 
transitional Fenyőfő Member). In the same interval, rip-up 
clasts derived from dolomitic stromatolite are common in 
the basal part of non-dolomitized subtidal beds (Haas et al. 
2015). These observations also support synsedimentary 
dolomite formation.

In the pervasively dolomitized Anisian‒Ladinian plat-
form carbonates, two dolomite fabric successions repre-
senting low- and high-energy tidal flat settings were dis-
tinguished (Hips et al. 2015). In the succession formed 
in the low-energy setting, aphanocrystalline organogenic 
dolomite precipitation prevailed in the uppermost part 
of the deposits, followed by synsedimentary replacive 
dolomitization triggered by tidal pumping. In the succes-
sion formed in high-energy setting, thick beds of fabric-
destructive dolomite alternate with thin layers of bioclastic 
dolomite and overlying microbial boundstone. According 
to the interpretation based on petrographic features of the 
dolomite textures, organogenic dolomite precipitated in the 
microbial boundstone, whereas organogenic calcite (HMC) 
formed in the bioclastic dolomite. In the microbial bound-
stone, the aphanocrystals form calcimicrobes and clotted 
micrite. In the bioclastic dolomite, the supposed HMC 
was partly replaced by fine dolomite crystals in a peritidal 
environment and partly by dark brown, medium crystal-
line, mosaic crystals during further burial. It is therefore 
assumed that the aphanocrystalline phase in the microbial 
boundstone formed primarily whereas the HMC in the bio-
clastic dolomite was replaced non-mimetically.

Pedogenesis-related dolomite formation

Example of pedogenesis-related dolomite formation was 
found in the Middle Anisian cyclic platform succession 

(Haas et al. 2014b). The sea level lowering resulted in ero-
sion and pedogenesis, including dissolution of aragonite 
bioclasts, e.g. dasycladalean algae, via reaction with mete-
oric fluid. On the subaerially exposed carbonate platforms, 
under semi-arid climatic conditions, carbonate soils, i.e. 
calcretes/dolocretes, developed (Haas et al. 2012, 2014b). 
Thin pedogenic crusts were also encountered in the Upper 
Carnian to Norian platform succession both in the entirely 
dolomitized and in the partially dolomitized transitional 
sections (Balog et al. 1999; Haas 2004; Haas et al. 2015).

In the genesis of the calcretes/dolocretes, rainfall is the 
critical factor. Carbonate accumulates in soils with mois-
ture deficit, i.e. the carbonate precipitated in the dry season 
is not leached away during the wet season (Wright 1994; 
Alonso-Zarza and Wright 2010). However, the duration of 
the subaerial exposure, the substrate lithology, the topogra-
phy and the vegetation also influence the characteristics of 
the calcrete/dolocrete (Wright and Tucker 1991). Pedogen-
esis could be associated with dolomite formation, which 
includes precipitation and/or mineral replacement, leading 
to the development of dolocrete horizons (Alonso-Zarza 
et al. 1998; Wright 2007). There are only a few case stud-
ies for pedogenic dolomite-forming in the coastal belt on 
top of peritidal deposits. The shallowing-upward cycles in 
the Lower Carboniferous ramp successions of the north-
ern Rocky Mountains could be analogous to the studied 
Triassic succession. The metre-scale cycles are composed 
of ooid grainstone, pelleted dolomite or laminated micro-
bial deposits which may be capped by a mottled dolosilt 
palaeosol layer (Elrick and Read 1991). Dolomitic palaeo-
sols punctuating a shallow marine–lagoonal argillaceous 
dolomudstone succession was recognized in the Devonian 
of the Holy Cross Mountains, Poland (Narkiewicz and 
Retallack 2014).

Dolomitization via tidal pumping

Tidal pumping across the tidal flat is relatively short-
lived but it is regarded as an efficient flow mechanism 
for alteration of surficial intertidal sedimentary veneers 
(Carballo et al. 1987; Mazzullo et al. 1987; Gregg et al. 
1992; Teal et al. 2000). The Anisian‒Ladinian dolo- 
stone provides an example for dolomitization of inter-
tidal deposits driven by tidal pumping (Hips et al. 2015). 
Such synsedimentary dolomitization coupled with arago-
nite dissolution post-dated the aphanocrystalline organo-
genic mineral precipitation and resulted in the formation 
of fine dolomite crystals. A facies shift as well as sea-
sonal variation influenced the saturation state of the pore 
fluid with respect to various carbonate minerals that led 
to alteration processes of calcium carbonate within the 
mat deposits. The tidal pumping-related dolomitization 
may have played some role in the dolomitization of the 
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peritidal deposits of the Carnian–Norian platform succes-
sions as well.

Reflux dolomitization

During the Triassic green-house regime the low amplitude/
high-frequency sea level fluctuation led to accumulation 
of metre-scale cycles with tidal flat caps on the carbonate 
platforms, and the sea level drops were associated with 
limited erosion only. In the arid to semi-arid regions, due 
to the intense evaporation, mesohaline/hypersaline water 
occurred in the tidal flat ponds and brine infiltrated into 
the unconsolidated subsurface deposits. The high-salinity 
water flowed downward and seaward through the carbon-
ate sediment which led to replacive dolomitization (Adams 
and Rhodes 1960; Read and Horbury 1993; Whitaker and 
Smart 1993; Purser et al. 1994; Lucia and Major 1994; 
Jones and Xiao 2005).

Replacive non-ferroan dolomite, found within the Lower 
Triassic shallow marine, mixed siliciclastic–carbonate 
rocks, may provide an example for the near-surface reflux 
process. Dolomitization of the evaporite-bearing tidal flat 
and the inner ramp deposits was very likely the result of 
such high-density fluid circulation. In the case of the Lower 
Anisian dolostone, the evaporite-bearing carbonate depo-
sition took place in a restricted, high-salinity inner ramp 
environment, which was gradually covered by the prograd-
ing tidal flat. Only a minor amount of evaporite was found 
in the supratidal beds, which indicates a less dry, semi-arid 
climate (Haas et al. 2012). Therefore, this deposit cannot 
be regarded as a typical sabkha succession; rather, it was 
formed in a moderately dry tidal flat environment. Com-
plete dolomitization of the peritidal carbonates can be 
interpreted as a result of the reflux of mesohaline/hypersa-
line fluids.

In the partially dolomitized Middle Anisian succes-
sion, the fabric-destructive dolomite segments, which 
commonly occur below calcrete/dolocrete horizons, are 
interpreted as a result of reflux of evaporated sea water 
through the high-permeability calcarenite precursor sedi-
ment (Haas et al. 2014b). Reflux in a near-surface set-
ting caused the pervasive dolomitization of the Carnian‒
Norian platform succession (Balog et al. 1999; Haas 
2004; Haas et al. 2015). Semi-arid climate is supposed 
for this long interval, but the lack of evaporites suggests 
that it was less dry than in the Early Anisian (Haas et al. 
2012). During the high-frequency sea level oscillations, 
falling sea level resulted in progradation of the tidal flats, 
and intense evaporation under semi-arid climatic condi-
tions. This led to the formation of brines in shallow pools 
of the supratidal zone and coastal plain. Reflux of the 
evaporative sea water resulted in the dolomitization of 
the calcareous components of the stromatolite beds, and 

the predominantly wackestone subtidal beds. Increasing 
humidity in the early Late Norian resulted in decreased 
intensity of evaporation and thus, lower effectiveness of 
circulation. This is reflected in the partial dolomitization 
of subtidal beds as opposed to earlier complete dolomiti-
zation under more arid climatic conditions (Haas et al. 
2015).

Compaction-driven dolomitization

Fluid flow as a result of dewatering of adjacent coeval clay-
rich basinal deposits may cause local dolomitization at the 
platform margins (Illing 1959; Gawthorpe 1987). Although 
published case studies are rather limited (Morrow 1982; 
Land 1985; Machel and Anderson 1989), the local and usu-
ally low to moderate-grade dolomitization is in accordance 
with this model. In the partially dolomitized Carnian reef 
carbonates, which are situated adjacent to clay-rich basinal 
rocks, mottles of very finely to finely crystalline dolomite 
aggregates were interpreted to record the stages of progres-
sive dolomitization in shallow and possibly in intermedi-
ate burial settings as a result of compaction-driven fluid 
flow (Haas et al. 2014a). The low δ18O values, indicative 
of slightly elevated temperature, support this interpretation.

Geothermal convection

Pervasive dolomitization of the Middle Anisian platform 
carbonates (completely dolomitized version of the Tagyon 
Formation) can be explained by thermal convection (cf. 
Whitaker and Xiao 2010). However, this scenario is valid 
only for those areas where the platform conditions were 
restored after a relatively short drowning episode by the 
Late Anisian; therefore, the palaeogeographic conditions 
enabled the slope convection. In contrast, the other studied 
coeval isolated platform, which was buried by thick basin 
deposits with volcanic tuff interlayers, was not affected by 
this type of dolomitization, because its burial setting pre-
vented effective sea water circulation (Haas et al. 2014b).

Those components of the latest Anisian to Ladinian plat-
form succession which remained undolomitized or only 
partially dolomitized in the peritidal environment were sub-
sequently replaced and cemented by medium and coarsely 
crystalline dolomite during burial at a temperature of ca 
60–80 °C. An open half-cell thermal convection system and 
formation fluid flow, channelled along faults, may provide 
an adequate interpretation for this regional-scale intermedi-
ate burial dolomitization (Hips et al. 2015, 2016).

Fault-related dolomitization

Deeply penetrating fault zones were formed in the Lower Tri-
assic formations, which reached the intermediate burial realm 
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at the time of opening of the Neotethys Ocean during the 
Middle Anisian to Ladinian. The ferroan carbonates, together 
with the barite sulphide mineral association found in the 
Lower Triassic rocks, suggest an influx of metal-transporting 
fluids. The underlying evaporite and red sandstone succes-
sions could have provided the brines and the metal supply 
for the mineralization. The ascending fluid reacted with the 
wall rocks and became acidic and reducing (cf. Dill 2010). 
This resulted in both the replacement of the remaining calcite 
and partial recrystallization of the earlier-formed dolomite by 
ferroan dolomite–ankerite. The effect of the ascending high-
temperature fluid is supported by the negatively shifted δ18O 
values. The associated paragenesis (i.e. ferroan carbonates 
and barite sulphide minerals) implies an exotic dolomitizing 
parent fluid enriched in certain metals.

The Middle Triassic and the early Late Triassic platform 
carbonates reached the intermediate‒deep burial realm in 
the Jurassic. In the course of extensional tectonics, rock-
buffered fracture-filling dolomite cements were formed at 
elevated temperature.

In the case of the Carnian‒Norian slope and basinal for-
mations, pervasive dolomitization is associated with syn-
sedimentary normal faults (Hips et al. 2016). The maximum 
burial temperature of the succession was estimated from the 
thermal maturity data of the organic matter (Hetényi et al. 
2004). Fluid inclusion homogenization temperature data 
(70 °C) compared to the ca. 50‒60 °C maximum burial tem-
perature suggests that the dolomitizing fluid was hydrother-
mal in origin. The warm fluid ascended along fault zones 
and cooled down through mixing with marine-derived pore 
fluid of the basinal deposits when it migrated away from the 
fault zones. This fluid flow mechanism differs remarkably 
from that of the well-known fault-related dolomitization 
models described from compressional settings (e.g. Oliver 
1986; Machel et al. 2000; summary in Machel 2004). In the 
studied formations, the thermal gradient is considered as a 
potential driving force for the fluid flow.

Controlling factors

Based on inferences of these studies the palaeogeographic 
setting, sea level changes and climatic conditions can be 
considered as the main controlling factors of the near-sur-
face and shallow burial dolomite formation. In the deeper 
burial settings the structural evolution and related fractur-
ing and subsidence, and additionally the characteristics of 
the circulating fluids, may have been the decisive factors of 
the dolomite genesis.

Palaeogeographic setting

Near-surface dolomite formation took place in shal-
low ramp and platform environments in the TR. The 

continent-encroaching ramp setting determined the general 
sediment deposition pattern during the Early Triassic to 
early Middle Triassic interval. On the more than 100-km-
wide shallow shelf, the hydrodynamic conditions deter-
mined the bottom topography and the depositional features 
of the sediments, whereas the amount of the terrestrial 
sediment input strongly influenced the composition of the 
sediments. Both the hydrodynamic conditions and the ter-
restrial input were controlled by sea level and climate.

In the middle part of the Middle Triassic, isolated car-
bonate platforms, characterized by flat tops and the lack of 
wave-resistant rims, came into existence. The building up 
of these platforms continued until the early Carnian. As a 
result of this topography sea level oscillation led to subae-
rial exposure of the platform tops during low sea level peri-
ods and inundation during the periods of rising sea level.

In the late Carnian, the filling up of most of the previ-
ously formed intraplatform basins gave rise to the devel-
opment of an extensive shallow platform (Haas and Budai 
1995; Haas 2002). However, at the same time, extensional 
basins formed near the Neotethys margin leading to seg-
mentation of the external belt (north-eastern part of the 
TR) (Haas et al. 1995, 2010). The shallow parts of the seg-
mented platform margin were permanently covered by sea 
during the late Carnian–Norian. In contrast, depositional 
conditions in the wide and nearly flat internal platform belt 
sensitively changed according to the sea level oscillation, 
leading to ephemeral subaerial exposure episodes during 
sea level lowstands (Haas and Budai 1995).

Sea level oscillation

The Middle and Upper Triassic internal platform suc-
cession of the TR is made up of metre-scale, subaerial 
unconformity-bounded cycles, consisting of alternating 
supratidal, intertidal and shallow subtidal facies (Haas 
1988, 2004; Balog et al. 1999; Haas and Budai 1999; Haas 
et al. 2014b, 2015). Detailed studies (Fődolomit Formation 
and Dachstein Limestone) provided substantial arguments 
for the orbitally driven allocyclic control of the cyclicity 
of the platform sediments (Balog et al. 1997; Haas 2004; 
Haas et al. 2015). However, joint controlling effects of 
the sea level changes and the autocyclic processes cannot 
be excluded. According to the analyses and calculations 
of Schwarzacher and Haas (1986) the elementary cycles 
reflect ca 20-ka precessional periodicity. The Middle Tri-
assic cyclic successions might also be orbitally forced but 
there is no reliable evidence either for the allocyclic control 
or for the duration of the cycles.

The cyclic depositional process can be interpreted 
according to the following scenario (Haas 2004; Haas et al. 
2015): metre-scale sea level fall resulted in subaerial expo-
sure of large parts of the previously inundated platform. 
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After a short exposure period, rising sea level led to the 
development of peritidal conditions when microbial mat 
covered large parts of the extensive tidal flat. Further sea 
level rise led to the establishment of shallow subtidal envi-
ronments over the area previously covered by the microbial 
mats. However, in many cases, only the subtidal deposits 
were preserved. Deceleration and cessation of sea level rise 
resulted in shallowing and re-appearance of tidal flat envi-
ronments usually covered by microbial mats. The next sea 
level fall resulted in subaerial exposure and related denu-
dation, truncation and pedogenic alteration of the deposits 
formed during the previous cycle.

Climate

In shallow marine, peritidal and coastal environments, the 
climate is a crucial controlling factor of sedimentation and 
of near-surface early diagenetic processes. Beside temper-
ature, the annual precipitation and related evaporation rate 
are other important factors. The enhanced evaporation of 
the arid to semi-arid regions also favours dolomite nuclea-
tion (Read and Horbury 1993; Purser et al. 1994). Mod-
ern examples of the organogenic dolomite/protodolomite 
formation can be found in arid to semi-arid environments, 
such as Lagoa Vermelha, Brazil (Vasconcelos and McKen-
zie 1997; Spadafora et al. 2010), the Coorong region, 
Australia (Wright and Wacey 2005), and the Abu-Dhabi 
sabkha (Bontognali et al. 2010). Occurrence of modern 
peritidal–coastal dolomite in humid and subhumid areas is 
very limited (Shinn 1968, 1983; Steinen and Halley 1979) 
and the proportion of dolomite in the carbonate deposits 
is usually <5 % (Budd 1997). Under arid–semi-arid con-
ditions, evaporation transforms the marine water to mes-
ohaline or hypersaline waters in the supratidal zone. The 
salinity gradient drives the modified water downward and 
seaward; therefore the reflux process commonly results 
in pervasive dolomitization in near-surface setting, but it 
may reach more than 100 m in depth (Whitaker and Smart 
1993).

In the Triassic, the studied region was located between 
20° and 35° North palaeolatitude. In the subtropical belt, 
the temperature was permanently high and trade winds 
dominated the air-mass circulation, which resulted in low 
precipitation (Feist-Bruckhardt et al. 2008). However, the 
long arid to semi-arid periods were interrupted by more 
humid episodes (the early Olenekian Campil Event; Bro-
glio Loriga et al. 1990), and the Carnian Pluvial Event; 
Simms and Ruffell 1989; Preto et al. 2010; Haas et al. 
2012; Dal Corso et al. 2015). A long-term climate change 
began in the late Norian. A gradual increase of humidity 
led to the establishment of humid climate at the very end of 
the Norian (Kössen Event; Golebiowski 1990; Haas 2002; 
Berra et al. 2010; Haas et al. 2012).

Studies of the Upper Triassic platform carbonates 
revealed that although the recurring subaerial exposure 
plays a decisive role in the near-surface dolomite forma-
tion, it is not the major controlling factor. Since the sea-
level-controlled unconformity-bounded cyclic facies pat-
tern did not change significantly during this period, the 
upward decreasing grade of dolomitization most likely 
reflects the change in climate. The drier climate and the 
related higher evaporation rates during the late Carnian to 
late Norian favoured dolomite formation, whereas later the 
increasing humidity led to gradually decreasing intensity of 
the early dolomitization processes (Haas 1988; Iannace and 
Frisia 1994; Balog et al. 1999).

Structural evolution

Structural evolution plays multiple roles in dolomite gen-
esis. The bottom topography of the depositional environ-
ments is mainly determined by tectonic processes, i.e. the 
position of the shallow marine ramps, platforms, slopes and 
basins. Since the physiographic setting is a crucial element 
of the palaeogeography, it is one of the most important 
controlling factors of the near-surface dolomite-forming 
processes. Moreover, tectonic processes control the subsid-
ence rate of the depositional units, thereby influencing the 
evolutionary history of the shallow and deep marine depo-
sitional units. From the aspect of evaluation of the hydro-
logical conditions of dolomitization, the evolution of the 
usually tectonically controlled platform foreslopes is of 
particular relevance. Subsidence history of the structural–
depositional units controls the burial, and in turn, the physi-
cal and chemical parameters of the burial dolomite-forming 
processes.

Creation of fracture porosity and thereby opening of 
conduits of fluids are important consequences of the tec-
tonic processes, as well. They are commonly accompanied 
by dissolution and creation of secondary porosity. Due to 
the rigidity of dolostones, fracturing is not limited to nar-
row fault zones but the tectonic events may lead to the crea-
tion of a widely extended microfracture network. The tec-
tonically enhanced porosity and permeability may facilitate 
the precipitation of dolomite cement and replacive dolo-
mitization under intermediate to deep burial conditions.

The post-Variscan structural evolution of the study area 
was affected by the complex history of the Tethys Ocean 
and the subsequent Alpine orogeny. During the Late Per-
mian to early Middle Triassic the area belonged to the vast, 
uniformly subsiding passive Tethys margin. The onset of 
the opening of the western Neotethys Ocean basin in the 
Middle Anisian led to disintegration of the margins and 
to the development of a segmented topography with iso-
lated platforms, several hundred metres deep basins, and 
slope connecting them in the area of the TR. Faults created 
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during this extensional tectonic regime may have been 
the conduits of fluids, which caused ferroan dolomitiza-
tion and barite sulphide mineralization in Lower Triassic 
formations. Dolomitization of the Middle Anisian plat-
form carbonates was mostly controlled by the differen-
tial subsidence of the fault-bounded blocks. This platform 
was located on a more intensely subsiding block, which 
was covered by tuffaceous basinal deposits, and was not 
affected by burial dolomitization. In contrast, the plat-
form, which was situated on a moderately subsiding block 
and where shallow marine conditions were restored after a 
drowning episode, the entire carbonate succession was per-
vasively dolomitized. During the Carnian to Norian new 
extensional basins developed in the ocean-ward north-east-
ern part of the TR. The basin-bounding fault zones served 
as conduits for the dolomitizing fluids. The onset of rifting 
of the Alpine Tethys in the latest Norian led to the forma-
tion of extensional basins also on the south-western side of 
the TR. An extensional regime prevailed all over the study 
area in the Jurassic, which resulted in the fragmentation of 
the previously formed platform carbonates, and was also 
manifested in the formation of neptunian dykes. Precipita-
tion of the latest dolomite cement phases in fractures and 
other secondary pores of the buried Triassic dolostones and 
dolomitic limestones can be associated with these tectonic 
events.

Summary and concluding remarks

Large masses of dolomite-bearing formations occur in the 
Transdanubian Range (NW Hungary), forming a part of a 
nearly continuous Upper Palaeozoic to Cenozoic succes-
sion. However, the dolomite-bearing formations formed 
mostly in shallow marine and subordinately in deeper basi-
nal environments, are restricted to the Late Permian–Late 
Triassic interval.

All the studied rock bodies underwent multi-stage and 
polygenetic dolomitization with variable dolomite-forming 
processes. These processes occurred either in near-surface 
or in burial diagenetic settings.

The main stage of dolomite genesis of the studied shal-
low marine formations most commonly occurred in the 
near-surface diagenetic zone where percolation of evapora-
tive, higher density seawater through the previously depos-
ited carbonate sediments caused replacive dolomitization. 
Only a subordinate amount of near-surface replacive dolo-
mite was formed in the tidal flat deposits of the Upper Ani-
sian‒Ladinian formation, whose formation can be attrib-
uted to circulation of dolomitizing fluids driven by tidal 
pumping.

A minor amount of dolomite formed via organogenic 
dolomite precipitation in microbial deposits or via pedo-
genic processes in the case of the shallow marine and/or 

peritidal platform carbonates. However, differentiation of 
these early dolomite phases is rather difficult due to subse-
quent stage(s) of replacive dolomitization.

In addition to the petrographic investigations, compara-
tive analysis of the studied successions and interpretation 
of the dolomite-forming processes were based on fluid 
inclusion data (when available) and the stable O and C-iso-
tope data, which were measured in all studied formations. 
In spite of analysing mostly bulk samples with the excep-
tion of certain cement phases, it was possible to draw the 
following inferences about the distribution of the stable iso-
tope values presented in Fig. 6. The C-isotope values are 
within the range of the Triassic seawater with the exception 
of the more negative values of the Early Triassic samples. 
This negative shift likely reflects the global ecologic pertur-
bation after the cataclysm at the Permian/Triassic boundary 
and/or a diagenetic overprint. The O isotope values reflect 
the combined effects of isotopic fractionation due to evapo-
ration and different formation temperatures, in addition to 
the secular changes of the seawater O isotope values (che-
mostratigraphic signal). The dominantly positive values 
of the Carnian–Norian platform carbonates indicate dolo-
mitization by refluxing brines. Taking into account their 
tectonic setting and textural features, the slightly negative 
values of the Middle Anisian platform dolostones are inter-
preted to represent thermal convection-driven seawater dol-
omitizing fluid. The even more negative O isotope values of 
the Carnian platform margin deposits may reflect compac-
tion-driven seawater of somewhat elevated temperature as 
the dolomitizing agent.

Inferences of the current study suggest that along with 
the palaeogeographic setting, climate and sea level changes 
were the main controlling factors of the dolomite-forming 
processes in syndepositional and near-surface burial dia-
genetic realms. The lateral extent of near-surface dolomite 
genesis was determined by the extension of areas affected 
by episodic subaerial exposure events. Such areas could be 
found in internal platform and inner ramp depositional set-
tings. The temporal extent of the near-surface dolomite for-
mation was controlled by climatic conditions such as tem-
perature and humidity.

Our studies in the TR revealed that the deposits formed 
in episodically exposed shallow marine environments were 
subjected to significant near-surface dolomitization only 
when hot and arid to semi-arid conditions prevailed. Under 
semi-humid climatic conditions in the Late Norian, only a 
minor amount of organogenic dolomite was formed in tidal 
flat microbial deposits. The near-surface dolomite genesis 
practically ceased under the humid climate of the latest 
Triassic.

With progressing burial the circulation of the dolo-
mitizing fluid generally becomes restricted due to decreas-
ing porosity and permeability. Accordingly, usually only a 



1018 Int J Earth Sci (Geol Rundsch) (2017) 106:991–1021

1 3

minor amount of dolomite formed in the TR in the interme-
diate burial realm. However, in rare cases the major phase of 
dolomitization occurred either via compactional fluid flow 
or via thermal convection in the intermediate burial realm.

During the Triassic, simultaneously with burial, sev-
eral phases of extensional tectonic movements took place 
in connection with the opening of the Neotethys. The 
related fault zones provided conduits for dolomitizing flu-
ids. Fault-related dolomitization in previous studies was 
considered only in compressional tectonic regimes. A new 
variation of fault-related dolomitization was proposed for 
an extensional tectonic regime based on our studies in the 
TR. According to our interpretation, the dolomitizing fluid 
was expelled along a synsedimentary normal fault system 
from the detachment zone. The thermal gradient in this 
intermediate burial setting is considered the potential driv-
ing force for fluid circulation. Permeable beds channelled 
the fluid from the fault zone upward and outward, which 
led to partial dolomitization of the succession. Thus, dol-
omitization was not restricted to the close vicinity of the 
faults.

In the case of the dolomitization of carbonate platforms, 
the tectonically controlled palaeogeographic setting, the 
sea-level-controlled periodical subaerial exposures and the 
climatic conditions are the major controlling factors of the 
initial dolomite formation and the reflux dolomitization. 
Divergent dolomitization of coeval neighbouring platforms 
of similar depositional conditions, but with different post-
depositional tectonic and burial histories, was pointed out.

Our interpretation of dolomite-forming processes may 
provide feasible explanation for the genesis of other Triassic 
dolostones formed along the passive margin of the Tethys 
Ocean under depositional and diagenetic conditions akin to 
those in the TR. Moreover, our inferences may also be rel-
evant in the interpretation of ancient dolostones occurring in 
other regions and representing other periods of the Earth’s 
history. The limited applicability of the principles of actu-
alism for the interpretation of the origin of large dolostone 
formations enhances the importance of these results.
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