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Törésrendszerekhez kapcsolódó paleofluidum-migráció 
az Óbányai-völgyben (Keleti-Mecsek) 

Összefoglalás 
Az elmúlt két évtizedben a Mecsek-hegység területén több triász és jura képződményben azonosítottak szénhidro -

gén-tartalmú paleofluidum-migrációra utaló nyomokat. Jelen tanulmány a legkeletebbi ismert előfordulást vizsgálja, 
ame lyet a részben cementált törésrendszerek képviselnek az Óbányai-völgyben. Célunk ezen törésrendszerek kialakulási 
körülményeinek rekonstrukciója volt. Klasszikus szerkezetföldtani módszereket alkalmazva megkíséreltük azonosítani 
a repedésrendszert kialakító szerkezetfejlődési eseményeket. Eredményeink alapján két deformációs fázist azonosítot -
tunk: a) egy redőképződést és b) egy ezt követő, balos eltolódást. A völgyben megfigyelt redőhöz kapcsolódó kőzetrések 
és vetők elméleti irányait meghatároztuk, majd ezeket összevetettük a terepi orientációs adatokkal. Elemzé se ink alapján 
több, a redőződéshez kapcsolódó törési irányt, kalciteret és vetőbreccsát azonosítottunk. Hat érgeneráció fluidumzár -
vány-petrográfiai vizsgálata vizes és szénhidrogén-tartalmú fluidumzárványok jelenlétét igazolta. Eredmé nye ink arra 
utal nak, hogy a szénhidrogén-tartalmú fluidummigráció a redőződéshez kapcsolódó négy elméleti törési sík egyikéhez 
kap csolható. Noha a fluidumzárványok csupán korlátozott információt nyújtanak a fluidummigráció hőmér sék leti vi szo -
nyairól, több érszöveti sajátosság arra utal, hogy a törésrendszer fejlődése során a képződményben idősza ko san meg -
emel kedett fluidumnyomás uralkodott. 

Tárgyszavak: szénhidrogén-migráció, breccsaér, tektonikus erek, redőződés, balos oldaleltolódás 

Abstract 
Over the past two decades, traces of hydrocarbon-bearing paleofluid migration have been detected in several Triassic 

and Jurassic formations in the Mecsek Mountains. This study focuses on the easternmost known hydrocarbon occur -
rence, represented by a partially cemented fracture network in the Óbánya Valley, with the aim of reconstructing the 
formation conditions of the fracture system. Classical structural geological methods were employed to characterize the 
evolution of this fracture system. As a result, two distinct deformation phases were identified: a) a folding event, and b) a 
subsequent left-lateral displacement. Theoretical orientation of fractures associated with the observed folds were deter -
mined and compared with field measurements. This approach allowed us to define several fault orientations and fault 
breccias, as well as to link calcite veins to a folding process. Fluid inclusion petrography revealed the presence of both 
aqueous and hydrocarbon-bearing fluid inclusions within six distinct vein generations. These findings suggest that 
hydro carbon-bearing fluids migrated along one of the four deformation-related fracture sets in this fracture system. 
Although the nature of the fluid inclusion assemblages provides only limited constraints on the thermal conditions during 
fluid migration, several vein structures suggest episodic increases in fluid pressure during the system’s evolution. 
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Introduction 

Fracture systems play a crucial role in subsurface fluid 
migration, influencing the movement of water, hydrocar -
bons, and other fluids (MORETTI 1998, NELSON 2001). In 
sedimentary rocks, such as marls, fractures serve as high-
permeability pathways, significantly enhancing fluid flow 
beyond what is achievable through primary porosity alone 
(BERKOWITZ 2002). However, it is essential to acknowledge 
the diverse range of fracture types – including cracks, fis -
sures, joints and faults – whose fluid conductivity can vary 
to extreme degrees (BERKOWITZ 2002). ODLING (1997) ob -
served that joint systems composed of multiple, differently 
oriented sets often form well-connected networks, whereas 
fault systems, due to their density and orientation, tend to 
form one oriented network. Interestingly, such fracture sets 
can develop during progressive folding stages (RAMSAY 
1967), allowing enhanced fluid migration within the affect -
ed rock units. The mineralised fractures not only record the 
mechanisms of vein formation (BONS et al. 2012), but also 
provide valuable insights into the physicochemical condi -
tions of paleofluid migration along fold-related fracture 
networks (MUNZ 2001, FISCHER et al. 2009). FISCHER et al. 
(2009) studied fracture-controlled paleofluid migration 
with in a large-scale detachment fold in Mexico, using fluid 
inclusions in quartz and calcite veins. Their findings high -
lighted that even in extensively fractured formations, hydro -
logic systems can exhibit significant outcrop-scale hetero -
geneities, complicating the reconstruction of fluid migra -
tion events across broader areas. In the present study, under -
standing vein systems and fractures is essential for recon -
structing the structural evolution and paleofluid migration 
in the study area. 

Traces of hydrocarbon migration in fracture systems 
have been reported from several places in the Mecsek area 
over the past decade (e.g., LUKOCZKI et al. 2012, HAN et al. 
2022, HRABOVSZKI et al. 2023). The co-genetic occurrence 
of petroleum and aqueous fluid inclusions has not only 
allowed for the estimation of migration temperature but, in 
some cases, has also provided insights into the source rock 
of the petroleum-bearing fluids. Recently, LADÁNYI et al. 
(2023) reported that, in addition to the previously studied 
sites, Mesozoic formations in the northeastern segment of 
the Mecsek Mts. were also affected by hydrocarbon 
migration. 

Here we present the results of a detailed structural analy -
sis of the Óbánya Valley, with special regards to the calcite-
cemented fracture system within the Komló Calcareous Marl 
Formation. Structural measurements, as well as petrograph -
ic and microanalytical methods were used to classify the 
calcite veins and establish, to the extent possible, the relative 
chronology of their formation. Furthermore, we correlated 
the identified fracture and vein generations with folding 
events recognised in the area (e.g., PÜSPÖKI et al. 2012). 
Lastly, we reconstructed the temporal relationship between 
petroleum-bearing fluid migration and the history of frac -
ture formation and cementation in the study area. 

Geological background 

The study area is situated within the Tisza Mega-unit, 
which forms the southern segment of the Pannonian Basin. 
During the early stages of the Alpine orogenic cycle, the 
Tisza Mega-unit was positioned along the southern margin 
of the Eurasian continental plate, representing the northern 
shelf of the Tethys Ocean (HAAS et al. 2012). As a result of 
regression, by the end of the Triassic, the marine environ -
ment gradually transitioned into freshwater conditions, lead -
ing to the deposition of fluvial, lacustrine, and marsh sedi -
ments at the Triassic–Jurassic boundary (NAGY 1969). Dur -
ing this period, coal deposits formed, which are characteris -
tic lithological units in the Mecsek area. The proportion of 
fine-grained siliciclastic and carbonate sediments fluctuat -
ed in response to sea-level changes, resulting in the rhythmic 
alternation of spotted marl, calcareous marl, and argilla -
ceous limestone. By the end of the Middle Jurassic, Medi -
ter ranean faunal elements began to appear and spread across 
the region due to the detachment of the Tisza Mega-unit from 
the European Plate (GÉCZY 1973, VÖRÖS 1993). It is pre -
sumed that rifting, initiated during the Late Triassic, culmi -
nated in extensive alkaline basaltic magmatism during the 
Early Cretaceous. The resultant Late Mesozoic volcanic suc -
cessions of the Mecsek Mountains form a dominant north -
east-southwest trending belt approximately 250 km in length 
and 50 km in width (BILIK 1980, KUBOVICS et al. 1990, HA -
RANGI & ÁRVÁNÉ-SÓS 1993). 

South of this volcanic zone lies the study area, the north -
east-southwest trending Óbánya Valley, which holds geo -
logi cal interest because it exposes all the Jurassic forma -
tions of the Kisújbánya perisyncline. The valley runs paral -
lel to the Döngölt Ditch, north of the Réka Valley. Near the 
village of Óbánya, the stratigraphic sequence predominant -
ly consists of grey, spotted, bituminous, silty, and calcareous 
marl, along with clayey limestone. These deposits belong to 
the Toarcian–Bajocian Komló Calcareous Marl Formation 
(BÖCKH 1880, HETÉNYI 1966, CSÁSZÁR & HAAS 1983, GA -
LÁCZ et al. 1992, HAAS 1994, NÉMEDI VARGA 1998, RAUCSIK 
2012). Further towards the village of Kisújbánya, the strati -
graphy transitions into the Bathonian–Callovian Óbánya 
Lime stone Formation, characterised by greenish, reddish, 
and grey marl, calcareous marl, and nodular limestone (HE -
TÉNYI 1966, CSÁSZÁR & HAAS 1983, VELLEDITS et al. 1986, 
GALÁCZ et al. 1992, HAAS 1994, NÉMEDI VARGA 1998, RAU -
CSIK 2012). Continuing along the valley towards the village 
of Kisújbánya, the succession is dominated by the light-
coloured, chert-bearing limestone of the Callovian–lower 
Kimmeridgian Fonyászó Limestone Formation, with a 
gradu al decrease in chert content southwestward (BÖCKH 
1880, VELLEDITS et al. 1986). According to GALÁCZ et al. 
(1992), carbonate rock sequences of Kimmeridgian–Ti -
thonian age are present near Kisújbánya, classified as part of 
the Kisújbánya Limestone Formation (HAAS 1994). 

The structure of the Mecsek is characterised by complex 
anticline–syncline fold systems, with fold axes predomi -
nant ly oriented northeast–southwest (BENKOVICS et al. 1997, 
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CSONTOS et al. 2002). In the Máza-Dél–Váralja-Dél area, 
PÜS PÖKI et al. (2012) also observed folds with northeast–
south west-trending axes while investigating the Mecsek coal 
and the transgression-related thinning of coal sequences. 
These complex folds may have formed during the Creta -
ceous due to two distinct compression events, resulting in 
the development of east–west-trending folds (BERGERAT & 
CSONTOS 1988) and slightly asymmetric folds with north -
east-southwest axes (NÉMEDI VARGA 1983, BERGERAT & 
CSON TOS 1988). Later, during the syn-rift phase of the devel -
op ment of the Pannonian Basin (~15 Ma), left-lateral trans -
tensional movements (NÉMEDI VARGA 1983) led to the for -
ma tion of pull-apart basins along the north and south bound -
aries of the mountain range (WEIN 1967, PETRIK 2009). The 
uplift of the Mecsek and Villány Mountains began in the 
early Pannonian (Late Miocene–Pliocene; FODOR et al. 
1999; SEBE 2009, 2021; SZTANÓ & MAGYAR 2023; SEBE & 
PAZONYI 2025). 

Methods 

During the field surveys, orientation data of bedding 
planes as well as mineralised and unmineralised fractures 
were measured in the Óbánya Valley using a Freiberg com -
pass and the FieldMove Clino mobile application. The col -
lected data were graphically analysed using the Stereonet 11 
software. After the macroscopic description of the collected 
hand specimens, 30-µm thin sections were prepared from 
seven samples. Microscopic petrographic observations were 
conducted using an Olympus SZX-7 polarising stereomi -
cro scope, an Olympus BX-41 polarising microscope, and a 
Reliotron VII cathodoluminescence (CL) device mounted 
on an Olympus BX-43 microscope. To differentiate vein-
forming carbonate phases, the thin sections were treated 
with acidic solutions of alizarin red S and potassium ferri -
cyanide following the method of DICKSON (1965). The inter -
pre ta tion of carbonate staining was based on the findings of 
LINDHOLM & FINKELMAN (1972), where a pink colouration 
in calcite indicates an FeO content of ≤0.5%, classifying it 
as iron-free, whereas a blue coloration suggests an FeO con -
tent above this threshold, indicating iron-bearing calcite. 
UV-fluorescent petrography and microspectroscopic analy -
ses were performed using a 100 W mercury vapour light 
source equipped with an Olympus U-MNU2 filter cube (ex -
citation wavelength: 360–380 nm, dichroic filter: 400 nm, 
cutoff filter: 420 nm). Fluorescence spectra were recorded 
using an Ocean Insight (OceanOptics) QEPRO spectro me -
ter connected to an Olympus BX-41 polarising microscope. 
Spectra were acquired from a 2 µm diameter spot with an 8 s 
acquisition time using the OceanView software and the data 
were normalised to their maximum intensity for compara -
bility. To describe fluid inclusions, the terminology recom -
mended by DIAMOND (2003) was followed. Microthermo -
metric analysis of fluid inclusions was conducted using a 
Linkam MDS600 heating-freezing stage attached to an 
Olym pus BX-41 polarising microscope. The system was 

cali brated with synthetic fluid inclusions in quartz at refer -
ence temperatures of –56.6 °C, 0.0 °C, and 374 °C. The 
vapour to liquid phase ratio of fluid inclusions was deter -
mined based on 2D microscopic images analysed with 
ImageJ 1.53 software and are expressed as vapour area% 
referring to the percent area of the vapour phase within a 
liquid-dominant fluid inclusion. Micro X-ray fluorescence 
(µXRF) mapping was carried out using a Horiba Jobin Yvon 
XGT-5000 X-ray fluorescence spectrometer, equipped with 
a Rh X-ray source operating at 30 kV and 0.5 mA. All analy -
ses described above were conducted at the Department of 
Geology, University of Szeged. 

Results 

Field observations 

Sampling was conducted at eight outcrops within the 
Óbánya Valley. The host rock of the studied vein samples 
(OB20/01–OB20/08) is primarily fine-grained marl with an 
earthy appearance, classified as part of the Komló Calcare -
ous Marl Formation (Figure 1). The vein openings generally 
do not exceed 10 cm in width, while the vein-forming crys -
tals display a parallel arrangement perpendicular to the vein 
walls, reaching a maximum length of approximately 3 cm. 
The tectonic veins of the Óbánya Valley predominantly con -
sist of white and grey calcite crystals (Figure 2A). 

During the field measurements, we recorded bedding 
planes and the orientation data of both filled and unfilled 
fractures, as presented in Appendix 1 and Appendix 2, and 
summarised in Table I. In the valley area, calcite cemented 
fractures can be classified into four distinct orientation sets 
(Figure 1B). Near the Bodzás Spring, the dip directions of 
the bedding planes exhibit significant variation (Figure 1B). 
At outcrop OB20/06 and OB20/07, sedimentary layers and 
fractures cemented by calcite were observed. Near the Bod -
zás Spring, a fold with an axis orientation of 200°/18° was 
identified, consistent with preliminary exploration results 
(LADÁNYI 2021). 

In three outcrops (OB20/01, OB20/05, OB20/08), cal -
cite cementing the fractures consists of alternating grey and 
white zones, which are nearly parallel to each other and to 
the vein walls (Figure 2A). The grey calcite crystals range in 
size from 1 to 5 mm, whereas the white calcite grains vary 
between 0.2 and 3 cm. 

Outcrop OB20/03 reveals breccia veins (sensu BONS 
2000) consisting of white calcite cement and host rock frag -
ments. Additionally, in this outcrop, calcite slickenfibres ap -
pear at the interface between the vein and the host rock over 
a section of nearly 40 cm (Figure 2B). The orientation of the 
fault plane is 332°/84°, and the pitch of the slickenfibres is 
22° WSW, indicating a sinistral displacement (Figure 2B). 
Within the breccia vein, clasts frequently form larger, spher -
i cal clusters (Figure 2C). The clasts of the host rock consist 
of brownish, micritic marl with wackestone–packstone fab -
ric containing abundant recrystallised radiolarians, bositria, 
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Figure 1. A) Geological map of the Mecsek Mountains (modified after KONRÁD et al. 2010). The red rectangle indicates the Óbánya Valley shown in Figure B. B) 
Sampling points in the Óbánya Valley. For the Bodzás Spring site, bedding planes are displayed on the stereogram, while calcite veins are indicated at the sampling 
points (OB20/01–OB20/08). The stereograms are lower hemisphere projections. The stereogram in the upper left corner shows the orientation data of bedding 
planes recorded in the valley, represented as pole points. Green points indicate measurements of bedding planes from the valley, while black points correspond to 
bedding planes measured at the Bodzás Spring. 

1. ábra. A) A Mecsek-hegység geológiai térképe (KONRÁD et al. 2010, módosítva). A piros téglalap a B ábrán látható Óbányai-völgyet jelöli. B) Mintavételi helyek az Óbányai-
völgyben. A sztereogramok Schmidt-félgömbön, alsó vetítéssel készültek. A Bodzás-forrás esetében a sztereogramon a réteglapok vannak ábrázolva, míg a mintavételi 
helyek esetében (OB20/01–OB20/08) a kalciterek. A bal felső sztereogramon a völgy területén rögzített réteglapok orientációs adatai láthatók póluspontként ábrázolva.  
A zöld pontok a völgy teljes hosszán mért rétegeket, míg a fekete pontok a Bodzás-forrásnál mért rétegeket jelölik.



silica spicules, and calcite spherules. The radiolarians are 
frequently pyritised (Figure 2D). The spaces between the 
wall rock clasts are filled with white calcite, which also 
contains small (<1 cm) fragments of the host rock. 

Vein petrography 

In the Óbánya Valley, six vein generations have been 
identified based on the morphology of calcite crystals and 
the presence of host rock clasts. Figure 3 displays the para -
genetic sequence of these vein generations, and Table I sum -
marises their microstructural characteristics. The six genera -
tions of calcite are presented in the established relative 
sequence. 

Core-rim calcite vein type 

The CalCR (core-rim) calcite vein generation consists of 
crystals with lighter inner (core) domains, ranging from 50 
to 200 µm in diameter, and darker outer (rim) zones, measur -
ing 100– 300 µm in width. This vein generation predomi -
nant ly exhibits an NNE–SSW to ENE–WSW strike orien -
tation (Table I). The blocky and occasionally elongate blocky 

crystals (sensu BONS 2000) display a gradual increase in size 
from the vein wall toward the centre, reaching up to 2.5 mm. 
Crystal growth is typically oriented toward the vein centre 
(Figure 4A). In some instances, the dark outer portions of 
the crystals contain multiple nucleation sites (Figure 4B). 
The core-rim domains are distinguishable under polarised 
light, cathodoluminescence (CL) and UV- fluorescence imag -
ing (Figure 4B, C). Carbonate staining reveals a similar blue 
hue in both domains, suggesting that both the core and the 
rim consist of iron-rich calcite. 

This vein generation exhibits macroscopic and micro -
scopic deformation in samples OB20/06, OB20/07a, and 
OB20/07b (Figure 4A). Adjacent to the calcite veins, a dark 
brownish-grey zone is observed (Figure 4A). The crystals of 
CalCR terminate within this zone in euhedral shape, sug -
gesting the formation of this dark zone postdating the CalCR 
vein generation. Micro-XRF mapping indicates that this 
dark zone has elevated aluminium and silicon content com -
pared to the CalCR vein generation (Figure 4D). Unlike the 
host rock, the phase with elevated aluminium and silicon 
content lacks microfossils but is characterised by laminated 
structure.  
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Figure 2. A) Nearly parallel white and grey calcite zones in sample OB20/01. B) A 30–40 cm long surface covered by calcite slickenfibres (sample site OB20/03). 
Red arrows indicate the direction of displacement on the fault plane, which has an orientation of 332°/84°. C) Angular wall rock clasts within the breccia vein 
(sample OB20/03), with red dashed lines marking the boundaries of the wall rock clasts. D) Recrystallised microfossils in the host rock (PPL – plane-polarised 
light). Red arrows highlight characteristic components of the host marl. 

2. ábra. A) Egymással közel párhuzamos lefutású, fehér és szürke színű kalcitzónák az OB20/01 mintában. B) 30–40 cm hosszú ásványlépcsőket tartalmazó vetősík 
(OB20/03 mintavételi hely). A piros nyilak az elmozdulás irányát jelölik, a vetősík orientációja 332°/84°. C) Szögletes mellékkőzetzárványok a breccsaérben (OB20/03 
minta). A piros szaggatott vonalak a mellékkőzetzárvány-halmazok határát jelölik. D) A mellékkőzetben megjelenő, átkristályosodott mikrofosszíliák (1N felvétel). 



Breccia vein type I (CalBR1) 

In the studied area of the valley, two breccia vein genera -
tions (CalBR1 and CalBR2) were distinguished based on clast 
size and the iron content of the cementing calcite. One of the 
breccia vein generations, CalBR1, is characterized by iron-
rich calcite with a blocky texture (Figure 5). The CalBR1 vein 
generation is only observable at microscopic scale, and its 
orientation remains unknown, but most vein generations in -
tersect this vein generation (Figure 5). The calcite crystal 
size reaches approximately 200 µm, while the clasts derived 
from the host rock range from 0.1 to 1 mm in length. The 
clasts exhibit both angular and rounded morphologies. The 
CalBR2 vein will be presented later. 

Blocky calcite vein type 

Calcite veins exhibiting blocky textures (CalB1-4) are ori -
ented NNE–SSW and ENE–WSW (Table I). Four genera -

tions of CalB were identified, distinguished by the iron con -
tent and orientation of the calcite (Figure 3). These veins 
con sist of multiple subparallel zones (Figure 6A), with 
boundaries marked by bands of host rock inclusions ≤50 µm 
in size (Figure 6A). The outermost zone consists of calcite 
crystals ≤100 µm in diameter, followed inward by a zone of 
blocky calcite crystals that progressively increase in size to -
wards the vein centre (Figure 6A). Within the inner part of 
the vein, the blocky grains reach sizes up to 6 mm. Car bon -
ate staining reveals two distinct calcite zones with differing 
iron contents, alternating within the vein (Figure 6A). The 
calcite crystals in both the iron-free and the iron-rich zones 
exhibit syntaxial growth morphology, indicating that the 
crystal growth initiated from the vein walls and progressed 
toward the centre (BONS 2000, BONS et al. 2012). The alter -
na tion of iron-free and iron-rich zones suggests a change in 
fluid chemistry during vein crystallisation. Therefore, the 
zones shown in Figure 6A may have formed during multiple 
precipitation phases. Regardless of iron content, type I and 
type II deformation twins (sensu BURKHARD 1993; FERILL et 
al. 2004) are observed in the calcite crystals (Figure 6A, B). 
Some calcite grains display growth zonation, marked by sol -
id inclusions of the host rock trapped along zone boundaries 
(Figure 6B). The growth direction of calcite crystals and zona -
tion patterns are highlighted in CL images (Figure 6C), where 
variations in CL activity distinguish the different zones. 

Fibrous calcite vein type 

Similar to the CalBR1 vein generation, the CalFIB vein gen -
eration can only be observed at microscopic scale, and its 
orientation is not known, but it intersects most genera tions 
of veins. The CalFIB veins consist of fibrous calcite crystals 
that are oriented perpendicular to the vein wall and parallel 
to each other (Figure 4). These veins are typically ≤2 mm 
thick and often occur in subparallel arrangement. 

Based on observations from samples OB20/07a and 
OB20/07b, veins of this generation are approximately per -
pen dicular to, and frequently intersect the CalBR1, CalB, and 
CalCR vein generations (Figure 5). The calcite fibres range 
from 0.1 to 1.5 mm in length, and in most cases, they grow 
toward the vein wall (Figure 5). Carbonate staining indi -
cates that the CalFIB veins are composed of iron-rich calcite. 

Breccia vein type II (CalBR2) 

The second breccia generation (CalBR2) predominantly 
exhibits a NE–SW strike orientation (Table I). Calcite crys -
tals within CalBR2 veins display a blocky texture (Figure 7A) 
and range in size from 50 µm to 3 mm. The clasts have both 
rounded and angular morphologies. Clast clusters, enclosed 
by inclusion-free calcite cement, can reach up to 4 mm in 
size (Figure 7A, B); however, certain areas contain fine-
grained fragments (≤50 µm) as well. 

Occasional type I, II, and IV deformation twins (sensu 
BURKHARD 1993) are observed in the calcite grains (Figure 
7A, C). In some regions, calcite crystals display growth zona -
tion, with zone boundaries marked by solid inclusions of the 
host rock (Figure 7C). Among the host rock clasts and the 
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Figure 3. Deformation and cementation events and their 
inferred relative sequence in the Óbánya Valley. The indi -
vidual lines represent the relative timing of vein generations. 
Due to the absence of cross-cutting relationships, the tem -
poral position of the CalEB vein generation remains uncer -
tain. FIA-P represents primary, whereas FIA-S refers to sec -
ondary hydrocarbon-bearing fluid inclusion assemblages. The 
vertical dashed lines indicate the vein generations affected by 
folding and left-lateral strike-slip displacement. 

3. ábra. Az Óbányai-völgyben azonosított deformációs és ce men -
tációs események feltételezett relatív sorrendje. Az egyes vo na lak 
az érgenerációk egymáshoz viszonyított időbeli viszonyát je lölik. 
A CalEB érgeneráció időbeli elhelyezkedése metsződési vi szonyok 
hiányában bizonytalan. Az FIA-P az elsődleges geneti ká jú, míg 
az FIA-S a másodlagos genetikájú, szénhidrogén-tar talmú zár -
vány együtteseket jelöli. A függőleges szaggatott vona lak a redőző -
dés és a balos oldaleltolódás által érintett érgene rá ciókat jelzik.
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Table I. Summary of the texture, orientation and characteristics of the fluid inclusions in the studied vein phases. The stereograms show the orientations specific 
to a given vein generation in black, while the four fracture planes associated with the observed fold are indicated in red (TWISS & MOORES 1992). The stereograms 
were created using a lower hemisphere projection. PPL – plane-polarised light; N.d. – no data; FIA – fluid inclusion assemblage. 

I. táblázat. Az ércementek szövetének, orientációjának és a bennük található fluidumzárványok jellemzőinek összefoglalása. A sztereogramokon szereplő fekete főkörök 
az adott érgenerációra jellemző orientációkat reprezentálják, míg a piros szín a redőződéshez kapcsolható négy törési síkot jelöli (TWISS & MOORES 1992). A sztereogramok 
Schmidt-félgömbön, alsó vetítéssel készültek. PPL – párhuzamosan polarizált fény; N.d. – nincs adat; FIA – fluidumzárvány-együttes. 



calcite grains cementing the fracture, fragments appearing 
to be older calcite veins are also present (Figure 7A). These 
vein fragments consist of multiple parallel zones that are 
sharply separated from each other by host rock clasts. Car -
bon ate staining reveals that the calcite cement forming the 
CalBR2 vein generation is iron-free, whereas the older vein 
fragments consist of iron-rich calcite (Figure 7D). 

Elongate blocky calcite vein type 

Along the valley, a calcite vein generation composed of 
elongate blocky crystals (CalEB) follows a WSW–ENE strike 
(Table I). Similar to the CalB veins, these veins are composed 
of subparallel zones, separated by bands of host rock inclu -
sions at their boundaries (Figure 8). Fine-grained calcite 
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Figure 4. A) The folded CalCR and CalB vein generations, as well as the “seismite” in PPL images. The CalB vein generation intersects the CalCR vein generation at 
different orientations. Red arrows indicate the growth direction of calcite grains. A schematic figure of the different vein generations is shown on the right side of 
the figure. B) Multiple nuclei are observed in the periphery of the calcite grains forming the vein. The black line marks the boundary of the rims (thus, the grains). 
C) The core-rim structure in CL. D) Representative elemental distribution from Figure A. Differences in Al, Ca, and Si composition distinguishes the CalCR and 
the CalB1 vein generations from the seismite zone. PPL – plane-polarised light; CL – cathodoluminescence. 

4. ábra. A) A redőződött CalCR és CalB érgenerációk, valamint a közöttük elhelyezkedő szeizmit 1N felvételen. A CalB érgeneráció eltérő orientációkban metszi a CalCR 
érgenerációt. A piros nyilak a kalcitszemcsék növekedési irányát jelölik. Az ábra jobb oldalán a minta sematikus ábrázolása látható. B) Az éralkotó kalcitszemcsék peremi 
részein belül helyenként több mag figyelhető meg (1N felvétel). A fekete vonal a peremek, azaz a szemcsék határát jelöli. C) A mag-perem szerkezet CL-felvételen. D) Mikro-
XRF-elemtérkép az A) ábrán bemutatott területről. Az Al, Ca és Si elemtérképek kijelölik a CalCR és a CalB1 érgenerációk, valamint a szeizmit zóna határait. CL – katód -
lumineszcencia. 

← Figure 5. In the OB20/07b sample contains the CalCR, CalB, CalFIB, and 
CalBR1 vein generations. Based on crosscutting relationships, CalBR1 is con sid -
ered one of the earliest vein-forming events in the area, whereas CalFIB is likely 
among the youngest vein generations. PPL – plane-polarised light. 

← 5. ábra. Az OB20/07b mintában a CalCR, CalB, CalFIB és CalBR1 érgenerációk 
azonosíthatók (1N felvétel). A metsződési viszonyok alapján a CalBR1 a terület egyik 
legidősebb érgenerációjának tekinthető, míg a CalFIB feltehetően az egyik legfiata -
labb érgeneráció.  

Figure 6. Typical texture of the CalB vein generation in PPL. A) The boundaries of the parallel zones are marked by wall rock inclusions (WRI). The blue and pink 
colours indicate alternating bands of iron-rich and iron-free calcite observed based on carbonate staining. The yellow dashed line marks the boundaries of the zones. 
B) Growth zones marked by wall rock inclusions. C) CL image of B showing the wall rock inclusion planes. 

6. ábra. A CalB érgeneráció jellemző szövete 1N felvételen. A) Az egymással párhuzamos zónák határát mellékkőzetzárványok (WRI) jelölik ki. Karbonátfestés alapján a 
kék szín a vasas, míg a rózsaszín a vasmentes kalcit jelenlétét mutatja. A sárga szaggatott vonal a zónák határát jelöli. B) Mellékkőzetzárványok által kijelölt növekedési 
zónák. C) A B) ábrán látható mellékkőzetzárvány-síkok CL-felvételen. 



crys tals (<50 µm) are oriented nearly perpendicular to the 
vein walls, classified as loser grains (BONS 2000). In con -
trast, some crystals widen toward the vein centre, reaching 
lengths up to 1 mm, corresponding to winner grains (BONS 
2000; Figure 8). Carbonate staining confirms that all zones 
within the vein are composed of iron-rich calcite. 

Fluid inclusion petrography 

Fluid inclusion assemblages (FIAs) of both primary and 
secondary origin are observed in the CalCR, CalB, CalBR1 and 
CalBR2 vein generations. Fluid inclusions are classified into 

types based on their colour, UV fluorescence characteristics 
and type of phases – liquid (L) or vapour (V) – they contain 
(Table II). 

The aqueous fluid inclusions were classified into two 
groups based on the type of phases present: liquid (L) and 
liquid+vapour (L+V). Liquid fluid inclusions occur within 
CalB, the peripheral zone of CalCR, as well as in the CalBR1 
and CalBR2 vein generations (Figure 9A, B). These inclu -
sions, typically ranging from 2 to 5 µm in size, exhibit elon -
gate, round, or rectangular morphologies. They appear colour -
less under normal light and show no fluorescence under UV 
illumination. The inclusions are commonly arranged in planes 
oriented obliquely with respect to the calcite crystal bound -
aries, with multiple intersecting planes within the same crys -
tal. In the CalBR2 vein generation, a small number of L+V 
fluid inclusions are also present alongside the dominant liq -
uid inclusions. These L+V inclusions, ≤5 µm in size, simi -
larly appear colourless under normal light and lack fluo res -
cence under UV illumination. They are arranged in planes 
that are not parallel to crystal boundaries or vein walls, sug -
gesting a secondary origin for both the liquid and liquid + 
vapour inclusions. The vapour area% of the L+V fluid in -
clusions varies between 10 and 30%. 

Hydrocarbon-bearing fluid inclusions can be classified 
as primary (FIA-P) or secondary (FIA-S) according to their 
genetic origin. The CalB vein generation hosts primary, liq -
uid + vapour fluid inclusions with irregular morpholo gies, 
classified into distinct FIAs based on their spatial dis tribu -
tion. Multiple parallel planes, typically observed along the 
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Figure 7. Typical texture of the CalBR2 vein generation in PPL. A) Type I and II deformation twins in blocky calcite grains. A fragment of an older vein is observed 
within a CalBR2 calcite vein. The yellow dashed line marks the boundary of the vein fragment. B) Larger clasts of host rock enclosed in the calcite vein. C) Wall rock 
inclusions situated in the growth zones of the grains. D) Detail of the CalBR2 vein after carbonate staining. The blue areas indicate the presence of iron-rich calcite, 
while the pink areas indicate iron-free calcite. WRI – wall rock inclusion; PPL – plane-polarised light. 

7. ábra. A CalBR2 érgeneráció jellemző szövete 1N felvételeken. Az A) ábrán I. és II. típusú deformációs ikrek láthatók tömbös kalcitszemcséken. A nagyobb méretű kalcit -
szemcsék között egy idősebb ér töredéke figyelhető meg. A sárga szaggatott vonal az értöredék határát jelöli. B) Nagyobb méretű mellékkőzetklasztok kalcitszemcsék között 
(1N felvétel). C) A szemcsék növekedési zónáit mellékkőzetből származó zárványok jelzik (1N felvétel). D) A CalBR2 ér részlete karbonátfestést követően. A kék részek vasas, 
míg a rózsaszín részek vasmentes kalcit jelenlétét igazolják. WRI – mellékkőzetzárvány. 

Figure 8. Elongate blocky calcite crystals in the CalEB vein generation. The 
orange line indicates the grain boundaries, while the red and yellow arrows 
indicate the direction of crystal growth. XPL – cross-polarised light. 

8. ábra. Megnyúlt, tömbös kalcitkristályok a CalEB érgenerációban (+N felvétel). A 
narancssárga vonal a szemcsék határát, míg a piros és sárga nyilak a szemcsék 
növekedési irányát jelölik. 



vein walls, contain inclusions of varying size and colour 
(Fig ure 10A). Numerous fluid inclusions smaller than 5 µm 
are present, with a fluid phase exhibiting a pale yellowish-
brown colour under transmitted light (Figure 10A). Under 
UV illumination, these inclusions display yellow or blue 
fluorescence (Figure 10B). The vapour area% of these inclu -
sions ranges between 10 and 20%, regardless of fluores -
cence colour. Few fluid inclusions occur within the FIA, 
whose fluid phase appears dark brownish-reddish under trans -

mitted light. These inclusions, typically 8–12 µm in size, 
exhibit reddish fluorescence under UV illumination (Figure 
10B), with a vapour area% varying between 50 and 90%. 

In both the CalB and CalCR vein generations, these hydro -
carbon-bearing FIAs are typically arranged in planes that 
intersect calcite grain boundaries, indicating their sec ondary 
origin (FIA-S) (Figure 10C, D). Due to their small size, pri -
mary fluid inclusions within the CalB vein generation were 
unsuitable for homogenisation temperature measurements; 
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Table II. Summary of selected fluid inclusion parameters. FIA-AQ – aqueous fluid inclusion assemblage; FIA-P – 
primary fluid inclusion assemblage; FIA-S – secondary fluid inclusion assemblage; L - liquid; V - vapour; n.d. – no 
data; N.A. – not applicable. 

II. táblázat. A fluidumzárványok egyes paramétereinek részletes bemutatása táblázat formájában. FIA - AQ – vizes 
fluidumzárvány-együttes; FIA-P – elsődleges fluidumzárvány-együttes; FIA-S – másodlagos fluidumzárvány-együttes; 
L – folyadék; V – gőz; n.d. – nincs adat; N.A. – nem releváns. 

Figure 9. Fluid inclusions in the CalBR2 vein generation. A) Liquid-phase inclusion planes running parallel to each other. B) Elongate, round, and rectangular fluid 
inclusions taken as composite photo of an extended depth of field. PPL – plane-polarised light. 

9. ábra. Fluidumzárványok a CalBR2 érgenerációban 1N felvételeken. A) Egymással párhuzamos lefutású, fluidumzárványokból álló síkok. B) Megnyúlt, lekerekített 
téglalap alakú fluidumzárványok kiterjesztett mélységélességű, kompozit felvételen. 



however, secondary fluid inclusions (n = 11) yielded 
Th(L+V�L) values ranging from 58 to 101 °C (Figure 11). In 
the other FIAs the fluid inclusions were too small to be suit -
able for microthermometric measurements. 

UV-fluorescence microspectroscopy was performed on 
primary, hydrocarbon-bearing fluid inclusions (FIA-P) in 

samples OB20/07a and OB20/07b from the CalB2 vein gen -
era tion. In these samples, a single plane hosts an assemblage 
of inclusions displaying three visually distinct fluorescence 
colours (Figure 10B). The maximum fluorescence intensity 
wavelength (λmax) for the yellow-fluorescent inclusions at 
the vein margin is 535–536 nm, while the blue-fluorescent 
inclusions exhibit values ranging from 485 to 521 nm. The 
red-fluorescent inclusions show λmax values between 554 
and 644 nm (Figure 12). 
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Figure 10. A) Schematic representation of a fluid inclusion assemblage (yellow) parallel to the vein wall in the CalB vein generation. The white rectangle delineates 
the location of the texture shown in Figure B. Liquid + vapour phase fluid inclusions of different colours under UV light in the CalB vein generation. C) A fluid 
inclusion band highlighted by the red rectangle crosscuts the grains of the CalCR vein generation. D) The same area as in C) under UV light, showing predominantly 
yellow-fluorescing fluid inclusions. Under UV illumination, the core and rim regions of the crystals in this vein generation exhibit different shades of blue. PPL – 
plane-polarised light. 

10. ábra. A) Sematikus ábra a CalB érgenerációban megjelenő, érfallal párhuzamos fluidumzárvány-együttesről (1N felvétel). A fehér téglalap a B ábra szöveti helyzetét 
jelöli. B) Folyadék-gőz fázisú, különböző színű fluidumzárványok UV-fény alatt a CalB érgenerációban. C) A piros téglalappal jelölt fluidumzárványsáv elmetszi a CalCR 
érgeneráció szemcséit. D) A C) ábrán látható terület UV-fény alatt, ahol túlnyomórészt sárgán fluoreszkáló fluidumzárványok figyelhetők meg. UV-gerjesztés hatására az 
ezen érgenerációhoz tartozó szemcsék magja és peremi része eltérő árnyalatú kék fluoreszcenciát mutat. 

← Figure 11. Temperatures of homogenization (Th) of the gas phase into the 
liquid phase determined by microthermometric measurements of secondary 
fluid inclusions exhibiting yellow fluorescence. In the diagram, the box re pre -
sents the first and third quartiles of the dataset, while the “X” and the hori zon -
tal line within the box indicate the mean and median values. 

← 11. ábra. A másodlagos genetikájú, sárga fluoreszcenciát mutató, a folyadékfá -
zis ba homogenizálódó fluidumzárványok homogenizációs hőmérsékletei (Th). A 
dia gramokon az interkvartilis terület a minta első és harmadik kvartilisét ábrá zol -
ja, míg az “X” és az interkvartilis területen belüli vízszintes vonal az átlagértéket és 
a mediánt jelöli. 



Discussion 

Traces of folding and brittle deformation 

At Bodzás Spring, the strata on either side of the stream 
exhibit significantly different dip directions (Appendix 1), 
resulting in a cylindrical fold geometry, with an axis of 
200°/18° (LADÁNYI 2021). Fractures can form within folds 
in four distinct orientations, each associated with the folding 
process (e.g., RAMSAY 1967, TWISS & MOORES 1992, DAVIS 
et al. 2011, FOSSEN 2016). One of these planes is parallel to 
the fold axial plane, while another is perpendicular to it, 
creating an intermediate spacing pattern within the folded 
layers. The remaining two planes typically form a conjugate 
pair, with each plane intersecting the one perpendicular to 
the fold axial plane at an acute angle (Figure 13A, B). Most 
of the fractures observed in the valley align closely with 
these four characteristic fracture planes of the fold (Table I). 
Based on these observations, the orientation of the calcite 
vein generations CalCR, CalB1–4, and CalBR2 can be attributed 

to fracture systems related to the folding process in the vicini -
ty of Bodzás Spring (Table I). 

At sampling sites OB20/06 and OB20/07, calcite veins 
underwent micro-scale folding along with the host rock. 
These deformed veins belong to the CalB1 and CalCR vein 
gen era tions (Figure 4A). The deformation of the veins indi -
cates that they formed either prior to or synchronously with 
folding, classifying them as pre- or synkinematic relative to 
the folding event. Adjacent to the calcite veins, a dark brown -
ish-grey zone is observed, which is folded (Figure 4A). This 
type of fracture filling was referred to as a “seismite” by 
SEILACHER (1969) and may form during seismic events when 
fractured host rocks liquefy and intrude into open fractures 
(LUNINA 2019). 

At outcrop OB20/03 (Figure 1B), a vertical fault plane 
covered by calcite slickenfibres preserves evidence of sinis -
tral strike-slip faulting (Figure 2B). Along this mineralised 
surface, a breccia vein is present (Figure 2B). Microscopic 
examination of this CalBR2 vein generation reveals the pres -
ence of older, fragmented vein material alongside host rock 
clasts (Figure 7A). It is inferred that during the sinistral dis -
placement, not only host rock fragments, but also vein frag -
ments may have become detached and transported away from 
the vein wall. These displaced vein fragments are composed 
of iron-rich calcite crystals, as indicated by carbonate stain -
ing. The crystals exhibit syntaxial growth nearly perpen dicu -
lar to the vein wall, widening progressively toward the vein 
interior. Notably, these vein fragments lack hydrocarbon-
bearing fluid inclusions, suggesting that this hydrocarbon-
free fluid migration preceded the sinistral displacement, and 
resulted in the precipitation of iron-rich calcite crystals. 
These iron-rich crystals are likely associated with the CalB1 
vein generation. 

The CalFIB and CalBR1 vein generations cannot be pre -
cise ly oriented within the structural framework. Conse quent -
ly, their relative timing can only be inferred through mic -
roscopic crosscutting relationships, which suggest that both 
veins predate the sinistral displacement. However, based on 
crosscutting relationships, CalBR1 veins formed prior to the 
CalB1–4 vein generations, while the CalFIB veins postdate the 
CalB2 vein generation (Figure 5A, Figure 3). 

The orientation of the CalEB vein generation does not 
correlate with the theoretical fracture sets associated with 
folding (Table I). These observations suggest that the forma -
tion of the CalEB veins must be unrelated to the folding pro -
cess. Furthermore, crosscutting relationships between the 
CalEB veins and other vein generations are unknown. Based 
on these observations, CalEB is likely one of the youngest 
vein generations present in the valley area (Figure 3). 

Classification of breccia vein generations 

According to BONS (2000), the term "breccia" when de -
scribing veins refers to veins containing clasts of varying 
sizes derived from the host rocks. In the studied valley, cal -
cite veins containing a large proportion of clasts from the 
host lithology are classified as breccia veins. Clast size is a 
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Figure 12. Characteristic spectra of fluid inclusion assemblages exhibiting 
three different fluorescence colours in sample OB20/07b. The grey curves repre -
sent the characteristic UV spectra of hydrocarbon-bearing fluid inclusions de -
scribed by LUKOCZKI et al. (2012). 

12. ábra. A három különböző fluoreszcens színű fluidumzárvány-együttes jellemző 
spektruma az OB20/07b mintákban. A szürke görbék LUKOCZKI et al. (2012) által 
leírt, szénhidrogén-tartalmú fluidumzárványok jellemző UV-fluoreszcens spektru -
mait jelölik. 

Figure 13. A) Fracture systems and conjugate fault pairs that develop on fold 
limbs (modified after VAN DER PLUIJM & MARSHAK 2004). B) The orientation 
data of bedding planes measured near Bodzás Spring (black lines) and the four 
theoretical fracture planes related to folding (red lines) are plotted on the stereo -
gram. The stereographic projection was drawn on Smidt net, lower hemisphere. 

13. ábra. A) Redőszárnyakon kialakuló kőzetrésrendszerek és konjugált vetőpárok 
(VAN DER PLUIJM & MARSHAK 2004, módosítva). B) A Bodzás-forrás közelében mért 
réteglapok orientációs adatai (fekete főkörök) és a redőződéshez kapcsolódó négy 
elméleti törési sík sztereogramon ábrázolva. A sztereogram Schmidt-félgömbön, al -
só vetítéssel készült. 



fundamental criterion for distinguishing breccia types, with 
various authors proposing different classification schemes. 
According to SPRY (1969), breccias with clasts exceeding 5 
mm are designated as tectonic breccias, while those with 
clasts between 5 mm and 1 mm are classified as fine-grained 
breccias, and those with clasts smaller than 1 mm are termed 
microbreccias. HIGGINS (1971) proposed a boundary of 0.2 
mm between microbreccia and cataclasites. LAZNICKA (1988) 
distinguished mesobreccia from microbreccia based on a 
clast size threshold of 2 mm. The mineralogical composi -
tion of the cement and the crystallographic orientation have 
minimal influence on breccia classification (WOODCOCK & 
MORT 2008). Based on these criteria, two distinct breccia 
types have been identified within the valley: CalBR1 and 
CalBR2 (Table I). The CalBR1 vein generation predominantly 
contains clasts smaller than 1 mm (Figure 5), categorizing 
them as microbreccia. In contrast, the CalBR2 vein generation 
features clasts up to 4 mm in size (Figure 7B, D), classifying 
them as fine breccia. Both breccia types contain angular and 
rounded clasts, suggesting that brecciation involved not on -
ly mechanical fragmentation but also chemical processes 
(JEBRAK 1997).  

Within the CalBR2 vein generation, clasts frequently form 
larger, spherical clusters (Figure 2C). These smaller clasts 
are typically fused and appear to be "floating" within the 
calcite cement, a characteristic feature of floating clast brec -
cias (CHAUVET 2019), as shown in Figure 2C. This mosaic 
arrangement of clasts suggests hydraulic brecciation driven 
by elevated fluid pressure, as described by JEBRAK (1997). 
Floating clast breccias are typically associated with episod -
ic hydraulic fracturing, leading to multiple cycles of brec -
cia tion and cementation (CHAUVET 2019). 

Fluid events 

By analysing fluid inclusions trapped within calcite crys -
tals, we aimed to determine the relative timing and physico -
chemical conditions of fluid migration events associated 
with mineral vein formation and structural evolution. 

FIA-P and FIA-S fluid inclusions consist of fluorescent, 
liquid + vapour inclusions clearly visible under UV illumi -
na tion (Figure 10), observed in the CalB2 and CalCR vein gen -
erations. The blue, yellow, and red fluorescent inclusions 
con tain hydrocarbons and occur as primary inclusions in the 
CalB2 vein generation (Figure 10A, B; Figure 3) and as sec -
ondary inclusions in the CalCR vein generation (Figure 10C, 
D; Figure 3). The fluorescence colour of fluid inclusions is 
controlled by the relative proportions of aromatic and het -
ero atomic compounds within the hydrocarbon-bearing fluid 
and their ratio to normal alkanes (BERTRAND et al. 1986, 
OXTOBY 2002, SKAARE et al. 2011). The presence of three 
different fluorescence colours suggests the entrapment of 
hydrocarbon fluids with different compositions. The geo -
che mical characteristics of migrating hydrocarbon-bearing 
fluids are largely influenced by the nature of their source 
rock and the thermal maturity of the hydrocarbons (MCLI -
MANS 1987, KIHLE 1995, BLANCHET et al. 2003). According 

to KIHLE (1995), immature oils usually fluoresce in the yel -
low-red spectrum under UV light, whereas fluorescence 
shifts towards the blue spectrum with increasing thermal 
maturity. Alteration processes such as water washing and 
bio degradation can modify the chemical composition of 
hydrocarbons, often resulting in a red shift in fluorescence 
(GEORGE et al. 2001). SKAARE et al. (2011) also reported a 
correlation between the fluorescence colour of fluid inclu -
sions and the °API gravity of the hydrocarbon phase. Based 
on this correlation, the fluorescence spectra of inclusions in 
the CalB2 vein generations were analysed (Figure 14), pro -
vid ing insights into hydrocarbon inclusions with varying 
°API gravities. 

In the CalB2 vein generation, fluid inclusions displaying 
different UV fluorescence colours are closely associated 
along the same growth zones. The occurrence of fluid inclu -
sions within a single FIA exhibiting different UV fluores -
cence colours has previously been documented in calcites 
from the TSZ quarry near Pécsvárad (LUKOCZKI et al. 2012). 
Given that hydrocarbon fluids typically exist as a homo ge -
neous phase under subsurface conditions, the presence of 
petroleum inclusions with variable compositions within the 
same growth zone appears to contradict FIA theory (CHI et 
al. 2021). Selective adsorption of distinct hydrocarbon com -
ponents during fluid inclusion entrapment can lead to minor 
compositional variations, resulting in fluorescence hetero -
geneity (PIRONON & BOURDET 2008). 

When fluid inclusions of different fluorescence colours 
occur within a single FIA, yet the coexistence of multiple 
hydrocarbon-bearing fluids of different compositions in the 
fracture system at the time of entrapment is unlikely, micro-
scale segregation on the surface of the precipitating mineral 
is the most plausible explanation. This mechanism accounts 
for the spatial association of fluid inclusions with variable 
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Figure 14. Correlation between the fluorescence colour of hydrocarbon-con -
tain ing fluid inclusions and °API density (grey dots), as determined by SKAARE 
et al. (2011). Black dots represent primary hydrocarbon-containing fluid inclu -
sions with different fluorescence colour in the CalB2 vein generation. 

14. ábra. SKAARE et al. (2011) által meghatározott összefüggés a szénhidrogén-tar -
tal mú fluidumzárványok fluoreszcens színe és °API sűrűsége között (szürke pon -
tok). A fekete pontok a CalB2 érgenerációban található eltérő fluoreszcens színnel 
rendelkező, elsődleges szénhidrogén-tartalmú fluidumzárványokat jelölik. 



fluorescence colours along the same planes or growth zones. 
The fluorescence spectra of the yellow and blue inclusions – 
interpreted as primary and secondary in origin, respectively 
(Figure 12A) – exhibit strong similarities to those document -
ed in samples from Pécsvárad (LUKOCZKI et al. 2012). In 
addition to UV fluorescence spectroscopic analysis of cal -
cite samples from Pécsvárad, microthermometric measure -
ments were performed, revealing that the Th(L+V→L) of hy -
dro carbon inclusions varied between 30 and 100 °C (LU -
KOCZ KI et al. 2012). In the case of the CalB2 vein generation 
analysed in this study, Th(L+V→L) values of secondary in -
clu sions ranged from 58 to 101 °C (Figure 11). At Árpádtető, 
located southwest of the Óbánya Valley and Pécsvárad quar -
ry, LUKOCZKI & SCHUBERT (2014) described hydrocarbon-
bearing fluid inclusions that appear yellowish-brown under 
normal light, but fluoresce blue under UV light. For these 
inclusions, the Th(L+V→L) values ranged from 76 to 114 °C. 
The study did not clearly identify the potential source rock 
of the hydrocarbons. 

In case of Pécsvárad, based on the organic matter type 
and thermal maturity of the host rock (Hosszúhetény Cal -
careous Marl Formation), it has been inferred that the hydro -
carbon source rock responsible for fluid migration in the 
fracture systems was likely the marl itself. HAN et al. (2022) 
further supported this interpretation, based on biomarker 
analyses of hydrocarbon-bearing inclusions in marl and frac -
ture-filling calcite from the Pécsvárad quarry. 

To date, no organic geochemical investigations have been 
carried out on the marl and clayey limestone formations of 
the Komló Calcareous Marl Formation within the valley area. 
Consequently, there is no direct evidence that the hydrocar -
bons in the calcite veins were derived from these host rocks. 
The organic content of the Rékavölgy Siltstone (formerly 
Óbá nya Aleurolite) Formation in the Réka Valley — run -
ning nearly parallel to the Óbánya Valley — was inves ti gat -
ed by VARGA et al. (2007). Based on total organic carbon 
(TOC) content and the quantity of hydrocarbons released 
during pyrolysis, the black shale of the formation is consid -
ered an excellent petroleum source rock under suitable con -
ditions, despite the strata currently exposed on the surface 
not having reached the oil generation window (Ro = 3.89– 
8.12% in laminated rock types, Ro = 2.14–3.29% in thin-
bedded varieties). Additionally, a liptinite-rich interval of 
the Mecsek Coal Formation can also be considered a poten -
tial petroleum source rock, though its oil-generating poten -
tial is relatively low (TISSOT & WELTE 1984). 

BADICS & VETŐ (2012) modelled the thermal maturity of 
these formations using borehole data from the northern fore -
land of the Mecsek and concluded that Early Jurassic forma -
tions there reached the oil window during the Cretaceous, 
implying the potential for oil generation at that time. How -
ever, while the source rock for the hydrocarbons trapped in 
these inclusions is likely among these three potential petro -
leum source rocks (Mecsek Coal Formation, Hosszúhetény 
Calcareous Marl Formation, and the Rékavölgy Siltstone 
Formation) the exact origin of the hydrocarbons in the cal -
cite veins of the Óbánya Valley remains undetermined. 

Among the samples from the Óbánya Valley area, the 
CalB2 vein generation contains hydrocarbon-bearing fluid 
in clusions of primary (syntectonic) origin relative to vein 
for mation. These inclusions are distributed along multiple 
parallel planes adjacent to the vein wall (Figure 10A, B), 
indicating that hydrocarbon migration was associated with 
this vein generation. However, orientation data suggest that 
the formation of the CalB2 veins is linked to the folding, im -
plying that the trapping of hydrocarbon inclusions occurred 
syntectonically relative to the folding event. The CalCR vein 
generation predates the CalB2 vein generation, meaning that 
fluid inclusions identified as primary in the younger veins 
can be reinterpreted as secondary inclusions along minor 
frac tures in the older vein generation based on their similar 
petrographic characteristics (Figure 3). Since there are no 
direct data available on the timing of vein formation, it can 
only be correlated with larger-scale tectonic events affecting 
the area. The presence of primary hydrocarbon-bearing flu -
id inclusions is associated with folding, which most likely 
developed during a Cretaceous deformation event. The or -
ganic-rich formations identified in the vicinity of the study 
area all predate this Cretaceous tectonic event. Therefore, 
any of these formations could potentially have acted as the 
source rock for the hydrocarbon-bearing fluids that migrat -
ed into the valley. 

Non-fluorescent, liquid-phase fluid inclusions occur in 
the CalB1–4, CalCR (peripheral zone), CalBR1, and CalBR2 vein 
generations (Figure 9). These inclusions range from 2 to 5 
µm in size and are presumed to contain aqueous fluids. Ac -
cording to GOLDSTEIN & REYNOLDS (1994), such small, liq -
uid-phase aqueous inclusions typically form below 50 °C. 
This suggests that these secondary fluid inclusions were 
like ly trapped near the surface during a later-stage fluid 
mig ration event in the valley. The liquid-phase inclusions 
are typically arranged in planes that do not correspond to 
growth zones, indicating their secondary origin through 
frac ture healing. Their small size, liquid-phase nature, and 
inferred low trapping temperature (below 50 °C) are in dica -
tive of a shallow fluid flow event. 

Conclusions 

In our study, we examined whether the fractures and 
veins observed along the Óbánya Valley, or specific groups 
of them, can be linked to expected fracture pattern related to 
folding, assuming that the large-scale fold geometry and ori -
entation across the valley are similar to those identified at 
Bodzás Spring. In the Óbánya Valley, both a calcite-cement -
ed fracture network and unmineralized cracks are present. 
Based on textural and microstructural characteristics, six 
vein generations have been identified, with their relative 
formation sequence established, except for CalEB (Figure 3). 
The veins and textural features suggest that CalBR1 formed 
prekinematically relative to folding. In contrast, the orienta -
tion of the other vein generations aligns with fractures as -
sociated with a single deformation event (Figure 3; Figure 
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13A, B). The valley area underwent a sinistral displacement 
after folding, likely leading to the formation of the CalBR2 
vein generation (Figure 3). 

Both aqueous and hydrocarbon-bearing fluid inclusions 
were trapped within the veins. Hydrocarbon-bearing inclu -
sions of primary origin occur in CalB2, while secondary hy -
dro carbon inclusions are present in the CalCR veins. This ob -
servation is interpreted as evidence indicating that the hy -
dro carbon-bearing fluid inclusion in both vein generations 
was associated with the same fluid flow event. This suggests 
that the migration of hydrocarbon-bearing fluids occurred 
postkinematically relative to the folding event. Under UV il -
lu mination, these fluid inclusions exhibit blue, yellow, and 
red fluorescence, indicative of the presence of multiple oil 
types. Their close spatial association within the same FIA 
implies that a single hydrocarbon-bearing fluid migrated 
through the fracture system, with micro-scale fractionation 
occurring during fluid entrapment resulting in the various 
fluorescent colours. 

To date, no Rock-Eval pyrolysis or TOC measurements 
have been published on the Komló Calcareous Marl Forma -
tion in the valley area. Previous studies have identified the 

Hosszúhetény Calcareous Marl Formation (LUKOCZKI et al. 
2012, HAN et al. 2022) and the Rékavölgy Siltstone Forma -
tion (BADICS & VETŐ 2012) as excellent petroleum source 
rocks based on the maturity of their organic matter. Given 
that all potential source rocks are older than the deformation 
event possibly associated with hydrocarbon migration, un -
equivocally determining the origin of the parent fluid is cur -
rently not possible with the available data.  
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Appendix 1 – 1. melléklet 

Appendix 1. Orientation data measured at the Bodzás Spring and sampling points, as well as notes on the outcrops. 
1. melléklet. A Bodzás-forrásnál és a mintavételi pontoknál mért orientációs adatok, valamint a feltárásokra vonatkozó jegyzetek.
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Appendix 1 – 1. melléklet 

Appendix 1. continued 
1. melléklet folytatása
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Appendix 2 – 2. melléklet 

Appendix 2. Orientation data of bedding planes from the Óbánya Valley. 
2. melléklet. Réteglapok orientációs adatai az Óbányai-völgyből.
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Appendix 2 – 2. melléklet 

Appendix 2. continued 
2. melléklet folytatása




