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Osszefoglalds

Torésrendszerekhez kapcsolodo paleofluidum-migrdcio
az Obdnyai-volgyben (Keleti-Mecsek)

Az elmult két évtizedben a Mecsek-hegység teriiletén tobb tridsz €s jura képzodményben azonositottak szénhidro-
gén-tartalmi paleofluidum-migracidra utalé nyomokat. Jelen tanulmdny a legkeletebbi ismert el6forduldst vizsgdlja,
amelyet a részben cementalt torésrendszerek képviselnek az Obanyai-volgyben. Célunk ezen torésrendszerek kialakuldsi
koriilményeinek rekonstrukcidja volt. Klasszikus szerkezetfoldtani médszereket alkalmazva megkiséreltiik azonositani
a repedésrendszert kialakité szerkezetfejlodési eseményeket. Eredményeink alapjdn két deformdacids fazist azonositot-
tunk: a) egy red6képzodést és b) egy ezt kovetd, balos eltolodast. A volgyben megfigyelt red6hoz kapcsolodo kdzetrések
és vetSk elméleti irdnyait meghataroztuk, majd ezeket Gsszevetettiik a terepi orientacids adatokkal. Elemzéseink alapjan
tobb, a red6z6déshez kapcsolddo torési irdnyt, kalciteret és vetSbreccsat azonositottunk. Hat érgenerdcié fluidumzar-
vany-petrografiai vizsgalata vizes és szénhidrogén-tartalmi fluidumzarvanyok jelenlétét igazolta. Eredményeink arra
utalnak, hogy a szénhidrogén-tartalmu fluidummigracié a red6z6déshez kapcsol6dé négy elméleti torési sik egyikéhez
kapcsolhatd. Noha a fluidumzarvanyok csupédn korlatozott informdciét nydjtanak a fluidummigracié h6mérsékleti viszo-
nyairdl, tobb érszdveti sajatossag arra utal, hogy a torésrendszer fejlédése sordn a képz6dményben id6szakosan meg-
emelkedett fluidumnyomads uralkodott.
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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 Obanya 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
hydrocarbon-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 matrls, 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
within 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, HrAaBOvVSZKI 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, LADANYI 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 Obénya Valley, with special regards to the calcite-
cemented fracture system within the Koml6 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., PUSPOKI 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 inresponse 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-
terranean faunal elements began to appear and spread across
the region due to the detachment of the Tisza Mega-unit from
the European Plate (GEczy 1973, VOROs 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 & ARVANE-SGs 1993).

South of this volcanic zone lies the study area, the north-
east-southwest trending Obanya Valley, which holds geo-
logical interest because it exposes all the Jurassic forma-
tions of the Kistijbanya perisyncline. The valley runs paral-
lel to the Dongolt Ditch, north of the Réka Valley. Near the
village of Obanya, 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 Komlé Calcareous Marl Formation
(BockH 1880, HETENYI 1966, CsAszZAR & Haas 1983, Ga-
LACz et al. 1992, HAAS 1994, NEMEDI VARGA 1998, RAUCSIK
2012). Further towards the village of Kistjbdnya, the strati-
graphy transitions into the Bathonian—Callovian Obanya
Limestone Formation, characterised by greenish, reddish,
and grey marl, calcareous marl, and nodular limestone (HE-
TENYI 1966, CSASZAR & HaAas 1983, VELLEDITS et al. 1986,
GALAcz et al. 1992, HaAs 1994, NEMEDI VARGA 1998, RAU-
csik 2012). Continuing along the valley towards the village
of Kisdjbdnya, the succession is dominated by the light-
coloured, chert-bearing limestone of the Callovian—lower
Kimmeridgian Fonydszé Limestone Formation, with a
gradual decrease in chert content southwestward (BOCKH
1880, VELLEDITS et al. 1986). According to GALACZ et al.
(1992), carbonate rock sequences of Kimmeridgian—Ti-
thonian age are present near Kistjbanya, classified as part of
the Kistijbanya Limestone Formation (HAAS 1994).

The structure of the Mecsek is characterised by complex
anticline—syncline fold systems, with fold axes predomi-
nantly oriented northeast—southwest (BENKovICS et al. 1997,
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Csonrtos et al. 2002). In the Maza-Dél—Varalja-Dél area,
PUsPOKI et al. (2012) also observed folds with northeast—
southwest-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 (NEMEDI VARGA 1983, BERGERAT &
CsonTos 1988). Later, during the syn-rift phase of the devel-
opment of the Pannonian Basin (~15 Ma), left-lateral trans-
tensional movements (NEMEDI VARGA 1983) led to the for-
mation 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 Villainy Mountains began in the
early Pannonian (Late Miocene—Pliocene; FODOR et al.
1999; SEBE 2009, 2021; SZTANO & MAGYAR 2023; SEBE &
Pazony1 2025).

Methods

During the field surveys, orientation data of bedding
planes as well as mineralised and unmineralised fractures
were measured in the Obanya 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-um thin sections were prepared from
seven samples. Microscopic petrographic observations were
conducted using an Olympus SZX-7 polarising stereomi-
croscope, 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-
pretation 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-MNU?2 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 spectrome-
ter connected to an Olympus BX-41 polarising microscope.
Spectra were acquired from a 2 um 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
Olympus BX-41 polarising microscope. The system was

calibrated 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
(uXRF) mapping was carried out using a Horiba Jobin Yvon
XGT-5000 X-ray fluorescence spectrometer, equipped with
aRh 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
Obanya Valley. The host rock of the studied vein samples
(OB20/01-0OB20/08) is primarily fine-grained marl with an
earthy appearance, classified as part of the Koml6 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 Obanya 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 I and Appendix 2, and
summarised in 7able I. In the valley area, calcite cemented
fractures can be classified into four distinct orientation sets
(Figure 1B). Near the Bodzas Spring, the dip directions of
the bedding planes exhibit significant variation (Figure IB).
At outcrop OB20/06 and OB20/07, sedimentary layers and
fractures cemented by calcite were observed. Near the Bod-
zas Spring, a fold with an axis orientation of 200°/18° was
identified, consistent with preliminary exploration results
(LADANYI 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-
ical 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) Geo]ogical/map of the Mecsek Mountains (modified after KONRAD et al. 2010). The red rectangle indicates the Obanya Valley shown in Figure B. B)
Sampling points in the Obanya Valley. For the Bodzas 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 bed

ding

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 Bodzas Spring.

1. dbra. A) A Mecsek-hegység geoldgiai térképe (KoNrAD et al. 2010, mddositva). A piros téglalap a B dbrdn ldthato Obdnyai-vilgyet jeléli. B) Mintavételi helyek az Obdnyai-
volgyben. A sztereogramok Schmidt-félgombon, also vetitéssel késziiltek. A Bodzds-forrds esetében a sztereogramon a réteglapok vannak dbrdzolva, mig a mintavételi
helyek esetében (OB20/01-0B20/08) a kalciterek. A bal felsé sztereogramon a volgy teriiletén rogzitett réteglapok orientdcios adatai lathatok poluspontként dbrdzolva.

A z6ld pontok a volgy teljes hosszdn mért rétegeket, mig a fekete pontok a Bodzds-forrdsndl mért rétegeket jelolik.
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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 0B20/03).
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. dbra. A) Egymdssal kozel parhuzamos lefutdsii, fehér és sziirke szinii kalcitzondk az OB20/01 mintdban. B) 30-40 cm hosszii dsvdnylépcsiket tartalmazo vetésik
(0B20/03 mintavételi hely). A piros nyilak az elmozdulds irdnydt jelolik, a vetdsik orientdcidja 332°/84°. C) Szogletes mellékkozetzdarvanyok a breccsaérben (0B20/03
minta). A piros szaggatott vonalak a mellékkozetzarviany-halmazok hatdrdt jelolik. D) A mellékkdzetben megjelend, dtkristalyosodott mikrofosszilidk (IN felvétel).

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 Obénya 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 Cal (core-rim) calcite vein generation consists of
crystals with lighter inner (core) domains, ranging from 50
to 200 um in diameter, and darker outer (rim) zones, measur-
ing 100- 300 pm in width. This vein generation predomi-
nantly exhibits an NNE-SSW to ENE-WSW strike orien-
tation (7able I). The blocky and occasionally elongate blocky

crystals (sensu BoNns 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
Cal, terminate within this zone in euhedral shape, sug-
gesting the formation of this dark zone postdating the Cal
vein generation. Micro-XRF mapping indicates that this
dark zone has elevated aluminium and silicon content com-
pared to the Cal, 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 3. Deformation and cementation events and their
inferred relative sequence in the Obanya 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 Calg, 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. dbra. Az O'ba'nyai-vdlgyben azonositott deformdcids és cemen-
tdcios események feltételezett relativ sorrendje. Az egyes vonalak
az érgenerdciok egymdshoz viszonyitott idébeli viszonyat jelolik.
A Calyy érgenerdcio iddbeli elhelyezkedése metszodési viszonyok
hidnydban bizonytalan. Az FIA-P az elsidleges genetikdjii, mig
az FIA-S a mdsodlagos genetikdjii, szénhidrogén-tartalmii zdr-
vdnyegyiitteseket jeloli. A fiiggdleges szaggatott vonalak a redizo-
dés és a balos oldaleltolodds dltal érintett érgenerdciokat jelzik.

Breccia vein type I (Calgg,)

In the studied area of the valley, two breccia vein genera-
tions (Calgy, and Calgy,) were distinguished based on clast
size and the iron content of the cementing calcite. One of the
breccia vein generations, Calgg,, is characterized by iron-
rich calcite with a blocky texture (Figure 5). The Calgy, 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 um, 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
Calg,, vein will be presented later.

Blocky calcite vein type

Calcite veins exhibiting blocky textures (Caly, ,) are ori-
ented NNE-SSW and ENE-WSW (7able I). Four genera-

tions of Cal, were identified, distinguished by the iron con-
tent and orientation of the calcite (Figure 3). These veins
consist of multiple subparallel zones (Figure 6A), with
boundaries marked by bands of host rock inclusions <50 um
in size (Figure 6A). The outermost zone consists of calcite
crystals <100 um 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. Carbon-
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-
nation 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 Il 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 Calgy, vein generation, the Cal, vein gen-
eration can only be observed at microscopic scale, and its
orientation is not known, but it intersects most generations
of veins. The Calg, 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-
pendicular to, and frequently intersect the Calyy,, Calg, and
Cal 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 Calyy veins are composed of iron-rich calcite.

Breccia vein type II (Calgg,)

The second breccia generation (Calgg,) predominantly
exhibits a NE-SW strike orientation (7able I). Calcite crys-
tals within Caly, veins display a blocky texture (Figure 7A)
and range in size from 50 um 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 pm) 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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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.

L. tablazat. Az ércementek szovetének, orientdcidjdnak és a benniik taldlhato fluidumzdrvdanyok jellemzdinek dsszefoglaldsa. A sztereogramokon szerepld fekete fokorok
az adott érgenerdciora jellemzd orientdciokat reprezentdljdk, mig a piros szin a redézédéshez kapesolhato négy torési sikot jeloli (Twiss & Moores 1992). A sztereogramok
Schmidt-félgombon, also vetitéssel keésziiltek. PPL - parhuzamosan polarizalt fény; N.d. - nincs adat; FIA - fluidumzdrvany-egyiittes.

Veins

Typical vein orientations

Fluid inclusions assemblages (FIAs)

Cement mineralogy and
crosscutting relations

Core-rim vein
(CalCR )

Secondary hydrocarbon FIA

PPL: yellowish-brownish colour
UV: yellow/blue fluorescence colour
Size: < 3 um

Vapour area% = 10-20

Ferroan calcite

Microbreccia vein
(Calgg, )

N.d.

N.d.

Ferroan calcite

Blocky vein
(Calg,4 )

Primary FIA
PPL: yellowish-brownish colour; dark brownish colour

UV: yellow/blue fluorescence colour; red
fluorescent colour

Size: < 5 um (yellow/blue); 8-12 um (red)
Vapour area% = 10-20 (yellow/blue); 50-90 (red)

Ferroan calcite

Secondary FIA

PPL: yellowish-brownish colour; reddish-
brownish colour

UV: yellow fluorescence colour; red fluorescence colour
Size: < 3 um (yellow); >8 um (red)

Vapour area% = 10-30 (yellow); 60-90 (red)

Th= 58-101 °C (n=11)

Ferroan calcite;
crosscut Caler

N.d. Calcite
Fibrous vein Ferroan calcite;
N.d. N.d. crosscut Calgg,

(Calgs )

and CalB].z

Fine breccia vein
(Caly, )

Secondary FIA
PPL: colourless
Size: 2-5 um

Calcite; crosscut
Calgy;

Secondary FIA
PPL: colourless
Size: < 5 um Vapour area% = 10-30

Elongate blocky
vein (Calg )

N.d.

Ferroan calcite
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Al + Ca + Si

Cal,

T} Seismite

¥Cal,

2 3 2 Wall rock

5mm

Figure 4. A) The folded Cal, and Calj vein generations, as well as the “seismite” in PPL images. The Cal vein generation intersects the Cal, 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 Cal, and
the Caly, vein generations from the seismite zone. PPL - plane-polarised light; CL - cathodoluminescence.

4. dbra. A) A reddzédott Cal  és Caly, érgenerdciok, valamint a kozottiik elhelyezkedd szeizmit IN felvételen. A Caly érgenerdcio eltérd orientdciokban metszi a Cal
érgenerdciot. A piros nyilak a kalcitszemesék novekedési iranyat jelolik. Az abra jobb oldaldn a minta sematikus dbrdzoldsa lathato. B) Az éralkoto kalcitszemesék peremi
részein beliil helyenként tobb mag figvelhetd meg (IN felvétel). A fekete vonal a peremek, azaz a szemcesék hatdrdt jeloli. C) A mag-perem szerkezet CL-felvételen. D) Mikro-
XRF-elemtérkép az A) abran bemutatott teriiletrdl. Az Al, Ca és Si elemtérképek kijelolik a Cal ., és a Caly, érgenerdaciok, valamint a szeizmit zona hatdrait. CL - katod-
lumineszcencia.

« Figure 5. In the OB20/07b sample contains the Cal,, Cal,, Calg,, and
Caly,, vein generations. Based on crosscutting relationships, Calgy, is consid-
ered one of the earliest vein-forming events in the area, whereas Caly is likely
among the youngest vein generations. PPL - plane-polarised light.

«— 5. dbra. Az OB20/07b mintdban a Cal, Caly, Calyy és Caly, érgenerdciok
azonosithatok (1N felvétel). A metszédésiviszonyok alapjan a Calyy, a teriilet egyik
legiddsebb érgenerdcidjanak tekinthetd, mig a Caly, felteheten az egyik legfiata-
labb érgenerdcio.

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-
bonate staining reveals that the calcite cement forming the
Calg,, 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 (Calgg) follows a WSW—-ENE strike
(Table I). Similar to the Caly, veins, these veins are composed
of subparallel zones, separated by bands of host rock inclu-
sions at their boundaries (Figure 8). Fine-grained calcite

Figure 6. Typical texture of the Caly 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. dbra. A Caly érgenerdcio jellemzd szovete IN felvételen. A) Az egymdssal parhuzamos zondk hatdrdt mellékkézetzarvanyok (WRI) jelolik ki. Karbondtfestés alapjdn a
kék szin a vasas, mig a rozsaszin a vasmentes kalcit jelenlétét mutatja. A sdrga szaggatott vonal a zondk hatdrdt jeloli. B) Mellékkozetzarvanyok dltal kijelolt novekedési
zondk. C) A B) abrdn ldthaté mellékkozetzarvany-sikok CL-felvételen.
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Figure 7. Typical texture of the Caly,, 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 Calyy, 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 Caly,, 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. dbra. A Calyy, érgenerdcid jellemzd szévete IN felvételeken. Az A) abrdn 1. és I1. tipusii deformdcios ikrek ldthatok tombds kalcitszemeséken. A nagyobb méretii kalcit-
szemcsek kozott egy idosebb ér toredeke figyelhetd meg. A sdrga szaggatott vonal az értoredék hatardt jeloli. B) Nagyobb méretii mellékkaozetklasztok kalcitszemesék kozott
(INfelvétel). C) A szemesék névekedési zonait mellékkdzetbol szarmazo zdrvdanyok jelzik (IN felvétel). D) A Calyy, ér részlete karbonatfestést kovetden. A kék részek vasas,
mig a rozsaszin részek vasmentes kalcit jelenlétét igazoljak. WRI - mellékkozetzdrvany.

crystals (<50 um) 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 Cal, Caly, Calgg, and
Calyg, vein generations. Fluid inclusions are classified into

Figure 8. Elongate blocky calcite crystals in the Calg, 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. dbra. Megnyiilt, tombos kalcitkristalyok a Caly érgenerdcioban (+N felvétel). A
narancssdrga vonal a szemesék hatdrat, mig a piros és sarga nyilak a szemesék
novekedési irdnydt jelolik.

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
Caly, the peripheral zone of Calg, as well as in the Calgy,
and Calgg, vein generations (Figure 9A, B). These inclu-
sions, typically ranging from 2 to 5 um 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 Calgg, vein generation, a small number of L+V
fluid inclusions are also present alongside the dominant lig-
uid inclusions. These L+V inclusions, <5 um in size, simi-
larly appear colourless under normal light and lack fluores-
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 Cal, vein generation hosts primary, lig-
uid + vapour fluid inclusions with irregular morphologies,
classified into distinct FIAs based on their spatial distribu-
tion. Multiple parallel planes, typically observed along the
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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.
1. tablazat. A fluidumzarvanyok egyes paramétereinek részletes bemutatdsa tabldzat formdjdaban. FIA - AQ - vizes
Sfluidumzdrvdny-egyiittes; FIA-P - elsddleges fluidumzdrvany-egyiittes; FIA-S - mdsodlagos fluidumzdrvdany-egyiittes;
L - folyadék; V - goz; n.d. - nincs adat; N.A. - nem relevdns.

FIA-AQ FIA-P | FIA-S
Liquid water hydrocarbon
Genetics secondary primary secondary
Phases L L+Vv L+V L+Vv L+V L+Vv
Size (qum) 2-5 <5 <5 812 3 >8
yellowish- | brownish- | yellowish- | brownish-
PPL colourless| colourless brown reddish brown reddish
11 11
uv colourless| colourless | 7S 0% red yerowor red
blue blue
\Y%
e 0 1030 | 1020 | 50-90 | 10-30 | 60-90
area%
0,

T O NA. nd. n.d. n.d. 58-101 nd.
(L+V—L)

Caly

Caly
Vei Cal

em ] Calgy, * Caly Calg |[CalgCalyy| Calg

generation Calyg,

Calgp,

vein walls, contain inclusions of varying size and colour
(Figure 10A). Numerous fluid inclusions smaller than 5 um
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 um in size,
exhibit reddish fluorescence under UV illumination (Figure
10B), with a vapour area% varying between 50 and 90%.

In both the Cal,, and Cal, vein generations, these hydro-
carbon-bearing FIAs are typically arranged in planes that
intersect calcite grain boundaries, indicating their secondary
origin (FIA-S) (Figure 10C, D). Due to their small size, pri-
mary fluid inclusions within the Cal; vein generation were
unsuitable for homogenisation temperature measurements;

Figure 9. Fluid inclusions in the Calyg, 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. dbra. Fluidumzarvanyok a Caly,, érgenerdcioban IN felvételeken. A) Egymdssal parhuzamos lefutdsi, fluidumzdrvanyokbdl dllo sikok. B) Megnyilt, lekerekitett

téglalap alakii fluidumzdrvdnyok kiterjesztett mélységélességii, kompozit felvételen.
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Two-phase
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Figure 10. A) Schematic representation of a fluid inclusion assemblage (yellow) parallel to the vein wall in the Cal 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 Caly vein generation. C) A fluid
inclusion band highlighted by the red rectangle crosscuts the grains of the Cal ., 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. dbra. A) Sematikus dbra a Calyérgenerdcioban megjelend, érfallal parhuzamos fluidumzdrvany-egyiittesrél (IN felvétel). A fehér téglalap a B dbra szoveti helyzetét
Jjeloli. B) Folyadék-goz fazisi, kiilonbozd szinii fluidumzdarvanyok UVfény alatt a Caly érgenerdcioban. C) A piros téglalappal jelolt fluidumzdarvanysav elmetszi a Cal
érgenerdcio szemeséit. D) A C) dbran ldthato teriilet UV-fény alatt, ahol tillnyomorészt sdargan fluoreszkdlo fluidumzdrvanyok figyelheték meg. UV-gerjesztés hatdsdra az
ezen érgenerdciohoz tartozo szemcesék magja és peremi része eltéré drnyalatii kek fluoreszcencidt mutat.

however, secondary fluid inclusions (n = 11) yielded samples OB20/07a and OB20/07b from the Caly, vein gen-
T,(L+V L) values ranging from 58 to 101 °C (Figure 11).In  eration. In these samples, a single plane hosts an assemblage
the other FIAs the fluid inclusions were too small to be suit-  of inclusions displaying three visually distinct fluorescence
able for microthermometric measurements. colours (Figure 10B). The maximum fluorescence intensity

UV-fluorescence microspectroscopy was performed on  wavelength (A, ) for the yellow-fluorescent inclusions at
primary, hydrocarbon-bearing fluid inclusions (FIA-P) in the vein margin is 535-536 nm, while the blue-fluorescent
inclusions exhibit values ranging from 485 to 521 nm. The

Ty (VL) n=11 1 red-fluorescent inclusions show A_ values between 554
120 and 644 nm (Figure 12).
110
100 101 « Figure 11. Temperatures of homogenization (7)) of the gas phase into the

liquid phase determined by microthermometric measurements of secondary
fluid inclusions exhibiting yellow fluorescence. In the diagram, the box repre-
sents the first and third quartiles of the dataset, while the “X” and the horizon-
tal line within the box indicate the mean and median values.

90

T, [°C

80
° «— 11. dbra. A mdsodlagos genetikdjii, sdrga fluoreszcencidt mutatd, a folyadékfi-
zisba homogenizalodo fluidumzdrvanyok homogenizdcios hémérsékletei (T,). A
diagramokon az interkvartilis teriilet a minta elsé és harmadik kvartilisét abrazol-
Ja, mig az “X” és az interkvartilis teriileten beliili vizszintes vonal az datlagértéket és
40 a medidnt jeloli.

60

50
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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. dbra. A harom kiilonbozd fluoreszcens szinii fluidumzdrvany-egyiittes jellemzd
spektruma az OB20/07b mintdakban. A sziirke gorbék Lukoczki et al. (2012) dltal
leirt, szénhidrogén-tartalmii fluidumzdrvdnyok jellemzd UV-fluoreszcens spektru-
mait jelolik.

Discussion

Traces of folding and brittle deformation

At Bodzas 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° (LADANYI 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 Cal, Caly, ,, and Caly, can be attributed

A Joints fanning Joints
around fold

Strike parallel

joints

Cross-strike
joints

Joints

Figure 13. A) Fracture systems and conjugate fault pairs that develop on fold
limbs (modified after VAN DER PLUIM & MARSHAK 2004). B) The orientation
data of bedding planes measured near Bodzas 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. dbra. A) Reddszdrnyakon kialakulo kozetrésrendszerek és konjugalt vetopdrok
(VAN DER PLulIM & MaRrSHAK 2004, médositva). B) A Bodzds-forrds kizelében mért
réteglapok orientdcios adatai (fekete fokirok) és a redozodéshez kapcesolodo négy
elméleti torési sik sztereogramon dbrdzolva. A sztereogram Schmidt-félgombon, al-
50 vetitéssel késziilt.

to fracture systems related to the folding process in the vicini-
ty of Bodzas 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 Calg, and Cal, vein
generations (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
(LunNiNa 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 Calgy, 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 perpendicu-
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 Caly,
vein generation.

The Calgy and Calgy, vein generations cannot be pre-
cisely oriented within the structural framework. Consequent-
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, Calg, veins formed prior to the
Caly, , vein generations, while the Calg veins postdate the
Caly, vein generation (Figure 5A, Figure 3).

The orientation of the Calg, vein generation does not
correlate with the theoretical fracture sets associated with
folding (Table I). These observations suggest that the forma-
tion of the Calg, veins must be unrelated to the folding pro-
cess. Furthermore, crosscutting relationships between the
Calg, veins and other vein generations are unknown. Based
on these observations, Calgy 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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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: Calgg, and
Calgy, (Table I). The Calgg, vein generation predominantly
contains clasts smaller than 1 mm (Figure 5), categorizing
them as microbreccia. In contrast, the Caly, 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 Calg, 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-
ciation 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-
nation (Figure 10), observed in the Calg, and Cal . vein gen-
erations. The blue, yellow, and red fluorescent inclusions
contain hydrocarbons and occur as primary inclusions in the
Caly, vein generation (Figure 10A, B; Figure 3) and as sec-
ondary inclusions in the Cal, vein generation (Figure 10C,
D; Figure 3). The fluorescence colour of fluid inclusions is
controlled by the relative proportions of aromatic and het-
eroatomic compounds within the hydrocarbon-bearing fluid
and their ratio to normal alkanes (BERTRAND et al. 1986,
OxT1oBY 2002, SKAARE et al. 2011). The presence of three
different fluorescence colours suggests the entrapment of
hydrocarbon fluids with different compositions. The geo-
chemical 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
biodegradation 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 Caly, vein generations were analysed (Figure 14), pro-
viding insights into hydrocarbon inclusions with varying
°API gravities.

In the Caly, 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 Pécsvarad (Lukoczki et al. 2012).
Given that hydrocarbon fluids typically exist as a homoge-
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-
taining fluid inclusions and *API density (grey dots), as determined by SKAARE
etal. (2011). Black dots represent primary hydrocarbon-containing fluid inclu-
sions with different fluorescence colour in the Caly, vein generation.

4. dabra. SKAARE et al. (2011) dltal meghatdrozott dsszefiiggés a szénhidrogén-tar-
talmii fluidumzdrvanyok fluoreszcens szine és “API siiriisége kozott (sziirke pon-
tok). A fekete pontok a Caly, érgenerdcioban taldlhato eltérd fluoreszcens szinnel
rendelkezd, elsodleges szénhidrogén-tartalmu fluidumzarvanyokat jelolik.



226 LADANYI L. et al.: Fracture-controlled paleofluid migration in the Obdnya Valley (Eastern Mecsek)

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 Pécsvarad (Lukoczki et al. 2012). In
addition to UV fluorescence spectroscopic analysis of cal-
cite samples from Pécsvarad, microthermometric measure-
ments were performed, revealing that the 7, (L+V—L) of hy-
drocarbon inclusions varied between 30 and 100 °C (Lu-
KOCZKI et al. 2012). In the case of the Caly, vein generation
analysed in this study, 7}(L+V—L) values of secondary in-
clusions ranged from 58 to 101 °C (Figure 11). At Arpadtetd,
located southwest of the Obénya Valley and Pécsvarad 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 7,(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 Pécsvdrad, based on the organic matter type
and thermal maturity of the host rock (Hosszihetény 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 Pécsvarad quarry.

To date, no organic geochemical investigations have been
carried out on the marl and clayey limestone formations of
the Koml6 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 Rékavolgy Siltstone (formerly
Obanya Aleurolite) Formation in the Réka Valley — run-
ning nearly parallel to the Obénya Valley — was investigat-
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 (R, = 3.89—
8.12% in laminated rock types, R, = 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 & VETO (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, Hosszihetény
Calcareous Marl Formation, and the Rékavolgy Siltstone
Formation) the exact origin of the hydrocarbons in the cal-
cite veins of the Obanya Valley remains undetermined.

Among the samples from the Obénya Valley area, the
Calg, vein generation contains hydrocarbon-bearing fluid
inclusions of primary (syntectonic) origin relative to vein
formation. 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 Caly, veins is linked to the folding, im-
plying that the trapping of hydrocarbon inclusions occurred
syntectonically relative to the folding event. The Cal vein
generation predates the Caly, vein generation, meaning that
fluid inclusions identified as primary in the younger veins
can be reinterpreted as secondary inclusions along minor
fractures 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 Caly, ,, Cal, (peripheral zone), Calgy,, and Calyy, vein
generations (Figure 9). These inclusions range from 2 to 5
um in size and are presumed to contain aqueous fluids. Ac-
cording to GOLDSTEIN & REYNOLDS (1994), such small, lig-
uid-phase aqueous inclusions typically form below 50 °C.
This suggests that these secondary fluid inclusions were
likely trapped near the surface during a later-stage fluid
migration 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
fracture healing. Their small size, liquid-phase nature, and
inferred low trapping temperature (below 50 °C) are indica-
tive of a shallow fluid flow event.

Conclusions

In our study, we examined whether the fractures and
veins observed along the Obanya 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
Bodzés Spring. In the Obénya 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 Caly, (Figure 3).
The veins and textural features suggest that Calg,, 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 Calyy,
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 Caly,, while secondary hy-
drocarbon inclusions are present in the Cal veins. This ob-
servation is interpreted as evidence indicating that the hy-
drocarbon-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-
lumination, 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 Komlé Calcareous Marl Forma-
tion in the valley area. Previous studies have identified the

Hosszthetény Calcareous Marl Formation (LUKOCZKI et al.
2012, HAN et al. 2022) and the Rékavolgy Siltstone Forma-
tion (BADICS & VETO 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.

Acknowledgements

We thank Béla RAuCSIK and Sdndor KORMOS for their
helpful advice on the topic of this manuscript. We also thank
the National Research, Development and Innovation Office,
National Scientific Research Funding Programme K-138919,
for supporting the study. Finally, we thank Viktor GRANYAK
of the Department of Geology, University of Szeged, for
preparing thin sections and providing helpful advice. We are
grateful for the constructive and inspiring comments of
Georgina Lukoczki, Gyula MAROS and Laszl6 FODOR on the
manuscript.

References — Irodalom

Babics, B. & VETO, 1. 2012: Source rocks and petroleum systems in the Hungarian part of the Pannonian Basin: The potential for shale
gas and shale oil plays. — Marine and Petroleum Geology 31, 53-69. https://doi.org/10.1016/j.marpetgeo.2011.08.015
BENKOVICS, L., MANSY, J.-L., CSONTOS, L. & BERGERAT, F. 1997: Folding in the Abaliget road cut (Mecsek Mts). — Acta Geologica Hun-

garica 40/4, 425-440.

BERGERAT, F. & CsoNTOs, L. 1988: Brittle tectonics and paleostressfields in the Mecsek and Villdny Mountains (Hungary): correlations
with the opening mechanisms of the Pannonian Basin. — Acta Geologica Hungarica 31/1-2, 81-100.
BErkowITZ, B. 2002: Characterizing flow and transport in fractured geological media: A review. —Advances in Water Resources 25, 861—

884. https://doi.org/10.1016/S0309-1708(02)00042-8

BERTRAND, P., PITTON, J.-L. & BERNAUD, C. 1986: Fluorescence of sedimentary organic matter in relation to its chemical composition. —
Organic Geochemistry 10, 641-647. https://doi.org/10.1016/0146-6380(86)90061-6

BILIK, I. 1980: Lower Cretaceous submarine (rift) volcanism in South Transdanubia (South Hungary). — In: BISZTRICSANY, E. & SZEIDO-
VITZ, GY. (eds): Proceedings of the 17th Assembly of the European Seismological Congress, 563-576, Akadémiai Kiadd, Budapest.

https://doi.org/10.1016/b978-0-444-99662-6.50042-3

BLANCHET, A., PAGEL, M., WALGENWITZ, F. & LoPEZ, A. 2003: Microspectrofluorimetric and microthermometric evidence for variability
in hydrocarbon fluid inclusions in quartz overgrowths: implications for inclusion trapping in the Alwyn North field, North Sea. —
Organic Geochemistry 34, 1477-1490. https://doi.org/10.1016/j.orggeochem.2003.08.003

Bons, P. D. 2000: The formation of veins and their microstructures. — In: JESSELL, M. W. & URAL J. L. (eds): Stress, Strain and Structure:
avolume in honour of Win D. Means. Volume 2, Journal of the Virtual Explorer https://doi.org/10.3809/jvirtex.2000.0007

Bons, P. D., ELBURG, M. A. & GOMEZ-R1vAs, E. 2012: A review of the formation of tectonic veins and their microstructures. — Journal of
Structural Geology 43, 33—62. https://doi.org/10.1016/j.jsg.2012.07.005

BockH J. 1880: Adatok a Mecsekhegység és dombvidéke jurakorabeli lerakoddsok ismeretéhez — 1. Stratigraphiai rész. — Magyar Tudo-

manyos Akadémia konyvkiadohivatal, 24-36.

BURKHARD, M. 1993: Calcite twins, their geometry, appearance and significance as stress-strain markers and indicators of tectonical
regime: a review. — Journal of Structural Geology 15, 351-368. https://doi.org/10.1016/0191-8141(93)90132-t
CHAUVET, A. 2019: Structural control of ore deposits: The role of pre-existing structures ont he formation of mineralised vein systems. —

Minerals 9, 56 https://doi.org/10.3390/min9010056

CHi, G., DiamonD, L. W., Lu, H., Lal1, J. & CHu, H. 2021: Common problems and pitfalls in fluid inclusion study: A review and discussion.

— Minerals 11/1, 7 https://doi.org/10.3390/min11010007

CsAszAR G. & Haas J. (eds) 1983: Magyarorszdg litosztatigrdfiai formdciéi. —- MAFI, Budapest.



228 LADANYI L. et al.: Fracture-controlled paleofluid migration in the Obdnya Valley (Eastern Mecsek)

CSONTOS, L., BENKOVICS, L., BERGERAT, F., MANSY, J.-L. & WORUM, G. 2002: Tertiary deformation history from seismic section study
and fault analysis in a former European Tethyan margin (the Mecsek—Villdny area, SW Hungary). — Tectonophysics 357, 81-102.
https://doi.org/10.1016/S0040-1951(02)00363-3

Davis, G. H., REYNoOLDS, S. J. & KLutH, C. F. 2011: Structural Geology of Rocks and Regions. —John Wiley and Sons, New York, 148 p.

DIckSoN, J. A. D. 1965: A Modified Staining Technique for Carbonates in Thin Section. — Nature 205, 587 (1965).
https://doi.org/10.1038/205587a0

DiaMoND, L. W. 2003: Glossary: Terms and symbols used in fluid inclusion studies. — In: SAMSON, 1., ANDERSON, A. & MARSHALL, D.
(eds): Fluid Inclusions: Analysis and Interpretation — Mineralogical Association of Canada Short Course Series, 32.

FERILL, D. A., MORRIS, A. P., EVANS, M. A., BURKHARD, M., GROSHONG, R. H. & ONAscH, C. M. 2004: Calcite twin morphology: a low-
temperature deformation geothermometer. — Journal of Structural Geology 25, 1521-1529. https://doi.org/10.1016/].jsg.2003.11.028

FiSCHER, M. P., HIGUERA-DIiaz, I. C., Evans, M. A., PERRY, E. C. & LEFTICARIU, L. 2009: Fracture-controlled paleohydrology in a map-
scale detachment fold: Insights from the analysis of fluid inclusions in calcite and quartz veins. — Journal of Structural Geology 31,
1490~1510. https://doi.org/10.1016/j.jsg.2009.09.004

FODOR, L., CsonTOS, L., BADA, G., GYORFI, 1. & BENKOVICS, L. 1999: Tertiary tectonic evolution of the Pannonian Basin System and
neighbouring orogens: a new synthesis of palaeostress data. — In: DURAND, B., JOLIVET, L., HORVATH, F. & SERANNE, M. (eds): The
Mediterranean Basins: Tertiary Extension within the Alpine Orogen. Geological Society, London, Special Publications 156, 295—
334. https://doi.org/10.1144/gs1.sp.1999.156.01.15

FosseN H. 2016: Structural Geology. — Cambridge University Press, Cambridge, 123 p. https://doi.org/10.1017/9781107415096

GALACZ A., HABLY L. & SZENTE L. 1992: Kirdnduldsvezeté a Magyarhoni Féldtani Tarsulat Oslénytani-Rétegtani Szakosztdlydnak 1992.
Junius 19-20-i mecseki terepbejdrdsdhoz. — Magyarhoni Foldtani Tarsulat, Budapest, 17 p.

GEORGE, S. C., RUBLE, T. E., DUTKIEWICZ, A. & EADINGTON, P. E. 2001: Assessing the maturity of oil trapped in fluid inclusions using
molecular geochemistry data and visually-determined fluorescence colours. — Applied Geochemistry 16, 451-473.
https://doi.org/10.1016/s0883-2927(00)00051-2

GEczy, B. 1973: Plate tectonics and paleogeography in the East-Mediterranean Mesozoic. — Acta Geologica Hungarica 17, 421-428.

GOLDSTEIN, R. H. & REYNOLDs T. J. 1994: Systematics of Fluid Inclusions in Diagenetic Minerals. — SEPM Society for Sedimentary
Geology 31. https://doi.org/10.2110/scn.94.31

HAAS J. 1994: Magyarorszag foldtana, mezozéikum — Egyetemi jegyzet, ELTE Kiadd, 119 p.

Haas, J., HAMOR, G., JAMBOR, A., KOVACS, S., NAGYMAROSY, A. & SZEDERKENYI, T. 2012: Geology of Hungary. — Springer, 244 p.
https://doi.org/10.1007/978-3-642-21910-8_2

HaN, Y., NoAH, M., LUDERS, V., KORMOS, S., SCHUBERT, F., POETZ, S., HORSFIELD, B. & MANGELSDORF, K. 2022: Fractionation of hydro-
carbons and NSO-compounds during primary oil migration revealed by high resolution mass spectrometry: Insights from oil trapped
in fluid inclusions. — International Journal of Coal Geology 254, 103974. https://doi. orgllO 1016/j.c0al.2022.103974

HARANGI Sz. & ARVANE-SOs E. 1993: A Mecsek hegység alskréta vulkani kézetei 1. Asvany és kézettan (Early Cretaceous volcanic
rocks of the Mecsek mountains, South Hungary I. Mineralogy and petrology). — Foldtani Kozlony 123/2, 129-165.

HETENYIR. 1966: A mecseki kozépsolidsz tagoldsa. — A Magyar Allami Féldtani Intézet Evi Jelentése az 1964. évrél, 23-217.

HIGGINS, M. W. 1971: Cataclastic Rocks. — Professional Paper, United States Geological Survey 687,97 p. https://doi.org/10.3133/pp687

HRrABOVSZKI E., KORMOS S., TOTH E., STEINBACH G., M. TOTH T. & SCHUBERT F. 2023: Asvainyos erek a Kantavari kéfejtében. — In: Rau-
CSIKNE VARGA A. (szerk.): 13. Kozettani és Geokémiai Vindorgyiilés: Eldadds- és poszterkivonatok. Szegedi Tudomdnyegyetem
TTIK, Asvanytani, Geokémiai és K&zettani Tanszék, 13—14.

JEBRAK, M. 1997: Hydrothermal breccias in vein-type ore deposits; A review of mechanisms, morphology and size distribution. — Ore
Geology Reviews 12, 111-134. https://doi.org/10.1016/s0169-1368(97)00009-7

KIHLE, J. 1995: Adaptation of fluorescence excitation-emission micro-spectroscopy for characterisation of single hydrocarbon fluid
inclusions. — Organic Geochemistry 23, 1029—1042. https://doi.org/10.1016/0146- 6380(95)00091-7

KONRAD GY., SEBE K., HALASZ A. & HaLMmAI A. 2010: A Délkelet-Dunantil foldtani fejldéstorténete — recens analégidk. — Foldrajzi
Kozlemények 134/3, 251-265.

Kusovics, 1., SZABO, Cs., HARANGI, Sz. & JO0zsA, S. 1990: Petrology and petrochemistry of Mesozoic magmatic suites in Hungary and
adjacent areas — an overview. — Acta Geodaetica, Geophysica et Montanistica, 25/13—4, 345— 371.

LADANYI L. 2021: Szerkezetfoldtani és petrogrdfiai megfigyelések az Obdnyai-vilgyben (Kelet-Mecsek). — szakdolgozat, Szegedi Tudo-
ményegyetem, 49 p.

LADANYI L., HRABOVSZKI E. & ScHUBERT F. 2023: Toréses és képlékeny szerkezeti elemekhez kapcsol6dé érrendszerek az 6banyai Oreg-
patak volgyben (Keleti-Mecsek). — In: RAUCSIKNE VARGA A. (szerk.): 13. Kozettani és Geokémiai Vdandorgyiilés: Eléadds és poszter
kivonatok Szegedi Tudoményegyetem TTIK, Asvanytani, Geokémiai és K6zettani Tanszék, 37.

LazNicka, P. 1988: Breccias and Coarse Fragmentites. Petrology, Environments, Associations, Ores. — Developments in Economic
Geology Series 25. Amsterdam, Elsevier, 832 p.

LinpHOLM, R. C. & FINKELMAN, R. B. 1972: Calcite staining: Semiquantitative determination of ferrous iron. — Journal of Sedimentary
Research 42/1, 239-242. https://doi.org/10.1306/74d724fa-2b21-11d7- 8648000102c1865d

Lukoczkl, G. & SCHUBERT, F. 2014: Traces of hydrocarbon migration in the Central Mecsek Mountains. — Foldtani Kozlony 144/4, 403-407.

Lukoczki G., SCHUBERT F. & HAMORNE V. M. 2012: Szénhidrogén-migracié nyomai Pécsvdrad kornyékén (Mecsek hegység). — Foldtani
Kozlony 142/3,229-242.

LUNINA, O. 2019: An overview of clastic dikes: significance for earthquake study. — Geodynamics & Tectonophysics 10/2, 483-506.
http://dx.doi.org/10.5800/GT-2019-10-2-0423



Foldtani Kozlony 155/3 (2025) 229

McLimaNs, R. K. 1987: The application of fluid inclusions to migration of oil and diagenesis in petroleum reservoirs. — Applied Geo-
chemistry 2, 585-603. https://doi.org/10.1016/0883-2927(87)90011-4

MOoRreTTL I. 1998: The role of faults in hydrocarbon migration. — Petroleum Geosience 4/1, 81-94. https://doi.org/10.1144/petgeo.4.1.81

Munz, 1. A. 2001: Petroleum inclusions in sedimentary basins: systematics, analytical methods and applications. — Lithos 55, 195-212.
https://doi.org/10.1016/s0024-4937(00)00045-1

NaGY E. 1969: A Mecsek hegység alsolidsz készénosszlete. — Foldtan — Osfoldrajz — MAFI Evkonyv 51/2, 289-318.

NELSON, D. R. 2001: An assessment of the determination of depositional ages for precambrian clastic sedimentary rocks by U-Pb dating
of detrital zircons. — Sedimentary Geology 141-142, 37-60. https://doi.org/10.1016/s0037-0738(01)00067-7

NEMEDI VARGA Z. 1983: A Mecsek hegység szerkezetalakuldsa az alpi hegységképzGdési ciklusban. — A Magyar Allami Foldtani Intézet
Evi Jelentése az 1981 évrol, 467-484.

NEMEDI VARGA Z. 1998: A Mecsek és a Villdnyi egység jura képzédményeinek rétegtana. — In: BERcz1 I & JAMBOR A. (szerk.): Magyar-
orszdg geoldgiai képzédményeinek rétegtana. MOL Rt. — MAFI, Budapest, 319-336.

ODLING, N. E. 1997: Scaling and connectivity of joint systems in sandstones from western Norway. — Journal of Structural Geology 19/10,
1257-1271. https://doi.org/10.1016/s0191-8141(97)00041-2

OxT1oBY, N. H. 2002: Comments on: Assessing the maturity of oil trapped in fluid inclusions using molecular geochemistry data and
visually-determined fluorescence colours. — Applied Geochemistry 17/10, 1371-1374.
https://doi.org/10.1016/s0883-2927(02)00026-4

PETRIK A. 2009: A villdnyi-hegységi mezozoos képz&dmények mikrotektonikai méréseinek értelmezése. — Foldtani Kozlony 139/3,
217-236.

PIRONON, J. & BOURDET, J. 2008: Petroleum and aqueous inclusions from deeply buried reservoirs. Experimental simulations and con-
sequences for overpressure estimates. — Geochimica et Cosmochimica Acta 72, 4916-4928.
https://doi.org/10.1016/j.gca.2008.07.019

PUSPOKI, Z., FORGACS, Z., KOVACS, ZS., KOVACS, E., SO0s-KABLAR, J., JAGER, L., PUSZTAFALL, J., KOVACS, Z., DEMETER, G., MCINTOSH,
R. W., Bupay, T., KozAK, M. & VERBOCI, J. 2012: Stratigraphy and deformation history of the Jurassic coal bearing series in the
Eastern Mecsek (Hungary). — International Journal of Coal Geology 102, 35-51. https://doi.org/10.1016/j.coal.2012.07.009

RAMSAY, J. G. 1967: Folding and Fracturing fo Rocks. — McGraw-Hill, New York, 568 p. https://doi.org/10.1126/science.160.3826.410

Raucsik B. 2012: Koml6i Mészmarga Formdécio. — In: F6zy 1. (szerk.): Magyarorszdg litosztatigrdfiai alapegységei — Jura. Magyarhoni
Foldtani Téarsulat, Budapest, 174—176.

SEBE, K. 2021: Structural features in the Miocene sediments of the Pécs-Danitzpuszta sand pit (SW Hungary). — Féldtani Kozlony 151/4,
411-422. https://doi.org/10.23928/foldt.koz1.2021.151.4.411

SEBE, K. & PAZONYI, P. 2025: Late Neogen-Quaternary exhumation of the Tisza unit basement carbonates based on paleontological data:
Villany Hills, SW Pannonian Basin. — Foldtani Kozlony 155/1, 21-35. https://doi.org/10.23928/foldt.koz].2025.155.1.21

SEILACHER, A. 1969: Fault-graded beds interpreted as seismites. — Sedimentology 13, 155-159.
https://doi.org/10.1111/§.1365-3091.1969.tb01125.x

SKAARE, B. B., KIHLE, J. & TorsVIK, T. 2011: Biodegradation of crude oil as potential source of organic acids in produced water. — In: LEE,
K. & NEFF, J. (eds): Produced Water: Environmental Risks and Advances in Mitigation Technologies. Springer, New York, 115-126.
https://doi.org/10.1007/978-1-4614-0046-2_4

SPRY, A. 1969: Metamorphic Textures. — Pergamon Press, Oxford, 350 p. https://doi.org/10.1180/minmag.1970.037.291.19

SZTANO O. & MAGYAR 1. 2023: Neogén — Felsd miocén — pliocén. — In: BABINSZKI E., PIROS O., CSILLAG G., FODOR L., GYALOG L., KERCS-
MAR ZS., LESs GY., LUKACs R., SEBE K., SELMECzI 1., SZEPESI J. & SzTANO O. (szerk.): Magyarorszdg litosztatigrdfiai egységeinek
leirdsa II. — Kainozoos képzddmények. Szabalyozott Tevékenységek Feliigyeleti Hatésaga, Budapest, 117-119.

Tissot, B. & WELTE, D. H. 1984: Petroleum formation and occurrence. — Springer-Verlag, New York, 699 p.
https://doi.org/10.1007/978-3-642-87813-8

Twiss, R. J. & MOORES, E. M. 1992: Structural Geology. — Freeman and Company, New York, 532 p.
https://doi.org/10.1002/gj.3350290408

VAN DER PLUDM, B. & MARSHAK, S. 2004: Earth Structure: An Introduction to Structural Geology and Tectonics. — Norton & Compan,
New York, 656 p.

VARGA A., RAucsik B., HAMORNE V. M. & RosTast A. 2007: Az Obdnyai Aleurolit Formaci6 fekete paldjénak izotop-geokémiai és szén-
hidrogén-genetikai jellemzése. — Foldtani Kozlony 137/4, 449-472.

VELLEDITS, E., HiVES, T. & BARSONY, E. 1986: A Jurassic—lower Cretaceous profile in Obanya valley (Mecsek Mts., Hungary). — Annales
Universitatis Scientiarium Budapestinensis, Section Geologica 26, 159-175.

VOROS, A. 1993: Redefinition of the Reitzi Zone at its type region (Balaton area, Hungary) as the basal zone of the Ladinian. — Acta
Geologica Hungarica 36/1, 15-31.

WEIN GY. 1967: Délkelet-Dunantil hegységszerkezeti egységeinek 0sszefiiggései az dalpi ciklusban. — Foldtani Kozlony 97/3, 286-293.

Woobcock, N. H. & MorT, K. 2008: Classification of fault breccias and related fault rocks. — Geological Magazine 145/3, 435-440.
https://doi.org/10.1017/s0016756808004883

Manuscript received: 23.03.2025.



230 LADANyI, L. et al.: Fracture-controlled paleofluid migration in the Obdnya Valley (Eastern Mecsek)

Appendix 1 — 1. melléklet

Appendix 1. Orientation data measured at the Bodzds Spring and sampling points, as well as notes on the outcrops.
1. melléklet. A Bodzds-forrdsndl és a mintavételi pontokndl mért orientdcios adatok, valamint a feltdrdsokra vonatkozo jegyzetek.

Sampling point direDti:'t)ion Dip angel Note Stream side
Bodzas Spring 263° 37° Bedding plane, small fold left
Bodzas Spring 266° 41° Bedding plane, small fold left
Bodzas Spring 262° 44° Bedding plane, small fold left
Bodzas Spring 260° 41° Bedding plane, small fold left
Bodzas Spring 266° 39° Bedding plane, small fold left
Bodzas Spring 275° 46° Bedding plane, small fold left
Bodzas Spring 276° 56° Bedding plane, small fold left
Bodzas Spring 270° 46° Bedding plane, small fold left
Bodzas Spring 272° 47° Bedding plane, small fold left
Bodzas Spring 269° 53° Bedding plane, small fold left
Bodzas Spring 272° 44° Bedding plane, small fold left
Bodzas Spring 278° 61° Bedding plane, small fold left
Bodzas Spring 265° 34° Bedding plane, small fold left
Bodzas Spring 280° 45° Bedding plane, small fold left
Bodzas Spring 144° 37° Bedding plane, small fold right
Bodzas Spring 153° 27° Bedding plane, small fold right
Bodzas Spring 158° 27° Bedding plane, small fold right
Bodzas Spring 146° 26° Bedding plane, small fold right
Bodzas Spring 143° 35° Bedding plane, small fold right
Bodzas Spring 211° 18° Bedding plane, small fold right
Bodzas Spring 231° 11° Bedding plane, small fold right
Bodzas Spring 133° 27° Bedding plane, small fold right
Bodzas Spring 145° 34° Bedding plane, small fold right
Bodzas Spring 154° 23° Bedding plane, small fold right
Bodzas Spring 149° 21° Bedding plane, small fold right
Bodzas Spring 155° 34° Bedding plane, small fold right

OB20/01 347° 88° Calcite vein, Sample 1 right
0B20/01 67° 80° Fracture right
0B20/01 64° 80° Fracture plane right
0B20/01 116° 86° Calcite right
0B20/01 3° 87° Calcite vein, 1 cm right
0OB20/01 116° 84° Calcite plane right
0B20/01 8° 89° Calcite vein right
0B20/01 329° 84° Calcite right
0B20/01 281° 84° Calcite right
0OB20/01 110° 88° Calcite vein right
0B20/01 114° 85° Calcite right
0B20/02 280° 88° Fracture left
0B20/02 266° 88° Fracture plane left
0B20/02 249° 6° Layer left
0B20/02 247° 11° Layer left
0B20/02 158° 88° Fracture plane left
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Appendix 1. continued
1. melléklet folytatdsa

Appendix 1 — 1. melléklet

Sampling point direD;I:ion Dip angel Note Stream side
0OB20/02 156° 87° Fracture left
0B20/02 156° 87° Fracture left
0B20/02 337° 89° Calcite 1 cm left
0B20/02 334° 80° Fracture left
0B20/02 344° 85° Calcite vein, Sample 2 left
0B20/02 212° 16° Layer right
0OB20/03 333° 84° Fracture, Sample 3 right
0OB20/03 273° 85° Fracture plane right
0OB20/03 225° 33° Fracture plane right
0OB20/03 291° 87° Fracture plane right
0OB20/04 297° 86° Thin calcite vein 15 cm left
0B20/04 116° 87° Sample 4, thin calcite vein left
0OB20/04 192° 14° Layer left
0OB20/04 174° 15° Layer left
0OB20/04 293° 88° Fracture left
0B20/04 237° 89° Fracture plane left
0OB20/04 84° 80° Fracture left
0B20/04 90° 77° Fracture plane left
0OB20/04 275° 86° Thin calcite vein left
0OB20/04 291° 82° Thin vein left
0OB20/04 288° 89° Thin vein, 4. Sample left
0B20/04 269° 90° Calcite RN ot left
0OB20/05 106° 89° Sample 5, Thin vein left
0OB20/05 291° 79° Thin vein right
0OB20/05 288° 76° Thin calcite vein right
0OB20/05 20° 66° Fracture right
0OB20/05 21° 64° Fracture plane right
0OB20/05 275° 81° Fracture plane right
0820/06 28 85" vein, Calen voin generation eft
0OB20/07 205° 10° Shear plane, highly unstable right
0B20/07 136° 11° Samz'a’el;t';eé:z;fa“"' right
0OB20/08 168° 75° Calcite vein left
0OB20/08 166° 86° Calcite vein left
0OB20/08 182° 72° Calcite vein left
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Appendix 2 — 2. melléklet

Appendix 2. Orientation data of bedding planes from the Obdnya Valley.
2. melléklet. Réteglapok orientdcids adatai az Obdnyai-vilgybdl.

Mea's)l;li'ﬁ;nent Dip direction | Dip angel Mea:|;ri'¢ra‘rt'nent Dip direction | Dip angel
171 235° 28° 1/7 211° 18°
1/3 316° 16° 1/7 231° 11°
1/4 313° 15° 1/7 133° 27°
1/5 223° 29° 1/7 145° 34°
1/5 237° 21° 1/7 154° 23°
1/5 237° 19° 1/7 149° 21°
1/6 222° 38° 1/7 155° 34°
1/6 222° 28° 1/8 177° 25°
117 263° 37° 1/8 172° 27°
117 266° 41° 1/8 177° 25°
17 262° 44° 1/8 179° 28°
117 260° 41° 1/9 204° 18°
17 266° 39° 1/9 210° 19°
117 275° 46° 1/10 207° 23°
17 276° 56° 1/10 222° 11°
17 270° 46° 1/11 203° 09°
117 272° 47° 1/13 221° 25°
17 269° 53° 1/13 243° 18°
117 272° 44° 1/13 213° 16°
117 278° 61° 1/15 266° 12°
117 265° 34° 1/15 266° 14°
117 280° 45° 1/15 282° 24°
117 144° 37° 1/15 264° 17°
117 153° 27° 2/1 313° 10°
117 158° 27° 2/1 324° 11°
17 146° 26° 2/2 305° 27°
117 143° 35° 2/2 290° 22°
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Appendix 2. continued
2. melléklet folytatdsa

Appendix 2 — 2. melléklet

Mea:‘;?ﬁ:nent Dip direction | Dip angel
2/18 266° 05°
2/18 218° 07°
2/20 161° 15°
2/20 166° 18°
2/21 194° 19°
2/21 148° 15°
2/22 192° 14°
2/22 174° 15°
2/25 209° 22°
2/25 197° 19°
2/25 205° 19°
2/25 179° 16°
2/25 205° 15°
2/26 29° 25°
2/26 28° 24°
2/28 232° 19°
2/28 190° 28°
2/28 100° 13°
2/29 15° 09°
2/29 39° 09°

Mea:‘;’if‘:“e“t Dip direction | Dip angel
2/2 310° 29°
2/2 296° 26°
2/3 294° 08°
2/3 304° 14°
2/3 292° 10°
2/6 280° 05°
2/6 285° 05°
2/6 237° 05°
2/7 193° 11°
2/7 263° 08°
2/9 298° 06°
2/9 252° 14°
2/11 317° 04°
2/11 331° 03°
2/12 280° 05°
2/12 298° 04°
2/13 19° 67°
2/14 232° o7°
2/14 263° 08°
2/15 201° 10°
2/15 157° 16°

2/15 168° 09°
2/16 249° 06°
2/16 247° 11°
2/16 212° 16°
2/17 248° 09°
2/17 213° 09°






