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Abstract. Microfacies, depositional age and sedimentary environment werecharacterised for two Jurassic successions, which were deposited on the Adriaticmicrocontinental margin of the Neotethys Ocean. Investigations were carriedout mostly on cores drilled in the Mesozoic basement of the eastern part ofthe Mátra Mountains (Recsk area) and the westernmost part of the BükkMountains, NE Hungary. This area represents the continuation of the Inner Di-naric nappe-system, and was displaced along the Mid-Hungarian Shear Zoneduring the Late Oligocene to Early Miocene. The pre-Cenozoic basement of thearea is characterised by three juxtaposed units: the lowermost Recsk Succes-sion, the Tarna Olistostrome and the topmost Darnóhegy Mélange nappe. TheRecsk Succession is made up of Upper Triassic, cherty carbonates of pelagicbasin facies that are overlain by pelagic limestones of Early to early MiddleJurassic age. The carbonate sedimentation changed gradually into shale-domi -nated one during the late Bathonian to the early Callovian. In the Bajocian toearly Callovian interval the Recsk area was located at the toe of a coeval carbo -nate platform, which provided gravitational mass flows reaching the investi-gated area. The external margin of this platform drowned and got coveredby the pelagic shale in the late Bajocian. The Tarna Olistostrome is built up bya Tithonian pelagic mixed carbonatic and siliciclastic succession with brec-cia/olistostrome horizons. The clasts derived from the Upper Permian–LowerJurassic succession of a distal Adriatic margin. The Darnóhegy Mélange is atypical sub-ophiolitic mélange comprising scrapped off blocks and slices fromthe lower plate and gravitationally redeposited / tectonically sheared blocksfrom the overriding ophiolite nappe. The age of the mélange is Callovian–Ox-fordian. These inferences may serve as a base for new geodynamic evaluationsof the studied region.
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Апстракт. Микрофације, време и средине депоновања две јурске сук -цесије, таложене на јадранској микроконтиненталној маргини океанаНеотетис, приказане су у овом раду. Истраживања су вршена углавномна језгрима избушеним у мезозојској основи источног дела планинеMátra (подручје Recsk) и најзападнијег дела планине Bükk, СИ Мађарска.O n - L i n e  F i r s t
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IntroductionThe basement of the Miocene Pannonian basincomprises structural units of various origins thatwere juxtaposed during the Cenozoic era prior to theonset of back-arc basin formation (BALLА, 1987; CSON-TOS & NAgyMAROSy, 1998; FODOR et al., 1998). The Al-capa Megaunit includes the north-western part of thebasement (Fig. 1a) and consists of Austroalpine andCentral and Inner west Carpathian structural unitsderived from the former margins of the MesozoicNeotethys Ocean toward Europe and greater Adria.It is separated from the southern Tisza Megaunit bythe latest Oligocene to Early Miocene Mid-HungarianFault Zone (Fig. 1a), which contains displaced ele-ments from the imbricated Adriatic microplate asstrike-slip duplexes (CSONTOS & vöRöS, 2004; HAAS etal., 2010). The Bükk Unit, which includes the BükkMountains and the pre-Neogene basement of theMátra Mountains (Fig. 1b, c), is part of the strike-slipduplex system (HAAS et al., 2010) or may form part ofthe Alcapa Megaunit (kövéR et al., 2018a).This largely covered Mesozoic basement area(Fig. 1c) is the focus of this study, although the west-

ernmost part of the Bükk Mountains (Fig. 1b) wasalso involved in the evaluation and interpretation ofthe results. More than ten wells, reaching depths of1000 to 1200 m, with continuous coring (Fig. 1c)have been investigated in detail to reveal the depo-sitional environment and stratigraphic age of thepenetrated Mesozoic successions, which once be-longed to the Adriatic microplate margin of theNeotethys Ocean. Furthermore, our goals includeddefining structural units, investigating their spatialrelationships, and comparing the subsurface unitswith their possible surface equivalents in the BükkMountains.
Research history in the Recsk and Darnó
areaThe basement of the eastern part of the MátraMountains is the main target area of this study, al-though the south-westernmost part of the BükkMountains was also involved in the evaluation andthe interpretation of the results (Fig. 1b, c). In the

Ово подручје представља наставак система навлака Унутрашњих Дина -рида, које су измештене дуж средњемађарске зоне смицања током касноголигоцена до раног миоцена. Пре-кенозојска подина овог подручја пред -стављена је следећим сукцесивним јединицама: најнижом Recsk сук -цесијом, потом Tarna олистотром и највишом јединицом - меланжDarnóhegy. Recsk сукцесија изграђена је од горњотријаских пелашкихфација представљених карбонатима са рожнацима, преко којих лежедоње јурски до најстарије средње јурски пелашки кречњаци. Токомгорње батског до доње келовејског ката карбонатна седиментација јепостепено замењена седиментацијом глиновитих седимената. У периодубајски кат - келовеј, област Recsk се налазила на падини, у близиникарбонатне платформе, која је омогућавала гравитационе масене токовекоји су доспевали у истраживано подручје. Спољна маргина ове плат -форме је постепено тонула током горњег дела бајеског ката и била пре -кривена пелашким финозрним силицијским седиментом. ОлистостромTarna је изграђен од титонских пелашких седимената, представљенихсменом карбонатне и силикокластичне сукцесије са хоризонтима бре -че/олистострома. Класти су пореклом из горњопермских до доњојурскихсукцесија дисталне маргине Адрије. Меланж Darnóhegy представљатипичан суб-офиолитски меланж који се састоји од откинутих блоковаи фрагмената доње плоче и гравитационо унешених или тектонскиинкорпорираних блокова офиолитске навлаке. Старост меланжа јекеловеј – оксфордска. Ови подаци могу послужити као основа за новегеодинамичке интерпретације истраживаног региона.
Кључне речи: Микрофације, 
седиментација, средња јура,
горња јура, биостратиграфија,
Неотетис
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1970 to 80s more than hundred 1000 to 1200 mdeep wells were drilled with continuous coring forore exploration in the eastern Mátra (Recsk OreField). Under Early Oligocene volcanic and sedimen-tary formations, these wells reached the pre-Ceno-
zoic basement usually at 400 to 500 m and accord-ingly they explored Mesozoic rocks in a thickness of500 to 800 m. After the ore exploration activity, thecores of 25 selected wells have been preserved inthe repository of the Mining and geological Survey

Fig. 1. Tectonic and geological maps of the investigated area. a) Tectonic map of the Pannonian Basin and the surrounding orogenic
belts (slightly modified from SchMid et al., 2008). b-c) geological map of the study area, b) Pre-cenozoic basement map of the Western
Bükk Mts and its surrounding foreland areas (slightly modified from Kövér et al., 2018a). Paler colours represent covered areas. c) Pre-
Quaternary geological map of the Norhern Mátra foreland, the recsk and the darnó areas. (compiled from LeSS & MeLLo, 2004, the
1:100.000 scale geological map series of hungary, sheet eger (GyaLoG & SíKheGyi, 2005), and from GáL et al., 2021). The
investigated/reevaluated boreholes, surface localities and the constructed cross sections (Fig. 23) are indicated.O n - L i n e  F i r s t
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of Hungary (Now Supervisory Authority of Regula-tory Affairs).In the advanced period of the ore exploration, thegeology of the Pre-Cenozoic basement of the RecskOre Field was summarised by FöLDESSy-JáRáNyI(1975). She mentioned a Permian fossil-bearinglimestone outcrop on the neighbouring Darnó Hill(kISS 1958) and limestone-shale occurrences onkisvárhegy and Nagyvárhegy at Sirok postulatingtheir lithological similarity with the Triassic forma-tions of the Bükk Mts. It must be emphasised thattill the early eighties all of the slightly metamor-phosed Mesozoic formations of the Bükk were as-signed to the Triassic (SCHRéTER, 1952; BALOgH,1964), and there was no evidence for the presenceof Jurassic formations. As to the stratigraphic assi -gnment of the basement rocks Földessy-Járányi re-ferred to the report of ORAvECZ (1971) who observedthe common presence of radiolarians, sponge spicu -les, ostracods, fragments echinoderms (mostlycrinoids), and he also found Calcisphaerulids andForaminifers in some samples. In accordance withthe knowledge of that time, he declared that fromamong these microfossils only the foraminifera hadage-diagnostic value and based on the fauna he assi -gned the basement rocks to the Ladinian to earlyCarnian interval.The studies of radiolarians led to a breakthroughin the age determination in the Bükk (kOZUR, 1984;CSONTOS et al., 1991; DOSZTáLy, 1994) and in theDarnó-Recsk area (DE wEvER, 1984; DOSZTáLy, 1989,1994; kOZUR, 1991) providing evidence for the pres-ence of Jurassic sedimentary rocks along with thepreviously known Triassic formations. The radiolar-ian biostratigraphy from exploratory cores drilledon the Darnó Hill (Rm-131, -135, -136) revealedthat both Middle to Late Triassic and Middle Jurassicdeep sea and slope deposits occur (DOSZTáLy & JóZSA,1992; kOváCS et al., 2008). Later, radiolarians(DOSZTáLy, 1994) and conodonts (kOváCS et al., 2013)were encountered in some cores derived from theRecsk Ore Field. These crucial new stratigraphic re-sults and the significant development in the evalua-tion of sedimentological data initiated the revisitingand reassessment of several cores of key impor-tance. However, the new data also revealed that dueto the sedimentological conditions and the syn- and

post-depositional deformations, stratigraphic set-ting of the basement is rather complex, and deci-phering the history of deposition is challenging. Inthe present paper, we try to get through this prob-lem, and summarise all the previous knowledge, de-scribe our new observations, add a new model forthe depositional environment and sedimentationprocesses of this area. The huge amount of core ma-terial and thin sections gave an exceptional oppor-tunity for an insight to the anatomy of Jurassicsequences formed partly on the Adriatic passivemargin and partly related to the Neotethys subduc-tion during the Middle to Late Jurassic.
Geological setting 

Bükk Mts.The study area is in the westernmost part of theBükk Mountains and in the north-eastern forelandof the Mátra Mountains (Fig. 1b, c). The lowest structural unit of the Bükk Mountainsis made up of a Palaeozoic–Mesozoic succession af-fected by very low to low-grade Cretaceous metamor-phism (áRkAI, 1983; áRkAI et al., 1995). This unit wasreferred to as “Bükk paraautochton” in the former lit-erature; however, its allochthonous position is widelyaccepted. To get across this deceptive nomenclature,we suggest the name Bánkút Succession for that partof the Bükk Unit, which contains a Middle Carbonif-erous–Middle Jurassic low-grade metamorphoseddominantly sedimentary rock association (Fig. 2). The overlying Mónosbél, Szarvaskő and Darnóh-egy Complexes form separate sequences with mostprobably tectonic contacts (CSONTOS, 2000) althoughan autochthonous continuous sequence was alsosuggested (PEILkáN et al., 2005). within the BánkútSuccession deep marine Middle Carboniferous shaleis the oldest explored formation that is followed byshallow marine Upper Carboniferous formationsand after a gap by a continental to shallow marineMiddle to Upper Permian sequence. It is overlain bya Lower Triassic calcareous–siliciclastic ramp suc-cession and Anisian shallow marine dolomite. Up-coming and a related short-term subaerial exposurewas followed by an intense andesitic volcanism dur-O n - L i n e  F i r s t
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ing the late Anisian to Ladinian. The coeval exten-sional tectonic deformations led to a segmented to-pography whereby carbonate platforms andintraplatform basins were developed. From the La-dinian to the latest Triassic platform carbonateswere formed on the submarine highs and grey,cherty limestone with thin marl interlayers(Felsőtárkány Limestone Fm.) in the basins (CSON-TOS, 1988, 2000; vELLEDITS, 2000, 2006; PELIkáN et al.,2005). In the pelagic carbonates the sponge spicule– ostracode and the radiolarian – “filament” micro-facies types are the most characteristic. Based onconodonts the age-range of the Felsőtárkány Fm. ex-tends from the early Carnian to the early Rhaetian(vELLEDITS, 2000). A red radiolarite unit (BányahegyRadiolarite Fm.) either of early Bajocian (HAAS et al.,2013) or Callovian–kimmeridgian (CSONTOS et al.,

1991) age covers both the shallow and deep marineformations which are conformably overlain by afine-grained siliciclastic turbidite succession of un-certain age assignment (Lökvölgy Fm., Fig. 2). In thearea of the western and south-western Bükk Mts.(Fig. 1b), this is overthrust by the Mónosbél Com-plex consisting of redeposited slope and pelagicbasin deposits and the Szarvaskő Complex which ismade up predominantly of fine-grained siliciclasticrock with shallow mafic intrusions and lava rocks. The Mónosbél Complex comprises the followingmajor lithofacies/lithostratigraphic units (Fig. 2). The Bükkzsérc Limestone is made up predomi-nantly of grainstone beds consisting of redepositedplatform-derived grains (ooids, oncoids, peloids andbioclasts). Cherty limestone interbeds of thin-shelled bivalve and/or radiolarian wackestone mi-crofacies also occur, locally. This succession wasdeposited at the toe of a carbonate platform fores-lope and on the floor of the related basin during theAalenian (?) to Bathonian interval (HAAS et al., 2006,2013). Pebble to cobble-sized clasts and even largeolistoliths of this lithofacies commonly occur in theLaskóvölgy Olistostrome. The Oldalvölgy Formation is characterised by al-ternation of black shale, siltstone (shale-dominatedlithofacies), dark grey limestone and cherty lime-stone usually of mudstone texture (limestone-domi -nated lithofacies), although thin ooidic limestonelayers and polymictic olistostrome intercalationsrarely occur (PELIkáN et al., 2005; PELIkáN, 2012).Lenses and interbeds of dark grey laminated radio-larite and radiolarian chert commonly occur withinthe shale or limestone successions; PELIkáN et al.(2005) defined them as the Csipkéstető Radiolarite.The estimated thickness of the partly silicified shaleand limestone sequence is several hundred metres.It was formed in a pelagic basin which was occasi -onally reached by gravity flows that originatedpartly in a carbonate platform area (ooidic rede-posited layers). Based on radiolarians and foramini -fera this unit can be assigned to the Bathonian toearly Callovian (HAAS et al., 2013).The Laskóvölgy Olistostrome (Mónosbél Forma-tion in the earlier literature) is made up predomi-nantly of matrix-supported, poorly sorted, angularto subrounded, polymictic breccia (olistostrome)

Fig. 2. Stratigraphy of the SW Bükk Mts. from the Late Triassic
to Middle Jurassic (drawn after cSoNToS, 1999, haaS et al., 2011,
PeLiKáN et al., 2005 and own observations).

O n - L i n e  F i r s t
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bodies which are surrounded by dark grey to blackshale or clayey siltstone (PELIkáN, 2012). The lime-stone clasts are predominant; most of them are in-dividual ooides or ooidic–bioclastic limestone.Along with the carbonate clasts, fragments of acidicand basic vulcanites, sandstone, phyllite, micaschist, and quartzite also occur locally (CSONTOS,2000; PELIkáN et al., 2005; PELIkáN, 2012; HAAS et al.,2013). These debris flow deposits were depositedon or at the toe of a slope. Most of the clasts derivedfrom proximal carbonate rocks (Bükkzsérc Lime-stone) but some of them from various rock types in-dicating significantly different provenance. Sincebased on foraminifera, some of the limestone clastscould be assigned to the Bathonian (HAAS et al.,2013), the age of the Laskóvölgy Olistostrome isMiddle Jurassic (probably Bathonian–Callovian?).The Szarvaskő Complex is built up mostly by thealternation of shale and fine to medium-grainedsandstone (Fig. 2). It contains subvolcanic gabbro,microgabbro and small wherlite and felsic intru-sions, (BALLA, 1983; áRváNé SOóS et al., 1985; HARANgIet al., 1996; JóZSA, 1999). It also contains well-devel-oped pillow basalt sheets in a thickness of a fewhundred metres (AIgNER-TORRES & kOLLER, 1999;CSONTOS, 2000; kISS et al., 2011,). The continuousoutcrops of this unit are known in the western Bükk(Fig. 1b) (Szarvaskő synform; BALLA, 1983); while inthe south-eastern Bükk it appears above the Mónos-bél Complex in the form of several small nappe out-liers (CSONTOS, 1988, 1999). The age of this complexis poorly constrained. Poorly preserved radiolariansfrom the sedimentary part suggest late Bathonian–early Callovian age (CSONTOS et al., 1991), which is inagreement with the k/Ar ages obtained from thegabbro intrusions (165±5 Ma, áRváNé SOóS et al.,1985).
Darnó areaThe Darnó Hill and its surroundings, east of theDarnó Fault is an area of critical importance for theanalysis of the relationship of several units (Fig. 1c).The Darnó Hill forms the westernmost surface out-crops of the Dinaric-related units. Further west-ward, the next surface outcrop is 60km further andbelongs to the uppermost part of the Austroalpine

nappe-stack (Transdanubian Range) (Fig. 1a). Thesurface exposures and the upper parts of ex-ploratory boreholes are composed mostly of rede-posited clasts and large blocks of basalts with minoramount of gabbros (HARANgI et al. 1996; JóZSA et al.,1996) surrounded by shale and radiolarite matrix(JóZSA, 1999; DOSZTáLy et al., 1998) that can be as-signed to the Darnóhegy Mélange (kOváCS et al.,2008; 2011a). The age of the basalt blocks is latestAnisian–Ladinian on the bases of conodonts and ra-diolarians dissolved from those sedimentary rocks,which were closely associated with one group of thebasalt blocks (kOZUR & kRAHL, 1984; DE wEvER, 1984;HAAS et al., 2011). On the other hand, the radiolarianassemblage associated with either the matrix of themélange or with basalt blocks of different geochem-ical characteristics (kISS et al., 2012) showed Bajo-cian–Callovian (kOZUR, 1991) or Callovian age(gAwLICk pers. comm). These age intervals can be in-terpreted as minimum ages for the mélange forma-tion. Previous research considered this mélange asa true ophiolite-derived mélange (SCHMID et al.,2008) and correlated it with the Dinaridic counter-parts (HAAS & kOváCS, 2001; DIMITRIJEvIć et al., 2003;kOváCS et al., 2011b).Below this unit, the exploratory wells exposeddominantly sedimentary rocks which were assignedto the Mónosbél Complex (HAAS et al., 2006; 2011;kOváCS et al., 2008). However, only a few boreholeswere subject of detailed investigations earlier; thecurrent contribution extends largely this database.
Recsk area and Northern foreland of the
Mátra Mts.The Mesozoic basement of the area west of theDarnó Fault in the northern foreland of the Miocenevolcanites of the Mátra Mountains near Recsk is inthe focus of the current paper (Fig. 1c). There are nosurface exposures of the pre-Cenozoic rocks in thisregion, but numerous continuously cored ore ex-ploratory wells reached the Mesozoic rocks belowOligocene volcanic and sedimentary formationsproviding data on the geological characteristics ofthe basement. Only a few point-like information hasbeen published so far, (DOSZTáLy & JóZSA, 1992; kOváCSet al., 2008, 2013; HAAS et al., 2012) describing theO n - L i n e  F i r s t
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main lithological characteristics and age of the pene -trated basement rocks. 
Materials and MethodsLocation of the studied wells and sections aredisplayed in Fig 1c. For the characterisation of theexposed succession, along with the newly collectedsamples the thin sections of previous studies wereutilised. Determination of petrographic propertiesand microfacies characteristics of the sedimentaryrocks were in the focus of our microscopic investi-gations, however the diagenetic features and signsof deformations were also observed. Radiolarianand nannofossil samples were collected from coresand occasionally from surface outcrops to define thesedimentary ages of different lithofacies units. Re-vision of the previous collections was also made. 
MaterialsIn the cases of some wells only those thin sec-tions were available which were made in the 1970to 80s during the ore exploration project. These arethe following: Rm-20 (37 thin sections), -24 (60) -25 (48), -34 (61), -51 (4) -55 (3) -58 (20), -61(108),-62 (133), -87 (166). In other cases, in addition tothe thin sections made for the ore exploration pro-ject, the cores (or parts of the cores) were preservedallowing collection of new samples. In the middle of1990s detailed documentation and sampling ofthree key-wells drilled near the Darnó Hill was per-formed by kOváCS; 93 thin sections were made fromRm-131, 35 from Rm-135 and 51 from Rm-136. Inthe early 2000s detailed documentation and sam-pling were performed by Haas and his co-workers.They revisited the lower part of core Rm-109 when90 new thin sections were made, the upper part ofcore Rm-118 complementing the previously madepreviously made 64 thin sections with 47 new ones,and the upper part of core Rm-63 adding 22 newthin sections to the preserved 225 ones.
MicrofaciesThe sections were investigated in normal trans-mitted light on an Olympus-BX51 microscope. The

classification of Folk (1959) and Dunham (1962)was applied for description of the texture of the car-bonates.
RadiolariansSamples were collected from Rm-109 borehole(1001.65–1001.75 m) and Mély-völgy by the lateSándor kovács; these samples contain relativelyrich, moderate preserved and diverse radiolarianfauna. Approximately 350–500 g of dice-sizedcrushed chert from each sample was processed withthe dissolution method. Samples were dried andplaced in approx. 3–5 % HF (nine parts distilledwater and one-part concentrated HF (herewith48%) following standard laboratory procedures ofPESSAgNO & NEwPORT (1972). The residues werewashed through a 63 μm sieve and dried. The labo-ratory preparation of the samples was carried outat Hungarian Natural History Museum, Budapest.Moderate to poorly preserved but previously un-published radiolarian fauna of the BüNy-2, Rm-118,Rm-131 and Rm-136 boreholes were collected bythe late Lajos Dosztály, and was described by PO.Samples from Csipkés-tető, Bátor and Földszakadáswere collected by NDj, Sk, LF. These samples wereprocessed in Belgrade by NDj. The most figured ra-diolarians presented herein were taken on HitachiS-2600 N-type Scanning Electron Microscope at theHungarian Natural History Museum, Budapest anda JEOL JSM-T330A SEM at the Research Centre of theSlovenian Academy of Sciences and Art. Smaller partof the illustrated material was obtained from theDOSZTáLy’S legacy. The radiolarian specimens are de-posited in the Hungarian Natural History Museumin Budapest, Hungary. The Jurassic radiolarian dat-ing is based on the Unitary Association Zones (UAZ)of BAUMgARTNER et al. (1995). Names of genera areupdated according to O’DOgHERTy et al. (2009, 2017).
NannofossilsDetermination of nannofossils requires specialtechnique, which has not applied on the sedimentsof the Bükk Mountains until this research. Consequen -t ly, no nannofossil biostratigraphical data was avail-O n - L i n e  F i r s t
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able. As a try, a total of 6 samples (2 from Rm-136, 2from Rm-135 and 2 from Rm-131 drilling cores)were investigated – with a Nikon Eclipse 50i POLpolarising microscope at 1250x magnification, usingoil immersion objective 100x and a 1.25 numericalaperture; only one sample was barren. XPL, PPLand/or gypsum plate (gP) images were capturedwith a ToupCam digital camera and associated soft-ware. All nannofossil smear slides were prepared,investigated and repositored at the Department ofCollections, geological Survey, Supervisory Author-ity for Regulatory Affairs. The nannofossil bios-tratigraphy used in this paper is based on theNannotax website (yOUNg et al., 2017); the preser-vation categories of BOwN (1992) were adopted.For stratigraphical data the relevant chapters ofgeological Time Scale (gRADSTEIN et al., 2020) wereused.
Method applied during the construction of
cross-sectionsDuring the section construction we dealt withvariable levels of information from different bore-holes. In case of the key wells (black numbers withinrectangles) a great number of thin sections, detaileddescription of the cores and occasionally the origi-nal cores were available. Those marked with blacknumbers contained only descriptions and a greatnumber of thin sections. when only informationfrom field core descriptions/data repository wasavailable (grey numbers), the classification intolithological units was problematic. we consequentlyclassified the shale lithologies into the OldalvölgyShale, while the age of the limestone is uncertain,that is why the possibility of either Triassic or Juras-sic classification was allowed. The general structural style – asymmetric south-to south-east-verging folding – was projected fromthe Bükk Mts. (CSONTOS 1988, 1999) and from theoutcrops of the kis-vár-hegy. The faults were classi-fied into four age groups: Middle Jurassic syn-sedi-mentary structures, Cretaceous structuresconnect ed to the general shortening, Paleogene toEarly Miocene structures, which are syn- or earlypost-tectonic faults with respect to the Recsk An-desite Complex, and Miocene faults.

ResultsOur research area is subdivided into 3 sub-areasby two main branches of the Darnó Fault Zone (Fig.1b, c). The easternmost sub-area is the s.l. BükkMts., which has outcrops of the Bánkút Succession,the Mónosbél and the Szarvaskő Complexes. Themiddle area is within the Darnó Fault Zone and hasnatural outcrops of the Darnóhegy Mélange. Twodifferent Mesozoic sequences were intersectedunder it by boreholes Rm-131, -135, 136. The west-ernmost sub-area is the Recsk, where the basementis covered by several hundred metres of infill of thePannonian Basin and the Paleogene Recsk AndesiteComplex (ARATó et al., 2019). Here only core infor-mation is available. The presentation of our resultsstarts with a key section from the south-westernpart of the Bükk Mts., followed up by the Recsk sub-area and finally the Darnó sub-area.
Southwestern margin of the 
Bükk Mountains 

General sedimentological–stratigraphical
characteristicsThe south-westernmost surface exposures ofMesozoic formations in the Bükk Mts. are locatedin the Laskó valley area and on the vár Hill of Sirokvillage (Fig. 1b). The Laskó area exposes a duplex-system of few hundred metres thick horses, whichare built up by the formations of the MónosbélComplex (Fig. 3a). The individual thrusts couldmerge into a roof thrust above which the formerlyoverlying Szarvaskő Complex could be present be-fore erosion.The Szarvaskő Complex crops out in small tec-tonic windows below the basal shear-zone of theSw-verging duplexes (Fig. 3a, FIALOwSkI, 2018). Thisjuxtaposition is of out-of-sequence origin, while thestructural order of these two complexes is differentin the rest of the Bükk area (BALLA, 1987; CSONTOS,1999). The lithological content of the horses derivedfrom the Mónosbél Complex show similarities, how-ever, major changes in thickness were observed(Fig. 4). O n - L i n e  F i r s t
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Fig. 3. a) Simplified cross-section along the Laskó valley (location is indicated on Fig. 1b). b) radiolarite breccia whit sigmoidal shaped
shear along the clast boundaries. c-d) Partially silicified limestone lithoclast of grainstone fabric with micritized ooid, oncoid, peloid,
bioclast and small lithoclast grains

Fig. 4. Jurassic successions in the south-wastern part of the Bükk Mts. Localities are shown on Fig. 1b.O n - L i n e  F i r s t



In general, the lowermost part of the duplexslices starts with dark grey, partially silicified shalewith anastomosing foliation and rare, thin beds ofpelagic limestone intercalations (shale lithofacies ofthe Oldalvölgy Fm.). It contains two types of redepo -sited sediments: a) carbonate turbidites with plat-form derived clasts b) breccia/micro-breccia/olisto- strome layers. The former one contains single ooidgrains, crinoid particles, fragments of calcimicrobes(Fig. 3c, d). The latter one is present in the form ofdm to m thick intercalations. They represent typicaldebris flow deposit (debrite) containing unsortedmm to dm sized litoclasts in a light brownish greysilicified, cherty matrix. The breccia/olistostrome ismainly clast-supported, the clasts are unrounded tosub-rounded. various lithoclast-types were ob-served: oolitic wackestone and packstone (the cen-tral part of the ooids is commonly dissolved);peloidal, microsparitic wackestone; bioclasticwackestone, sponge spicule wackestone; peloidalgrainstone; and radiolarite (Fig. 3b). A few weathered basalt clasts with limoniticcrust were also encountered. Bioclasts, mostlycrinoid fragments, foraminifera, and fragments ofcalcimicrobes, and microbial crusts also occur in thematrix. Some individual carbonate grains (ooids, on-coids and a few grapestones) were also observed.These coarse-grained intercalations get less abun-dant upwards, while the whole succession becomesmore and more silicified. The silicification occurs inlarge lenses. The silicified part is red or greenishgrey chert, however, the original red and grey marl,shale host rock is detectable in some locations. Thewhole succession can be a few hundred metresthick. However, the total thickness and the numberof redeposited layers, the degree of silicificationchanges from horse to horse. From the upper partof the succession (red radiolarite) very poorly pre-served radiolarians, indicating late Bajocian to earlyOxfordian age range were found (HAAS et al., 2011). The other Mesozoic locality, the small quarry onthe kis-vár Hill south-west of village Sirok (Fig. 1c,11a), exposes a strongly deformed succession madeup of alternation of grey micritic, locally cherty lime-stone, dark grey shale with olistoliths, grey siliceousshale and radiolarite, and light grey oolitic lime-stone (kOváCS et al., 2008). Dosztály’s radiolarian

studies suggest late Bajocian to early Oxfordian age-assignment (CSONTOS et al., 1991). According to BéR-CZI-MAkk (1999), the foraminifera fauna indicatesMiddle Jurassic age. 
Radiolarian biostratigraphyAdditional samples were taken from surface out-crops of the Mónosbél Complex to support age datafor specific stratigraphic levels. According to our in-terpretation (Fig. 2, 4) intensive silicification is morepronounced at the upper part of the succession. Sam-ple Csipkés-tető (031015/7-1a) is derived from blackradiolarites of an intensively silicified section andyielded poorly preserved and not so diverse radiolar-ian association (Fig. 5). The assemblage in sample031015/7-1a is characterized by the presence of Xit-
omitra annibill (kOCHER), Monotrabs goricanae BEC-CARO, Thanarla patricki gr. (kOCHER), eoxitus dhime-
naensis (Baumgartner), Mizukidella hungarica (gRILL& kOZUR), Transhsuum maxwelli gr. (PESSAgNO), Tran-
shsuum sp. E sensu (yAO), archae ospongoprunum ele-
gans wu and Parahsuum sp. The genus Xitomitraranging from the Middle Bathonian to Early Callovian(O’DOgHERTy et al., 2017) defines the age of this sample. Sample Földszakadás (031015/8-2) is about0.9m thick succession of reddish stratified radiolar-ites with thin interlayers of siliceous shale. Radio-larians are poorly preserved and their diversity isvery low (Fig. 5). A maximum age range betweenearly Bajocian and early kimmeridgian age (UAZs 3to 10) can be inferred from Transhsuum maxwelli gr.(PESSAgNO). The genus Thanarla, first appearing inthe early Bathonian (O’DOgHERTy et al., 2017), wasalso found. The species determined as Parahsuumsp. and Williriedellum sp., are also present in the ra-diolarian association. Considering these data, the in-ferred age of this sample is bracketed betweenBathonian and early kimmeridgian.Samples Bátor, chert tower (021015/5-2 and021015/5-3) are characterised by a poor and badlypreserved radiolarian association and presence of the
Transhsuum sp. cf. T. maxwelli gr. (PESSAgNO), eoxitussp. and eucyrtidiellum sp (Additional file 3).  A maxi-mum age range between early Bajocian and earlykimmeridgian age (UAZs 3 to 10) can be inferredfrom Transhsuum sp. cf. T. maxwelli gr. (PESSAgNO).
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The latter two age data, however, should be takenwith extreme caution because such a wide age in-terval is a result of low diversity and poor level ofpreservation of the analysed radiolarian association.
Recsk areaIn the Mesozoic basement of the Recsk area thewells explored predominantly Jurassic pelagic succes-sions, which can be assigned to the Oldalvölgy Forma-tion. This lithostratigraphic unit was defined in theBükk Mts, where the characteristic shale and chertylimestone lithofacies of this formation alternate. Incontrast, in the Recsk area these two lithofacies usu-ally occur as separated units justifying the subdivisionthe formation into two members: Oldalvölgy Shaleand Oldalvölgy Limestone Members. In the followingchapters, we will apply this subdivision.

Detailed descriptions of the key boreholes arepresented from Sw to NE (location of the boreholesare shown on Fig. 1c). At first, core Rm-109 is pre-sented, then Rm-79, followed by the most completecores in the central area (Rm-63, -62, -34, -87, -61,-58), finally the northernmost Rm-118. After theseboreholes cores Rm-XX, XXv and XXIv from the east-ern part of this sub-area are described.
Recsk – SW

Rm-109well Rm-109 was drilled in the eastern MátraMts., north to Mount kékes, about 5 km Sw fromParádfürdő (Fig.1c). After the intersection of Oligo -cene–Lower Miocene deep marine fine-grained clas-tic sediments, the well explored Jurassic sedi  -

Middle to Late Jurassic pelagites and gravity mass flow deposits of a displaced Neotethyan margin: microfacies and biostratigraphical...

xx

1

Fig. 5. Jurassic radiolarians from the csipkés-tető (1-11; Sample 031015/7-1a), Földszakadás (12-14; Sample 031015/8-2) and chert
tower, Bátor (15, 17; Sample 021015/5-2 and 16, 18; Sample 021015/5-3). 1. Transhsuum maxwelli gr. (PESSAgNO); 2. Transhsuum sp.
e sensu (yAO); 3. Parahsuum sp.; 4, 5. Thanarla patricki gr. (kOCHER); 6. eoxitus dhimenaensis (BAUMgARTNER); 7. eoxitus sp.; 8.
Mizukidella hungarica (gRILL & kOZUR); 9. Xitomitra annibill (kOCHER); 10. 11. Monotrabs goricanae BECCARO; 12. Parahsuum sp.; 13.
Transhsuum maxwelli gr. (PESSAgNO); 14. Thanarla patricki gr. (kOCHER); 15, 16. Transhsuum sp. cf. T. maxwelli gr. (PESSAgNO); 17, 18.
eucyrtidiellum sp. 
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mentary rocks in a thickness of more than 300 m(893.6–1200.0 m). The Jurassic series is made up oftwo significantly different lithofacies units (Fig. 6). The upper lithofacies unit (893.6–1076.5 m) ismade up of dark grey, locally red siliceous shale andradiolarite (Oldalvölgy Shale?), while light grey

Fig. 6. Mesozoic part of cores rm-109, -79 and -63: lithologies, microfacies and lithofacies types, fossil content.O n - L i n e  F i r s t



chert was intersected between 949.1–955.4 m.From the radiolarite, late Bathonian–early Callovianradiolarians were determined by OZSváRT (in HAAS etal., 2006). A single sample from 1001.65–1001.75m provided a moderately poor preserved radiolar-ian assemblage, mainly characterised by nassellari-ans. The following taxa were identified from thissample: cinguloturris carpatica DUMITRICA, Quarti-
cella magnipora (CHIARI, MARCUCCI & PRELA), Semih-
suum amabile (AITA), Praewilliriedellum robustum(MATSUOkA), Mizukidella kamoensis (MIZUTANI & kIDO)(Table 1, Fig. 7). Co-occurrence of these species indicates that thissample can be assigned to UAZ 7 that assumes Callo-vian age (Table 1), which is in good agreement withthe previous age determination of HAAS et al. (2006).The lower unit (1076.5–1200.0 m) consists ofgrey, brownish grey limestone (HAAS et al., 2006).various microfacies types (oolitic, oncoidal grain-stone, peloidal grainstone, intraclastic grainstone,peloidal wackestone) could be distinguished withinthe macroscopically uniform sequence. Part of car-bonate succession was subject to recrystallizationand partial dolomitization because of hydrothermalfluids. In some intervals, the intense dolomitizationdestructed the original sedimentary texture.The most interesting feature is the variety of grain-stones (Figure 8). Fine to medium-sized (0.1–1.0 mm)calcarenite can be classified based on the most characteristic grain types (coated grains, peloids orintraclasts).Fragments of calcimicrobes and microbial crustsare ubiquitous. In some cases, these cyanobacterialremnants may occur in rock-forming quantities andtheir size may reach 5 or even 7 mm. Echinoderm,mostly crinoid fragments, and benthic foraminiferaare also usually present in every microfacies type.Fragments of corals and calcareous sponges alsooccur locally, in a small quantity. The wackestone orwackestone–packstone microfacies usually appear indecimetre to metre thick interlayers in the ooliticgrainstone or peloidal grainstone facies, however in asingle case it was also found in a 6 m thick interval(1105–1111 m).Based on the foraminifera assemblages, the age ofthe carbonate succession is early Bajocian (HAAS et al.,2006).

Rm-79well Rm-79 was drilled south to Parádfürdő rel-atively far from the central part of the Recsk OreField (Fig. 1c). It reached the Mesozoic basement at435 m (Fig. 6). Shale and marl (Oldalvölgy Shale?)were encountered in the uppermost part of the sec-tion (440–475 m). Cherty limestone and locallyargillaceous limestone were explored below it (475–765 m). Although the complete core of this well hasnot been preserved, some samples were still availableand made possible the conodont investigations. In-terestingly, no conodonts were found in the upperpart (475–650 m) of the cherty limestone (9 negativeconodont samples) whereas in the lower part (650–765 m) 3 positive samples were encountered whichyielded late Carnian – early Norian conodont assem-blages (gECSE, 2006; kOváCS et al., 2008; kOváCS et al.,2013). Below 765 m the original sedimentary fabricwas destroyed; the limestones were completely re-crystallized and silicified. The recrystallization wasexplained by the heating effect of the Recsk AndesiteComplex, which turned this part of the basement intoan exoskarn (kOváCS et al., 2013). The only informa-tion about the host rock is that at the upper part,close to 765 m marble was drilled, while between928 and 1013 m quartzite is present.
Recsk, central part W

Rm-63well Rm-63 was drilled north to Parádfürdő (Fig.1c), in 1971. After intersection of the Paleogene an-desitic complex the well reached the Mesozoic base-ment rocks at 172.2 m (Fig. 6). The basic lithologicalfeatures and the petrographic and microfacies char-acteristics of the explored Mesozoic section are dis-played in Figure 9. The uppermost part of the Mesozoic succession(172–217 m) consists of dark grey shale with thinradiolarite (Fig. 9i, j) sandstone and limestone in-terbeds (Oldalvölgy Shale). In the next interval(217–450 m) the dominant lithology is grey chertylimestone, with shale, claystone or marlstone inter-calations (cherty limestone lithofacies of the
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Table 1. age assignment of the Jurassic radiolarians. 
O n - L i n e  F i r s t
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Oldalvölgy Lst). Polymictic breccia interbeds wereencountered in several horizons (Fig. 6). The thick-ness of these breccia layers varies between 0.1 and5 metres. The clasts are usually angular. A stronglysilicified interval was intersected between 450 to545 m where due to the pervasive silicification theoriginal microfacies characteristics could not berecognised in many samples, but in other ones, ra-diolarian packstone (radiolarite) microfacies werefound. In three horizons sedimentary breccia and intwo horizons mm-sized ghosts of globular grainswere observed in the silicified rocks. In betweentwo fault zones (545 m and 551 m) strongly alteredargillaceous limestone was found. Below it, in the551–1200 m interval, light grey argillaceous and/orcherty limestone (Oldalvölgy Limestone) was inter-sected, although the 920–1035 interval was affectedby strong alteration which totally destructed the de-

positional structure and texture of the rocks. Thelimestone samples can be characterised predomi-nantly by mudstone or less commonly by wacke-stone textures. The mudstones are usually free ofany grains but in some of them along with uniden-tifiable silt-sized bioclasts (“biosilt”), fine grained(200–400 µm) echinoderm fragments (planktoncrinoids?), sponge spicules, radiolarians, fragmentsof thin-shelled bivalves (“filaments”), and ostracodsrarely occur (Fig. 9a-d). In the wackestones peloidal,peloidal-bioclastic and bioclastic texture types wererecognised. Along with unidentifiable silt-sized bio-clasts the thin-shelled bivalves, small echinodermfragments, sponge spicules and radiolarians are themost common biotic components. In three horizonsooidic, crinoidal packstone (Fig. 9e, f) and grain-stone (Fig. 9g, h) texture were identified. This lowerpart of the section also contains several sedimen-

Table 1. continued
O n - L i n e  F i r s t
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tary breccia layers with unrounded to sub-roundedmm-scale carbonate lithoclasts (Fig. 9k, l).
clast components of the breccia layersMicrobreccia horizons were identified in severalhorizons between 270 m and 810 m. These horizonsare mainly clast-supported polymict microbrecciaswith 1 to 30 mm, unrounded to sub-rounded sharpclasts and calcite or silica cement. In the lower hori-zons the main clast components are limestones ofmudstone or filamental wackestone texture,dolomite, chert, shale, silicified shale, siltstone, fine-grained quartz sandstone, radiolarite, silicified, cal-cified igneous rock, anhydrite?. Above 664m alongwith the previous clast-types peloidal and ooidalgrainstone and wackestone clasts are also present. According to the identified lithofacies types, theupper part of the Mesozoic succession can be assignedto the Oldalvölgy Shale, while the lower one to theOldalvölgy Limestone of the Mónosbél Complex.

Rm-62 The well presented in Fig. 10 explored lithofaciestypes similar to those of the previously describedRm-63 key-section. The uppermost part of the Mesozoic succession(454–485 m) consists of dark grey shale and fine-grained sandstone (Oldalvölgy Shale). The next in-terval (485–545 m) is almost completely silicified,however, in some thin sections the original carbon-ate texture was recognised. Most of the limestonesare mudstones with sporadic Echinodermata orsponge spicule remains or dissolved and frag-mented nannofossil remnants. In one case crinoidalwackstone texture was described. This silicifiedlimestone section may represent part of theOldalvölgy Limestone succession. It is followeddownward by dark grey limestone, commonly withchert lenses and nodules and thin claystone ormarlstone interlayers (Oldalvölgy Limestone).Polymictic breccia interlayers were encountered
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Fig. 7. radiolarians of the rS and the darnóhegy Mélange from cores rm-109, rm-118, rm-135, rm-136, rm-131, BüNy-2 1. eoxitus
hungaricus kOZUR, rm-109: 1001.65-1001.75 m; 2, 3. eoxitus dhimenaensis BAUMgARTNER, rm-118: 504.0 m; rm-136: 55.8 m; 4. eoxitus
baloghi kOZUR, rm-118: 830.7 m; 5–7. Mizukidella kamoensis (MIZUTANI & kIDO), rm-136: 55.8 m; rm-136: 55.8 m; rm-118: 838.7 m;
8. Mizukidella sp. cf. M. hungarica (gRILL & kOZUR) rm-118: 879.2 m; 9. cinguloturris carpatica DUMITRICA, BüNy-2: 759.0-772.5 m; 10.
cinguloturris latiannulata (gRILL & kOZUR), rm-118: 838.7 m; 11. ? campanomitra sp., rm-109: 1001.65-1001.75 m; 12. campanomitra
buekkensis (gRILL & kOZUR), rm-118: 830.7 m; 13. campanomitra tuscanica (CHIARI, MARCUCCI & PRELA), BüNy-2: 814.5-816; 14, 15. ar-
chaeodictyomitra prisca kOZUR & MOSTLER, rm-109: 1001.65-1001.75 m; BüNy-2: 759.0-772.5 m; 16. archaeodictyomitra exigua BLOME,
BüNy-2: 759.0-772.5 m; 17. archaeodictyomitra sp. a sensu O’DOgHERTy et al. (2017), rm-136: 55.8 m; 18. archaeodictyomitra cellulata
o’doGherTy et al. (2006), rm-136: 55.8 m; 19, 20. Parahsuum carpathicum wIDZ & DE wEvER, BüNy-2: 759.0-772.5 m; rm-118: 879.2
m; 21. Transhsuum brevicostatum (OžvOLDOvá), rm-109: 1001.65-1001.75 m; 22. hsuum matsuokai (ISOZAkI & MATSUDA), rm-118: 879.2
m; 23, 24. Transhsuum brevicostatum (OžvOLDOvá), rm-136: 55.8 m; rm-118: 838.7 m; 25., 26. Transhsuum maxwelli (PESSAgNO), rm-
131: 504.0 m; rm-131: 504.0 m; 27. eucyrtidiellum nodosum wAkITA, BüNy-2: 814.5-816 m; 28, 29. eucyrtidiellum ptyctum (RIEDEL &SANFILIPPO), BüNy-2: 759.0-772.5 m; rm-136: 55.8 m; 30. crococapsa sp., rm-131: 504.0 m; 31. crococapsa sp. A sensu O’DOgHERTy etal. (2016), rm-109: 1001.65-1001.75 m; 32. Zhamoidellum sp. cf. Z. ovum DUMITRICA rm-136: 58.0 m; 33. Guexella sakawaensis (MAT-SUOkA), BüNy-2: 814.5-816 m; 34. Zhamoidellum sp., rm-118: 830.7 m; 35. Praewilliriedellum convexum (yAO), rm-118: 830.7 m; 36.
Praewilliriedellum robustum (MATSUOkA), rm-118: 827.9 m; 37. Williriedellum yaoi (kOZUR), BüNy-2: 759.0-772.5 m; 38. Quarticella
magnipora (CHIARI, MARCUCCI & PRELA), rm-136: 55.8 m; 39. yaocapsa sp., rm-118: 845.5 m; 40, 41. arcanicapsa funatoensis (AITA),
rm-118: 845.5 m; rm-131: 504.0 m; 42. Striatojaponocapsa plicarum (yAO), rm-118: 827.9 m; 43. Striatojaponocapsa ? sp., BüNy-2:
759.0-772.5 m; 44. Praewilliriedellum convexum (yAO), rm-109: 1001.65-1001.75 m; 45. “Sethocapsa “sp. 1, rm-136: 55.8 m; 46. “Setho-
capsa” sp. 2, rm-136: 55.8 m; 47. “Sethocapsa” sp. 3, rm-136: 55.8 m; 48. Protunuma sp., rm-109: 1001.65-1001.75 m; 49. Protunuma
lanosus OžvOLDOvá, rm-136: 59.7 m; 50, 51. Protunuma japonicus MATSUOkA & yAO, rm-136: 55.8 m; rm-136: 55.8 m; 52. Unuma gordusHULL, rm-118: 845.5 m; 53, 54. Unuma typicus ICHIkAwA & yAO, rm-118: 827.9 m; rm-118: 827.9 m; 55. Unuma sp. cf. U. echinatusICHIkAwA & yAO, rm-136: 55.8 m; 56. yaocapsa mastoidea (yAO), rm-136: 55.8 m; 57. ?yamatoum sp., rm-131: 504.0 m; 58. Semihsuum
amabile (AITA), rm-118: 830.7 m; 59. Stichomitra (?) takanoensis AITA, rm-131: 504.0 m; 60, 61. archicapsa (?) pachyderma (TAN),
rm-136: 55.8 m; rm-118: 827.9 m; 62. Praeconocaryomma whiteavesi CARTER, rm-136: 55.8 m; 63. Tritrabs sp., BüNy-2: 759.0-772.5
m; 64. archaeospongoprunum elegans wU, BüNy-2: 759.0-772.5 m.O n - L i n e  F i r s t



between 972–983 m and 1000–1005 m, respec-tively. A strongly silicified interval was intersectedbetween 1050–1087 m and then finely crystallineand locally cherty limestone with thin claystone in-terlayers was drilled till the bottom of the borehole.In the cherty limestone lithofacies the mudstoneand wackestone textures are predominant. Theycontain bioclasts akin to those in the Rm-63 key-section (Fig. 6a, c, d). Peloidal, ooidic packstone orgrainstone with fragments of benthic crinoids wereencountered in several horizons (Fig. 11e, f).
Rm-34Below the Recsk Andesite Complex a thick Meso-zoic succession with cross-cutting andesite dykes

was penetrated in borehole Rm-34 between 396 and1251m (Fig. 1c). The upper part of this succession isalternating sericite and chlorite-bearing shale, marl,siltstone and sandstone with some pelagic limestoneintercalation. This mainly siliciclastic succession isusually silicified. The main components of the sand-stone are quartz, feldspar, muscovite and quartzitelithoclast. This upper part of the Mesozoic successionmay correspond to the Oldalvölgy Shale. Below 440m the limestone intercalations become more fre-quent, and the succession turns into a partially silici-fied limestone dominated series with brecciaintercalations (478 m, 535 m, 784 m, 857 m) and an-desite dykes. The main microfacies types are mud-stone and wackstone with radiolarian moulds filledby calcite (max. 100 µm in diameter), sponge spicule
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Fig. 8. characteristic microfacies of the limestone succession in well rm-109. a) Peloidal, bioclastic grainstone with fragments of crinoids
and calcimicrobes, 1193 m; b) Peloidal grainstone with a few micritized ooids and benthic foraminifera, 1107 m; c) Peloidal grainstone
with a micritized ooids, cortoids, grapestones and benthic foraminifera, 1116 m. d) Peloidal grainstone with a micritized ooids and
grapestones, 1118 m; e) Peloidal grainstone with a rivulacean calcimicrobe, 1143 m; f) Peloidal grainstone with micritic lumps and
grapestone, 1163 m.
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Fig. 9. Microfacies types of rm-63. a-b) Mudstone types: a) 589 m mudstone with scattered calcisilt and a few calcite-filled moulds of
sponge spicules; b) 713 m mudstone with a few calcite-filled radiolarian moulds. c-d) Wackestone types: c) 486 m wackestone with
fragments of thin-shelled bivalves („filaments”); d) 699 m packstone with calcite-filled radiolarian moulds. e-f) packstone types: e) 613
m packstone with partially silicified ooids and bivalve fragments and sand-sized crinoid ossicles; f) 673 m packstone with globular
coated grains. g-h) Grainstone types: g) 648 m grainstone with peloids, crinoid ossicles, and a calcimicrobe (?) fragment; h) 636 m
silicified grainstone with ooids. i-j) radiolarite: i) 189 m; j) 198 m. k-l) polymict sedimentary breccia: k) 742 m; l) 762 m.O n - L i n e  F i r s t
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Fig. 10. Mesozoic part of core rm-62: lithologies, microfacies and lithofacies types, fossil content. For the legend see Fig. 6.
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mudstone, radiolarian wackestone, Echinodermataand ostracoda-bearing wackstone, wackstone withfilaments. The limestone is frequently recrystallized.This limestone rich part of the Mesozoic succes-sion is most probably Jurassic in age and may cor-relate with the Oldalvölgy Limestone.
Rm-87In well Rm-87 (Figs. 1c, 12) shale, sandstonewith breccia intercalation (Oldalvölgy Shale) was in-tersected in the uppermost part of the Mesozoic se-ries (514–585 m). In the breccia layer penetrated at568.5 m the matrix is siltstone to medium-sizedsandstone, the lithoclasts are made up of claystoneand coarse-grained sandstone. Below the siliciclas-

tic series, limestone with thin clayey interbeds wasdrilled (585–720 m) which is characterised by mud -stone/wackestone lithofacies with sponge spiculesand radiolarians (Fig. 13a, b) A thick cherty lime-stone interval was intersected downward (720–1010 m). Ooidic grainstone, peloidal grain-stone with fragments of benthic crinoids was en-countered in four horizons (735 m, 752 m, 875 m,985-988m; Fig. 13 c-f, j) within the predominantlymudstone/wackestone texture types abundant inthin-shelled bivalves, locally (Fig. 13g, h, i). Argillaceous limestone of peloidal, bioclasticwackestone fabric (Fig. 13k) was explored in thelowest part of the well (1010–1230 m). A peloidal,bioclastic grainstone intercalation was found also inthis interval (1030 m) (Fig.13 l). This lower lime-
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Fig. 11. characteristic microfacies of the of the oldalvölgy Limestone in well rm-62. a) Bioclastic mudstone–wackestone fragments of
thin-shelled bivalves and fine detritus of echinoderms. 686 m; b) mudstone with a wackestone lamina with silt-sized bioclasts. 908 m;
c) Bioclastic wackestone rich in fragments of thin-shelled bivalves; few sponge spicules also occur. 888 m; d) Bioclastic, peloidal
wackestone with fragments of crinoids and thin-shelled bivalves and silt-sized bioclasts. 888 m; e) oolitic packstone–grainstone
containing micritized oolite, cortoid and grapestone grains 645 m; f) Bioclastic grainstone with fragments of cinoids, bivalves and
foraminifera. 781 m.
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Fig. 12. Mesozoic part of core rm-87 and rm-58: lithologies, microfacies and lithofacies types, fossil content. For the legend see Fig. 6.
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Fig. 13. characteristic microfacies of the oldalvölgy Limestone in well rm-87. a) radiolarian chert, 587 m; b) Wackestone–packstone
with sponge spicules (calcite-filled moulds – S) and fragments of crinoids (c), 608 m; c) Peloidal grainstone with a fragment of
calcimicrobe (M), 752 m; d) Peloidal grainstone with a foraminifera (F) 752 m; e) Peloidal grainstone with fragments of crinoids 752
m; f) Peloidal grainstone with foraminifers (F), 764 m; g) Bioclastic wackestone with lens-shape accumulation of thin-shelled bivalve
detritus, 873 m; h) Bioclastic, peloidal wackestone with fragments of thin-shelled bivalves (“filaments”), 913 m; i) Thin-shelled bivalve
coquina, 971 m; j) Peloidal, bioclastic grainstone, 988 m; k) Peloidal, bioclastic wackestone with fragments of thin-shelled bivalves,
1010 m; l) Peloiodal bioclastic grainstone lithoclast (LK) in bioclastic wackestone, 1084 m.
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stone lithofacies part of the core is rich in sedimen-tary breccia layers. The clasts are angular to sub-rounded lithoclasts. Slump folds were also observedin some horizons. The lowermost 150 m of the coreis throughoutly recrystallized, the limestone is usu-ally dolomitized, locally also silicified. 
Rm-61In well Rm-61 (Fig. 1c) below the Cenozoic for-mations the cherty limestone lithofacies of theOldalvölgy Limestone was explored (450–1200 m).Ooidic, peloidal bioclastic grainstone were encoun-tered in three horizons (704 m, 746 m, 756 m).
Rm-55In well Rm-55 (Fig. 1c) below the Cenozoic for-mations the cherty limestone lithofacies of theOldalvölgy Limestone was explored (634–1230 m).Ooidic, peloidal, bioclastic grainstone was encoun-tered in only one horizon, at 814 m.
Rm-51In well Rm-51 (Fig. 1c) below the Cenozoic forma-tions variable micritic limestones were explored(463–1230 m). The main microfacies types are mud-stone, bioclastic wackstone with radiolarian moulds,sponge spicules, fragments of echinoderms, gas-tropods, and a whole ophiuroidea at 780. The radio-larian moulds are relatively small, with a maxdiameter of 100 µm. At 1018 m a dark grey, crinoidallimestone was penetrated with crinoidal, brachiopo-dal packstone texture. The size of the crinoids is be-tween 1 and 5 mm. Till 780 m the Mesozoicsuccession is most probably Jurassic in age and maycorrelate with the Oldalvölgy Limestone. The lowerpart can either be Jurassic or Triassic in age.
Rm-58The succession intersected in well Rm-58 (Figs.1c, 12) significantly differs from those explored inthe previously discussed ones. Directly below Ceno-zoic sedimentary formations and andesite dark greyshale, sandstone with limestone and marl intercala-

tions were intersected between 386–445 m(Oldalvölgy Shale). Below it, a series of alternatinglight grey dolomite, limestone, rarely cherty lime-stone and dark grey claystone was intersected(445–700 m). A 10 m thick tectonic breccia intervalis present at 475-485 m, and at the bottom of thisdolomite rich interval (700–710 m). Cherty lime-stone was drilled in the next segment (700–894 m)which was followed by an interval of alternatinglimestone, dolomite and dark grey marl, claystone(894–1100 m). After 33 m of cherty limestone(1100–1133 m) andesite dykes of the PaleogeneRecsk Complex are present. Between the dykes theMesozoic host rock (limestone, dolomite and sand-stone) was explored. Below the dykes alternatingclaystone and sandstone with limestone intercala-tions were penetrated till the bottom. Triassic conodonts were found in 4 samples in theintersected more than 500 m thick limestone rich in-terval (kOváCS et al., 2013); early Rhaetian fauna wasdetermined in the upper part (657 m), late Carnianin the middle part (927 m, and 953 m) and early No-rian in the lower part (1125 m). Based on its litho-logic features and the conodont biostratigraphic datathis carbonate unit may probably correlate with theFelsőtárkány Limestone Formation of the BánkútSuccession (Fig. 2). The mainly siliciclastic series inthe upper part and lowermost part of the boreholemay correspond to the Oldalvölgy Shale.
Recsk, central part E

Rm-20In well Rm-20 (Fig. 1c) the cherty limestone litho-facies of the OldalvölgyLimestone was intersectedwith totally silicified segments in ~450 m total thick-ness. Sponge spicule and radiolarian mudstone andwackestone microfacies are dominant. Ooidic, pelo i -dal and bioclastic grainstone interbeds were found ina few samples (946 m, 950 m, 965 m, 983 m).
Rm-25In well Rm-25 (Figs. 1c, 14) a thick series ofstrongly silicified shale and red radiolarian marlwith a considerable number of breccia interbeds
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(Oldalvölgy Shale) were penetrated in the upperpart of the Mesozoic succession (480–900 m). Lime-stone typically exhibiting mudstone or wackestonetexture with small-sized crinoid detritus, spongespicules and ostracods were found below it (900–1000 m). This limestone part of the core (OldalvölgyLimestone) also contains breccia intercalations. 

Rm-24In well Rm-24 (Figs. 1c, 14) a 600 m thick Meso-zoic succession was penetrated below the Recsk An-desite Complex. The uppermost part of it is a ~50 mthick radiolarite with well-preserved radiolarians, lo-cally with sponge spicules and Echinodermata detri-
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Fig. 14. Mesozoic part of core rm-25 and rm-24: lithologies, microfacies and lithofacies types, fossil content. For the legend see Fig. 6.O n - L i n e  F i r s t



tus The next lithological unit is a more than 100 mthick pelagic limestone succession with mainlynannoplankton-bearing mudstone and radiolarianwackestone texture. Echinodermata particles are alsopresent within the bioclasts of the wackestones. Plat-form-derived redeposited layers are present in 5horizons. The main components are crinoidea frag-ments, forams and ooids within the packstone tograinstone textures. Below 580 m, the rest of the coreis built up by a partly silicified siliciclastic series withshale, radiolarite, sandstone and a few pelagic lime-stone intercalations (Oldalvölgy Shale). Radiolarianswere frequently detected, while a platform-derivedlithoclast with ooids and crinoids was also encoun-tered at 879 m. 
Northeastern margin of the Recsk Ore Field
(well Rm-118, BüNy-2)

Rm-118well Rm-118 was drilled in the north-easternpart of the Recsk Ore Field (Figs. 1c, 15.). UnderCenozoic formations, between 389–610 m the wellintersected silicified limestone, marl and claystonebeds with intercalations of thick mud-supportedsedimentary breccia and conglomerate intervals(Fig.16a–f). The breccia horizons of the upper part of the core(389–520m) were investigated in detail (Fig. 17). The matrix of the breccia is radiolarian wacke-stone or packstone. The amount of the clasts is usu-ally between 50 and 80%, the clast size is 0.1 mm toa few cm-s. Most of the clasts are sub-rounded to an-gular. The predominant microfacies of the clasts areradiolarian packstone and radiolarian wackestonewith the presence of sponge spicule wackestone,shale, dolosparite, mudstone, quartz grain, clay-stone. In the more than 40 thin sections only twowere found with a minor amount of peloidal wacke-stone clasts. grains of shallow marine origin werenot found except for two with redeposited ooids andoncoids and peloidal wackestone.Slump folds are common in certain horizons (Fig.16a). Importantly, clasts commonly exhibit features ofthe plastic deformation like isoclinal folding (Fig. 16

a), bending and dissection of the micro-layers withoutdiscrete fault planes (Fig. 16 a) and thus can be inter-preted as intraclasts. Incipient wavy or anastomosingfoliation is present (Fig. 16c-e). The main mechanismwas pressure solution (wet diffusion), which is espe-cially expressed at clast contacts, or along sharp clastedges (Fig. 16d-f). The foliation is usually bent aroundlarger, more rigid clasts (Fig. 16c, d, f). Completely silicified rocks occur between 610–780 m, although ghosts of radiolarians arerarely recognizable in them. Olistostromes made upmostly of limestone clasts were encountered in theinterval 780–880 m. Late Bajocian to early Batho-nian radiolarians were found in a clast of the olis-tostrome (829–831 m); late Bathonian to earlyCallovian fauna was encountered in a greenish greysiliceous shale bed (838.7 m); a Bajocian–Bathonianassemblage in red radiolarite (845.5 m) and Aale-nian to early Bathonian in a deeper red claystonebed (879.2 m) (DOSZTáLy, 1994; OZSváRT in HAAS et al.,2011). Under this interval, smaller and larger lime-stone clasts in clayey and siliceous matrix and alarge red nodular limestone (Hallstatt Limestone)olistolith were encountered (937–957 m). Carnianand middle Norian conodonts were determined fromthe olistolith (kOváCS et al., 2013). Completely silici-fied rocks and sedimentary breccia were explored inthe lowermost part of the well (970–1100 m).The previous radiolarian investigations werecomplemented by the study of ten new samples (Fig.7, Table 1). From the deepest sample at 879.2 m thefollowing stratigraphically important radiolarianspecies have been obtained: hsuum matsuokai(ISOZAkI & MATSUDA), Laxtorum sp. cf. L. hichisoense(ISOZAkI & MATSUDA) and Parahsuum carpathicum wIDZ& DE wEvER. Based on these species, it can be statedthat this horizon can belong to UAZ 1–4 biozones(BAUMgARTNER et al., 1995). Since the samples appear-ing shortly above it (from 845.5 m) are already veri-fiably dominated by species of UAZ 5, the age of thelowermost sample is most probably late Bajocian(UAZ 4). The four samples above this horizon(845.5 m, 838.7 m, 830.7 m and 827.9 m) contain thefollowing biostratigraphically important species:
eucyrtidiellum ptyctum (RIEDEL & SANFILIPPO), hsuum
matsuokai ISOZAkI & MATSUDA, Mizukidella kamoensis(MIZUTANI & kIDO), Praewilliriedellum robustum (MAT-
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Fig. 15. Mesozoic part of core rm-118 and rm-131: lithologies, microfacies and lithofacies types, fossil content. For the legend see Fig. 6.O n - L i n e  F i r s t
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Fig. 16. Fabric types and deformation of lithoclasts (microbreccia) in well rm-118. a) Mudstone and radololarian packstone
(radiolarite) clasts in mudstone/wackestone matrix. Signs of soft-sediment deformation: isoclinal cuspate-lobate folding, dissection of
siltstone layer without discrete fault plane. 464 m. b) radolarian packstone (radiolarite) lithoclasts in mudstone/wackestone matrix,
465 m. c) The matrix shows anastomosing foliation and bending of foliation at rigid clast edges due to flattening and shearing. 440 m.
d) Pressure solution seams at larger clast edges due to flattening. 437 m. e) incipient S-c foliation within the matrix due to shearing.
404 m. f) Pressure solution seams along clast contacts. Not pressure shadows at perpendicular directions. 399 m. characteristic
microfacies of the breccia clasts: g) Partially silicified radiolarian – sponge spicule packstone– wackestone. 400 m. h) Partially silicified
radiolarian – sponge spicule wackestone. 569 m. i, j) Limestone; peloidal, bioclastic grainstone rich in calcisphares. 406 m. k, l) silicified
limestone; grainstone with intraclasts and microbially coated grains. 594 m.O n - L i n e  F i r s t
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Fig. 17. results of detailed clast analysis performed in the upper part of core rm-118.O n - L i n e  F i r s t
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SUOkA), yaocapsa sp. E sensu (BAUMgARTNER) Semih-
suum amabile (AITA), Striatojaponocapsa plicarum(yAO), Unuma gordus HULL, Unuma typicus ICHIkAwA &yAO and Unuma sp. cf. U. latusicostatus (AITA). Basedon these species, the interval between 845.5 and827.9 m is most likely in UAZ 5, so its age is late Ba-jocian – early Bathonian (Table 1).Based on its lithological characteristics and agedata, most of the intersected Mesozoic successioncan belong to a breccia-rich version of theOldalvölgy Shale, while the part containing the Tri-assic olistolith to the Laskóvölgy Olistostrome.
BüNy2Two samples taken from the Oldalvölgy Shale ofthe north-easternmost BüNy-2 borehole (Fig. 1c)(759.0–772.5m and 814.5–816 m) have provided amoderately poor preserved radiolarian assemblage(Fig. 7, Table 1). The following stratigraphically im-portant radiolarian species are in both samples: cin-
guloturris carpatica DUMITRICA, eucyrtidiellum
ptyctum (RIEDEL & SANFILIPPO), Mizukidella kamoensis(MIZUTANI & kIDO), Praewilliriedellum robustum (MAT-SUOkA), Protunuma japonicus MATSUOkA & yAO and
Semihsuum amabile (AITA). The co-occurrence ofthese species suggests that the samples are Callovianage (UAZ 7 by BAUMgARTNER et al., 1995) (Table 1).
East from the Darnó Fault, Darnó Hill
(wells Rm-131, -135, -136)

Upper parts of boreholes – Darnóhegy
MélangeThe Darnóhegy Mélange was penetrated by wellsRm-131, -135, -136 drilled in the vicinity of theDarnó Hill (Fig. 1c). In well Rm-135, along with thepillow basalt lava rocks, intrusive rocks (gabbro, mi-crogabbro) were explored in more than 300 m vir-tual thickness. k-Ar dating yielded 175–165 Ma agesfor the gabbro samples (JóZSA, 1999), which are con-sidered as the magmatic ages. Below the gabbro,silicified shale alternates with red pelagic limestoneand radiolarite and occasionally metre to tens ofmetres sized basalt blocks. However, in wells Rm-

131 and Rm-136 several metres to tens of metresthick shale, bluish grey siliceous shale, red radiolar-ite or debrite intervals were intersected betweenbasalt intervals (kOváCS et al., 2008). From some ofthe red radiolarites, both Ladinian–Carnian radio-larians and Bathonian–Callovian assemblages werefound (DOSZTáLy, 1994). On the other hand, the darkgrey siliceous shales yielded exclusively Callovianradiolarian fauna (DOSZTáLy, 1994; kOváCS et al.,2008). These observations imply that the massiveand the pillow basalt lava rocks, the Triassic red rib-bon radiolarites, and probably also the red Jurassicradiolarites are present in the form of olistoliths(slide blocks) in late Middle Jurassic bluish greysiliceous shale and radiolarite matrix. 
radiolarian biostratigraphy

Mély-völgy quarrySamples 02/07 and 03/07 (Mély-völgy quarry)(Fig. 1c) were taken from radiolarites, which di-rectly overlies basalt, turned to be late Bajocian toCallovian (UAZ 5-7, BAUMgARTNER et al., 1995) due tothe co-occurrence of Praewilliriedellum robustum(MATSUOkA) and Protunuma turbo MATSUOkA (Fig. 7,Table 1). The sample 04/07 comes from a red radi-olarite intercalation in a basalt block. This sampleyielded numerous unidentifiable spongy shells andsome poorly preserved radiolarian species: “en-
tactinosphaera’’ sp. cf. e. triassica kOZUR & MOSTLER,
Pseudostylosphaera longispinosa kOZUR & MOSTLER,
Spongopallium sp., Parasepsagon sp. The occurrenceof Pseudostylosphaera longispinosa kOZUR & MOSTLERin Buchenstein Limestone of Recoaro (vicentinianAlps, Northern Italy) is late Illyrian to early Fassa-nian (kOZUR & MOSTLER, 1981, 1994) (Table 2). In ad-dition, gORIčAN & BUSER (1990) mentioned from lateIllyrian to late Fassanian (?)–Longobardian of theJulian Alps (vršič section, Slovenia). Consequently,this sample could be assigned to late Anisian to La-dinian (late Illyrian to Longobardian) age.
Rm-131In the zone between 525.4 m and 511.7 m nobiostratigraphically unambiguously precise fauna
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has been found, the extracted radiolarians (e. g.
Transhsuum brevicostatum (OžvOLDOvá) indicate thatit belongs to UAZ 3–11. The samples from 504 mand 322-316.5 m contains relatively rich radiolarianfauna (eoxitus hungaricus kOZUR, e. dhimenaensis(BAUMgARTNER), e. mashitaensis (MIZUTANI) and
Mizukidella kamoensis (MIZUTANI & kIDO) that indi-cates these samples can be assigned to UAZ  7-8:Callovian–early Oxfordian (Fig. 7, Table 1). Several horizons in the Rm-131 borehole containTriassic radiolarians (Table 2). Their preservationis very poor, and it is difficult to identify on specieslevel in most cases. The sample from 602.7 m con-tains Muelleritortis cochleata kOZUR & MOSTLER,which suggests late Ladinian (Longobardian) age,while the sample from 594.8 m contains capnuchos-
phaera sp. that indicates Carnian age.
Rm-136Three samples were investigated from red radio-larite, which directly overlies basalt from core Rm-136 (59.7m, 58 m and 55.8 m). However, only sample55.8 has been provided a biostratigraphically valu-able radiolarian fauna: archicapsa (?) pachyderma(TAN), yaocapsa mastoidea (yAO), eucyrtidiellum ptyc-
tum (RIEDEL & SANFILIPPO), Gongylothorax sp. cf. G.
favosus DUMITRICA, Mizukidella kamoensis (MIZUTANI &kIDO), Protunuma japonicus MATSUOkA & yAO, Saitoum
levium DE wEvER, Saitoum pagei PESSAgNO, Stichomitra(?) takanoensis AITA (Fig. 7). The co-occurrence ofthese species suggests that these samples are Callo-vian (UAZ 7 by BAUMgARTNER et al., 1995) (Table 1).Five horizons contain Triassic radiolarians in theRm-136 borehole, but only the sample comes from124.8 m can be assumed with high probability to beof Carnian age (Table 2).
Formations below the Darnóhegy Mélange 

Rm-136In well Rm-136 shale, siliceous shale and sand-stone with debris flow intercalations (olistostromes)and large olistoliths was explored under the Darnóh-egy Mélange (below 335 m) (Figs. 18, 19). 

A slide block/olistolith of Triassic reddish–whitishlimestone with red chert and reddish amygdaloidalbasalt was intersected at 350–375 m (kOváCS et al.,2008). The limestone has mudstone and wackestonetexture with various amounts of radiolarians and frag-ments of thin-shelled bivalves. Under the big olistolithan olistostrome layer was intersected with carbonateclasts exhibiting microfacies akin to that of the olis-tolith. After a few metres of tectonized zone sandstoneand shale alternates between 415 and 665 m. Pelagicmudstone textured limestone intercalation is also pre-sent at 580–600 m. The next part of the core (to 1000m) consists of olistostrome beds and olistoliths in apredominantly shale matrix. The olistoliths are vari-ous both in age and lithology. At 860 m a limestoneblock was penetrated, while in another large slideblock Middle Permian green claystone and evaporites(Szentlélek Fm) and Upper Permian fossiliferouslimestone (Nagyvisnyó Fm.) were identified (Józsa etal., 1996; kOváCS et al., 2008). Below 1000 m subverti-cal shale beds with olistoliths were penetrated. Thewhole section below the Darnóhegy Mélange can beinterpreted as a sedimentary succession of mixed sili-ciclastic and carbonatic beds with redeposited lay-ers/blocks, where the clasts are not basalts, butdifferent sedimentary rocks. The name Tarna Olis-tostrome will be used for it in the following chapters.
Rm-135In well Rm-135, under the gabbro and basalt (be-tween 670–770 m) red radiolarite–mudstone andsiliceous shale were explored (Figs. 1c, 18). MiddleJurassic radiolarians were found in this interval(DOSZTáLy, 1994; kOváCS et al., 2008). Below it large basaltolistoliths, and smaller radiolarite clasts occur in shaleand siliceous shale matrix (770–880 m) (Fig. 20). while this interval still contains basalt blocks, wepreferably classify this segment also to the Darnóh-egy Mélange. Sandstone, shale, limestone and debrisflow deposits prevail in the next segment (880–960m). This mixed lithology shows similarities to anolistostrome/breccia-bearing Oldalvölgy Shale andto the Tarna Olistostrome. After a strongly fractured,brecciated interval (960–1100 m) a series of alter-nating limestone and shale with thin debrite in-terbeds was explored (1100–1200 m). The lower
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part of the limestone succession is partly silicified.The main microfacies type is wackestone, whileooidal, crinoidal packstone is present in 3 horizons(Fig. 18). This lowermost part of the succession maycorrespond to the Oldalvölgy Limestone. 
Rm-131In well Rm-131 below the Darnóhegy Mélange,Triassic red cherty limestone olistoliths and blockscontaining Triassic limestone and basalt occur in
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Table 2. age assignment of the Triassic radiolarians from the darnóhegy Mélange (borehole and surface outcrops)
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Fig. 18. Mesozoic part of core rm-135 and rm-136: lithologies, microfacies and lithofacies types, fossil content. For the legend see Fig. 6.O n - L i n e  F i r s t
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Fig. 19. characteristic microfacies types of the well rm-136. a) Limestone; bioclastic wackestone with calcite occluded moulds of
radiolarians and fragments of thin-shelled molluscs. 252.3 m; b) amygdaloidal basalt 367.7 m; c) sharp contact between limestone
(bioclastic, peloidal wackestone) and basalt. 369 m; d) Limestone; bioclastic wackestone with calcite filled mould of radionarians. 380.6
m; e) Fine to coarse grained sandstone; it is made up predominantly of unrounded quartz (magmatic origin) with a few plagioclase grains;
the intergranular pores are occluded by calcite cement (crossed polars). 466 m; f) Fine to medium grained sandstone; it is made up of
unrounded quartz (magmatic origin) and plagioclase grains; the intergranular pores are occluded by quartz and calcite cement (crossed
polars). 525.4 m; g) Sandy, clayey siltstone (shale) with claystone clasts which were subject of flattening and shearing and subsequent
faulting. 576 m; h) 673 m Limestone, mudstone with scattered calcite occluded moulds of radiolarians and sponge spicules; i) Sandy, clayey
siltstone (shale). along with quartz and mica there are a great number of claystone clasts in the fine sand to silt size grain fraction. 795.1
m; j) Limestone of mudstone fabric; micrite and microsparite microlayers alternate. calcite filled moulds of radiolarians occur. 833.2 m;
k) Limestone; bioclastic packstone. it is rich in fragments of green algae Mizzia velebitana and foraminifera and ostracods also occur
(Upper Permian) 899.8 m; l) Fine to medium grained sandstone; it is made up mostly of unrounded quartz, and quartzite with small
amount of plagioclase and mica; the intergranular pores are occluded by quartz and calcite cement (crossed polars). 982 m.O n - L i n e  F i r s t
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Fig. 20. characteristic microfacies types of the well rm-135. a) red sitly claystone/marl with tests and quartz occluded moulds of
radiolarians (Jurassic?) 740 m; b) Silty sandstone; it is made up predominantly of unrounded/subrounded quartz grains, but a few
recrystallized calcite grains also occur (crossed polars). 817 m; c) Silicified rock with quartz occluded moulds of radiolarians and sponge
spicules. 818.2 m; d) Pillow basalt, 845 m; e) Sand-size siliciclastic grains occur in recrystallized carbonate matrix/cement. Unrounded
quartz grains (magmatic origin) are dominant, but mica grains are also common (crossed polars). 915 m; f) Fine to medium grained
sandstone; it is made up predominantly of unrounded quartz grains and a few larger rounded carbonate ? clasts (crossed polars) 960
m; g) Partially silicified limestone of peloidial–ooidal wackestone fabric. The originally globular peloids, ooids and also a crinoid ossicle
exhibit layer-parallel flattening. 964.7 m (sample a); h) Partial selective silicification in some ooid grains (crossed polars) 964.7 m
(sample B—perpendicular to sample a); i) Fine to medium grained sandstone; it is made up predominantly of unrounded to subrounded
quartz (magmatic origin) with a few plagioclase and carbonate grains (crossed polars) 977 m; j) Limestone of oncoidal, ooidic packstone
fabric. in microsparite matrix along with individual oncoids and ooids, intraclasts containing similar coated grains also occur. The
grains exhibit parallel flattening.1114.9 m; k) Basalt clast in limestone 1153.8 m; l) Totally silicified radiolarian slate; ghosts of
radiolarian tests are locally visible. 1160 m.O n - L i n e  F i r s t



shale and siliceous shale matrix (690–820 m) (Figs.15, 21). In the red cherty limestone olistolith Middle Tri-assic radiolarians were encountered (DOSZTáLy et al.,
2002). Middle Jurassic radiolarian fauna was foundin black shale between two Triassic olistoliths(DOSZTáLy, 1994; DOSZTáLy & JóZSA, 1992; kOváCS et al.,2008). Sandstone, marl, shale and micritic argilla-
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Fig. 21. characteristic microfacies types of the well rm-131. a) red silicified radiolarian-sponge spicule wackestone (Triassic) 347.5
m; b) red silicified claystone with scattered tests of radiolarians (Jurassic?) 510.7 m; c) chert with radiolarians and sponge spicules
(Triassic) 603.5 m; d) chert with ghost of radiolarians (Jurassic?) 693 m; e) Limestone of mudstone fabric with peloids and scattered
fragments of thin-shelled bivalves and ostracods 736 m; f) Limestone of bioclastic wackestone fabric with radiolarians and fragments
of thin-shelled bivalves (Triassic?). 741 m; g) Medium to coarse grained sandstone; it is made up predominantly of unrounded quartz
(magmatic origin) and a few plagioclases, muscovite, chert and opac grains in siliceous cement/matrix (crossed polars). 820.5 m; h)
Limestone; it is made up mostly of calcisphares (20–30 µm in size) and peloids in a microsparitic matrix. 951.8 m (sample a); i) crinoidal
limestone with micrite intraclasts and moulds if globular grains (probably dissolved ooids) The crinoid ossicles are surrounded by
syntaxial sparry calcite rims. The globular grains are usually occluded by quartz. 951.8 m (sample B).O n - L i n e  F i r s t



ceous limestone were intersected in the next inter-val (820–900 m). This 690–900m part of the corecan be assigned to the Tarna Olistostrome, however,the exact upper boundary towards the mélange can-not be defined unambiguously. Below it, pelagiclimestone and argillaceous limestone typically withbioclastic mudstone and wackestone textures(Oldalvölgy Limestone) were explored in the lowerpart of the well (900–1200 m). within this interval,crinoidal, ooidic, intraclastic grainstone was foundin a few samples (951 and 971 m). 
calcareous nannofossil and radiolarian
biostratigraphyAccording to the categories of BOwN (1992), theoverall preservation of the nannofossils is poor tomoderate. Diagenetic effects may have affected theassemblage due to the deep burial of the host rocks.Moreover, nannofossils are extremely rare in the sam-ples, sometimes recrystallized, dissolved, overgrownand etched. Recorded taxa are shown on Fig. 22. 
Rm-136From a sample of 865.5m depth, a ?calcivascu-
laris jansae wIEgAND (1984) is documented (Fig.22.), which occurs from NJT2b to NJ6 nannozones.This indicates an interval between the early Sine-murian to early Toarcian age (199.5–180.5 Ma).Above, from a sample of 679.2 m depth, a conus-
phaera mexicana subsp. minor BOwN & COOPER(1989) (Fig 22) is observed and captured, which in-dicates NJ15a to NJ18 nannofossil subzones of thelate Tithonian (149.2–145Ma). 
Rm-135From a sample of 731m depth, a specimen of
Schizosphaerella punctulata DEFLANDRE & DANgEARD(1938) is documented (Fig. 22), which occurs be-tween NJT1 and NJ16 nannozones. This indicates along interval between the lowermost Hettangian tolatest kimmeridgian age (201.4–149.2Ma), how-ever, it is most commonly found in Lower and Mid-dle Jurassic deposits. This is a very resistant speciesto diagenesis, probably due to its robust structure

and rather big size. Below, from a sample of1165.3m, a ?Sollasites arctus (NOëL, 1973) BOwN,1987 (Fig. 22) is observed and captured, which in-dicates early Toarcian age of top NJ5 to lower NJ7nannofossil zones (199.5–180.5Ma). 
Rm-131From a sample of 761m depth, a single specimenof conusphaera mexicana subsp. mexicana TREJO(1969) is documented (Fig. 22), which indicates anage of NJ15b to NJ18 nannozones. This points to-wards the late Tithonian age (approx. 147.5Ma–145Ma) of the sample. The radiolarian sample from 780.0 m contain
oertlispongus inaequispinosus DUMITRICA et al. thatindicates the upper subzone of the Spongosili-
carmiger italicus Radiolarian zone (oertlispongus in-
aequispinosus subzone) by kOZUR & MOSTLER (1994),which belonged to the upper part of the Anisian, al-though recent radiolarian biostratigraphic resultssuggest that this zone may belong to the lower partof the eoprotrachyceras curionii Ammonite Zone(OZSváRT et al., 2023), thus it is probably Lower La-dinian age. The sample from 767.2 m contains Muel-
leritortis cochleata kOZUR & MOSTLER, which suggestsLadinian (late Fassanian?–Longobardian) age.In summary, newly encountered microfossil ageslet us define the age of the Tarna Olistostrome asTithonian, with some new clast ages like an earlySinemurian to early Toarcian limestone and La-dinian (cherty limestone clasts).
Discussion

General characteristics of the successions
and their depositional environment

Recsk Succession: Triassic – lower Callovian
passive margin successionIn the Recsk area upper Carnian–lower Norian,grey cherty limestone with marl interlayers(Felsőtárkány Limestone Fm.) is the oldest pene-trated formation. The same lithology continues up-wards for ~150m with lack of conodonts, which
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may refer to early Jurassic age (kOváCS et al., 2013).In some successions lower Norian grey, chertydolomite (i.e. pervasively dolomitized pelagic car-bonate) was encountered. Both types of Upper Triassic–Lower Jurassic(?)succession is overlain by grey, occasionally chertylimestone, with claystone and marl intercalations(Oldalvölgy Limestone, Fig. 23). Observed microfa-cies types are indicative for pelagic depositional en-vironments. The Oldalvölgy Limestone is awidespread lithology and was intersected by almostall of the examined boreholes. Its thickness changesacross the area between 180 m to 1000 m (Fig. 23).Despite its widespread nature, due to scarcity ofage-diagnostic fossils, chronostratigraphic assign-ment of the Oldalvölgy Limestone is particularly dif-ficult. The core Rm-79 suggests post-Triassic,probably Early Jurassic age. In several cores calcitespheres of 10–20 µm diameter were observed insome cases in rock-forming quantities that can beassigned to the nannofossil group Schizosphaerella.This group has a long range from the Early to theLate Jurassic. Our new nannofossil data proved theEarly Jurassic (early Sinemurian–early Toarcian)minimum age of the formation. Considering theoverlying Oldalvölgy Shale lithofacies unit, the agecan be assigned to early Sinemurian–Bathonian.

There is a gradual lithological transition from theOldalvölgy Limestone to the Oldalvölgy Shale; thegrey micritic limestone progresses to grey marl andshale, which pass upward to grey shale with sand-stone intercalations. Red radiolarian marl was alsoencountered in one of the boreholes (Rm-25). Brec-cia layers also occur with radiolarite, clay -stone/shale and sandstone lithoclasts. Thesandstone intercalations are fine- to coarse-grained;the dominant minerals are quartz, muscovite, pla-gioclase and chlorite. The age of this lithofacies unitwas determined to be late Bathonian–early Callo-vian thus the cessation of carbonate deposition, andgradual change into the siliciclastic sedimentationmay have taken place during the Bathonian. Thislithofacies unit is the uppermost element within thedetected passive margin sequence, which will be re-ferred to as Recsk Succession.Intensive silicification of both the limestone andshale is quite common, especially at the upper partof the succession, where radiolarite also occurs lo-cally. A unique succession was explored in boreholeRm-109 in the south-westernmost part of the area(Figs. 1c, 6, 23c). Here, in contrast with all the otherboreholes, a platform carbonate succession wasfound directly below the Oldalvölgy Shale of late
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Fig. 22. Nannofossils of the rm-131, rm-135 and rm-136 drilling cores. 1, 2. conusphaera mexicana subsp. mexicana Trejo, 1969; rm-
131, 761 m; upper Tithonian. 3, 4, 5. Schizosphaerella punctulata DEFLANDRE & DANgEARD, 1938; rm-135, 731 m, lowermost hettangian
– uppermost Kimmeridgian. 7, 8. Sollasites arctus (NOëL, 1973) BOwN, 1987; rm-135, 1165 m, lower Toarcian. 9, 10, 11. conusphaera
mexicana subsp. minor BOwN & COOPER, 1989; rm-136, 679.2 m, upper Tithonian. 6, 12. calcivascularis jansae Wiegand, 1984; rm-
136, 865.5 m, lower Sinemurian-lower Toarcian.  Scale bar represents 5µ.
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Fig. 23. Geological cross-section of the recsk and darnó area. The locations of the sections are indicated on Fig. 3. Note 2X vertical 
exaggeration.O n - L i n e  F i r s t



Bathonian to early Callovian age. (HAAS et al., 2006).The microfossil assemblage and microfacies analysissuggest platform margin as site of deposition (Fig. 8).The age of the succession is early Bajocian, which iscoeval with the formation of the more distal pelagicOldalvölgy Limestone. we classify all these rock typesas part of a passive margin Recsk Succession al-though the depositional environment of the rocks ofRm-109 was more proximal. In the Recsk area, theOldalvölgy Shale is the uppermost known Mesozoiclithofacies unit. In the boreholes it is capped by anerosional surface followed either by Paleogene sedi-mentary rocks or the volcanic–sub-volcanic build-upof the Recsk Andesite Complex (Figs 1c, 23).The limestone- to shale-dominated transition inthe Bathonian may represent either the cessation ofpelagic carbonate source or deepening of the depo-sitional area. while this change equally occurs in thewesternmost bore, where the change in deposi-tional depth seems to be more important, we at-tribute the lithological change to a Bathoniandeepening of the basin. Despite the subsidence, theoccurrence of gravity mass flow deposits continuedand partly sourced on the Adriatic Carbonate Plat-form. This source of clasts, and the platform-relateddevelopment of the Rm-109 borehole suggest thatthe RS was deposited from the Neotethayn intra-oceanic subduction and can not be considered as atectonic mélange.
Tarna Olistostrome (TarO): Late Jurassic
sedimentary complexEast of the Darnó Fault Zone, in the Darnó Hillarea above the Oldalvölgy Limestone and Shale twoother stratigraphic units are preserved (DIMITRIJEvIćet al., 2003; kOváCS et al., 2008). The lower unit(Tarna Olistostrome) that is intersected by Rm-131,Rm-135(?) and Rm-136 in a remarkable thickness(200m to 900m, respectively), comprises dark greyshale, siliceous shale, sandstone, red claystone, ra-diolarite, pelagic, occasionally cherty limestone,with olistostromes and large blocks (olistoliths) ofUpper Permian, Triassic and Jurassic limestones andred and grey Triassic and Jurassic radiolarites arealso present. 

Our new early Sinemurian–early Toarcian agedata from a grey, pelagic limestone block gives im-portant additional information on the Early Jurassicstratigraphy of the source area, while the newly de-tected Tithonian age for the time of deposition hasgreat importance. A deep marine basin may havebeen the depositional environment, where carbon-ates and fine siliciclastic mud were deposited as“background” sediments and were also supplied bymass flows at least from two sources: 1) siliciclasticsource for the sandstone turbidite layers; 2) ex-posed older carbonate and radiolarite-bearing suc-cession for the olistostrome and olistoliths. Theupper part of the series is truncated by the basalthrust of the overriding Darnóhegy Mélange nappe,and also the lower contact is most probably of tec-tonic origin, thus fining or coarsening trends cannotbe deduced.
Darnóhegy Mélange: Callovian – Oxfordian
sub-ophiolitic mélangeThe uppermost unit of the cores Rm-131, -135,and -136 (Figs. 1c, 15, 18, 23) can be classed to theDarnóhegy Mélange, which is a block-in-matrix stylecomplex composed mainly of massive and pillowbasalt blocks with red claystone, red and black ra-diolarite and cherty/silicified limestone intercala-tions and/or matrix layers (kOváCS et al., 2008; kISSet al. 2012, 2023). In many cases determination ofthe boundaries of the different blocks were not easy,while the shale and radiolarite can either representthe matrix, individual block or the original sedimen-tary cover of basaltic blocks. In line with the previ-ous concepts, we interpret the Triassic basalt anddistal margin sediments as upper crustal fragmentscrapped off the undergoing plate, while the MiddleJurassic basalts and radiolarites as blocks derivingfrom the overriding upper plate ophiolite nappe. Ra-diolarites with uncertain position can be either ma-trix, or upper plate-derived blocks. Re-evaluation ofthe radiolarian fauna from the boreholes resulted inthe extension of the previously assumed deposi-tional age interval to a longer Callovian to Oxfordianrange. Based on its lithology, both lower and upperplate origin of the clasts and its age, we agree with
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the previous concept, that the Darnóhegy Mélangeis a real sub-ophiolitic mélange that was formedduring the early-stage emplacement of the upper-plate western vardar Ophiolite (kOváCS et al. 2008,2011a, b; SCHMID et al. 2008, 2020). The Mioceneconglomerate and sandstone of the surroundings ofthe Darnó Hill contains pebbles and sand-sizedclasts of the mélange (SZTANó & JóZSA 1996) but alsometaultrabasics (mainly serpentinites, JóZSA 2024)which could represent the now-eroded uppermostophiolitic nappe.
Connections towards the Bükk MountainsThe Recsk Succession (RS) resembles the Mónos-bél Complex (MC) (Fig. 2, 24) of the Bükk Mts. inseveral aspects. Both units contain pelagic lime-stones, shales, sandstones, olistostromes and brec-cias with angular radiolarite clasts (CSONTOS, 1999;HAAS et al., 2013; SCHERMAN, 2018; FIALOwSkI, 2018). However, the MC has no preserved Triassic part,and the fine-grained pelagic limestones do not forma continuous part of the succession (Fig. 2), butoccur within shales, which contrasts with boreholes

in the Recsk area. On the other hand, the MC olis-tostromes contain more variable clast compositionthan in the RC, e.g, Triassic acidic to neutral mag-matites (CSONTOS, 1988; kövéR et al., 2018b), low-grade metamorphic clasts (PELIkáN et al., 2005). Inthe MC the lateral lithological changes are frequentand complex, albeit this could be due to bias derivedfrom observation types: outcrops instead of bore-holes. Despite the lithological similarities, tem-porarily we keep these two successions separate; apotential future unification is not excluded butneeds further studies.There are significant differences between theRecsk and Bánkút Successions (BS) in their UpperTriassic and Jurassic formations. while the previousone contains a more or less continuous successionfrom the pelagic Upper Triassic to the Bathonian, theBS is characterised by a long period of non-deposi-tion/submarine erosion from the uppermost Triassictill the Bajocian (HAAS et al., 2012) or the Callovian(CSONTOS et al., 1991; DOSZTáLy 1994) (Fig. 2). This veryreduced succession may refer to the elevated position(submarine high/horst) of the whole Bánkút Succes-sion area (Fig. 24). Thus, both the BS and the sur-roundings of borehole Rm-109 represents elevated
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Fig. 24. Possible paleogeographic connections in the Middle Jurassic between the Bánkút Succession, the Mónosbél complex of the Bükk
Mts. and the recsk Succession of the recsk area. Note, that the four separate segments do not necessarily were positioned along one
strait section.O n - L i n e  F i r s t



areas, however, the latter one has continuous carbon-ate platform develepement from the Late Triassic tillthe Bajocian. The rest of the RS and the MC repre-sents deeper areas, grabens with sediment transportfrom the elevated horsts (Fig. 24). All these observa-tions support the location of the original depositionalarea of both the MC and RS to be distinct from theBánkút Succession. This conclusion is not surprisingfrom the postulated nappe position of the MC overthe BS (CSONTOS, 1999, 2000). 
ConclusionThe examined core material in the south-easternpart of ALCAPA, between the Austroalpine relatedTransdanubian Range and the Bükk Mts. of Dinaricaffinity resulted in the following conclusions. Thepre-Cenozoic basement of the area is characterisedby three juxtaposed units: the lowermost Recsk Suc-cession (RS), the Tarna Olistostrome (TarO) and thetopmost Darnóhegy Mélange nappe (DM). The low-ermost penetrated part of the RS is built up byupper Carnian–lower Norian, grey cherty limestonewith marl interlayers or its dolomitized version(Felsőtárkány Fm.). It is overlain by grey pelagiclimestone with occasional chert nodules of Early toearly Middle Jurassic age, prior to the late Bathonian(Oldalvölgy Limestone). The predominantly carbon-ate sedimentation changed gradually into siliciclast-dominated one, during the late Bathonian to theearly Callovian (Oldalvölgy Shale). In the Bajociantoearly Callovian interval the Recsk area was locatedat the toe of a coeval carbonate platform, which waspenetrated by core Rm-109. The external margin ofthisplatform was active till the late Bathonian, whenit drowned and covered by the pelagic OldalvölgyShale. The RS is juxtaposed by the Tarna Olis-tostrome. The transition between the two units issuggested to be of tectonic origin, however, it cannotbe excluded that the TarO represents the originalsedimentary cover of the underlying RS. The TarO isbuilt up by a Tithonian pelagic mixed carbonatic andsiliciclastic succession with breccia/olistostromehorizons and tens-of-metres scale olistolites. Theclasts derived from the Upper Permian–LowerJurassic succession of a distal Adriatic margin. The

DM is a typical sub-ophiolitic mélang nappe overrid-ing the TarO. It is built up by scrapped off blocks andslices from the lower plate and gravitationally rede-posited blocks from the overriding ophiolite nappe,namely Middle Triassic and Middle Jurassic basaltand gabbro blocks with their sedimentary cover andradiolarite and shales both as blocks and matrix. Theage of the mélange is Callovian–Oxfordian. 
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Резиме

Средње до горње јурски пелашки
седименти и депонати
гравитационог масеног тока
измештене маргине Неотетиса:
микрофацијална и биостратиграфска
истраживања у североисточној
МађарскојМикрофације, време и средине депоновањадве јурске сукцесије, таложене на јадранскојмикроконтиненталној маргини океана Неотет ис,приказане су у овом раду. Истраживања су врше -на углавном на језгрима избушеним у мезозојскојоснови источног дела планине Mátra (подручјеRecsk) и најзападнијег дела планине Bükk, СИМађарска. Ово подручје представља наставаксистема навлака Унутрашњих Дина рида, које суизмештене дуж средњемађарске зоне смицањатоком касног олигоцена до раног миоцена. Пре-кенозојска подина овог подручја представљена јеследећим сукцесивним једини цама: најнижомRecsk сукцесијом, потом Tarna олистотром инајвишом јединицом - меланж Darnóhegy. Recskсукцесија изграђена је од горњотријаских пелаш -ких фација представље них карбонатима са ро -жнацима, преко којих леже доње јурски до

најстарије средње јурски пелашки кречњаци.Током горње батског до до ње келовејског катакарбонатна седиментација је постепено замење -на седиментацијом глино витих седимената. Упериоду бајски кат–келовеј, област Recsk се нала -зила на падини, у близини карбонатне платфор -ме, која је омогућавала гравитационе масенетокове који су доспевали у истраживано по дру -чје. Спољна маргина ове платформе је постепенотонула током горњег дела бајеског ката и билапрекривена пелашким финозрним силицијскимседиментом. Олисто стром Tarna је изграђен одтитонских пелашких седимената, представљенихсменом карбонатне и силикокластичне сукцесијеса хоризонтима брече/олистострома. Класти супореклом из горњопермских до доњојурскихсукцесија ди сталне маргине Адрије. МеланжDarnóhegy представља типичан суб-офиолитскимеланж који се састоји од откинутих блокова ифраг мената доње плоче и гравитационо уне -шених или тектонски инкорпорираних блоковаофиол итске навлаке. Старост меланжа је келовеј–оксфордска. Ови подаци могу послужити каооснова за нове геодинамичке интерпретацијеистраживаног региона.
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