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Előzetes eredmények a Rohonci-nyírózóna fluidumáramlási útvonalairól –  

tisztelgés SZABÓ Csaba professzor munkássága előtt 

Összefoglalás 
A Szombathely-II. (rövidítve: Szh-II) magfúrás a magyarországi Duna-medence nyugati peremén teljes szelvénnyel 

2150 m mélységben mélyült. A fúrás a megközelítőleg 2 kilométer vastagságú, neogén poszt- és szinrift medencekitöltő 
kő zetek alatt nemcsak a nagyon kisfokú-kisfokú metamorf paleozoós pre-rift Felső-Ausztroalpi (UAA) aljzatot érte el, 
hanem az alsó kréta Pennini-egység zöldpala fáciesű kőzeteit is. Az alpi aljzat egységeit egy nagy kiterjedésű laposszögű 
normálvető, a Rechnitz (Rohonci) vető/nyírózóna (detachment fault) választja el egymástól. Ez a vető felelős az osztrák–
magyar határon húzódó Rechnitz-Eisenberg metamorf magkomplexum (Rohonci-ablak) kialakulásáért. Mivel a nagy ki -
ter jedésű, extenziós nyírózónának a térségben nincsenek felszíni feltárásai, vizsgálatunk fókuszában a nyírózónát harán -
to ló magfúrás kőzetanyaga áll, amelynek mikrotektonikai, diagenetikus, fluidum típus szerinti és repedezett rezervoár 
tulajdonságait mutatjuk be jelen tanulmányban. A Szh-II-es magfúrás anyagának különböző kőzeteiben elvégzett előze -
tes vizsgálataink a Rohonci-nyírózóna működéséről és a kapcsolódó potenciális paleofluidum áramlási útvonalairól 
szol  gáltatnak új eredményeket. 

A fő töréses deformációs zóna alatti Pennini zöldpala jól fejlett foliációt mutat, amelyet főként az aktinolit és a klorit 
irányítottsága definiál. A mintákban a milonitos mikroszerkezeti jelleg nem figyelhető meg, eszerint képlékeny nyírás 
nem volt jelentős a töréses nyírózóna alatt mintázott kőzetekben. A rideg deformáció mind a Pennini zöldpalát, mind a 
felette lévő UAA kőzetegységeket érintette. A devon karbonátok és kristályos palák egy vékony (mindössze 20 méter vas -
tag ságú) extenziós allochtont képviselhetnek a Rohonci-vető tetején, a neogén medencekitöltés alsó egységét jelentő 
kong lomerátum alatt. Fluidumzárvány-vizsgálataink fókuszában a vető alatti Pennini zöldpala minták álltak, melyekben 
különböző bezáró ásványokban négy eltérő kemizmusú és eredetű fluidumzárvány típust különítettünk el. Apatitban 
elsődleges, részlegesen újranyílt CO2±CH4+H2O összetételű fluidumzárványok örződtek meg (II.a, b, c típus). Az apatit 
és klinozoisit is befogadó ásványa továbbá másodlagos, azaz beforrt repedések mentén megjelenő kétfázisú (folyadék és 
gáz), rendre CO2 és CH4-tartalmú vizes fluidumzárványoknak (I. és II.d típus). A kőzet foliációját harántoló repedés -
kitöltő kalcitban primer fluidumzárványok (III. típus) őrződtek meg, amelyekben a folyadékfázisú H2O mellett CO2 és 
telített szénhidrogének mutathatók ki. Ezek bezáródása a kalciterek kristályosodásával lehetett egyidejű. Az erekben 
megjelenő kvarc alszemcsehatárai mentén kétfázisú CO2-CH4-N2-tartalmú, vízgazdag fluidumzárványok (IV. típus) 
záródtak be, melyek a mikroszerkezeti megfigyelések alapján a képlékeny deformációval egyidejűleg a kvarc átkristályo -
so dása során csapdázódtak. Fluidumzárvány petrográfiai vizsgálatok alapján a II.d és III. típusú fluidumzárványok ese -
tén egyazon zárványcsoporton belül nagymértékben eltérő folyadék- és gázfázisra vonatkoztatott fázisarányok figyel he -
tők meg, ami a csapdázódáskor jelen lévő, vízgazdag fluidumrendszer felforrására (folyadék- és gázgazdag fázisok sze -
pa rációjára), így a fázisok heterogén csapdázódására utal. 

A vizsgált vetőzóna felépítésének és működésének megismerése fontos felszín alatti geoenergetikai példát szolgál -
tat hat a geofluidumok (víz és könnyűolaj) és különböző természetes gázok (CO2, CH4, N2 és H2) körülbelül 2 km mély -
ségben történő migrációs útvonalainak feltárásához.  

Tárgyszavak: Rohonci-nyírózóna, elsődleges fluidumzárvány, másodlagos fluidumzárvány, fluidummigráció, Pennini zöldpala, 
fúrómagléptékű szerkezeti vizsgálat  
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Introduction 

A proper understanding of fault zones has become in -
creas ingly important in geoenergy applications such as in 
hydrocarbon exploration and production, hydrogeological 
prospecting, geothermal exploitation, tectonic degassing, 
nuclear waste isolation, CO2 sequestration and natural gas, 
as well ashydrogen storage design projects (AUBERT et al. 
2021). Fault zones are commonly looked at in the context of 
being barriers to fluid and gas flow providing seals for vari -
ous subsurface reservoir units (BERNAL 2024). However, 
fault zones can act as drains as well, compromising the 
reser voir to various degrees, the effect ranging from partial 
leakage to complete breach. Recent studies have demon -
strat ed that fault zones may be both barriers and drains in 
space (HAINES et al. 2016) and time (PEI et al. 2015, AUBERT 
et al. 2022). The sequential development of broader fault 
zones may result early on in a fault network configuration 
with interconnected gas or fluid migration pathways, re sult -
ing in higher gas flux rates. However, mature fault zones 
may develop a very low permeability core due to cemen ta -
tion, and therefore the bounding damage zones become the 
effective pathways for migrating geofluids (ANNUNZIA TEL -
LIS et al. 2008). 

A large low-angle normal fault, the regional-scale Rech -
nitz (in Hungarian: Rohonc) detachment fault is situated on 
the western flank of the Hungarian Danube Basin (Fig. 1a). 
Numerous exploration wells, drilled on both sides of the 
bor der, were integrated with reflection seismic data to dif -
ferentiate between the lower versus upper plates of the major 
low-angle detachment faults, including the largest one re -
spon sible for the formation of the Rechnitz MCC (TARI et al. 
2020). The regionally mapped Rechnitz detachment fault 
has a very large subsurface extent, on the order of 1000 km2 

(Fig. 1a). The first subsurface penetration of this major tec -
tonic contact was reported by PAHR (1977) in the Maltern-1 
antimony ore exploration borehole drilled to the west of the 
Bernstein Penninic Window in Burgenland (Fig. 1a). In this 
borehole a ~5-m-thick mylonite sequence was documented 
right beneath the detachment fault (PAHR 1977). Mylonites 
tend to be associated with high-strain extensional detach -
ment faults in their footwall, especially in the case of MCCs 
(REYNOLDS & Lister 1990, AXEN 2019). 
The study area within the Pannonian Basin is well-

known not only for its small hydrocarbon finds and nu mer -
ous seeps (KOVÁCS et al. 2018), noble gases, but also for the 
largest natural CO2 field in Europe (PALCSU et al. 2014). 
Moreover, there is recent interest in potential natural hydro -
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Abstract 
The fully cored, 2150-m-deep Szombathely-II (abbreviated as Szh-II) well was drilled at the western margin of the 

Hungarian Danube Basin. Beneath a circa 2-km-thick Neogene post-to syn-rift basin fill, the well not only reached the 
pre-rift Upper Austroalpine (UAA) basement with its slightly metamorphosed Paleozoic units but also the underlying 
greenschists of the Lower Cretaceous Penninic unit. The Alpine basement units are separated by a large low-angle normal 
fault, which is the regional-scale Rechnitz (Rohonc) detachment fault. This fault was responsible for the formation of the 
Rechnitz–Eisenberg metamorphic core complex (MCC) straddling the Austrian–Hungarian border. Since the large-
strain extensional Rechnitz detachment fault has no outcrops in the entire region, the core material was studied to charac -
ter ize the fault penetrated in the borehole from a microtectonic, diagenetic, fluid migration and fractured reservoir point 
of view. This study presents the preliminary results on core samples with various lithology from the Szh-II well to better 
understand the Rechnitz detachment system and the corresponding fluid migration pathways.   

The Penninic greenschist below the main brittle deformation zone exhibits a well-developed foliation defined mainly 
by the oriented growth of actinolite and chlorite; however, the lack of a high-strain mylonitic foliation suggests that duc -
tile shearing was not fully localized beneath the brittle detachment fault at the well location. The subsequent dominantly 
brittle deformation affected both the Penninic greenschists and the overlying UAA units. The Devonian carbonates and 
schists may represent a thin (only 20-m-thick) extensional allochthon on the top of the Rechnitz detachment fault, but 
beneath the basal conglomerates of the Neogene basin fill. 

Fluid inclusion studies targeted the Penninic greenschists in three samples beneath the detachment fault. Four types 
of fluid inclusions with variable chemistry and origin were distinguished in several host minerals. Apatite hosts primary 
CO2±CH4+H2O fluid inclusions (Type IIa, b, c) indicating significant partial fluid loss. Secondary fluid inclusions along 
healed fractures were entrapped in apatite (Type IId) and clinozoisite (Type I) with a chemistry of CO2+H2O and 
CH4+H2O fluid, respectively. Vein-filling calcite, crosscutting the foliation of the rock, contains primary aqueous fluid 
inclusions (Type III) also containing CO2 and indication of saturated hydrocarbons in the vapor phase, which were 
trapped along growth zones of the host mineral. Aqueous CO2-CH4-N2-bearing two-phase fluid inclusions, referred to as 
Type IV inclusions, were found along subgrain boundaries of quartz veins. Textural analyses showing significantly dif -
ferent phase ratios within the same cluster of Type IId and Type III inclusions indicate that aqueous fluids were in or near 
to conditions of boiling during entrapment. Microstructural observations also indicate that carbonic fluid inclusions 
along grain-subgrain boundaries of quartz (Type IV inclusions) likely formed during ductile deformation and quartz re -
crystal lization. Improved understanding of the architecture of this fault zone may provide insights into the energetics of 
subsurface migration of geo-fluids (water and light oil) and various natural gases (CO2, CH4, N2 and H2) at circa 2 km 
depth. 

Keywords: Rechnitz detachment fault, primary fluid inclusions, secondary fluid inclusions, fluid migration, Penninic greenschist, core-
scale structural analyses 



gen generation associated with Penninic serpentinites in the 
footwall of the Rechnitz fault (TARI 2023).  
The peculiarity of the Szombathely-II (abbreviated as 

Szh-II) well is that the syn-rift Miocene is directly overlying 
the detachment fault as broken-up blocks of Paleozoic car -
bonates with 15–20 m thickness, and that it can be con sid -
ered as part of the damage zone of the Rechnitz fault. We 
assume that the degassing of the various gases generated in 
the basin fill and the basement below should have at least 
par tially occurred along large detachment fault planes known 
in the basin (TARI 1996a, b). Therefore, the fully cored Szh-
II well which penetrated the Rechnitz detachment fault, of -
fers an exceptional opportunity to capture the potential sig -
nal of gas and fluid migration along the fault zone since the 
early Miocene. 
Fluid droplets, trapped in crystallizing/recrystallizing 

min erals, are termed as fluid inclusions that serve as an ef -
fective tool to trace the stages of fluid flow. Fluid inclusions 
encapsulate a very small volume from the fluid migrating in 

the rock, thus permitting their direct study. Considering this, 
here we have distinguished various generations of fluid in -
clu sions all likely indicating different fluid migration events 
that affected the studied rocks. In this study, we distin -
guished multiple fluid generations that once migrated in the 
greenschist at different stages of the rock’s evolution (mag -
matic, metamorphic and ones contemporaneous with defor -
ma tion events).  

Regional geologic setting 

Upper crustal extension in the NW Pannonian Basin oc -
curred in two stages during the Miocene (TARI 1996a). As 
the first manifestation of extensional collapse at the begin -
ning of the Early Miocene (~21–17.5 Ma, Ottnangian and 
early Karpatian) the Rechnitz metamorphic core complex 
(MCC) was formed (RATSCHBACHER et al. 1990, TARI & 
BALLY 1990) in the Rába River extensional corridor. While 
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Figure 1. a) Subsurface geology of the broader Rechnitz area in the Alpine–Pannonian junction, modified from KRÖLL et al. (1988) and TARI et al. (2020). b) 
Lithostratigraphy of the Szh-II well in western Hungary based on detailed drill core sedimentological descriptions (PHILLIPS et al. 1992). For a more detailed 
petrographic documentation of the deeper part of this well, see Fig. 2. 

1. ábra. a) A Rohonci-ablak és tágabb környezetének földtani egységei és elhelyezkedése az Alp-Kárpáti régióban (KRÖLL et al. 1988 és TARI et al. 2020 után módosítva). 
A nyugat-magyarországi Szh-II fúrás litosztratigráfiája a fúrómagok szedimentológiai leírása alapján (PHILLIPS et al. 1992). A magfúrás által mintázott legalsó kb. 100 
méter részletes kőzettani leírása a 2. ábrán



the Rechnitz MCC preserves relics of former subduction 
and nappe stacking processes related to the Alpine orogeny, 
the dominant metamorphic fabrics found in the complex are 
related to greenschist and sub-greenschist facies shearing 
rep resenting the extensional exhumation of the Penninic 
for mations (LELKES-FELVÁRI 1982, 1994; KUBOVICS 1983; 
KOLLER 1985; CAO et al. 2013). This metamorphic core com -
plex style, ENE–WSW trending extensional phase may have 
produced as much as a minimum of 80 km horizontal ex -
tension (TARI 1996b). The early Miocene timing of the MCC 
extension was well constrained by several thermo chrono -
logi cal studies in the Rechnitz Mts. (DEMÉNY & DUNKL 
1991, DUNKL 1992, DUNKL & DEMÉNY 1997, CAO et al. 
2013). Shortly after, and partly overlapping with this period, 
the style of syn-rift extension changed to a wide-rift style 
one (17.5–13.8 Ma, late Karpatian and Badenian) producing 
a minimum of 40 km extension in a NW-SE direction across 
the East Alpine/Pannonian transition zone. The predomi -
nance of low-angle normal faults in the Neogene structure of 
the Danube Basin (TARI et al. 1992, HORVÁTH 1993) is large -
ly due to the second stage of syn-rift extension. The continu -
ing, but gradually diminishing continental extension during 
the Late Miocene and Pliocene (12.5–5.5 Ma, Sarmatian–
Lower Pannonian) could not advance to the localization of 
extension into a narrow rift zone in the NW Pannonian 
Basin, except perhaps in the center of the Danube Basin 
(TARI et al. 1999). The ongoing Pliocene fault activity was 
documented in the nearby Torony area (Fig. 1a) where Pan -
nonian lignite beds were offset with a set of transtensional 
normal faults (KOVÁCS et al. 2015). However, it is the meta -
morphic core complex (MCC) style, ENE-WSW trending 
very high-strain extension and the subsequent lower strain 
wide-rift extension that played the key role in the Neogene 
structural evolution of our study area. 
The Szh-II well was drilled in 1987–1988. A brief sum -

mary of the pre- and syn-rift lithologies encountered in the 
drill core is based on PHILLIPS et al. (1992). The strati graphi -
cally lowest unit cored consists of 65 m (2085–2150 m) of 
greenschist (Fig. 1b), which represents the Lower Cretace -
ous Penninic unit of the Alpine nappe stack based on the 
lithologic analogy with the greenschists outcropping in the 
nearby Eisenberg and Rechnitz areas (Figure 1a), some 15 
and 20 km to the W and NW (PAHR 1980, SCHMID et al. 1984, 
respectively). The schistosity (foliation) within this se -
quence is well-developed and shows a consistent dip be -
tween 45° to 50° throughout the cored interval.  
Overlying the greenschists a 161-m-thick nonmarine se -

quence was drilled (1924–2085 m) with interbedded brec -
cia, conglomerate, pebbly sandstone, and sandstone ranging 
in age from early to middle Miocene (Karpatian to Badeni -
an). The basal strata resting on the greenschist consists of 
21.4 m (2063–2085 m depth) of early Miocene (Karpatian) 
breccia (Fig. 1b). Angular clasts of schist, quartz, and dolo -
mite as large as 5 cm set within a clast- or matrix-supported 
texture of pebbly sandstone or sandstone form the breccia. 
Schist forms the most abundant clast type. The breccia usu -
al ly exhibits a chaotic fabric; however, poorly graded to 

well-graded beds as thick as 10 cm occur between unsorted 
intervals. We interpret these coarse clastic breccias as part 
of the brittle fault damage zone with meter-scale extensional 
allochthons in it, which explains the lack of a clear sedimen -
to logical classification of it (PHILLIPS et al. 1992).  
Above the breccia unit is 139 m of early to middle Mio -

cene (Karpatian to Badenian) sandstone and conglomerate 
forming an upward-coarsening sequence (Fig. 1b). The ear -
ly Miocene (Karpatian) interval is 70 m thick (1993–2063 m 
depth). The strata consist of interbedded sandstone, pebbly 
sandstone, and conglomerate. A distinct 3-m-thick sand -
stone bed represents the stratigraphically youngest early 
Mio cene (Karpatian) deposit. Most of the beds within this 
sequence are thin, ranging up to 40 cm in thickness. The 
conglomerate and sandstone beds may be graded and in 
places exhibit large-scale crossbedding. Lignite beds and 
laminae as well as silt laminae occur within a few of the 
sandstone beds. The conglomerate clasts are well-rounded 
and exhibit a clast- to matrix-supported texture. Some beds 
also have an unsorted fabric. We interpret this sequence as 
alluvial fanglomerates corresponding to the early MCC ac -
tivi ty along the Rechnitz fault. The overlying fluvial to near 
coastal finer clastic sediments likely correspond to dimin -
ish ing fault activity. 
The middle Miocene (Badenian) conglomerate sequence 

(Fig. 1b) is 69 m (1924–1993 m) thick. The strata consist of 
massive to very-thick-bedded quartz and schist conglom er -
ate characterized by a clast- to matrix-supported texture. 
The schist clasts range in size up to 30 cm and are well-
rounded to subangular. Sandstone beds are greatly reduced 
in number in relation to the underlying early Miocene (Kar -
patian) strata. In places the clast-supported strata are poorly 
graded, but elsewhere they exhibit large scale cross-bedding 
or inverse grading. The fabric of many of the beds is dis -
organized. We interpret this sequence as a non-marine fault 
talus sequence corresponding to renewed brittle faulting 
dur ing the Badenian rift-wide activity along several low-
angle normal faults in the area (TARI et al. 1996a, b), one of 
them possibly superimposed on the earlier Rechnitz detach -
ment fault (Figure 2a). 
The work by LELKES-FELVÁRI (1994) aimed analyzing 

the lower 100 m of the core focusing on the Penninic meta -
morphic rocks and the Upper Austroalpine carbonate se -
quence. This greenchist sequence was described by LELKES-
FELVÁRI (1994) as a green schistose rock, schistosity planes 
being parallel or folded, sometimes with sigmoidal folds. 
Layering or laminations highlighted by differences in min -
er al composition and grain size are widespread. The se -
quence is crosscut by carbonate veins. Chlorite, albite, epi -
dote, actinolite were determined as the main mineralogical 
constituents of the Penninic sequence associated with tita -
nite, minor quartz and white mica. The most widespread 
rock-types are greenschists and prasinites (albite+chlorite+
epidote+titanite+actinolite). Chlorite-epidote schists and 
al  bite-rich rocks are present as thin layers. In some layers 
epidote-albite and actinolite-albite are abundant. They con -
tain statically crystallized albites incorporating folded in -
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clu sion trails. The relationship of crystallization to defor ma -
tion of the minerals reveals a polyphase history for these rocks, 
which have a low-grade, greenschist metamorphic facies. 
The overlying carbonate sequence was documented as 

con taining interlayered slate and quartzite horizons. The 
whole sequence is strongly folded and brecciated, reflecting 
a wide variety of structures of composite ductile to brittle 
deformational style. The carbonate dominant unit contains 
fragments of marbles of different texture and composition. 
These marbles are lineated or granoblastic with subor di -
nate, dispersed quartz, albite and/or preferentially oriented 
sericite crystals. 
The interlayered slate and quartzite horizons and lami -

na tions are sericite slates, quartz-sericite-chlorite schist and 
sericite bearing quartzite. This sequence is crosscut by a 
singular, few-cm-thick mylonitic shear zone characterized 
by compositional layering and undulating trails of crushed 
material around porphyroclasts. The metamorphic grade of 
the carbonate-slate sequence was considered very low-grade 
by LELKES-FELVÁRI (1994). 

Methods 

The 14 core samples (5–10 cm long on average and 5 cm 
in diameter) were collected in the core repository of the 
Hun garian Geological Survey (currently: Supervisory Au -

thor i ty for Regulatory Affairs) in Pécs-Somogy. XRD and 
XRF analyses were performed on all 14 samples. Thin sec -
tions were prepared of twelve samples, and fluid inclusion 
analysis was performed on three samples. Table I lists the 
samples and corresponding analyses performed on each. 
XRD and XRF analyses, as well as petrographic description 
on thin sections were carried out in OMV Upstream, TECH 
Center & Laboratory in Gänserndorf, Austria. Thin sec -
tions were stained in order to better distinguish the sequence 
of vein formations in the studied samples. The main goal 
was to characterize the nature of the Rechnitz fault zone 
(dia genesis, reservoir properties) as potential migration 
chan nels for natural gases and fluids. A secondary objective 
was to petrographically describe the microtectonic features 
of the Penninic greenschists beneath the Rechnitz detach -
ment fault. 

X-ray diffraction (XRD) analysis 

X-ray diffraction (XRD) analysis complemented by thin-
section analyses was used to determine the bulk miner alog -
i cal composition (Table II). We used a Bruker AXS D8 
Advance X-ray diffraction spectrometer (copper Kα radia -
tion generated X-ray tube at 40 kV and 40 mA, and X-ray 
detector Lynxeye XE-T) and the software DIFRAC.EVA V3 
to identify different mineral phases. Sample preparation in -
cluded grinding to a fine powder in an agate mortar or a 
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Figure 2. a) 2D reflection seismic data close to the Szh-II well (see Fig. 1a) illustrating the stratigraphic and structural context of the well (TARI et al. 1992). Red 
bracket indicates the location of b) Lithology of the pre-rift basement part of the borehole, adapted from LELKES-FELVÁRI (1994). The location of the 14 core 
samples (Table I) taken for various analytical work are also shown. Note that the lithology of Samples #4 and #5 in our analysis does not match the one shown by 
the litho-column 

2. ábra. a) A Szh-II fúrás környezetének rétegtani és szerkezeti sajátosságai 2D szeizmikus szelvény alapján (TARI et al. 1992). A 2. ábra, b helyét vörös téglalap jelöli. b) 
A fúrás által feltárt pre-rift aljzat litológiája LELKES-FELVÁRI (1994) munkája alapján, mely mutatja a jelen tanulmány tárgyát képező 14 minta helyzetét (I. táblázat). A 4-
es és 5-ös számú minták pontos helyzete azonban nem egyezik meg a jelen rétegoszlopon ábrázolt pozíciókkal 



swing mill; samples were then placed in a plastic sample 
hold er, keeping a flat upper surface to achieve a random 
distribution of lattice orientations. For quantification of the 
minerals detected by XRD, the software TOPAS (Total 
Pattern Analysis Software) was used. The TOPAS software 
utilizes the Rietveld method based on analytical profile 
func tions and least-squares algorithms to achieve the best fit 
between a theoretical and a measured pattern. 

X-ray fluorescent (XRF) spectroscopy  

XRF analyses provided the bulk chemical composition 
of the studied samples (Table III). The elemental analysis 
was performed using a Panalytical EPSILON 3 XL Energy-
dispersive X-ray fluorescence spectrometer (Ag radiation 
with software-controlled max. 50 kV, max. 3 mA and 15 W 

tube power equipped with a silicon drift detector). The Ep -
silon 3 software was used for qualitative and semi-quan ti ta -
tive analyses, and this included the Omnian software mod -
ule for standardless and fingerprint applications. The detec -
tion limit was assumed to be less than 1.0 wt.% or less for 
individual elements. 

Core-scale structural observations 

Macroscopic structural and lithological features were 
char acterized for the entire cored section of the Szh-II well, 
with special focus on the 14 core samples. In particular, we 
identified macroscopic mineral assemblages, vein genera -
tions, as well as brittle (fractures and faults) and ductile (tec -
tonic foliation, stretching lineation, folds, shear bands) de -
formation features. These macroscopic observations were 
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Table I. Summary table of the studied samples showing the corresponding depth, lithology and applied methods de -
scribed in the manuscript. Please note that ‘Fluid inclusions’ comprises fluid inclusion petrography and Raman spec -
troscopy (on the inclusions) 

I. táblázat. Összefoglaló táblázat a vizsgált minták mélységéről, litológiájáról és a jelen munkában bemutatott vizsgálati mód -
sze rekről. A „Fluid inclusions” jelölés fluidumzárvány petrográfiai és Raman-spektroszkópos vizsgálatok együttes elvégzését 
jelöli 

Table II. Bulk mineralogical compositions of the 14 samples from the Szh-II well based on XRD measurements. Values are expressed in weight percent 

II. táblázat. Az Szh-II fúrásból származó 14 minta modális összetétele, XRD-vizsgálatok alapján. Az értékek tömeg%-ban vannak kifejezve 



used to select core samples and to delineate prospective 
areas for microscale analyses. 

Fluid inclusion methodology  

Doubly-polished 100-µm-thick sections were prepared 
to describe and analyze fluid inclusion generations from 
three selected greenschist samples. Fluid inclusion petro -
graphy was conducted using a Nikon OptiPhot2 optical mi -
cro scope equipped with a Nikon CoolPix DS-Fi1 camera 
system in the Lithosphere Fluid Research Laboratory, Eöt -
vös Loránd University (ELTE), Hungary. Raman spectro -
scopy was performed using a Horiba JobinYvon Labram 
HR800 spectrometer with Nd-YAG (λ = 532 nm) and also 
He-Ne (λ = 633 nm) laser excitation in the Research and 
Industrial Relations Center (ELTE). The analytical settings 
included 100× objective, 50–100 µm confocal hole, 10–200 s 
acquisition time, 2× accumulations within the spectral range 
of 100–4250 cm-1. Raw spectra were evaluated using LabSpec 
v.6 software. Raman bands of analyzed phases were iden ti -
fied based on the RRUFF database (LAFUENTE et al. 2015, 
FREZZOTTI et al. 2012). Molar ratios of fluid phases within 
inclusions, such as CO2 and CH4 were determined based on 
integrated band areas (DUBESSY et al. 1989). The aim of Ra -
man spectroscopic measurements was to define the chem -
istry of different phases within fluid inclusions.   

Petrography 

Phyllite 

Samples #1–2 represent the UAA in the hanging wall 
(which might be the damage zone part) of the Rechnitz 
fault, between ~ 2063–2085 m (Fig. 1). These rocks are 
made up mostly of albite, quartz, white mica (sericite) and 

chlorite. Rock foliation is defined by white mica, chlorite 
and leucoxene (fine-grained alteration products of titani -
um-rich minerals) bands (Figs 3a–b). Veins filled by car -
bon ate and quartz occur crosscutting the foliation of the 
rock. The following sequence of veins can be established 
according to textural observations: 1) ferroan calcite, 2) 
ferroan dolomite, 3) quartz. The foliation and some car -
bon ate veins are postdated by brittle deformation repre -
sented by fragmentation of quartz/albite/sheet-silicate/ 
carbon ate-rich domains, whereas ferroan dolomite then 
quartz cementation took place after this deformation event 
(Fig. 3c–d). Albite and quartz occur as 5–50-µm-sized an -
hedral grains associated with an oriented network of fine-
grained fibrous white mica and chlorite (Fig. 3a–b). The 
modal percentages of minerals in the phyllite are plagio -
clase (albite) 17–52%, quartz 10–12%, sericite 5–11%, 
chlorite (clinochlore) ~5%, leucoxene (anatase) ~3% and 
carbonates 23–53% (Table II). 

Limestone cataclasite 

The rock (Sample #3) mainly consists of limestone 
clasts embedded in a fine-grained cataclasite matrix (Figure 
3e). Limestone clasts, with size ranging from 10 µm to 2-3 
mm, are angular, cracked and made up by calcite. The ma -
trix consists of saddle dolomite, poikilotopic ferroan calcite 
and quartz (Fig. 3f). Textural analyses suggest the following 
sequence of diagenetic events: after the brittle cataclastic 
de formation the microporous matrix was first dolomitized 
and later infiltrated by acidic pore waters, which favored 
calcite dissolution and silica cementation. The microporous 
matrix was preferentially dissolved while the clasts re -
mained almost intact (Fig. 3f). There were also open frac -
tures where quartz precipitated. The pore water chemistry 
changed for a second time when ferroan calcite precipitated 
(Fig. 3f). 
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Table III. Bulk major and trace element composition of 14 samples from Szh-II well, based on XRF analysis. Values are expressed in weight percent 

III. táblázat. A Szh-II fúrásból származó 14 minta teljes kőzetösszetétele, XRF-vizsgálatok alapján. Az értékek tömeg%-ban vannak kifejezve



Greenschist 

Samples #4–12 represent greenschists in the footwall of 
the Rechnitz fault. We found that sample #4 at the depth of 
2082.4 m is a greenschist contrary to the designation of this 
depth level as a fault breccia by LELKES-FELVÁRI (1994), see 
Fig. 2b. 
The rocks consist predominantly of actinolite, chlorite, 

albite, clinozoisite, whereas titanite and apatite occur in mi -
nor quantities. The greenschist is locally made up almost ex -

clusively by actinolite or chlorite (Fig. 4a). The modal per -
centages of minerals in the greenschists are actinolite 3–77%, 
chlorite (clinochlore) 19–59%, plagioclase (albite) 9–36%, 
clinozoisite 0–21%, carbonates 0–14%, quartz 0–18% and 
titanite 0–4% (Table II). Note that although XRD mea sure -
ments did not indicate the presence of apatite in the green -
schist samples, few grains were found in Sample #14 (see 
below in section Fluid inclusions characteristics). Actino -
lite forms 0.1–1-mm-sized euhedral fibrous-radial crystals 
(Fig. 4a), while chlorite is dominantly anhedral with grain 
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