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Abstract

The target of the geological investigation, whickstbeen carried out in Wegtecsek mountains for
decades, is to find a safe, deep geological repository location for thdifedgimye, high radioactive wastes, as
well as for exhausted nuclear heating elements. The geological structural-ickeriyeed from the exploration
wells drilled so far and from some earlier 2D seismic sectiomas not provided a reliable base for
determination of the right location for the waste repository planned within the 500 m to 1000 m depth interval.
The Radioactive Waste Management company therefore has decided to carry outegdiigion 3D seismic
survey to image the potential area with a dense network of source and receiver lines. The seismic data
acquisition campaign meeting all the-tgadate technical requirements was carried out from July to November
in 2022. During data acquisition several field challenges had to face such as the varying topography, the partial
forest coverage of the survey area, the high seismic velocity basement formations located on the surface or near
surface, the varying thicknesses of weathered zone sediments and the inhabited areas. Due to these expected
difficulties instead of the now days most frequently used wireless recording system, which does not allow the
real time quality and spread noise contralraditional cable connected recording was preferred.

While 30% of the survey area was covered by forestdere the vibrator source points could be placed
only along the existing forestry tracks and dirt roadssubstantial number of dynamite shotholes, more than
2500 had to be drilled mostly in the near surface hard rocks (claystones, sandstones) having thin soil layer
coverage. Therefore, pilling of the shotholes had to be started 2 months earlier than the recording itself
could be started.

Both the vibroseisand dynamite records mainly showed the high amplitude source generated coherent
noise trains and the incoherent background noises, while the useful reflection arrivals could bedmydiyn
some locationsidentified.

During data processing the useful reflection information had to be dig out of these hopelessly low signals
to noise ratio field records. Beside the reduction of the different noises determination of the reliable static
correction- to provide the optimal CMP stackingwas the main challenge. The thickness and velocity data
recorded at dense shallow refraction survey network, the first break picking based near surface velocity
thickness model, as well as the fét@ration velocity function automatic static correction calculation could
produce the optimal 3D reflection image of the subsurface structures.

This presentation is demonstrating the design of the survey, procedures of data acquisition, the final data
processing, and the gathered experiences.
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New 2D Swave reflection seismic survey in the West Mecsek Mts: insights
into shallow geology and neotectonics
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Abstract

New 2D Swave reflection seismic survey was carried out in the West Mecsek Mts and its southern and
western foreland during late 202adaearly 2025. This new researéh related to the longerm geological
research program of the Permian Boda Claystone Formdtioncluded the measurement of 11 2Bbwv8ve
reflection seismic profiles (detected with fixed Stryde sensors) over a total length of 56.3 km. In addition, 20 km
of trailed LandStreamer profiles were also measured in order to obtain a better seismic imaging of the near
surface geological layers.

The basic aims of this new seismic survey were

+to image and understand the depositional and thickness relationships of the younger (Miocene,
Pannonian and Quaternary), less consolidated sediments with lowfeeSpropagation velocities overlying
the highvelocity basement formations,

+to study the neotectonic activity (i.e. the lasB@Ma) of tectonic structures previously known in the
study area, and

+to provide information for the design of future water monitoring well groups in the West Mecsek
foreland.

The new seismic survey resulted in a high quality seismic data set, well beyond preliminary expectations.
The new data provided important and otherwise not available;réggfution knowledges on shalleseated
geological formations (Quaternary, Pannonian, partly also on Miocene), as well as on (neo)tectonics. Therefore,
the new seismic data also represent a supplement of basic importance to the prevavas3P seismic data
cube in the West Mecsek Mts (measured by Geofizyka Torun in 2022), focused mainly to the seismic imaging of
basement formations and structures.

The new seismic data, together with available well data, enable the refinement of the gestiagitahl
model of the West Mecsek Mts and its foreland. The preliminary geological interpretation included the seismic
interpretation of three key geological horizohstop-basement, topliocene and tofPannonianz taking into
account the seismic facies, the tomographic velocity field and available well data. Seismic interpretation
indicates a striking unconformity between the Quaternary and Pannonian sequences in the southern foreland of
the West Mecsek Mts. Considering this result, as well as the critiealataation of available well data the
presence of a thick Quaternary succession{60 m) was demonstrated in the southern foreland of the West
Mecsek Mts (sealled Mecsekalja Through), significantly exceeding Quaternary thickness values shown
previously [1] for the study area. Moreover, several distinct seismic facies could be identified within the
Quaternary succession that show remarkably good correlation with lithological units described in some wells,
providing also a valuable new tool for the more detailed stratigraphic division of the Quaternary sequence.

Beside the interpretation of geological horizons of major importance, interpretation of the main
faults/fault zones was also performed. Overall, the completed interpretation confirms and clarifies the position of
the main structural elements depicted by [2] and also highlights several additional elements. Taking these results
into account, an important task for the future is to perform an integrated structural evaluation using all available
archive 2D and 3D seismic data sets in the study area, which can finally result in the set up of a new, consistent
structural model of the West Mecsek area, forming a key input data set for any future numerical modeling work.

The structural interpretation confirmed marked neotectonic activity along several structural elements,
especially along the Mecsekalja fault zone and in the area of tfels®@ OHG A6RXWKHUQ LPEULFDWH I
Mecsek Mts, neotectonic activity presumably occurred along the HetvéBly \D UV ]pN IDXOW ]JRQH
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The Role of the HetvehelitO D J\DUV]pN )DXOW LQ WKH 7THFWRC
the Western Mecsek
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Abstract

The HetveheltODJ\DUV]pN )DXOW ZDV ILUVW LGHQWLILHG DV D PDMRU
carried out in connection with uranium exploration in the Western Mecsek. Later intdopsetsuggested a
sinistral strikeslip component. Based on remapping, new drilling datarimarily the stratigraphic sequence of
borehole BAF4 stratigraphy2 and supported by seismic profiles, reveal a ~1500 m Permian normal fault
overprinted by a 6000 m reverse fault related to the Cretaceblig®gene inversion. This structural evolution
indicates that the Western Mecsek represents an inverted graben system, accounting for the marked thickness
variations of Permian formations across the fault.

gVVRIUIODOY
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NeO|QEVpJpUH D W|UpVHN NpW ROGDOIQ
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ODJ\DUMWYpNpPV +HWYHKHO\ N|[UQ\pNpQ MyO PHINXWDWI
D IHOV]tQHQ LV DODSKHJ\VpJL NpS] GPpQ\HN WDOiOK
PHIMHOHQpPVH D W|UpV NpW ROGDOIQ QpKiQ\ V]i] P
$]RQEDQ D WHU+OHW G OpVYLV]RQ\DLW ILJ\HOHPEH
LVPHUW JHRPHWULiIM~ pV PpUWpPN& |HOMWRQWGDV RI/R C
HOWROYGiVW HUHGPpQ\H] PLQW DPL D I|/OGWDQL WplL
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WiYROVIJEDQ OpY ;9 V]JHUNHJHWNXWDWYy I+UPYLQG]|VR]HDVYV

P YDVWDJViJ~ $QQDN KRJ\ D NLYPNRQ\RGiV QHP WHNW
KRJ\ D IRUPiFLY YDVWDJViJD D W|UpVW O Q\XJDWUD D Y
WHUsOHWHQ LV PHIJKDODGMD D PoPWHUW 2PLEWASO D ;,,,
VIHOYpQ\

i $ . YiJyV] O VL )RUPIiFLkyD WDARI® WAV VRUER@\DHE RIODS M
NeO|QE|]QHN HBHE®WPUYyNRUDL GLDIJHQHWLNXV pV6GADIHQHW
IRUPiIFLY OHUDNYGiViW N|YHW <OHGpNKLiQ\RV LG V]DNEDQ
UHGXNIOW V]sUNH . YiJyW|WW|VL +RPRNN |VV]OHW N+O|Q
Y|U|V V]tQ&Yp Y|U|V &VHUN~WL pV OLOD 7yWYiUL +RPRNN
liFLHVHN XJ\DQ~J\ PHIMHOHQQHN PLIEWSHSDY]BQWLMO LS HIELL\
MyYDO YpNRQ\DEE NLIHMO GpV& |[VV]JOHWQHN WHOMHV YDV
PDJ\DUi]DWiW LV D GLIIHUHQFLiOW PHGHQFHIHMO GpVEHQ N

1. A Hetvehely+0 D J\D U V\W|NUpV MHOOHJH D] ~MDEE DGDWR!|

$] XUiQpUFNXWDWiV VRDIQDDWHBWYWKKOUIQWROY I~UiVRNF
VIHUNHV]WHWW V]HOYpQ\HN PpO\VpJEHQ FVDN PD[LPXP D %R
IHOPStWpVpW tJ\ QHP W&QW IHO KRIWDPUBW UNPILWNROG G Pp@ \Pi i EM
YDVWDJViJN-O|QEQRUPRODWHYHWpVW NHOOHQH iEUIJROQL  .L)



nagyszerkeHWL V]HOYpQ\Yi]ODWD DPHO\ PpJ D NULVWiIiO\RV DODSKH

ROGDOIQ DJRQRV YDVWDJViJ~GDK YBINVWE OH Q plUIRTL, EROMGH I H NVHRW
9 vvey PV 39 VIHUNH]HWNXWDWY DODSMIQ PilabhaiRHUW YR

VIHOYpPQ\EHQ VHP MHOHQLN PHJ D QRUPIiO HOYHWpV

A BAF- |~UiV IHQWHEE LVPHUWHWHWW YiUDWODQ UpWHJVRI
VIHUNHV]WHWWHP PHJ D NRWDIERUS/GIO ¥RERNNHWI KRWMy ;9 V]HL
I~UiV UpWHJVRUiIW EHYHWtWYH D] DOVyEEBHUPIHRWQIFLYN KT Fi
OiIWKDWyYi KRJ\ D SHUPL UpWHJHNEHQ PpJ ~J\ LV QRUPIiO HOY}

WULiV] NpS] GPpQ\HN a P p3WUHW R QsYSHWEH Q MNW p\DWD P UiWF
AYLVVIDYHWM+.N" DNNRU D] LG VHEE SHUPL NpS] GPpQ\HNEHC
IHOV]tQpPEHQ a P pW HUkEZRY PiBDUBO YWWPYpQ\ $]D] D W|UpV

*OHGpNJ\&MW PHGHQFH HJ\LN V]JLQV]JHGLPHQW OLV]J]WULNXV Q|
NUpQWDRIPpQ NRPSUHVV]LYV HU KDWiVUD EHN|YHWNH]HWW W|EEV
PPWHU UIWROyYyGiV WIUWpQW (] D] HOPR]GXOiV D] LG VHEE SHUP/|
QRUPIO HOYHWpV PDJDVVIJIW D ILDWDODEE SHUPL NpS] GPpQ\H
OHJIHOV UpWHJHNEHQ UpWHJLVPpPWO GpVW RNR]JRWW $ QRUPIO
IHOHWWH WHOHS<O ILDWDODEE WULiIV] NpS] GPpQ\HNEHQ Pil
UpWHJVRUEDQ DIJW D SRQWRW DKRO D NpW HOPR]GXOIiV pSSHQ
SROQWMIiQDN7QHYHMW<QNEHQ H] D %RGDL $J\RINEVY®Q EJHONYPp QXD Oi
(EE O D] NI[YHWNHI]LN IKBIMK@QpRi@\$Y]i] PPWHUUHO pVIDNNHOHWH
KDUIQWROWD YR#0DQD\ IDUWHWEWWH®WRJI\ VHP UpWHJKLiIiQ\W VHP U
tapasztalunk.)

A Hetvehely+0 DJ\DUMY§NpRV D UpWHJIJVRUEDQ I|OIHOp HJ\UM W|EE Vt
iEUD iEpP® iHUD

2.$ %*NN{Y@LD .RUWBjGRLY IHO-OYL]VJiODWD

$ %eNN|VGID .RWILPVU O QLQFVHQHN ~M DGDWRN GH D WHU
IHOERQWIiV~ SUHND LG RB] RIEV ) 8 MNHW YWppMH Y RUIQ D NRUIEEL DGD
$ %sNNWRGIpYV D IHQWH E E t BlHANRNeIYEDDD SIVU QYENPKH IRO\WDWiVD KLV
PHQWpPQ YpJEHPHQW QRUPiO HOYHWpV PHJHJ\HILN D]]DO D] H(
VIHOYPQ\HN VIHUNHV]WpVENR W ]HNO PHQDGWDINUpPY DJRQEDQ QHP
eD-L FVDSiV~ %{ON\WVGHQWpPQ PHUWPY &YHQWHDORLIGEiVRN DODSKH
UpWHJVRUD DODSMiQ- Dp¥VRQNDPNMMBW HYWU « O HW-métsekiv D Q\X
SHULDQWLNOLQIOLV V]Kdojuk]HBW L iED$pJWKHHPYV DOBOKHQYpJ
PHWV]pVYRQDOiIUyO QLQFV DGDWXQN PHJVJHUNHV]WKHW D KHO
is* (3 iBUENeN D NHYpVVp IHOWiUW WHU<OHWQHN D VJHUHH]JHWL N
PpJ SRV]WSDQQyQLDLPRHUSW QW LIGIOW BW B St

$ .RUSWIUpPVW D NRUIEEL I|OGWDQL W& U 8 p&LH NoH/@ DD JBUQF
DODSKHJ\VpJL NLE~YiVL WHU-OHW #}]1|WWDIS+YW i RE B WRLQ VO N\ &
PpPWHU HOYHWpPV& QRUPIO YHW W $ I~UiVL pV WpUNpS#4a]pVL DGLC
nyugat PHFVHNL SHULDQWLNOLQIOLV WH Q JHOOmWHG & P HJ VAMROIHVO Y
SHULV]LQNOLQiIOLVKRJDWDOMBRPMNpQW FVDN HJ\ NLVHEE HOYH
VIHUNHV]WKHW D pVv MHO& I~UiVRN N|]|WW
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Abstract

7KH FRQVRUWLXP Rl 0(&6(.e5& =UW DQG (/*26&%5 =UW FRQGXFWHG
early tectonic movements and naarface position of the Hetvehe@ DJ\DUV]pN VWUXFWXUDO J]RQH
significant Western Mecsek. The aim of the investigation was to determine whether any traces of activity in the
structural zone from the recent past could be observed in the young sediments #8g8rMBA from Pannonian
to the present day) of the area, and whether thesuetace position of the structural zone could be specified.
Based on archival data, nesurface apparance of Pannonian sediments was assumed in the northern top zone
RI WKH &VHUGL 6] O-ldgétdd, ndakyHwrizontdd RaBnonian sediments were previously exposed in
VXUIDFH H[SRVXUHY DQG H[SORUDWRU\ WUHQFKHYVY LQ WKH D-UHD RI Wk
structural setting, geophysical measurements (resistivity, electromagnetic), shallow exploratory drilling and
engineering geophysical probing were conducted. As a result, the geological structure of the -30pereRey
deep band of the examined area could be outlined.

In summary, the presence of the typically well layered, widely deposited and easily traceable Pannonian
sand twhich probably once covered the researched area, but later erodedtd@smot confirmed during the
investigation. Furthermore, the nearrface presence of the high priority Hetveh@YpP J\DUV]pN IDXOW ]RC
could not be clearly proven in the3d m depth range. Neither the parallelization of the hilltop Pleistocene loess
sequences nor the distribution of the Miocene conglomerate bodies suggest tectonic activity after the Miocene.

The data and results obtained during this survey are consistent with the 2D and 3D seismic measurements
tperformed independently and nearly at the same time, and with the results of the latest geological syntheses

*RPEiU HW DO > @ .yERU HW DO > @ .RQU-sGifacefadltli@e DFFRUC

of the Hetvehely0DJ\DUV]pN IDXOW ]JRQH SRVVLEO\ ORFDWHG IXUWKHU QRL
previously presumed.

Keywords: Western Mecsek, Pannonian, Quaternary, tectonic movements, geophysical
measurements, shallow drillings, exploratory trench

gVV]HIRJODOY

$ 0(&6(.e5& =UW pV D] (/*26&$5 =UW NRQJRUFLXPD HMBWGaK DQL NXW
UHJLRQIOLVY MHOHOWJIJVRPUY ]pNWYHKNB}HWL ]yQiMD ILDWDONRUL WHNWR
N[JHOL HOKHO\H]JNHGpVpQHN D YL]VJiODWiUD $ YL]VJIODWRN FpOMD |
SDQQRQ XWiRBLOOLY pYW O PiLJ *OHGpNHVHUDWHH H NEHI@QWRH Py Q D\ HNQ JKH/
DNWLYLWiViQDN Q\RPDL-HLDOWWYNHSRWW RYOWKDHOW]tQN|JHOL KHO\]H)
LVPHUHWHN DODSMiQ D &VHUGL 6] O KHJ\ pV]DNL WHW ]JyQiMiEDQ IHO
WHUsOHWpPQ N+OV]tQL IHOWiUiIVRNEDQ pV NXWDWYiUNRNEDQ W|EE KH
Yt]JVILQWHY WHOHS+OpV& SDQQRQ NpS] GPpQ\HN -szerkexett Qelyiddf HOL HO
SRQWRVtWiViUD IHOV]tQL JHRIL]JLNDL PpUpVHN HOHNWURPRYV HOOHQIiO
PpUQ|NJHRIL]JLNDL V]JRQGiJiVRN W|UWpPpQWHN $ PXQNiODWRN HUHGPpPQ
mintegy 206 PpWHUHV ViYMiQDN I|/OGWDQL IHOpStWpVH

$ NXWDWiV VRUIQ QHP LIDJROYGRWW A D NXWDWiVL WHUOHWHW N
+D] iOWDOIEDQ MyO UpWHJJHWW QDJ\ WHU<OHWL HOWHUMHGpPV& Myc
UpV]U O QHP OHKHWHWW HJ\pUWHOP &8l @& H\. ]RQOAWDIW.DDWRPAMIYED 9| ]Bi
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IRQWRVViJ~-0BWBHKHMN W|UpV]yQD IHOV]tQ N|]JHOL MHOHQOpPWpPW VH
VIHNYHQFLiIN SiUKX]DPRVtWKDWYyViJD pV D PLRFpQ NRQJRKpRP KWIiMPXP W
WHNWRQLNXV DNWLYLWiVUD

$ MHOHQ NXWDWiV VRUIQ VIHUJHWW DGDWRN pV HUHGPpPQ\HN |VV]
SiUKX]DPRVDQ HOYpJJHWW ' pV ' V]JHL]PLNXV PpUpVHN YDODPLQW D O

> @ .yERU HW DO > @ .RQUIG > @ HUHGRDPJI\BUWHION PHO
VIHUNH]JHWL ]yQD IHOV]tQ N|JHOL YHW YRQDOD D MHOHQOHJIL NXWD\
IHOWpWHOH]JHWWQpO

Kulcsszavak: NyugatOHEVHN SDQQRQ QHJ\HGLG V]DN PRJJIVW|UWp
HO NpV]tWpV VHNPpO\I~UiVRN NXWDWyiURN

%HYH]HW

$ NRUIEEL NXWBWIMRBWDQL WpUNpPSH]pV p V1D N\DIWV]pXRUiQ
VIHUNH]HWL }WPQBRN|QpBE® V]DN XMDi QLUD NWY INVRW- \DBD D SKH J\V p
NDUERQIWRV UpWHJHNPWRFRQYISMWMS) NGB I |ROWHW Q\HUW 6 HE
al. 2017[11]).

$ .RQUIG HW [BIOI|/OGWDQL WPpUNpPSH]pVL MHOHQWpPVEHQ LVF
WpUNpPSH]pVL LVPHUHWHN DODSMIiQ |HE\W)VDR® HIKHWH Y ROMW W K|
&VHUGL N|]VpJ N+OWHUe+OHWYp Qe-1b RYGDGIQ V] HOKNHD MOHOL KHO\
N[]J[WWL PpO\VpJEHQ D ILDWDODEE PLRFpQ SDQQYQLDL pV QH.
H]iOWDO H]HN IHOWiUiViYDO WHOHS+OpVeN YL]VJiODWiYDO WDO
]JyQD HVHWOHJHYV SDQQYQLDL YDJ\ DJW N|]YHW WHN\MR®@LNDL DN
NRUIEEL NXWDWiVL LRIMREEP QW %+iPRV HW [BJO NXWDWyYiUNRNND
KDVRQOY PYGV]JHUUHO VLNHU+OW LJD]ROQL-B I |Vi¥¥ WHD Wp @ QW L
QHJ\HGLG V]DNLKSOREYQWREPQ- FODOQ@LQLPYHY NRU~ OHGpNH!
PULQWHWOHQVpPJIpW

-HOHQ NXWDWiV FpOMD D] HO JHWHV I|]OGWDQL LVPHUHWHN D

i $ QHJ\HGLG V]DNL pV SDQQYQLDL NpS] GPpQ\HN WHOHS+-0pV
D] DODSKHJ\VpJ IHOV]tQ DODWWL PpO\VpJpQHN-raHOWpPUN|
mintegy 0,32 kM WHU<OHWHQ iEUD

i $ PHIDGRWW WHU*OHWHQ EHO<O RO\DQ YRQDOV]DNDV]RN
NpS] GPpQ\HN pUKHW HA)DHOD DV [pMWY HKUHNH]HWL JyQD NLP
IHOWpWHOH]HWW V]JHUNH]HWL YRQDODL IHOHWW iUNROIiVV

$ NXWDWiVW V]JROJiOy YL]VJIODWRN WHUYH]pVpKH] iWWHNLQ
I|lOGWDQL NpSHW (KKH] IHOKDV]QiOWXN D NPX(@H5) WD D DWH Yl OVHRAI
PHIJYDOYVXOiVL GRNXPHQW FilyM WR Y EPERVILHWHOBPEH YHWWsN D
I|/OGWDQL WpUNpPSH]pVPQHN LQIRUBPiFRyQW GL W WEDDUS Gr IHW.J BoON
WHUsOHWW -@HNBpOUHW D &VHUGL 6] O KHJ\ GpOL ROGDOIQ D N

I~UiVRN -1&\0dd¥d6L. KDVRQOyYy IHOV]tQL PDJDVViJ~ pV P %1 W
PpWHU YDVWDJVIiJEDQ KDUIQWROWIN D %RGDL $J\DJN )RUPIiFLYy
pannon UpWHJHNHW *@]FAN Qdétdill,- I~UiVRN WHUsOHWH DBLRQUiIG H

IlOGWDQL WpUNpPSpQ QHP OHWW EHMHO|OYH D SDQQRQ NpS] GPp!

OHJHPOtWM+N KRJ\ D NXW®35VL N\PHU-GRYWIED@ID *RULFDL
EORNNEDQ D SDQQRQ NpS] GPpQ\HN GRPEWHW L KHOBHWEHQ |
IHGHWOHQ I|/OGWDQL WpUNpSH DPHO\HNHW NRUIEEDQ sYHJLSE
EL]JRQ\tWMBV-D! *RULFDL WHU+OHW DUFKtY I~UiVRN UpWHJVRUD L
IHOV]tQU O 2R3 D ID2 P PpO\WpJIN|]JEHQ KDUIQWROWIiN D] OMID
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7DJR]DWiQDN SDQQRQ UpWHJIP L% N]LHO WNOM|J|W O|V] pV 7HQJIH
« O Hek plitt.

$ SDQQRQ NpS] GPpQ\HN PDJDV GRPERU]DWL KHO\]JHWH LV D
NXWDWiVL WHUsOHWHW LV OHIHGKHWWpN D SDQQRQ *OHGpNHI
9|U|VDJ\DJ )RUPiFLYy *OHGPNHLQHN NpS] GpVH HO WW

$ WHUHSL PXQNiIN VRUIQ HOV OpSpVEHQ GE HeBOPMVVDO N|
NIJIWWL KRVV]~ViJ~ PLQG|VV]HVHQ P |VV]KRVV]~ViJ~ DNV
HOHNWURPRV HOOHQiIOOiV WRPRJUIILD (57 pV HOHNWURPiIJQFH
VIHOYpPQ\HN PHQWpPQ $ V]JHOYpQ\HN L-0DQ\D UN[JHND tW] HOUHNIH TH W IH
IHOWPpWHOH]HWW IHOVYUQNHHDRPYR@DOIUD PHU OHJHVHQ OHWW
XJ\DQH]HQ V]HOYpPQ\HN PHQWpQ-LNd\H IpX]UNVQYWH D[RGRWDIN RAQWp (
HOHNWURPiIJQHVHY PpUpVW LV YpJH]JWHN P [VV]IKRVV]EDQ i

Jelmagyarazat
—_— — —— = Kutatési tertlet hatara

—_— Teloplkshatar
Telekhatér

W Helyrajz szam

O Ca-Fa-5 Sakélymélysegil talajfirasok (2019)
20635 ’ ' TEM mérések nyarmmanala
cscsné“%“ % J e
090/3 ’ AL Kutatdiins (néy, terep, talpmislység)
('sP\;\‘ $§€] Ocapad . E:E:GE
51_ csG21 CSGI0—S D' . F NETE MGSZ szondazas (név, terep, talpmélység)
X e e By ’ A F""H'-
089/8 4 74 = = Sokelakirodis, EM éa TEM szelvények nyomyonala
‘\ ————————— Meglévi kutatési terlilet hatara (RHE Kit.)
1. iEUD . XWDWiVL WpUNpSUpV]JOHW D +iPRV HW DO > @ Mt

$ VSLUiIOI~UiVRN pV D PpUQ|NJHRIL]JLNDL V]JRQGIi]iVL SRQWRN
(57 VIHOYPQ\HN HO JHWHV HUHGPPpPQ\HL pV D KHO\V]tQHN PHJIN|]
iEUD GE P N|]|[WWL PpO\VpJ& VSLUiOI~-UyYDO pV NHPpQ\HE
PDJV]HG YHO PpO\tWHWW WDODMI~UiV-pV YHOH]| WIWLGR PG VJI.
PPpUQ|NJHRILJLNDL V]JRQGDO\XN 0*6= V]JHOYpQ\H]pVH YDOyVXOW
(CSS/2 PHOOHWW NHU<OW VRU PpUQ|NJHMPIIZ&MN DN LYRDHOV H D
PLRFpQ NDYPHRMHW||[VV]OHWHW pV iWKDOPR]JRWW *OHGpNHLW
HOpUWpPN $] 0*6= YL]VJiODWL V]JHOYPQ\HN PLQGHQ HVHWEHQ PHJ

$] 0*6= YL]VJIODWRN FpOMD YROW ]KWJLV M ®POHW H M LO L WIRGX
WXGMXQN UHQGHOQL D IHOV]tQL JHRIL]LND DODSMiQ HON+O|QtWt

+DUIQWROW UpWHJVRURN V]HOYpQ\pUWHOPH]pVHN
$ WDODMI~UiVRN KHO\V]tQL GRNXPHQWIiFLYMD pV D] 0*6=

HONpPV]*OWHN D] REMHNWXPRQNpPQWL UpWHJVRURN DPHO\HN DC
KDUIQWROW NpS] GPpQ\HN WIiEOi]DW WIiEOi]DW
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1. WIiEOi]DW &WHODMI~UiVRN KDUIQWROW UpWHJVRUDL +iPR\
)=V eovy | EOVX z 7DOSPp| Talaj 3D;lt\/sl_x</|;/1/)(§ SDM\L/]/JY/]STTgﬁsmg 7HQ)J|={|-|UOPLi|F=I|__y9 )GF]{ILYF]’:(FI
fele (m B0 ™ [ (°Qp) (*Qp) (Qp-h) (‘PI,-Qp1) (M)
CSS1| 569 238,64 843426 182,14 6,27 1,20 1,80 2,84 6,22
CSS2| 56919256 84 246,7 194,424 7,24 1,00 3,20 6,52 - - 7,24
CSS3| 569169,19 84 134,84 202,0( 11,00 0,89 3,40 8,04 10,0 11,04
CSS4| 568995,24 84 311,69 171,4Q 7,84 1,20 3,80 - 4,00 7,84
CSS5| 568895,1% 84 265,1. 169,74 8,33 0,00 3,20 - 5,18 8,33
CSS6| 569 130,94 84029,8 206,64 11,89 1,30 5,20 11,1q 11,87 -
CSS7| 569 159,55 83 840,7 210,53 9,90 1,30 3,20 8,85 9,90 -
CSS8| 568902,71 84 057,7' 190,49 9,31 0,10 3,40 7,99 8,95 9,31
CSS9| 568905,38 839155 199,94 9,73 0,29 3,20 9,73 - -
CSS1(d 569 080,7b 83 818,7. 212,04 9,99 1,40 4,60 9,99
2. WIEOI]DW $] 0*6= V]HOYpQ\BIIN KDFUR @ WROOU pW H3 \@R U
3pNVL|{3DNVL| | omiD| Ssondaivul
6]RQG z | Tap | Talaj )RUPiF)RUPiFgw?VDJ)RUP' ElivIY WDéS
_ EOV Y | EOV X 7tSXV| Meszes > 6rPO)RUPI
jele men| m |@m | SV Mol JRUPIE 2ol oy IHOW p
op) | (op) |CPIZRPI | (umy) NpS] G
CSG2 |569 191,87184 245,93194,66 9,80 | 0,80| 3,40 6,75 - 9,80 M
CSG3 |569 170,4d84 134,84202,01/11,30 0,55| 3,60 7.85 10,00 11,30 M
CSG4 |568 995,7984 312,04171,28 9.41 | 1,35| 3,95 - 9,41 M
CSG5 |568 896,6484 264,84169,75/10.,63| 0,70| 3,00 - 5,00 10,63 M
CSG6 |569 132,1184 030,64206,61/12,33 1,20| 5,20 10,95 12,15 - BAF
CSG7 |569 159,5483 841,14210,51/10,93| 0,85| 2,95 8,70 10,70 10,93 M
CSG8 |568 902,5384 057,44190,53/11,50| 0,40| 3,20 7.45 8,35 11,50 M
CSGY |568 904,4083 910,91200,12[17,42 0,80| 3,90 13,80 17,42 - T
CSG10|569 082,0983 819,34212,05/14,36| 0,95| 4,80 13,35 14,15 - BAF
CSG11 569 020,3184 287,31176,3310,91] 0,90 1,60 8.20 10,91 M
CSG13|569 207,53 84 095,58201,93 7,40 | 0,60| 3.85 5.05 - 7,40 M
CSG14 |569 2444184 046,74199,22012.01] 1,20| 5,65 - ; 9,80 BAF
CSG15 |569 008,54 84 153,64190,15/17,44] 1,05 3,70 8,80 14,35 BAF
CSG16 |569 071,0684 157,94195,36(15,41] 1,00| 4,20 15,05 15,41 T
CSG17 569 061,7484 103,61199,77]21,52] 1,00| 3,80 13,80 21,52 T
CSG18 |569 102,24 84 056,44205,3916,49] 1,00| 3,80 13,95 16,25 BAF
CSG19 |569 166,5083 993,13207,22/10.36| 0,75| 4,00 9,05 10,20 - BAF
CSG20 |569 186,61 83 969,84206,35| 8,68 | 0,65| 2,85 6,20 8,05 8,68 M
CSG21|568 996,9183 831,64209,5719.19] 0,75| 3.25 9.65 18,70 BAF
CSG22|569 017,5183 981,24204,88/ 14,07 1,00| 4,20 11,45 13,70 BAF
CSG23 |569 086,19 84 074,28203,8522,91] 1,20| 4,40 16,35 18,60 BAF
CSG24 |569 119,8984 186,56197,52/19,67 1,00| 3,85 13,55 19,67 T

$ NXWDWiVL WHUsOHW DOM]DWiW DONRWY N|]pSV SHUP %
NpS] GPpQ\Htb@h BSPa/l- pV D MHOHQ NXY¥-DW iV p\OR W@ W&\ 6W D O D M
HJ\LNH VHP pUWH HO $ PpO\HEEUH KDWROyY PpUQ|NJHRIL]JLNDL V
VIHOYpQ\HN pV D NRUIEEL I|/OGWDQL WpUNpPSH]pVHN -11IRQUiIG H\
Cse LVPHUHWHL DODSMiQ IHOWpWHOH]]*N D MHOHQOpPWpW

$ I~UiVRN PpO\tWpVHNRU D] |VV]HV |VV]HV WDODMI~UiV V]i
PVIJOHOWHN (J\HG+O -B1&Bi6d VI-NLStWpVN|] IHOV UpV]pE O tUWDI
YL]JHW DPL D 7HQJHOLFL 9|U|VDJ\DJ UpWHJHN DJ\DJRVViJiUD Yt
NpSHVVpJpUH XWDO (] D V]iUD] PDJI~UiVL WHFKQROYJLD PLDV
HO UHKDODGIiViW pV J\ADNUDQ V]HUV]iPV]JRUXOiVW HVHWHQNpPQW

$ GRNXPHQWiIiOW UpWHJVRURN DODSMiQ D] DOIEEL HON+<O|QtV
talgff ~UiIVRN UpWHJIWDQL VRUUHQGEHQPD®@IXO|WURA HNO NH D W I
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i $ NRUD
UpWHJV]DNDV]DLW

i AYROWV]HU&HQ"
i $ 3DNVL /|V] )RASPiBIpWHJIHLW
WDJROWXQN

PLRFpQ

MHOOHP]

61iV]Y FVL,
GE WDODMI~UIiVEDQ
i $ 7THQJHOLFL 9|U|VDRADRMA )RPWIHFLHLW . GE I~UiVEDQ

) RIRRIFQRPHUIWXP

NDYLFVRV

OHMW N|Q HK |IRGEBE X\DyOOMMW "\OBDEpNHW 4

GE WDODMI~UIVEDQ DPHO\

UpWHJV]DNDV]UD WtSXVRV O|V] p\

WDUNtWRWW PpVINRQNUpFLYV PHV]HV O]|V]
i $ O|[VIW OHIHG KRORFpQ 4K KXPXV]RV WDODM WDODMRVF
D &66 NLYPWHOpPYHO PLQGHQ WDODMI~UiVEDQ

.LHPHOHQG

KR J\

DV&BBiOI~UiVRN -10V MBSZ&&rbndalyukak
PHJKDWiUR]JRWW NpS] GPpQ\KDWiUDLQDN QHP YROWDN pUGHPL H

3. WIiEOI]DW-$ &SLUIiOI~UiVRN p0*®=86*RQGDO\XNDN iOWDO PHJKDW
NpS] GPpQ\KDWiURN HOWpUpVHL

y-uiy Mesz C,S\ISH(;SGG Talaj (m) 3DNVL /|V] )H 3DNVL /|V] ){Teraszvagy 7HQIHOLFL 9 6]iV]Yi
jele szondalyud \rRUG (h) 7TtSXVRV O] OHV]HV O|V| OHMW JRUPIFLY JRUPIF
e | Howpup (°Qp) (*Qp) m @] (PlzQpy) (M) (M)
CSS2 CSG2 -0,24 0,20 -0,20 -0,18 - -
CSS3 CSG3 -0,01 0,25 -0,20 0,14 0,00
CSS4 CS&4 0,12 -0,10 -0,20 = =
CSS5 CSG5 -0,01 -0,70 0,20 - 0,19
CSS6 CSG6 0,03 0,10 0,00 0,20 -
CSS7 CSG7 0,02 0,40 0,20 0,15 =
CSS8 CSG8 -0,04 -0,30 0,29 0,59 0,59
CSS9 CSG9 -0,18 -0,55 -0,70 - -
CSS10 CSG10 0,03 0,50 -0,20
$ GRPEWHW L KHO\]JHW& &66 [~UiV V]JHOYpQ\H MyO UHSUH]H

WHU*OHWHQ IHOWiUW NpS] GPpQ\HNHW PHJLVPHUW UpWHJVRUW
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2. iIEUD $ &66 WDODMI~UiV UpWHJVRUIQDN NRUUHOIiIFLYMD D &6*

HOOHQIOOIV VIHOYPQ\HLYHO
$] HON*O|QtWHWW NpS] GPpQ\HNHW EHPXWDWy KHO\V]tQL PDJIRW
OiIWKDWYyYN

9DODPHQQ\L 0*6= VIJHOYpQ\HQ KDVRQOY PLQWI{]JDWRN J|UEHM
I|OGWDQL NLIHMO GpVHNHW

(J

\HWOHQ 0*6= IHOWiUiVEPDQN|BBW D &&Y (57 VIHOYpQ\ PHQW

OHWW HJ\ NpSOPRRFQQNRW DB YID Q Q\R-RIYI OIS W] K6RX& KIRPRN|VV]OHW HJ
QDJ\HOOHQiOOiIVR PLQG|VV]H P VIpOHV pV a P YDVWDJ OH

OHQF

VpMH iEUD

EEBEE

© ® 00 120 00 0 W MW 0 0 %0 W @ e
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3.

sEsEisan
,.M,..\..,‘;..~“-“
VoA

B aran ¢ R

iEUD -&7&(57 VIHOYpQ\ V]I&UHWOHQ pV V]&UpV XWiQL HOOHQiOOiV "
DODSMiQ pUWHOPH]HWW I|OGWDQL V]HOYpQ\H
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$ SLURV YRQDODN D] (57 VIHOYpQ\EHQ OiWKDWy pV D VIRQGDO\XNEDQ
SDQQyYQLMNY]BEXWHP & KRP RN O HQ FADpQRIORVDD WO 6dé, \a fbbOoviplERT[
VIHOYpQRWNPDJDVtWiVVDO NpV]cOWHN

$ NLYiODV]WRW Wa FajlagfsVQ@\® RQEBE ross S O R W iEUD MyO V]HF
D KDUIQWROW I|OGWDQL NpS] GPpQ\HN V]RQGi]iVL SDUDPpWHUHN

M holocén
1000.0 ¥ Tengelici
» pannon_h
A Szaszvari
BAF
lI6sz_mind

100.0

RES, ohmm

10.0
0.1 1 10 100

Qc, MPa
4. TEUD &V ~FYV @QjdgesivVOpOvH(QE-RES bfrossplot

$ YpNRQ\ NLVHOOHQIOOiV~ SXKD WDODMRVRGRWW DJ\DJR'
KRPRNRY SDQQRQ NLIHMO GpV MyO HON+<O|Q*O $ O|V] SDOHRWI
OHKHWQHN D 7THQJHOLFL 9|U|VDJ\DJJDO $ PHV]HV PpVINRQNUPpPF
XJUiOy HOOHQiIOOiIVVDO pV KXOOiP]lyDQ HPHONHG]pBW~FRVIQRRFQV V
W|UPHOpPpNHVY NRQJORPHUIWXP |[VV]OHW pV D SHUPU4OY®Y |VV]OH\
]JYQIEDQ MHOHQW V PpUWpPNEHQ iWIHGKHWLN HJ\PiVW D %$) N ]
W|UWpQ HODJ\DJRVRGiVD PLDWW DPHO\ MHOHQW V HOOHQIiOOiV
WHU«OHW WiYRODEEL N|UQ\H]HWpEH®GP(RE@EC3&VL, I~-UIMRO HQOO Oh'g)
DGDWDL LV (PLDWW D] 0*6= V]JRQGDO\XNDN HODNDGiIVW RNR
JRUPIFLYED Y-ED YRYROIVD EL]JRQNWWOMDQ DOQWSHKBU\VpJHW HOp
PpO\VpJl& Yt]|EOtWpVHV PDJI~UiVVDICG 0 W KELtWresslS © R WIRAN ALK B VB (
jellegeket mutatnak. A DEXGAM crossSORWRQ D SDQQRQ KRPRN DODFVRQ\ W
V&U&VPJ pUWPNHN NLYpPpWHOpPYHO VRNNDO QDJ\REE iWIHGpVW PX

Az A-) VIHOYpPQ\HN PHINXWDWRWWViJD pV D] HUHGPpPQ\HN Uy
NLHPHONHG D] (0 pV 7(0 WHNLQWHWPEHQ J\HQJH OHWW H]g
VIHOYpQ\HN pV D WDODMI~UiVRNNDO YDOLGIiOW 0*6= V-PHOYpQ\HN
P N|]I[WWL PpO\VpJLJ D] (57 VIHOYpPQ\HNHQ OiWKDWy QDJ\REE |
VSLUiIOI~UiVRN pV D] 0*6= VIRQGDO\XNDN DODSMiQ MyO EHD]RQF
N JHWWHVWHN D PLRFpQ NRQJORPHUIWXP |VV]JOHWWHO D] DOL
9|U|VDJ\DJ ) UpWHJHLYHO D]JRQRVtWKDWyDN iEUD

1DJ\REE PpO\VpJEHQ FVDN D (57 VJHOYpQ\HNUXO0 m BFEUD pV
N|[]|WWHVPPDJDOMSPYN|]JHO NpV]+OW PHWV]HWWpPUNpPpSHNUH KDJ\D\
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5. iIEUD ORGHOOH]HWW IDMODJRV HOHNWURPRY HOOHQiIiOOiV PHYV

Q-kvarter, M P L R F ppermBAF, Pgpannon
$KRO D VIDJIJDWRW YRQDO PLQGNpW RROGEBAIZ GLY\D|G URWM W D YWY @ ¢

$ NLVHOOHQIiOOiV~ WpBKPPL DpNY®NWHU NLYDVWDJIJRGiIVDLK
pV YDJ\ %$) IHOV]JtQEH iJ\ADJRWW iUNRNKR] LOOHYRYH DVWGHIHO HW

$] iUNRN D V]JHOYpQ\HNLNY]pBELQpYDEMRQ NDUDNWHUHV ViYR
OHJQDJ\REE -LURDWiUD ( DV]&OYpPQ\HNEHQ V]JLQWH W|NPOHWHVH
JHOWHKHW OHJ D NYDUWHU HO WWL HUyJLy pV D] DJW PHJHO ] V
MIWWHN OpWUH

$ %$) YIOWR]y HOOHQiIOOiV~ WHNWRQLNXVDQ SUHIRUPIiOW
PHIMHOHQQHN YDOYV]tQ&VIWKHW HN $ O|V]|[N MHOOHJ*NEHQ D
IHOLVPHUpPVsN RWW QHKp] DKRO KLiQ\]JLN D 7HQJHOLFL 9|U|VDJ\
QDJ\RQ YpNRQ\ N|JWHV UpWHJJHO HOYiODV]WYD WHOHS+O D PLRF

JHOPHU+-O D NpUG{V RORDD GHOHNOOiV PH] D WHU*OHW Gp¢
PpJVHP PLRFpQ YDJ\ %$) KDQHP SDQQRQ OHKHWQH DKRJ\ D |
LQWHUSUHWIOYD YROW iEUD 1RV EiU D %$) HOOHQIOOIVED
HOHJHQG HN DUUD KRJ\ OHKDWIOBDOR® D &8BPQQRIRQGHO\XNED
SDQQRQ KDUIQWROiV D P %l PHWV]HWWpUNpPSHQ WDOIOKDWy

$ PDIJDVtWiV QpON+<OL OHMW LUIQ\~ pV Ui N|JHO PHU OHJHV

YDODPLQW D VSLUiOI~UiVRN DGDWDL DS MHQ JNHO/L] FQ V8 | ) PV@DW TG
3DNVL /|V] UpWHJHN N|JHO Yt]VILQWHYV ]DYDUWDODQ WHOHS+OpV
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6. IEUD 7RU]JtWiIVPHQWHNYVpOHMWVIDSEIQ\L-Ui'Q\~ . V]JHOYpQ\HN D PpUC
VIRQGDO\XNBN MY ®&&EWSLUiIOI~UiVRN pUWHOPH]HWW UpWH.

$ 7THQJHOLFL 9|U|VDJ\DJ ) D WHNWRQLNXVDQ pV HUy]JLYVDQ S
NpS] GPpQ\HN IHOV]tQL HJ\HQHWOHQVpPJHLW W|OWL NL HJ\ NLHJ\
(]JW MyO VIHPOpOWHWL D iEUD WpUNpSVRUR]DWD pV D iEUD P

7. iIEUD $ NXWDWiVL WHU*OHW VI]+HiUWN¥Y WHDWW JQWU N BS 6 WDO D P HQY
9|U|VDJ\DJ ) UpWHJHLQHN IHG VILQWMH D] 0*6= PpUpVHN pV

$ SOLBPHLV]WRFpQ NRU~ 7HQJHOLFL 9|U|VDJ\DJ )RUPiFLY LWW D ILDWLE
O|V] [IVV]JOHWWHO |VV]JHYRQYD V]JHUHSHO

$ OHJIULVVHEE ' V]JHL]PLNXV PpUpV -KRKFOE) P HIM IDM [LyV ¥ @ L]
VIHOYpQ\H]pV HWERO 0 > @ pV .RQUIG *\ > @ V]DNpUW L
DODSMiQ YDOyYV]tQ&VtWKIDN\DKRPPND V4HWNHKHAOL JyQD - IHOV]tQI
nak DNy L UpV]pQ D NRUIEEDQ IHOWpPWHOH]HWWQpO pV]DNDEEUD |
PYGRVIWRWW Q\RPYRQDODNDW PXWDWMD EH D {iEUD .RQUIG HV

DODSMiQ
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A Hetvehely-Magyarszék szerkezeti zona vonala kiilonb6z6 forrasok alapjan |

Kallai F. és Ujfalul F. (k-0M3)
Szszvéri F, Mecseknddasdi T. (sz_mMe-0)
Szistvari F, Szaszviri T. (s2_sMe-o0)

B Gyulakeszi Riokttuta (gyM1)
I Lapisi Mészks Formécid /dolomitosodott/ (T2 /d/)

I viganvari Mészk Formacid (vgT2)
B Hetvehelyi £, Magyarirogi T. (hh_mT2)
I retvenetyl Formadis (hhT2)

Patacsi Aleuroiit Formadié (pT2)

Jakabhegy Homokk Formacid (JT1)
I 32abhegy Homokkd Formacid Fokonglomeratum Tagozat (j_fT1)
I x6vaoosziisi Homokks F. Cserkilti és Tétvan Homokkd T. (k_c+tP2-T1)
I Kovagusztissi Homokks F., Kajdicsvolgyl Homokks T. (k_kaP2)
Kovagisz0ksi Homokkd F, Kivagotottissi Homokks T. (k_kP2)
I xovagoszoissi Homokks F., Bakonyai Homokkd T. (k_bP2)
- Bodal Agyagkd F, Nagyvoigyi Tagozat (bo_nP2)

Bodal Agyagks F,, Dombdi Tagozat (bo_dP2)

Bodal Agyagks F, Flizi Tagozat (bo_fP2)
I 50csi Agyaoks F, Orhézi Tagozat (bo_56P2)
B socai Agyagks Formsas (boP2)
B Cseroi Homokks Formacd (cP2)

| Méragyl Grinit Formaci (mPz)
30 szeizmika teriete

e alaphegységi szerkezet (Konrad et al, 2016)
— riagyszerkezet (Konrad et al, 2016)
- miocén szerkezet (Konrdd et al, 2016)
e tektonika (Kon3d, 2024)
= @ Hetvehely-Magyarszék ov SH-szehvények alapjin (Geomega, 2025)
Hetvehely-Magyarszék ov 3D szetzmika alapjdn (Konrad, 2024)
e felszioe kivetiett
wws @ BAF-4 firds harntoldsa alapjén (~-670 m BL)
SH szelvény (Geomega, 2018)
SH szelvények (Geomega, 2025)
®  firdsok

] %

8. iIEUD $ +HWIYHPWO®|pN VIHUNH]JHWL ]JyQD Q\RPYRQDOIQDN WpUNpSH .RQUIG HW DO > @ IH
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.RQNO~]LYy

%HEL]JRQ\RVRGRWW KRJ\ D NXWDWiVL WHU+OHW LVPHUW D
JRUPIFLY NpS] GPpQ\HLUH D WHU*OHW HJ\ MHOHQWLV-B pW]pQ H(
K-L OHMW LQHN DOVy V]DNDV]iQ pV HJ\HV WHW KHO\]HWL ViYMIEL
IRO\yYt]L W/UPHOpPNHV |[VV]JOHWH NRQJORPHUIWXP NDYLFVRV K
HUy]LYyV YDODPLQW D %$) HURGIOW pV WHNWRQ@LNXOWR]YSUH!
YDVWDJVIJEDQ GLV]NRUGIQVDQ QDJ\ LG Kp]DJIJDO OHIHG NLHJ
SOLRFQWLV]WRFpQ NRU~ 7HQJHOLFL 9|U|VDJ\DJ )RUPiIFLY GRPE)
ERUtWMD $ 7HQJHOLFL 9|U|VDJ\DJRW SHGLJ D 3DNVL /|V] JRUPIF
YDVWDJViJ~ A O|V]VDSNiMD IHGL OH D PHUHGHN OHMW N LUIQ\IE
YDVWDJDEE O|V]JUpPpWHJHN SiUKX]DPRVDQ IXWy VJHNYHQFLILQDN
DODSMiQ |[DYDUWDODQQDN OiWV]JLN N|JHO Yt]VILQWHWVIAWHOHS-O
VIRQGDO\VXN V]HOY pQ\pE HPQNI|H|OWMPLWRHIOCH M QN [ JEHQ D&\ XNUHRIL]L
VIHOYpQ\ DODSMiQ iEUD

$ YL]VJIiOW IHOV3QaQn MY]H®IO\VpIWDUWRPiQODIOD DV FpHW WH K p\O
MHOHQOpPWH D] DODSKHJ\VpJHW OHIHG NRIUHL PIVREEQQNRN B RN
QHP YROW EL]JRQ\tWKDWy

$ PHJLVPHUW I|OGWDQL NpS DODSMiQ D NXWDWiVL WHU+OH
YL]VJiODWD D IHBV]PQ@UPWWL P

Irodalom

[1] *O|FNQIQYp - WpPD-N§ UWBINIGIDOVY SHUP iWPHQI
NXWDWiVD gVV]HIRJODOy MO HNQXWDWY iVl RXIQNDMWUy O
0(&6(.e5& =UW $033BBVRWiU -

[2] *RPEiU / *(26(,6 &RQVXOWLQJ OROQiU 3 +DOiV] $

IHOERQWYNpPSHVVpJ& VJHUNHJHWNXWDWYyY ' V]JHL]PLNX
JRUPIFLY %$) NXWDWi\DHWMBVHDNEHQXJDMDQXOPIQ\ 0$*
*(2),=,.$ pYI 06]i P

3] +iPRV * %HQ ' 6iPVRQ 0 .RQUIG *\ +DO#@V] $ 6
NXWDWYiURN GRNXPHQWi@ yppMU DWWV BN-H Ol WM H O BHY W pt H3 [
N-010/16. [3]

[4] +iPRV * OXFVL 3 %HQ ' OHFVH®p@E =WWODMI~U$VR
PHJYDOYVXOiVL GRNXPUHIMW iBEyMDV ,UDMNOYVIL. 3DNV 5+,

[5] +iPRV * %DOOD / %HQ ' O0pV]iURV ' OROQiU % +
7XUJHU = +RJ\RU = $OEUHFKW 5 %iUiQ\ 3 .RFVLV *

-iQRV (OJRVEDU =UWNXWDWySURN JHRIL]+NDOLUB® NpV]
5+. .IW ,UDWWitN-08BAGV 5+,

6] . RQUIG *\ .RQUiIGQp 'RERVL , %HQNRYLWV / +iPRV
"-HOHQWpPV D %RGDL $OHXUROLWORWPRIFL yw.pJNpSW]pVp
0(&6(.e5& =UW $ZFHBW W iU

[7] . RQUIG *\ OpUFH %W ]HViWpVWDIPN pV GpO NXWDWYyiUR
WHNWRQLNDL GRMXFPHODMFLYRIBY.®5& =UW ,UDWWIiU 3
C.1.3/a.
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8] .RQUIG *\ BHEH . %XGDL 7 *HROyJXV .IW 0D J\
JRUPiIFLY SHUVSHNWLYLNXV HOWHUMHGpPVL WHU<OHW|
WpUNpSpKHUDW 3pFV 0(&6(.e5& =UWN-QUD&VWiU 3pFV 5

9] .RQUIG *\ $ PHFVHNL SHUPRWULIV] NpS] GPpQ\I
szerkezeti helyzetext 6] DNpUW L 7DQXOPIQ\ 5DGLRDNWtY +XOO
RHK-N-012/23, 222 p.

[10] .yERU 0 '|YpQ\L * .RYIiFV * :yUXP * &V|QG|U
(GEOMEGA Kft.) (2025): A NyugatOHEVHN GpOL pV Q\XJDWXOHOPWHU |
UHIOH[LYV V]HL]JPLNXV YL]VJiODWiUyO PpUpV DGDYV
PUWHOPH]pV gVV]HLRJIODON NHOHQWpYDWWiU 3DNV

[11] BHEH . HY 6DLG ' :iJHQKRIIHU $ +iPRV * OHF

/ 6RPRGL * % JpUE . PpU .IW .RQUIG *\ OpUFH %

IHRWHNWRQLNDL IRO\DPDWRN DODNXOiVD D %$)
PLRFpQ:tyWIDUDW 5+. .IW -NDDIG. 5+.
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6]iIOOtWiVL LUIQ\RN HIOBA W HOHFMHY UpWHJIVR

Analysis of the sediment transport in the Permian Formations, Mecsek Mts

MAROSGYULAL, He - $GE % 255 LANTOSZ 2/7 E , MARKOS G E % 25 PALOTAI M E572% K 215E 'GYULA?

16]DEiO\R]JRWW 7HYpNHQ\VpJHN )HO*J\HOHWL +DWyViJD 6=7)+ MR
2NXWDWy

XWDWiVDLQN VeEdseklD DQXWIDNMO LQiOLYV pV D *RULFDL EORNN
PpO\I~UIVRNEDQ HO IRUGXOy SHUP pV DOVy WULiIV] NpS] GPp¢
. YiJyV] O VL +RPRNN )RUPiFLy pV D -DNDEKHJ\L +RPRNN )RUPIF
Ibafa, Ib4, a Boda, BAR pV DQQDN IR O\W DBAF BB, Nglapnint PRoda, BAR |~ UiV
PDJDQ\DJiW PDJV]NHQQHOW+N ,PD*HR PDJV]NHQQHUUHO $] tJ\
VIRIWYHUUHO pUWpNRDOWYN iPOWD® P pBWR DNXV]WLNXV O\XNIDOW
HUHGHWL WpPUEHOL KHO\]JHW+sNEH IRUJDWWXN (PHOOHWW WHUHS
YRUPiFLY 10KFDVWNL IHOWiUiVDLEDQ

$ PXQNIQN VRUIQ J\&MW|WW I|OGWDQL DGDWRNDW UpWHJG C
pV SyOXVV&U&VpJL GLDJUDPRNRQ iEUI]JROWXN DOVy IpOJ|PE YHV
HORV]OiViQDN PpO\ASROHJIp3pDM UIVPRENRQ HOHPH]WeN $ PpUp)\
IHOWiUiVRNEDQt®NVKQDJIY\DIJUWQGE& Pt}HIVHARIWRIREPWDHIP]YH WI|E
RULHQWiIOW DGDWWDO V]iPROWXQN (QQHN N|[YHWNH]JWpPEHQ D
PXWDWQDN D N|YHWNH]WHWpPVEHQ OHYRQW | EE LUIQ\RN VWDWL

$ KHO\L Yt]VILQWHVHQ OHUDNRGY UpWHJHNKH] NpSHVW G C
OpWUHM|WWH iUDPOy N|]JHJEHQ W|UWpPQ <OHGPNNpS] GpVW MH«
*OHGPNV]iOOtWiV LUIQ\iW $ ERQ\ROXOW V]HUNH]HWIHMO GpVL
OH*OHSHGpPVL KHO\JHWEH iOOtWiVD NLKtYiVRNDW UHMW IHODGD\
ILQRPV]HP& IHOWHKHW HQ HUHGHWLOHJ LV Yt]JVILQWHVHQ OH:
Yt]JVILQWHVEH ELOOHQWpVH D NHUHV]WOHPH]HNHW LV HUHGHWL
UHJLRQIOLV VHOWYNHNWHEUBOOOtWiViYDO OHKHW D] HUHGHWL
-HOHQ HOHP]pV*QNEHQ PLQGNpPW PyGV]JHUUHO PHJNtVPUHOWe+N D]

$ %RGDL $J\DJN )RUPIFLYEDQ D I~UiVRNEDQ D NHUHV]WL
PLOOLPpWHUHV NHUHV]WODPLQiFLYW MHOHQW $] HJHN DODSMiQ
GLYHU] HORV]OiVW PXWDWQDN $ OHJJ\DNRULEE V]iOOtWiVL LUi
N[]p HY OLQGHQ YDOyV]tQ&VpJ VIHULQW D Wy YDJ\ WDYDN IHOW
LUIQ\RNEYyO W|UWpQW GH OHJJ\DNUDEEDQ '. IHO O

$ . YiJyV] O VL +RPRNN )RUPiFLY WHUHSL IHOWiUiVDLEyO D N
PpUPpVHNHW VLNHU<OW D] HJ\HV WDJR]JDWRNKR] V W DJRQ EHO-
NJ[WQL $ %DNRQ\DL 7DJRIDW-ROW} ODXWiV/ VE1PXWDW QpKiQ\ DGD
N[]pSV UpV]H VRN DGDWEyYyO HOpJ V]yUW -HORBU JOREW. PIQVIEW PG
$] HORV]OiV PD[LPXPD .e. $ %DNRQ\DL 7DJRIDWi O-0OW i Wip \ 1LH QVYE |
NL DOiUHQGHQ@WHQQD IV PHIMHOHQLN $ 7|WW]|VL 7DJR]DW IHOV
H]JHN V]JLQWH PLQG WHOMHVHQ N+O|QE|] LUIQ\W PXWDWQDN HO |
UpV]H NHYpV D-GDDMMDIOUI®\'DO MHOHQWNH]LN -D MWD QRWD W XW DW
NHYpV DGDWEYO

$ . YiJyV] O VL )RUPiFLY I~UiVRV pAOBP JJp\MiVHE D] WeBY tWRWW R

adatokat. ABAF 1~UiVEDQ D] P@HGpW IDOGWUNH]HWL YLVV]DELOOHQWp\
0tJ D] HO EELYHO W|EEVpJpEHQLWMV]XYWHEL YEEHRNMAHPWHQ e
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DOIUHQGHOW K@ VHNHW bMNDIWHXYNHVIHWPEHQ PLQGNpPW -iPyyGV]HUUL
PD[LPXP~ HORV]OiVW NDSWXQN

$ -DNDEKHJ\L +RPRNN )RUPiIFLYW FVDN I~UIiVEDQ WDQXOPIiC
NHYHUW GH W}IEBVpVHIEOHOQWEVL LUIQ\RNDW OiWXQN DPHO\HW D
HI\pUWHOP&HKQVVGYOBNLUIQ\RN YIOWDQDN IHO

OLQGH]HN DODSMiQ DUUD N|YHWNH]JWHWpPVUH MXWRWWXQN
JRUPIFLYNEDQ D] *OHGpPNV]iOOtWiV LUIiQ\D D NpS] GPpQ\HN ILDW!
IRNR]JDWRVDQ GpOL GpONHOHWL LUIQ\~Yi YIiOW 1pPL EL]JRQ\WDO
$J\DJN )RUPIFLYEYyO V]yUYiQ\RVDQ NDSRWW I~UiVL DGDWRN L\
GUDV]WLNXV PHJYIOWR]JiVIQDN LGHMH D . YiJyV] O VL +RPRNN
-DNDEKHJ\L +RPRNN )RUPNF D «DON\SH WpWlp QBEHMpUH WHKHW 0
NI[YHWNH]WHWpPVHN LV OHYRQKDWYN OLYHO +OHGpNJA&MW QN
LUIQ\EDQ KDQHP GpO IHOp LV LIJDJROKDWYy LWW V]iUD]I|OG
V]IiPROQXQN
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Paeofluidum-PLJUIFLYV Q\RPRNBFI\EKNDWHU OHWPQ

Traces of Paleofluid Migration in the Western Mecsek Mountains
HRABOVSZKI ERVIN'?, SCHUBERTF e/,
16]HJHGL 7XGRPiQ\HJ\HWHP *HROyYyJLD 7DQV]pN 6]HJHG

ervin.hrabovszki@geo-szeged.huschubert@geo-szeged.hu
22HEUHFHQL (J\HWNP)|EGEWIDOL 7DQV]pN 'HEUHFHQ

Abstract

This study focuses on the investigation of mineral veins hosted by the Bayktdde Formation and the
overlying and underlying lithostratigraphic unitgs WKH . YiJyV] O V 6DQGVWRQH DQG WKH &\
in the Western Mecsek region, Hungary.

By analysing vein microstructures, mineralogy, and geochemical characteristiceséfaech aims to
understand better how deformation and flm@ration processes have shaped these geological formations. The
results provide insight into the relative chronology of deformation and paleofluid migration events in the area.

Samples were obtained from boreholes BATBAF 2, BAF8, BAF8A, and BAF#4. Petrographic
investigations of vein cements were carried out using optical and cathodoluminescence microscopy, as well as
Raman microspectroscopy at the Department of Geology, University of Szeged. Scanning electron microscopy
(SE, BSE, EDS) was performed with a Hitachd B0 FE instrument. Stable carbon and oxygen isotope
compositions and fluid inclusion microthermometric data were determined on samples from borehete BAF
Additionally, clumped and strontium isotope analyses were performed on samples from thg, BAF 83,

BAF 8A, and BAF# boreholes. The isotope measurements were conducted at theRBNNnstitute for
Nuclear Research in Debrecen.

Four distinct vein generations were identified in the Boda Claystone fBABRssociated with different
tectonic and fluigflow events:

(1) diagenetic, oW HFW R Qi-FRRRIQNW HLQV

(2) planar, extensiorelated veins linked to advective migration of badémived brines;

(3) en echelon veins formed during a compressional phase, with diftmndrolled cementation; and

(4) hydraulic breccia veins reflecting the influx of meteoric fluids.

Calcite is the dominant cement, with albite common in older generations, and minor occurrences of anhydrite,
EDULWH DQG FHOHVWLQH “TXDUW] VXOSKLGHV )OXLG LQROXVLRQV
mostly between 106 f& H[FHSW IRU EYHF&LD YHLQV

In boreholes BARS, 8BA, and #, two additional vein generations occur: thick (>5 cm) anhysdrite
dolomite veins and craegeal veins with stretched calcite crystals. Fluid inclusiorn=(70+ f& DQG /in2
data suggest precipitation from basinal brines, while the eaakveins record mixing between basinal and
meteoric fluids.

In the Cserdi Formation (BAR), thin (<0.5 cm) straight veins composed of quartz and dolomite indicate
syntaxial growth along open fractures under advective fluid flow, with clumped isdéoped precipitation
temperatures of ~160 f& &RQYHUVHO\ LQ WKH . YiJyyfiregdinéD®QIGY WRQH %
dolomite, barite, and quartdilled veins (3% mm thick) also reflect syntaxial growth and advective flow
(~90x f& /in& DQG nm6U nl6U GDWD GHPRQVWUDWH WKDW WKH YHLQ'
differ genetically from those of the Boda Claystone.

This research was supported andhatized by the Public Limited Company for Radioactive Waste
Management (RHK Kft.) and funded by the OTKA PD23 147180 project.
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gVV]HIRJODOY

-HOHQ WDQXORDMUFEBHINXWPUWNPIpEHQ WDOIOKDWY %RGDL $J\DJN EHC
WHOHS+<O NpS] GPpQVHNBHQRUPIFLYEDQ pV D . YiJRPWP K HCOHOR AR XN B
HUHN YL]VJiODWiUD |[VV]SRQWRVtW $] HUHN PLNURV]JHUNH]JHWpPQHN iV
D NXWDWiV FpOMD DQQDN IHOWiIUiVD KRJ\ D N¢O|QE|] V]J]HUNH]HWDOI
IRUPIiOWiIN D V]yEDQ IRUJy I|OGWDQL NpS] GPpQ\HNHW $] HUHGPp
aNyugai OHFVHN WpUVpJpQHN GHIRUALFUYAL pV SDBPRQOKLEKY UHODWLtY LG

$ YL]VJi OQMN PR @BAF2, BAFS, BAF+ $ pV %$)~UiVRNEYO V]iUPD]QDN $] pUF
SHWURJUIILDL YL]VJIODWD SRODUL]iIFLYV pVv NDWYyGOXPLQHV]FHC
PLNURVSHNWURV]NYSSDO W|UWpQW D 6=7( *HROyJLD 7DQV]pNpQ 3iV]
Hitachi S )( 6( %6( ('6 EHUHQGH]pVVHO NIUNFEYRQN]iBPB$Y PLQWIiNRG
VIp@V R[LIpGQVMWWPWHOW YDODPLQW IOXLGXP]iUYiQ\ PLNURWHUPRF
A BAT ¥4, BAF8B, BAF£ $ pV %$)~UiPRRPWILQ HIHQ 10« U WNDRFNRPW]IRWYSRYV H(
NpV]*OWHN $ IOCXLPXROIDWIRNDW D 6=7( *HROyJLD 7DQV]pNpQ YpJH]W-
a debreceni HUN5 (1 $WRPPDJNXWDWy ,QWp]HWEHQ W|UWpQWHN

$ %RGDL $J\DANI~-WHJIEDQ QpJ\ N<O|QE|] WHNWRQLNDL pV IOXLG
NJ[WKHW pUJHQHUiFLY DJRQRVtWKDWy

GLDJHQHWLNXV DWH N WdR&-dneV \HUH G HHAW & RQIHNRYV A

HIWHQ]LYV WHNWRQLNDL UH]VLPEHQ NLDODNXOW HJ\HQHV HUH
DGYHNWtY PLIJUIFLYMiKR] NJWKHW

NRPSUHVV]LYV Ii]JLVEDQ NpS] G|[WW HQ HFKHORQ HOUHQGH]pV&

IRO\DPDWRN HUHGPpQ\H YDODPLQW

(4) hidraulikus breccsidH UHN DPHO\HN PHWHRULNXY HUHGHW& IOXLGXPRN MH
$] HUHNHW G|QW HQ NDOFLW W|OWL NL D] LG VHEE JHQHUIFLYNEDQ J\
pV FIOHWYWODLWF V]XOILGRN MHOHQLN PHJ $ NDOFLWEDQ PpUW IOXLGX
(Th MHOOHPH H®& N|]p HVLN NLYpYH D EHUHfRSF WD WINHNNHWHORR®O] N

ABAFS, % pV %S$)~UIVRNEDQ D %RGDL $J\DJN EHQ NpW WRYIEEL
(JHN N|]p WDUWR]GRN) dhidriB® RR@RBPLW NLW |O Wgractkshal" YFDLONWARNG WU N HA H W &
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Abstract

The geological research aimed to develop a methodological framework suitable for mapping the
distribution, thickness, and hydrogeological parameters of Quaternary, Pliocene, and Late Miocene (Pannonian)
clay formations with favorable aquitard properties, using a combination of geophysical and geotechnical
measurement techniques. Within this framework, various methods applicable for determining the hydraulic
conductivity of clayey sediments were compared antuated regarding their applicability and limitations.

Field investigations were carried out in Tolna County, within the administrative areas of Tengelic and
Fadd, in the vicinity of Tengelit6] O KHJ\

Along three measurement profiles, a total length 88 m of seismic and electromagnetic radio
magnetotelluric (RMTR) measurements and 4512 m of direct current electrical resistivity (ERT) measurements
were completed. Following the surface geophysical surveys, six core drillings, three supplementary spiral
borings, and seven shallow spiral borings were executed with final depths ranging between 15 m and 30.32 m,
totaling 233.55 m of drilling length.

Additionally, engineeringgeophysical sondings with hydraulic profiling (HEIPT) were performed to
depths ©24.51:80.31 m (166.75 m total length), and eight garassisted cone penetration tests (GCPT) were
carried out to depths of 17482.80 m (148.50 m total length).

ERT and RMTR measurements identified four (30 P + P + P + P
200+ P DQG WKUHR +t P % P ZLWK ORFDO SHDNV XS WR P
intervals, respectively. ERT sections penetrated approximatély B deeper than EM surveys, which were
interpretable down to ~25 m. Nesurface low resistivity Maies corresponded to firgrained, clayey sediments,
while higher resistivities indicated coarser, sathogssic deposits. The combined application of methods
enabled more reliable layer boundary identification and improved spatial resolution of sediment heterogeneities.

The interpreted 2D-ZDYH VHLVPLF UHIOHFWLRQ SURILOHV $3$371 DQG % %9 |
3DQQRQLDQ VDQG\ IRUPDWLRQV EHORQJLQJ WR WKH OMIDOX )RUPDWL
Lake Pannon. These surveys also revealed tectorid/eU X FW XULQJ UHODWHG WR WKH %RQ\
postPannonian activity was traceable on the distinct reflections marking the Pannonian top surface.

With the help of the borehole sondings inversion analyses were applied, which delineated stratigraphic
subdivisions and layer classifications. The results revealed the presence of yowsgrfaearsandy and silt
rich covers overlying fluvial, predominantly floodpldiacies clayey sequences toward the eastern, Danube
facing parts of the area, with locally thick channel deposits. Natural gamma (GAM) logs effectively
distinguished clayich and sandy horizons, allowing more detailed lithological interpretation. Evaluation of
resistivity (RES) data indicated that nearface variations were strongly influenced by moisture content, while
correlations were more stable within saturated zones.

Postdrilling geological documentation identified the following formations: rmaface Quaternary
deposits including dry aeolian satokess mixtures, loess, sandy loess, loessy clay, slope deposits, floodplain
sediments, and channel fills; at greater depths, the Tengelic Red Clay Formation and Pannonian sands were
encountered. Stratigraphic and genetic unit boundaries occasionally showed minor discrepancies between
borehole and geophysical interpretations; however, the main formation boundaries on seismic and ERT profiles
corresponded well with borehole data, supporting geological interpretation.
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The Tengelic Red Clay Formation was encountered in the western and southwestern elevated parts of the
VWXG\ DUHD ERUHKROHV )70 )70 )70 DQG DERYH WKH %RQ\KiG )DX
m. It rests on Pannonian sands and is overlain by aeolian and fluvial sediments, while its presence was not
confirmed in the lowetying areas. Overall, the subsurface sequence is dominated by Plbtssmcene
formations, including the Tengelic Red Clay and its aeolian cover, the Paksi Loess Formation. These are overlain
by proluvialfleluvial clayey and sandy slope deposits, loessicd covers, and locally by floodplain and
channel sediments in the eastern part of the study area.

The integration of surface geophysical measurements, borehole data, and laboratory analyses indicates
that the various genetically distinct clayey formations form laterally extensive, thick aquitard bodies with
favorable lowpermeability characteristics, particularly in the western and southwestern parts of the study area.

This summary has been prepared based on the-RIGE5/25 report.

Keywords: Tengelia6] O KHJ\ \RXQJ VHGLPHQWY FOD\ IRUPDWLRQV
genetic interpretation, geological and geophysical investigations, Tengelic Red Clay
Formation
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Abstract

This study presents the results of laboratmaged geotechnical analyses and feadle hydrodynamic
tests carried out within the frameworktbe project. The primary objective of the laboratory investigations was
to characterize, in detail, the geotechnical and hydrogeological properties of the geological formations
encountered in borehole profiles across the study area. The laboratory programme included the determination of
water content, dry and wet bulk density, void ratio and porosity, complemented by soil identification tests such
as particlesize distribution and Atterberg limits.

Beyond the assessment of general soil mechanical parameters, particular emphasis was placed on
evaluating the hydraulic barrier properties of eteph formations occurring in the area. To this end, laboratory
hydraulic conductivity (Kvalue) tests were performed, accompanied by-fialsed infiltration measurements.

For the interpretation of results, a classification system was developed that simultaneously incorporates
geological characteristics and geotechnical parameters. This integrated approach enables the spatial extrapolation
of boreholederived information and supports both hydrogeological modelling and engingeoiapical
decisionmaking.

The findings contribute to a more detailed understanding of younggrfaieed sedimentary formations,
with special regard to the parameters controlling subsurface water movement and the behaviour of aquitard
layers.
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Abstract

The karst of the Western Mecsek Mts. lies on an anticline. Its drainage area is built up oft\idele
Triassic siliciclastics, Middle Triassic carbonates and various Miocene sediments. Large part of the area is
covered by loess in a varying but considerable thickness.

Though in the geological past several time intervals had conditions favourable for karstification, to our
knowledge the karst system is controlled by the young valley network evolution and by the modern climate.
Accordingly, karst features include collapse and solution dolines on the surface and typical cold water, vadose
zone, comparatively small caves in the subsurface. Still, these caves provide a possibility to reconstruct periods
of karstification.

The present project aimed at describing the morphology, speleothems and infills of caves in the Western
Mecsek, assessing their age, reveal the evolution history of the caves and provide data on the uplift of the range.
The age of allochtonous sediments was studied with cosmogenic nuclides and luminescence methods, while that
of speleothems with {deries measurements.

Samples were collected from 14 caves and numerous surface outcrops. Samples represent modern and
fossile valley floor sinkholes, spring caves and slikdtcaves on plateaus as well.

Very few paleokarst cavities were known in the area previously. Some cave research reports suggested
old ages for some caves or cave segments, however, they have not been dated yet. The present work proved that
karst cavities existed as early as the Early Miocene; their connection to the modern karst system is unknown
though.

The position of cave sediments indicated that caves became filled up multiple times, then the sediment
got washed out of the conduits. Based on the burial age of the oldest sediments collected form a recent cave, the
modern karst system had active conduits that transported water and sediment at least ~2.5 Ma ago. Loess
washing into the caves is typical of the past few hundred thousand years. The formation time of speleothems
does not show an obvious connection either to their appearance (fresh or weathered) or to their elevation above
the karst water table. Stable isotope investigations of flowstones indicated continuous speleothem precipitation
both in cold and arid and in mild and humid periods.

The largest tufa accumulations were dated to the latest Pleistocene and to the Holocene.

Results referred to a slow (~P® m/Ma) uplift of the area, and the process could not be subdivided into
intervals. Karst water table experienced significant temporary and often local changes, caused by climatic and
local factors (e.g. clogging of conduits).

gVV]HIRJODOY
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$ EDUODQJL NLW|OWpVHN KHO\]JHWH DODSMiQ D PDL EDUODQJRN W
W&QLN MHOOHP] QHN $ OHJLG VHEE MHOHQOHJ LV DNWtY EDUODQJEL
NDUVJWUHQGV]HU PiU OHJDOIEE a PLOOLY pYH KRUGDOpPNV]iOOtWy
OHJDOIEE D] XWROVy QpKiQ\ V]i]JHJHU pYUH MHOOHP] IRO\DPDW $ F\
[VV]HI*JJpVEHQ VHP D PHIJMHOHQpPV+NNHO +GH YDJ\ YLVVIDROGRWW V
$ FVHSSN|YHNE O NpV]OW VWDELOL]JRWYSRV YL]V-NDPDWRNPD®® SMiQ
FVDSDGpNRVDEE pV PHOHJHEE LG VIDNRNEDQ IRO\DPDWRYV YROW D FVH

$ OHJQDJ\REEHPpMIWGEXDiVRN D NRUPHJKDWiUR]JIVRN DODSMiQ D
KRORFPQEHQ NpS] GWHN

$ NDSRWW HUHGPpPQ\HN DODSMiQ D ND R0 NN} srakaszdkraNneid PH O N H G
ERQWKDWyY $ NDUV]WYt] VILQWMpPEHQ NRPRO\ LG VI[DNRV pV VRN HVH
NOLPDWLNXV pV KHO\L SO MiUDWRN HOW|P GpVH RNDL OHKHWWHN

.XOFVV]DYDN OHFVHN NDUV]WIHMO GpV NLHPHONHGpPV NU

%HYH]JHWpV

$ MHOHQ NXWDWPHFPEMD DNQAXYJPW IRVV]LOLY EDUODQJIMiUD\
FVHSSN NpS] GPpQ\HLQHN pV NLW|OWpPVPQHN OHtUiIVD pV NRUIQEL
PDMG H]HQ DGDWRN DODSMiQ D WHU+OHW NDUV]WRV IHMO G|
NLHPHONHGpPVL *sWHPPQHN V]iPV]JHU&VtWpVH YROW

9L]VIIOW WHU<OHW

A nyugatmecseki karszt a Nyugdd HFVHN DQWLNOLQIOLVIiQ KHO\H]JNHGLN
[|OGWDQL IHOptS{VWwSWp EMQLD\AWY]LOLFLNODV]WRYV N JHWHN N|]pSV
*OHGpNHV |VV]JOHWHN YHV]QHN UpV]W $ WHU*OHWHW YiOWR]y
MHOHQW V YDVWDJVIJEDQ IHGL O]|V]

OyGV]HUHN

$ NXWDWiV VRUIQ IHOV]tQHQ pV IHOV]tQ DODWW iEQBV]W+QN \
V]iPRV IHOV]tQL KHO\V]tQUp® BVEMB\E NVRL-@W i NOMG pINPLQWIiN NpSYL
HJ\NRUL Y|OJ\WDOSL Q\HO NHW $FKLOOHV 3LHWUy 7ULy 6SLU
(Abaligetr SNiFRV ONQODKN .LVSDSOLND 9t]l pV D ]JVRPERO\V]HU& ¢
ODV]HN 9|UPHWHDWNDGiIV $ EDUO D QA Lcirk@nHUGEN H\R NPRRUIPD .LJRW Y SF
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OXPLQHV]HFHQV pV VOpQ\WDQL PyGV]JHUHNNHO Ds&&HSSN NpS]
3E pV UDGLRNDUERQ PYyGV]HUUHO YL]VJIOWXN $7 FDHIE@ R W SR G
YL]VJIODWRW LV DONDOPD]JWXQN
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1 iIEUD $ EDUODQJL PLQWDYpWHOHN KHO\V]tQHL

(UHGPPQ\HN
$] HUHGPpQ\HNHW UpV]OHWHVHQ D N)WikjdabéL MHOHQWpPV 6H

( PXQND HO WW D OHFVHN WHU<OHWpU O QDJ\RQ NHYpV SDC
NRUIEEL EDUODQJNXWDWiVL MHOHQWpPVHN XWDOQDN QpKiQ\ EDL
NRUROiVD DJRQEDQ PLQGH]LGiILJ QHP W|UWpQW PHJ -HOHQ N.
GRNXPHQWIiOWXQN pV YL]VJIiOWXQN $ PXQND VRUIQ VLNHU-OW
PLRFpQ VRUIQ LV OpWH]WHN NDUV]WRV «UHJHN (JHN MHOOHJeN
UpWHJODSRN pV W|UpVHN PHQWpPQ NHOHWNH]JWHN D YDGY]XV ]y
YiOWR]DWRVDEEDN D J\DNRUL O{N[]p¥VY [N VDRV D P PRIFOGH W VY N R
YiOWR]DWRV DJ\DJRNDW pV YXONiQL WXIiINDW WDOIOWXQN EHQ
HJ\PiV PHOOHWW QDJ\RQ HOWpU NRU~ NDUV]JWRV «UHJNLW|OWpV
D NDLQRJRLNXP VRUIQ W|EEV]|U NDUV]WRNRGRWW W$EEVWEBN HIR |
DNWtY OHKHWHWW

1RKD D I|OGW|UWpPpQHWL P~OWEDQ D WHU*OHW IHOV]tQL pV It
LV YROW OHKHW VpJ SO SDOHRJIJpQ PLRFpQ HGGLJL WXGiVXQ
Y|OJ\Ki-OWMAVGpV pV D UHFHQV NOtPD KDWiUR]]D PHJ HOV VRUE
XWiQURJ\iIVRV pV ROGiVRV GROLQiINDW PtJ D IHOV]tQ DODWW WL
QHP W~O QDJ\ PpUHW& EDUODQJRNDW LVPHU*QN $ NDUV]W WH
EDUODQJMiIUDWRN |[VV]HVtWHWW HORV]OiViW YL]VJiOYD HON+O|Q
OHJW|EE MiUDW \JLR)DAL. WDHOPEMEQ KHO\H]NHGLN HO pV D NDUV]V
MiUDWRN 7 |UPH O pINGIWy NL.WL OV K\RMRIMN ~ Y|U|VDJ\DJ DJ\DJ DJ\D
D EHIRJODOY N JHWHN W|UPHOpNH DONRWMD $ EDVWDIMOBRN NLYi
NpSYLVHOLN $ EHYiJyGy Y|OJ\HN PHOOHWW Y|OJ\ROGDOL YDJ\
YiOWDN H]pUW H]JHNEH MHOHQOHJ PLpUW QHP IRO\WDWYGLN D Y|
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.LV PpUHW+N HOOHQpPUH H]JHN D EDUODQJRN LV OHKHW VpJH'
UHNRQVWUXiOiVKR] $ EDUODQJL NLW|OWpVHN KHO\]JHWH DODSM
D] *OHGpN NLPRVyGiVD W&QLN MHOOHP] QHN $ OHJLG VHEE M
EHWHPHW GpVL NRUD DODSMiQ D PDL NDUVJWUHQGV]HU PiU O
MiUDWRNNDO UHQGHONH]HWW $ O|V] EHPRVyGiVD OHJDOIEE T
IRO\DPDW $ FVHSSN|YHN NpS] GpVL LGHMH OiWV]yODJ QLQFV [V
YDJ\ YLVV]DROGRWW VHP D PDL NDUV]JWYt]VILQW IHOHWWL |
VWDELOL]RWYSRV YL]VJiODWRN DWQDUEMiP LD GV B UROBIS\DHID PR Q@ GEE
LG VIDNRNEDQ IRO\DPDWRV YROW D FVHSSN NpS] GpV $ QHPN
HOWHUMHGpPVH DODSMiQ D QHJ\HGLG VIDNEDQ MHOHQW V YiOWR]

YHOV]tQL NDUV]WRYV NpS] GPpQ\NpQW D PpV]WXIiN YLV]RQ\OD.
HO IRUGXOiIVRN D NRUPHJKDWiUR]JiIVRN DODSMiQ D SOHLV]WRFp
PpVJWXIiN NLYiOiVD J\RUVDQ W|UWpQW D] pJKDMODW FVDSD
PpV]JWXIDNpS] GpVW

$ NRUPHJKDWIiUR]iVL HUHGPpQ\HN DODSMiIiQ D NDUV]WWHU-+OH

PP HJHU pY V]DNDV]RNUD QHP ERQWKDWyY $ NDUV]JWYt] VILQV
ORNiOLV YiOWR]iVRN W|UWpPpQKHWWHN PHO\QHN NOLPDWLNXV pV

JV]|IQHWQ\LOYiQtWiV

$ NXWDWiV WiPRIJDWyYL D 5DGLRDNWtY +XOODGpPNRNDW .H]HC
). pV 07$ .*\1. SiO\i]DW

Irodalom

[1] SEBE K., RuszkiCzAY-Rh',*(5 ZS., BAUER M., CsILLAG G. 2023: A nyugaimecseki
NDUVIWWHU+OHW IHMO GpVW|UW p Q.HAKopQ HUNEM MN INHFO WU
$GDWWiU 3pFV S
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A .(&6.(0e7,KMB-T-1*(27(50,.86 .07 )g/'7$1, 7$18/6E*EGY
,19(57E/7 0,2&el E52.

Geological inferences from geothermal well KMBT- LQ .HFVNHPpW DC
inverted Miocene extensional graben

ZALAI Z61),$,C6,86EPEAME7+&2/7E%

! Rotaqua Kift. (zalai.zsofia@rotaqua.hu),
’Rotaqua Kft. (csicsak.pal@rotaqua.hu),
’0(&6(.e5& =UW PDWKH]ROWDQ#PHFVHNHUF KX

Abstract

The KMB-T-1 geothermal exploration well was drilled to a depth of 3,332 m on the outskirts of
.HFVNHPpW B8QIRUWXQDWHO\ WKH ZHOO zZDV GU\ IURP D JHRWKHUPDO
geological findings: starting at 1625 m, the drilled stratigraphy deviated from the expected stratigraphy and did
not reach any formations that could be identified as crystalline bedrock. According to the primary petrological
description, the well intersected a sequence composed of sandstone and conglomerate, in which tuff levels also
appear. In order to identify this sequence, microscopic grain analysis, paleontological and Raman spectroscopic
examinations were performed on several cuttings. Furthermore, six 2D seismic sections were reprocessed to
understand the broader tectonic situation. Based on these investigations and seismic interpretation, a Miocene
transtensional basin was identified, which is presumably filled with sediments that formed in a fluvial
environment. Based on the geometry of the sediments at the edge of the basin, a partial inversion of the basin is
also likely. In light of these new resultbe Haas basement map (Haas et al. 2014) needs to be revised in the area
VRXWK RI .HFVNHPpW

gVV]HIRJODOY

A KMB-T- JHRWHUPLNXV NXWDWyl~UiV .HFVN+HPp W KD yOE DY LPIp O « D
JHRWHUPLNXV VIJHPSRQWEYO PHGG QHN EL]JRQ\XOW GH I|[OGWDQL V]HP:
1625mW O NH]GYH HOWpPUW D YiUKDWy UpWHJVRUWYO pV HJpV]HQ D WDO!
DOM|DWWDO WXGQiQN D]RQRVtWDQL $] HOV GOHJHV N JHWWDQL OF
YiOWDNR]iVIEyO IHOpS+O UpWHJIJVRUW KDUIQWROW D I~-UiV DPLEHQ W]
PUGHNPEHQ PLNURVINYSRV V]HPFVHDQN SHMNWWHR VENDYEHRR/QW.R 0yl DW RNU
W|EE IXUDGpNPLQWiIQ 9DODPLQW D WiJDEE WHNWRQLNDL KHO\]JHW PH
~MUDIHOGROJR]iIVUD NHU<OW (JHQ YL]VJIODWRN pV D V]JHL]JPLNXV pl
PHGHQFpW VLNHU+OW KDUIQWROQL PHO\HW IHOWHKHW HQ IRO\yYt]l
PHGHQFHSHUHPL *OHGpNHN JHRPHWULIMD DODSMiQ D PHGHQFH UpV]
HUHGPpPQ\HN WeNUpEH D OMHDWWpUNpPS +DDV HW DO UHDPEXOiO
WpUVpPJEHQ

Kulcsszay DN JHRWHUPLNXV NXWDWiV GU\ KROH DQDO\VLV PLI
UHDPEXOIiFLY
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A KMB-T-l-es geotermikus
NXWDWyl~UiV PIiUFLXVD p)
N|]J[WW NHU<OW NLYLWHOH]pVU
.HFVNHPpW KDWIUIEDQ D 1]|0C
IHOKDV]QiOiVIQDN FpOMIiEyO $

*-RV Yt] NLWHUPHOpPVH YI
WHUYH]HWW PpWHUHV W
HOpUpVpPW N|YHW HQ D YiUKEC
UpWHJVRU PLDWW pV D PHJIH
KLIQVIEDQ D N~W WRYIiEE PpO\t
G|QW|WWHN $ N~W YpJV WD
3332mEHQ pUWH HO $ N~WEDQ P
QHP NHUOW VRU $ I~UIV VR
NI]YHW HQ D I~Uy-@®WNXNEDP® 963
UpV]J]OHWHYV O\XNJHRIL]JLNDL
Q\RPiV pV K PRUYWPWWHWDODPLC
PpO\VpJL pV IHOV]tQL Yt]PL
YpJH]WHN $ N~WNLNpS]pVW
N~-WWHV]WHN PHIPXWDWWIiN
WDOSK PpUVpPNOHW NHOO HQ

f&# P GH D IRUPiFLyYy Qt
UHQGHONH]LN PHJIHOHO l
SDUDPpWHUHNNHO
$ QHIDWtY NLPHQHWHO pV L
WHOMHVHQ HOWpU UpWHJVR
dry hole analysisHOYpJ]pVH PHOOF}
GIQW|WW-+QN (QQHN IRO\D
VIHL]PLNXV VIHOYpQ
~MUDIHOGROJR]iVD - IXUDGPN
iVYiQpVY N JHWWDQL YL]VJiO
PDJUDNWIUEYO W|UWpPQ PLC
pvV N ]JHWWDQL |[VV]HKDVRQO
NpV]sOW

1 iEUD $T-0%-UiV YiUKDWy pV YDOy}
UpWHJVRUD $ YDOyYV UpWHJVRU H\
OLWROYJLIW tUWXWQE RH]GYHPO'



9iUKDWY UpWHJVRU pV YDOyYV I~UW UpWHJVRU

$ I~UiV WHUYH]pVHNRU D P-8\B N U U-HU i W DUDpi\® K DWR/U DH YR O .
DQDOYJLIW $ I~UiIVSRQW D] $0SiU ' V]IHL]PLNXV PpUpVL W|PE p\
DGDWW|PE|Q pV EHYHWtWHWW ' V]JHL]JPLNXV V]JHOYpQ\HNHQ NRP
NLMHO|OpVpW PHJHO ] HQ $ V]JHL]PLNIQ OiWRWW V]HL]PLNXV
VIHUNH]HWI|OGWDQL pUW+kedm.B3pdvaldpQrott P iRAK]DWRW WIDNVBIJVRUW  $
HO JHWHV HOHP]pV HOOHOQHUYHN-+WI il UMR UIQWB JMRODNH]G Pid' D
YiUDNR]JiIVRNWyO WHORNHVHNQ CHOMFM WiVRN.0WpWHIVRHEQRBON YLV]R
OLWROYJLIW ILADHOHFERHQY PYMPOpPOWHW M+ N

)XUDGpNYL]VJiODW V]HPFVH DQDOt]JLV

$ NDURWIi]V V]JHOYpPpQ\HNHQ pV D IXUDGpNPLQWiIiN DODSMiQ
|I~UDGpPNV]HPFVPLQ N JHW pV iVYiQ\WDQL YL]VJIODWRNDW YpJH]W

$ VJWHUHRPLNURV]NYSRV YL]VJiODW DODSMiQ D V]HPFVpNUF
]JJOGHV IHKpU V]tQ $ V]HPFVpN YiOWR]yDQ ERQWRWWDN iWD
NDUERQIWRVRGWDN $ NHYpVEp ERQWRWW V]JHPFVpNUH MHOOHF
iuUQ\DODW D] HU VHEEHQ iWDODNXOWDNUD $ YL]VJiOW V]HPEVpI
LVPHUKHW N IHO PHJOHS PYyGRQ D PiV WpUVpJHN SO OHFVHN
YiOWR]y PpUHW& ELRWLW NULVWiO\RN VHP DJRQRVtWKDWYN $ \
DJRQRVtWRWW V]HPFVpNE O NpV]tWHWW YpNRQ\FVLV]JRODWRN SR
HOV GOHJHV iVYiQ\ Ii]JLVRNDW PXWDWWD NL NYDUF [|OGSiW
NDUERQIWRVRGiV V]HULFLWHVHGpV DOELWRVRGiIV MHOOHP] |
NDUERQiIW DJ\DJiVYiQ\ pV «GH PiVRGODJRV I|OGSiW DXWLJpQ DC

iIEUD $] HUHGHWL ELRWLW V]LQWpQ HU VHQ iWDODNXOW E
WDUWDORPIIDISWRN7LRUPIMIEDQ YiOW NL D OHPH]JHNHQ EHO+0 $] |
PXVINRYLWUD MHOOHP] RSWLNDL MHOOHJHNHW PXWDWMiN i
HU VHQ YLOiJRV V]tQ H]pUW QHP LVPHUKHW N IHO V]DEDG V]H
YiOWR]y PpUWPNEHQ iWDODNXOW DJ\DJiVYiQ\RVRGiIV MHOOHP] L
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2 iEUD -TO%~UiV - P (UVHQ iWDODNXOW VDYDQ\~ WXID VIJHPFVH 5
IlOGSiIW .E NDUERQIiW 4 SRUItURV NYDUF .HUHV]WH]JHWW

$ OHJDOVYy MHOHQW-V YRPVWDBJINWpWHJI V]HPRHNWHRVIEPORV
SiV]Wily HOHNWURQPLNURV]NYSRV YL]VJiODWD V]LQWpQ DOiWiPI
VIHPFVPpNUH MHOOHP] D YiOWR]y PpUWpN& iWDODNXOiV DJ\DJR
VIHPFVpN DODSDQ\DJiW N JHW+sYHJ DONRWMD $ N|YHWNH] iVYiQ)
SODJLRNOIiV] V]DQLGLQ HU VHQ iWDODNXOW ELRWLW 6FKXEHUYV

$ YL]VIJIODWRN HI\pUWHOP&HQ EL]RQ\tWMiIiN D UpWHJIHN VD
N JHWWDQL MHOOHJHL PLRFpQ NRU~ WXIDUpWHJHNUH XWDOQD!
iWDODNXOiVD QHRSWHWWR pUHKKHW FONDOPDV VIHSDUIWXPRN HO

$ NpS] GPpQ\HN IXUDGpNPLQWILQDN VJWHUHRPLNURV]NYSRYV
I~UDGpNV]HPFVpN YpNRQ\FVLV]RODWRY YL]VJiODWD DODSMiQ D]
V]tQ& V]HPFVH|VV]HWpWHO& KRPRNN NRQJORPHUIWXP DOHXUL
UpWHJHN YiOWDNR]iVD pStwWL IHO . ]HWHLQHN W|UPHOpPNDOQ\L
OHWDJUIQLW .RPSOH[XP N JHWHL EiJLVRV YXONDQLWRN OHFVHN
YDODPLQW PH]R]JRRV NDUERQiIW PiUJD NpS] GPpQ\HN OHSXV]WX
YHWW PLQWIQ W|UWpPQW nVOp Q2SBDTYD; MEHP]pv79' (] DODSMiIQ D
VIHPFVpNHW D 3XV]WDV] O VL 0iUJD D 0iUpYiUL *iWpUL )RUPIFL
(JHN PHQQ\LVpJL DUIQ\DL DV]JHULQW YiOWR]QDN KRJ\ pS
OHSXV]WXOiVL WHU<OHWHW
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3 iEUD -TO%U~UiV P 9iOWR]y V]|[YHW& iVYiQ\RV |[VV]HWpWHO& pV iWlI
VIHPFVpN HUHV]WH]HWW 1LNRORV IHOYpWHOHN

$ NRQJORPHUIWXPEDQ PHJKDWiURJRWW N JHWV]HPFVpN IRUL
PHUW D I~UiVSRQW N|]JYHWOHQ N|UQ\H]HWpPEHQ V]iPRV HJ\NRUL |
1\ pV -MFVHOWIiIUW V]iOEDQ iOOy NULVWIiO\RV pV NDUERQIiWRYV
PpO\VpJN|] IXUDGpNPLQWIMIEDQ PHJKDWiUR]JyDN D YiOWR]y PpU
IVVIHWpWHOG& pV V]|[YHW& Ei]JLVRV YXONDQLW V]HPFVpN (JHQ IX
HOWpU iVYiQ\RV |[VV]HWpWHO& pV V]|YHWE& Ei]JLVRV YXONDQLW
PpO\VpJIN|]JEHQ WHOHS<O UpWHJ XUDONRGYDQ Ei]JLVRV YXONDQ
VIIOEDQ i0Oy NpS] GPpQ\ $ I~-UDGpNPLQWINEDQ YiOWR]y Pt
W|UPHOpPNDQ\DJ LV PHIJMHOHQLN DPL D UpWHJVRUEDQ N|]EHW
UpWHJHNUH XWDO $ V]JLOLFLNODV]WRV |[VV]OHWEH WHOHS+-OQH
QDJ\YDVWDJViJ~ UpWHJ|VV]OHW IRO\yYt]L NpS] GPpQ\NpQW pUWH
$] [IVV]JOHW D N JHWWDQL MHOOHJH [iFLHVH D N|]JEHWHOHS
DODSMiQ D .LVNXQKDODVL )RUPiIFLYYDO HVHWOHJ D] $ERQ\

6]HL]PLNXV pUWHOPH]pV

$] DQ\DJYL]VJIiODWL PYyGV]JHUHNHW NLHJpV]tWHWWeN V]HL]PLI
$ WHU*OHWHQ ' V]HL]JPLNXV PpUppN LIVG W D Q/ifoNFOQV Y i JGPRIL D WO KT
VIHL]JPLNXV DGDWUHQGV]HU ~MUD-NAWWBRN JRGi \PRJ W FLWY Q Ay GAH B
IHOGROJR]iVWyO D]WSBQMWRN UKRIHYWUNHYpVEpP OHV]GHN NLsUH
pV D G O UHIOH[LYN D YDOyYyV JHRPHWULDL KHO\*NUH NHU*sOQHN
$ N|[YHWNH] NEHQ EHPXWBPDWBMKN DG PIUIJUNOBURYGRQ ~MUD
VIHOYpQ\ IV D] $0SiU ' NRPSR]LW V]HOYpQ\pW PHO\ HJ
KMB-T-1-HV I~UiVWyO $] pUWHOPH]JHWOHQ V]HOYpPpQ\HQ PHJILJ
KRJ\ D] ~MUDIHOGROJR]iV KDWiViUD MDYXOW D IHOERQWiV I
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4 iEUD $] pUWHQPRYHWORQBHRIRWW ' pV D] $0SiU ' iOWDO DONRWRW

AKMB-T- 1~UiV WHUYH]pVHNRU-~iVHEWWHJIVRUiIW YHWWpN DOD
PUWHOPH]pV VRUIQ H]JHO GROJR]JWDN- $®WHYQ QALE HQVIRO i R DING MXW
NUpPWD OHFVHNMIQRVL %D]DOW ORPSB MXXP .LV~-MEiQ\DL OpV]N )]
mMD-W O NH]GYH Dles talpig),0dkkor a KMBl- UpWHJIVRUIW LV HV]JHULQW Nt
XJ\DQLV QHP OiWV]LN MHOHQW V WHN-WRBH §DHP ONMpBO | WU Vi W | 4
PHIMHOHQpPVH LV YiUKDWy YLV]JRQW D OHtUW UpWHJIJVRU DODSMi

5 iEUD $] pUWHRORW]HWMDIHOGROJR]JRWW ' pV D] $0SiU ' iOWDO DON

$ IHQWL NRPSR]JLW V]JHOYpQ\HQ W|EE MHOHQW V [|[OGWDQL V
e. UpV]pQ D ODMRVPL]VHL I~UiVRN N|]HO P YDVWDJVIiJEDQ |
VIHOYpQ\ N|]HSIR@RND WIDGDOKDWY - PE®P BGROLIPOFQYRN $ SHUHPYH
IHOIHGH]KHW HJ\ DQWLNOLQIiOLV MHOOHJ€ DRURGpY pMLHIG NE R Q
YDODPLQW D] iUNRW NLW|OW UpWHJIHN YDVWDJViJYiOWR]iVD C
KRUL]JRQWRN N|]|[WWL *OHGpNFVRPDJRN XWDO D-p@fobdaiOYHW L
(KKH] DQDOyJ V]HU N H]H Wiergdtan ist @MIips\et @ -20R0). e V] D N L

"I\ IHOp WRYIEEKDODGYD M|Q D] ~M DGDWRN DODSMiQ pUWHC
1-HV I~UiV PHJI~UW $] iURN EHOV V]JHUNH]HWH V]JHL]PLNXV IliFLH
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PV YDVWDJ }yQiWD N|}HSHW DPSOLW~GyYDO N|JHSHV IUHNYHQF
IRO\WWRQRYV UHIOH[LYNNDO MHOOHPH]KMWN|]|$YW U RSN @LAV P i UH O pE
VIHL]JPLNXV IiFLHV D] DPSOLW~GyN pV IUHNYHQFLiN DODFVRQ\LC
KDVRQOtW DUUDP ID®HQYFPEHIQ QWO RUL *OHGpNHV PLRFpQ IpOiUR
NpSpW O PHIJVIRNWXQRN V]HDJPDE®Y NpSH O9LV]JRQW KD D] DQ\L
DODSMiQ PHJIOODStWRWW IRO\yYt]L «OHGpNNpS] GpVL NJUQ\H]H\
NODVV]LNXV PLRFpQ iURN V]JHL]JPLNXV NpSH

$ UHIOH[LYN VJHUNH]JHWHQ EHO+OL YiOWR]DWRYV G OpVpE O W
(] OHIJLQNIEE IDO®.Q OiWYi-Q\FBD D KR® OHIHMH]JHWW UHIOH[LYN L
V]pOpW (EE O MHOHQW V PpUWpPN& PR]JiVUD pV HUy]LyUD OHKHMW
KDQHP D SDQQRQ UpWHJHNHW LV WHNWRQLNDL KDWiVRN pUWpN
DPL HJ\ UHIOH[LYQ\L HOYHWpVW RNR] D PLRFpQ V]JHUNH]HW IHOH
LV PHJILI\HOKHW -D VHOWRHIMHRYL "TRO\WDWyODJRVDQ pULQWHWWH
UpWHIHNHW

.RQNO~]LYy

$ WHU*OHWW O GpOUH WWDRNO KIPWM D \D V ]IL \DNKeERABIBDERER)\ D Q S X O
DPL UpV]EHQ LQY H U WEi@GyHIRWI\R CD DWW DU POVWWWQDQJL pV-NiUSiWL
GHOWD UHQGV]HU M|WW LWW OpWUH PDMG H]JW N|YHW HQ D E
WHU«OHWHW /HPEHUNRYLFV HJURNEDQ P $O NIOWRK @ RIRINV LS O
KihaD- UpWHJVRUD QDJ\RQ KDVRQOyYy OLWROyJLDWUIW pSHMH JR/RW I
NRQJORPHUiIWXP pV KRPRNN FVtNRV DOHXUROLW YDODPLW WXID

%iU D -B%I~UiV iOWDO pUW V]HUNH]HW V]JHL]PLNXV NpSH PHJ
ELJRQ\tWpNRN DODSMiQ DUUD N|YHWNHJWHWKHW+QN KRJ\ HJ\ R«
pul-DSDUW PHGHQFpW WiUWDN IHO DPL D] iURN WHWHMpQ WDOiO
LQYHUWiIOyGKDWPWRFMW FPpISDDNRPRQADIRO\DPIQ $] tdag@aMaUHM | W W
SHGLJ P$DDOQRQ UpWHJIHN UIODSROYGQDRN (WWHHN HJHWLI PMO B p.\D
KDVRQOY LGHM& UpV]OHJHV LQYHU]Ly KDWiV]iy®Q D iW|/KD® MM i O KD
WHUsOHWKH] H]pUW QHP HONpPSJHOKHWHWOHQ RO\DQ NRPSOH[ F
GLQDPLNXVDQ YiOWR]JWDN

Irodalom
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IHRWHNWRQLNXV YHW LQGLNiFLYN-KRODGROiIVD D
VIHL]PLNXV PpUpVVHO

Validation of neotectonic faults using Snvave seismic measurements on the
.HPHQHVKIW SODWHDX

K29E&GE % 2%, JENESSOMA B.13 KOROKNAIB$/E=§KE"',Z2/7E% ZENTAIZ2/7E %, C6g1'g5FERENC
M.LTi7+TAME

1Geomega Kft., 1093 Budapest Zsil u. 1. (KG: g@geomega.hu)
2(/7( %'3. )JOGUDM]L 7DQV]pN 6]RPEDWKHO\ .iURO\L * W
S3(/7( 77. *HRIL]JLNDL pV %UWXGRPIQ\L 7DQV]pN %XGDSHVW 3i]

Abstract

The seismic survey conductedRQJ WKH PDUJLQ RI WKH .HPHQHVKiIW DLPHG W
between previously identified morphological anomalies and neotectonic fault segments. The study was carried
out in summer 2025 over a 16@teter profile by ELTE and Geomega Ltd. Reflection and tomographiave
data revealed that faults are traceable up at least to the top of the Upper Pannonian sequence. Several fault
segments extend into Quaternary sediments, indicating possible Quaternary activity. The strong correspondence
between the VO RFLW\ WRPRJUDSK\ DQG UHIOHFWLRQ SURILOHV FRQILUPV W
flower structures and the wedhown tectonic style of the area suggestlettral transtensive deformation. The
spatial distribution of faults correlates with earlier neotectonic mapping and structural observations from the
3HW PLKiO\ID RXWFURS 7KH GHWHFWHG IDXOW ]JRQHY DSSHDU OLQNH
boundary of the Transdanubian Range or partly the transverse faults of Bakamgims Although differential
compaction was considered as an alternative explanation, observations do not support this hypothesis. These
UHVXOWY SURYLGH QHZ LQVLJKWY LQWR WKH WHFWRQLF DFWLYLW\ DQ

gVV]HIRJODOY

$ .HPHQHVKiIW SHUHPpPpQ YpJIHWW V]HL]PLNXV YL]VJIiODWRN FpOM
YHW LQGLNiFLYN pV QHRWHNWRQLNXYV YHW VI]HIJIPHQVHN NDSFVRODW:If
*HRPHJD .IW HJ\«-WWP&N|GpVpPEHQ Q\DUIQ PpWHUHY V]HOY
tomografikus SKXOOiP PpUpVHN HUHGPpQ\HL DODSED@R @y DA N pOHHIIDVWR B EV
NIMWKHW N $ QHJ\HGLG V]DNL *OHGpNHNEHQ LV W|EE D IHOV]tQLJ KI
DNWLYLWiVUD XWDO $ WRPRJUDILNXY VHEHVVpJHORV]OIiIV pV D UHIOH
PUWHOPH]pV KHO\HVVpJpW $ PHJILJ\HOW YLUIJVIHUNH]JHWHN pV D WHL
WUDQV]WHQI]tY PR]JJIVRNDW MHOH]QHN $ YHW N WpUEHOL HOKHO\H]NI
WpUNpPSH]pVHNNHO pV D SHW PLKiO\IDL IHOWiIiUIiVRNEDQ PHJILJ\HOW
NDSFVRODWED KR]KDWySKIBDI\XRIQWIDNL KDWIiUIiQ IXWy .RPiIURP N|UQ\
YHW UHQGV]JHUUHO $OWHUQDWtY PDJ\DUI]IDWNpQW IHOPHU*OW D GLII
QHP WIiPDVIWMiIN DOi $] HUHGPpQ\HN D WHUOHW WHNWRQLNXYVY DN
pPUWHOPH]pVpW WHV]LN OHKHW Yp

Kulcsszavak: SK XOOiP V]JHL]PLND NYDUWHU DNWLYLWiV WHNWRQ

%HYH]HW

(J\ NXWDWiVXQNDW PHJHO ] HJ\HWHPL YL]VJiODW VRUIQ >
PRUIROYJLDL YiOWR]iIVRNDW WiUW IHO D SDQQYQLDL UpWHJVRU
HJ\H]pVW PXWDWRWW > @ iOWDO WpUNpPpSH]JHWW ILDWDO YHW "
KDV]QiOW V]HL]PLNXV V]JHOYpQ\HNHQ iEUD D D]JRN PLQ VpJH
IHOV]tQLJ IHOPHUsOW WHKiW D NpUGpV KRJAHYDOREDIR Gl HIND LL
YiOWR]JiVRNDW YDJ\LV D] UpOWHWRY DV H/DIDDyDE DA YOH WRKWR Oy J |
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YL]VJiODW-BD@®WXWL UpWHIJVRUEDQ WiUWiN IHO D] HPOtWHWW
D] HVHWOHJHVHQ NLPXWDWRWW YHW N D QHJ\H@LGEKDNL UpV
IHOWiUiViUD D *HRPHJD .IW D] (/7( PXQNDWiUVDLYDO NDU|OWY
HPHQHVKiW |[VV]HV]&N<OW UpV]pQ $OVy~MODN 6] O KHJ\ pV D Up.
pV D PHOOHWWH K~]yGy UpWHNHQ D]]DO D FpOODO KRJ\ > @ |
LJD]JROIVW Q\HUMHQHN $ PpUpV VRUiQ KX O K XA DPHRINDIV M P M HX+Y
IHOYpPWHOH]pVL KHO\V]tQHIZEN QW iMOB HOHB |@HOMY |VVIHVHQ

6WU\GH JHRIRQW -HOHQ WDQXOPiQ\EKDXO @MW DPlp WO/ BIG i VWHQE B P
WRPRJUDILNXV HUHGPpPpQ\HLW PXWDWMXN EH NLV NLWHNLQWpVV

-gyhazasradoc > \
% )
—~ WAL 2585 Kamensna 5, 20
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1 iEUD D $ QHRWHNWRQLNXWV WP SHNXAK M] HKOWH QiYW ®SWHOPH]H\
E D YL]VJIOW WHU*OHW WRSRJUIILIMD D QHRWHNWRQLNXV VIJHUNH]HW!
IHOWiUiVEDQ

$ YL]VIIOW WHU«OHW PRUIROYJLIMD pV UpWHJVRUD

$ YL]VIJIOW WHU<OHW N|UQ\pNpQ D P HFHONVKIW PVONNQHOp C
HQ\KpQ G O iEUD E (OV UiQp]pVUH D SODWy DV]WDOODS VL
YiOWRJiIVRN PHJIILI\HOBHWLNi QB iEIEQ HJ\ P PDJDV SH8B0P KDW iUl
PPWHUHQNPQW D SODWYED PpO\HQ EHYiJyGy SDWDNRN Y|OJ\H V]
WHNLQWHWEHQ LV N*O|QOHJHV KRJ\ D .HPHQHVKiW LWW D OHJN
|[EO|JHW N|]W NE PpBKWWRGVOHJIJIHOVP YPWWIDIRWHPpQ\ Y|U|V D
iJ\D]yGRWWFP iWPpU M& NDYLFV PHO\ V]HPFVpPLQHN IHO*OHW
HOV]tQH] G|WW $ Y|U|V-20]a®K&VUYWHNHNWWRN V]DNtWMiN PHJ §
NJUQ\H] WHU<OHWHLQ PHJILJ\HOWHN SROLJRQIOLV HOUHQGH]p\
NDYLFVRV UpWHJVRUW SiU GHFLPpWHUHYV V]pOHVVpPJEHQ V]DNtW]I
IHOWiIUiVEDQ V]LQWpQ PHJIILI\HOKHWHW\W]BNHD WR U P iNH RW R Wi EiiM
40cmHV IDO PHQWL HOYHWpVpW RNR]y KRPRNNDO NLW|OW|WW UH
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GLVINRUGIQVDQ D =DJ\YDL )RUPiIFLY KRPRNRV DJ\DJRV «OHGpNH
PHQWpPpQ W|EE KHO\HQ IHOV]tQUH EXNNDQ

$ VIHL]JPLNXV PpUpV SDUDPpWHUHL N|U<OPpQ\HL p\

OpUpPVsQNHW M~QLXV PV M~OLXWV VNHOW pYQIKHR VWA NE D Q
MHONHOWpPVKH] D *HRPHJD .IW [ HOHNWURPRV 3RODULV TXD
YLEUIWRUIW KDV]QiOWXN PpWHd$HBYV |RYUDHMNIYRQMLDMBIDUWRPLQ\
GE PiVRGSHUFHV OLQHiULVY VZHHSSHO $KRO WHKHWWsN D KH
0G pV iEUD DKRO H] QHP YROW OHKHWVpJHV Gy]J]HU~WRQ
JHRIRQRNDW D PpUpVL V]HOYpQ\UH PHU OHJHVHQ KHO\H]WsN
HOOHQ UL]JWeN (UUH D V]iUD] pV IRUUy N|U-OPpQ\HN PLDWW YF
DQQ\LUD DODFVRQ\ YROW KRJ\ D P&V]JHUHN U|J]tWpVpKH] YDV
IQW|]pVUH YROW V]*NVpJ $ K VpJ D YLEUIWRU IRO\DPDWRV P&N
J\DNRUL iOOiVVDO YiOW OHKHW Yp D PpUpV WHOMHVtWpVH

$] HJ\HV IRUUIVSRQWRNEDQ YpJ]JHWW MHOJHUMHV]WpV V]HL
HOV VRUEDQ D WiYROL RIVIHWHNEHQ WDSDV]WDOW URVV] MHO ]
NL]iUyOoDJ D *“ P RIVIHW DGDWDLW YHWWeN ILJ\HOHPEH $ G\
IHOV]tQN|]JHOEHQ D N|]JYHWOHQ+-O DODWWD OHY UpWHJHNQpPO
HUHGPpPQ\H]HWW DPL PHJQHKH]JtWHWWH D] HOV EHpUNH]pVHN S|
PDMG D WRPRJUDILNXV V]HGKXMOHQ WWL][PIONDREB® iR/ ViJD PLD\
IHO*OHWL KXOOiPRN NHYpVEp GRPLQIOWDN D] HVai®uffatd HVHQ P
:DYH 1RLVH $WWHQXDWLRQ D IHOV]tQL ]DYDUKXOOiP J\HQJtWp
IHOGROJR]iV VRUIQ D OHJQDJ\REE NLKtYiVW -3 INDYYGVOD NPWH M
PLQpPO UpV]OHWHVHEE IHOWiUiVD MHOHQWHWWH (OV OpSpVNpC
IHOGROJR]iV VRUIQ D ANL*UHVHGHWW  WpUUpPV]HNEHQ PHJE~My
IHOGROJR]iV OpSpVL N|]*O D] DONDOPD]JRWW NRUUHNFLYN pV V]
JHRPHWULIN pUWpPNHOpPVPW pV V]iPVIHU&VtWpVpPW OHKHW Yp WHY

Szelvény menti tavolsag (m) D
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iEUD S5HIOH[LYV V]HL]PLNXV V]HOY p @ DDQ QoyuQN B Q KD WUW DO J VHIGLES Y )
[VV]JOHW V]JHUNH]HWHLYHO $ QDJ\REE QRUPiO NRPSRQHQV& YHW NHW Y
~WRQ pV UpWHQ YpJ]HWW YLEUiOiV VIDNDV]DLW OG D V]H
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$ VIHL]PLNXV VIHOYpQ\ pUWHOPH]pVH

$ UHIOH[LYV V]JHL]PLNXV V]HOYpQ\ iIEUD pUWHOPH]pVH VF
QHJ\HGLG V]DNL KDWiU pUWHOPH]pVH YROW (] D KRUL]JRQW D]RI
N E PLOOLY pYHV HUy]JLyV GLV]NRUGDQFLD V]|JGLVINRUGDQFL
UHIOH[LYL HJ\PiVVDO V]|JHW ]JiUQDN EH 0iV KHO\HNHQ D V]HOYp
ELIRQ\WWDODQDEEDYRDMWLBLIWPWHIVRU KRVV]IDQ N|YHWKHW UHIC
PpWHU HPHONHGpPpVW PXWDWQDN (] D] HPHONH GnayyobHP IRO\V
HOYHWpPVHN PHO\HN D iEUD QDJ\tWiViQ D] pUWHOPH]HWW KRU
D] DQWLWHWLNXV SiUMD HJ\*WWHVHQ QHJDWtY YLUiIJV]JHUNH]H
DODSMiQ EDORV HOWROYGiV~ WUDQV]JWHQ]JtY VJHUNH]JHWUH XWEL
PLDWW D UHIOH[LYN D VIHOYpQ\ WHWHMpPQ SRQWRVDQ D [|OGIHO"
OHNpSH] GQHN $ QHJ\HGLG V]DNL *OHGpN YDVWDJViJD D I~UiVL
DPL D VJHOYpQ\ pV]DNL SHUHPL UpV]pQ YD ODpRLIQWW B FYHONHQ \
iEUD )HOW&Q KRJ\ D QHJ\HGLG V]DNL UpWHJVRU WDOSD QHP
PXWDW MHOOHP] HQ D QDJ\REE YHW NK|] N|[WKHW HQ 7|EE S|
IRO\WDWKDWyY D QHJ\HGLG V]DNL <OHGPNEHQ LV KHO\HQNpPQYV
QHJ\HGLG V]DNL YHW HOKHO\H]NHGpVH OiWV]yODJ |VV]HI«JJ D I]
pV -QPO $ IRO\WRQRVDQ Q\RPRQ N|YHWKHW -tUHIOH[L}
HPHONHGQHN ' IHOp DPL iWV]iPROYD D -nekHeRNMpeQ. \ENie@3Mkay KRV V]
940 P N|]JW DKRO D UHIOH[LYN D NHUHV]WH]HWW Y|OJ\ IHOV]tQ
HJ\ XWyODJRV Y|OJ\NLW|OWpV KDWiVD
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iEUD $ UHIOH[LYV V]JHL]JPLNXV V]HOYpQ\ IH@S/D QQ yQH M KD W HOFHIH W

HJ\ IHOWPpWHOH]HWW Y|[OJ\NLW|OWpVVHO IHKpU NLHJpV]JtWYH D QHJ\

QRUPiO NRPSRQHQV& YHW NHW YDVWDJ D NLVHEEHNHW YpNRQ\ Q\tOC
VIDNDV]DLW OG D V]HOYpQ\ WHWHMpQ

$ JEUIQ D UHIOH[LYV V]HOYpPQ'W |FWH EHWWprNY DV DRI\ BIOWD O
HJ\ 1+JJHWOHQ WRPRJUDILNXV IHOGROJR]iIVVDO NDSWXQN $ V]tC
PUWHOPH]HWNWY BDWAYQKDWiU HJ)| GG\ pVWOIOWFREH QWK H] pV VHEH\
PV NDSFVROYGMRQ WRYIiEEi KRJ\ D] DQRPiOLVDQ DODFVRQ\
OiWKDWy KRJ\ D] HI\PiVWyO [+JJHWOHQ+O HO i{OOW DGDWUHQGV
NeO|QEVpJHW L-@PpOVEW HQ\KH -Qp® HU WHOMHV XJUiV OiWKD
ViUJD YRQDO PLQE|DG EWPEHIHW pN«WJIEEHW HWW DIIRVROYGyDC
HOWpUpV #0iWW]LN P OHDODFVRQ\RGY WpUV]tQHLQpO DKRO D |
PDUNIiQVDQ OHFV|NNHQQHN Uy]VDV]tQ (QQHN RND IHOWpWHOH]
HOYHWpPV UpYpQ IHOOD]XOW |[VV]OHW RNR]JWD VHEHVVpPJFV|NNHGC
HOPPOHWWHO $ WRPRJQQYQLP]HOYWRUWWRWDESQ ODWHUIOLV VHE
meg (pl. 250 MQpO ]|O GriaMivsl 88 rQpO Mi|OID PHO\HN W|EEVpJH D U
VIHOYpPQ\HQ pUWHOPH]JHWW YHW NK|] NJWKHW (] D NpW HJ\PiV
PXWDWy DGDWUHQGV]HU PHJHU VtWL D] pUWHOPH]pV KHO\HVVp
HOWHNLQW+*QN D PpO\HGpVHN RNRDWR P iR UNEREIDQ BiR KRW HW W MMN
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YpJJHWW JHUMHV]WpVHN DODFVRQ\DEE IHOV]tQN|]JHOL VHEHVVpJ
Uy]VDV]tQ PtJ D] ~WRQ YpJ]JHWW YLEUiOiV PRIDMDIEEY NpW\M M|
HUHGPpPQ\H] OLQGNpPW V]HOY pEQpMQi\Wi & VWKHERI\QBP ~RNR]RW W
RNRW DGy ILNWtY HOYHWpVHNHW VHP KLUWHOHQ VHEHVVpJYiOW
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E Szelvény menti tavolsag (m) D
a 0 200 400 600 800 1000 1200 1400

350, 400 450 500 550, 600 | 650 700 750

e —

120 —— = ‘I:’\’_./‘\"/
TFM .—AW' -~ - ,.—‘-N -
e ————

/->~

700 800 900 1000 1 100 1200 1300 1400 1500
Szelvény menti tavolsag (m)

iEUD $ UHIOH[LYV pV WRPRJUDILNXV V]HOYpQ\ [VVIJHYHWpVH D $ UF

pPUWHOPH]HWW #S B O\GEQID V]PNWiUUDO ViUJD pV D SDQQyQLDL |VV]OH

WRPRJUDILNXV VIHOYpQ\ D NRUIEEL YHW pUWHOPH]pVVHO pV D] ~Wi
IHOW&QWHWPpPVpPpYHO

JYHWNH]JWHWpPVHN pV NLWHNLQWpV

&pOXO W&]JW+N NL KRJ\ D WHNWRQLNXV JHRPRUIROYJLDL Y
YHW LQGLNiFLYNDW YDOLGIiOMXN $] HJ\PiVWyO I1+JJHWOHQ+O HC
HJ\DUiQW PHJHU VIWHWWpN KRJ\ D YHW N -GR®ADQ NDY H WHWMMI
OHJIHOV V]DNDV]iLJ WHKiW D]JRN Y|OJ\EHYiJyGiVRNEDQ YDO}
YiOWR]JiVRNDW /iWV]yODJ W|EE YHW V]HJPHQV LV N|YHWKHW D
NYDUWHU DNWLYLWiVD IHOWpWHOH]KHW (JW PHJHU VtWL D Uj
IHOWiIUIiVEDQ LV PHJILJ\HOKHW > @ WRYIiEEi D IHOV]tQ YHW NI
UpWHJHN G OpVH HJ\EHYiJ D > @+\PMVOINO® LVQP O Ny SHHQ K WO D] W G N 'OV
JHOPHU+*OKHW KRJ\ D UHIOH[LYN XJUiViW QHP D UpWHJHN HOYHW
SO D YLEUIOiV KHO\V]tQpQHN YiOWiVD NHPpQ\HEE pV SXKIiEE IH
KRJ\ HJHN KHO\V]tQH QHP 1+JJ |[VV]H D] pUWHOPH]JHWW YHW N K
HJHNHW D N*O|QEVpJHNHW ILJ\HOHPEH YHWW+N KDWiVXNDW NLN

$ PpUpVL VIJHOYpQ\ pV]DNL pV GpOL UpV]pQHN QDJ\REE HOYHYV
iIEUD WPpUNpPSH]HWW D]-HE\ iEODRY-iE UJRDW HHW iJKR] NDSFVROY(
iJ YRQDWNR]IVIEDQ IHOPHU.O D NpUGpV KRJ\ D] HUUH D] LU
PHIMHOHQpPVH +D SXV]WiQ D] -WQ] EELH JDWPNIRIW Dp VXMNQWGE OKLD W i U
.RPiIURPWYO 7pWLJ DNWtYQDN MHO|OW YHW WRYIiEEL V}DNDV]D !
DK-L LUIQ\~ YHW IHOOQHQNVpW®LOPMNMN DNNRU D 9DVYiU N|UQ\pN
MHO|OW D %DNRQ\W KDUIQWLUIQ\EDQ WDJROyY V]HUNH]HW NY
PHIJHPOtWHQL KRJ\ > @ iOWDO IHOWiUW UHSHGpV HJ\ H]]JHO Si
IHOWpWHOH]pV KRJ\ PLQGH]JHN D V]JHUNH]JHWHN GLIIHUHQFLiOL
YL]VJiOW WHU*OHWHQ MHOHQOHJL WXGiVXQN V]JHULQW QHP LVF
KLUWHOHQ DOM]DWPpO\-OpVW DPLPSPW BHEWR NK|BIW [ B ] H MK HWL J
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YLUIJVIJHUNH]HW MHOOHJ LQNIiEE D PiU HPOtWHWW WUDQV]JWHQ]L
V]iP~ I|]OGUHQJpVH > @ LQNIEE D WHNWRQLNXV HUHGHWUH XWDO
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$] 2UV]iJRV *HRWHUPLNXV NXWDWiVL SURJUDPED(
PpUpVL HUHGPQRIDE%®O\L

BERECZKIL., BAUER M., CSABAFIR.,C6(5.e6NAGY E H(*("%6E.,K(0e1<M.,L8.E&®., MARKOSG.,
PE/L.,S=$%T., SZEBENYIR.,T$.E&&.,Tg59g.l.,V,5i. A. (SZTFH)

$ KD]JDL HQHUJLDV]HUNH]JHWEHQ QDSMDLQNEDQ D V]pQKLGUR
W|OWHQHN EH XJ\DQDNNRU D NLWHUPHOKHW NpV]JOHWHN NRU
HQHUJLDSROLWLNIMIEDQ HJ\UH QDJ\REE KDQJV~O\W NDSRWW
HQHUJLDIRUUIVRN N+O|Q|VHQ D JHRWHUPLNXV HQHUJLD KDV]Q
7HYPNHQ\VpJHN )HO+J\HOHWL +DWyViJD 6=7)+ D]
RUV]iJRV JHRWHUPLNXV NXWDWiVL SURJUDPRW LQGtWRWW DPH:
LV PDJIEDQ IRJODO

$ SURJUDP HJ\LN NXOHRWHW CWHWNpDp®BKQ\ K~]yGy N|]JHO
%yOiWLRN DPHO\ NHGYH] JHRWHUPLNXV DGRWWViJRNNDO UHQGH

f&RV Yt] K PpUVpPNOHWE& UH]JHUYRiIURN D]JRQEDQ HGGLJ FVDN
WpPpUEHOL KHO\]JHWH SHGLJ QHP LVPHUW NHOO UpV]JOHWHVVpJJ
EHUXKi]JiVRN PHJDODSR]iViKR] H]pUW V]*NVpJHVVp YiOW D SUH
VIHUNH]JHWL YLV]JRQ\DLQDN SRQWRVtWiVD

$] 6=7)+ )|JOGWDQL 6]RDQIBDWRIP |VV]HVHQ NP KRVV]~ViJ~
VIHOYpQ\W PpUW IHO D WpUVpPJEHQ $ PpUpVHN FpOMD D NDUE]
W|UpVUHQGV]HUHN DJRQRVtWiVD YDODPLQW D JHRWHUPLNXV UH
$ IHOGROJR]iIV VRUIQ D] ~M DGDW VR URINDW i \D\ | HO/GHYE e N D N F
VIHL]PLNXV PpUpVHN DGDWDLYDO W RnagBeEdteluriip abtpivall ~UiVL pV J

$] ~M V]HL]JPLNXV DGDWRMN N O/DISVINGI ]BWAYAHL |[VVIHWHWW W
HJ\VpJ $] DOM]JDWRQ EHO.O MyO HON+O|QtWKHW N D PH]R]RY"
VIDNDV]RNKR] N|[WKHW QRUPIOYHW N pV IpOiUNRV V]JHUNH]HWH N
PHGHQFH QHRJpQ IHMO GpVpW

$ ILDWDO SDQQyYQLDL pV PLRFpQ <OHGpPpNHNEHQ W|EE KHO\
W|UpVHNRYWHWMP@WLNOLQIOLVRN UDM]JROYGQDN NL XWDOYD D Wy
VIHOYPQ\HNHQ YXONiQL IHOpStWPpQ\HN pV FVXV]DPOiVRV UHIOH
PLRFpPQ YXONDQL]PXV MHOHQOpPWpPUH XWDOQDN

$ ' VIHOYpQ\HN DODSMiQ D NDUERQRMWRW HDGDIM]D@\W EIH@ \D] tQHJI B
ORKIEXQD WpUVpPJpEHQ PLQWHJ\ P PPO\WPJEHQ K~]yGLN $] HJ
IHOV]tQ PHQWpPQ W|EE LG V I|/OGWDQL V]HUNH]HWOLLMONUPXWE
WDNDUYUHQGV]HU UHJLRQIOLV VIHUNH]HWL YRQDOiIiYDO LV NDSF\
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$] 15+7 %iWDDSIiWL NDPUDWPpPUVpPJIPEHQ «]HPHO
PpU UHQGV]HU pV D] DEEyO V]iUPD]y HUHGPpQ\

Presentation of the seismoacoustic measurement system operating in the
15:5 %iWDDSiWL UHSRVLWRU\ FKDPEHUV DUHD DQ

D (E. FERENC, BAKAI JE128 S=% &l 79 EL

TunnelTech Kft. (deak.fere@tunnelte.ch)
2Geopolita Kft. (bakai@geopolita.hu)
33pFVL 7XGRPiIQ\HJ\HWHP O0&V]DNL pV ,QIRUPDWLNDL .DU OpUQ|NL
(szucs.istvan@mik.pte.hu)

Abstract

An advantage of acoustic emission (AE) monitoring is that it can be used to captpeakreeak, and
postpeak stress changes in the rock mass. It provides useful information for characterizing rock mass behaviour
at all stages of fracturing, even prior to measurable deformation.

Based on the fact that AE activity is closely related to stress change in the rock mass and the stress level
for AE initiation is associated with the uniaxial compressive strength of the rock mass, one can utilize this
understanding of brittle failure to determine the relative stress state in the rock mass. An objective function is
derived from the consideration of stress in the rock mass and rock mass strength using the generalized AE
initiation threshold.

Th e seismeDFRXVWLF VHQVRUV XVHG LQ WKH %iwWDDSiIiWL 1DWLRQDO
contains an acceleration sensor of typeAR3-1, which is a selfleveloped system by Hungarian specialists
(Geopolita Ltd.), enabling acceleration measurement. -Hagidwidth, higksensitivity piezoelectric acceleration
sensor signals are received by lownoise preamplifi ers. Aft er amplifi cation and fi ltering, the X, Y, Z direction
acceleration signals are received by a tiutegnnel analog summirgpnverter. Th e summed signals are sent to
the central unit via a shielded cable aft er the undercut fi lter.

7K LV SDSHU LV SUHVHQWLQJ WKH WKHRUHWLFDO EDFNJURXQG RI !
detailed backanalysis study on the measured database which provides the description of thEastress
behaviour of rock mass and the prediction of the slaod longterm rock mass strength.

Most backanalysis in geotechnical engineering is based on methods that utilize fi eld displacement
monitoring data. In this paper, the investigation of the rock mass strength is examined using a novel method
which was developed to backcalculate rock mass strength parameters from acoustic emission (AE) monitoring
data in combination with fi nite element method (FEM) and boundary element method (BEM) stress analysis.

Th e rock mass strength parameters identifi ed from this approach compare well with the strength data
predicted from the geotechnical fi eld mapping and fi eld test data, suggesting that the procedure can be used eff
ectively to backcalculate rock mass strength parameters from AE monitoring data.

Displacement measurements like extensometers and convergence meters are routinely conducted in situ
measured movements. Displacement is one of the reliably measurable quantities in the fi eld. Since deformations
are also eventequence and/or tirgependent and they are the most readily available fi eld measurement for
any kind of calibration, they can be used to banklyze specifi ¢ or abnormal deformation events. However,
large abnormal deformations are usually associated with the failure of the rock mass in-gieakbosgion. Oft
en, deformation control measures around the residual strength level are not necessarily eff ective in preventing
large, abnormal deformations, so the use of AE monitoring is crucial.

gVV]HIRJODOY

$] DNXVJWLNXV HPLVV]LYy $( YDJ\ V]JHL]PRDNXV]WLNXV PHJILJ\HO
W|QNUHPHQHWHOL FV~FVpUWpPN HO WWL FV~FVpUWpN pV D W|NUHP
pV]OHOpPVpPUH LV KDV]QiOKDWy

+DV]QRV LQIRUPiIFLYNDW V]ROJiOWDW D N JHWWHVW YLVHONHGpP
W|QNUHPHQHWHO PLQGHQ VIDNDV]iEDQ MyYDO D PpUKHW GHIRUPiFLyN

$EEyO0 LQGXOXQN NLEDNMRMLWIV $YJRURVDQ |VV]HI«JJ D N JHWW
IHV]*OWVpJYiOWR]iVRMNPOQ\HM DRGKOiVKR] V]*NVpJHV IHV]+OWVpJIV]LQ
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Q\RPyV]LOiUGViJiKR] NDSFVROYGLN 8&6 $ ULGHJ W|QNUHPHQHWHO H]
OpY UHODWtY IHV]*OWVpJiOODSRW PHJKDWIiUR]iViUD

$ N]JHWWHVWEHQ OpY IHV]*OWVpJiOODSRW pV D N JHWWHVW V]LC
1+JJYpQ\W V]iUPD]WDWXQN D] iOWDOIQRVtWRWW DNXV]WLNXV HPLVV]LyN

$ %iWDDSIWL 1HP]JHWL -S\0 GRRHPEWQY KD6@DDBPNDOPD]RWW V]HL]PRD
tartalmaznak egy PA-3- WtSXV~ J\RUVXOiVpU]pNHO W DPHO\ PDJ\DU V]DNHPE
IHMOHV]WpV& HVIN[]JH $ V]pOHV ViY~ QDJ\ pUJpNHQ\VpJ& SLH]RHOH!
HO HU VtW N IRJDGMiN $] ; < = LUiQ\~ J\RUVXOiVMHOHNHW HU VtWpV
[VV]HIWDODNtWy IRIDGMD

(] D WDQXOPiQ\ D %bavBIReSriakdit AFPHTUpVHN HOPpPpOHWL KiWWHUpPW pV
UpV]OHWHV pV YLVV]DPHQ OHJHV HOHP]pVpW-PEINDWOW REH/ DIPHOA NIH
OHtUiViW pV D N JHWWHVW U|YLG pV KRVV]~ WiY~ V]LOiUGViJiQDN HO UF

$ JHRWHFKQLNDL pV N JHWPHFKDQLNDL PpUQ|NL WHYpNHQ\VpJE
EDFNJURXQG DQDO\VLYVY RO\DQ PyGV]HUHNHQ DODSXO DPHO\HN D WH!
WDQXOPIQ\EDQ D N JHWWHVW V]LOiUGViJiQDN YL]VJiODWiW HJ\ ~M Py
N JHWWHVW V]LOiUGViJL SDUDPpWHUHLQHN YLVV]DV]iPtWiViUD IHMOHV]
DGDWRNDW IHOKDV]QiOYD YpJHVHOHPHV PyGV]JHUUHO )(0 pV SHI
IHV]*OWVpJHOHP]pVVHO NRPELQIiOYD

$ N ]JHWWHVW H PyGV]HUUHO PHJKDWiURJRWW V]LOiUGViJL SDUDP
WpUNpSH]pVE O NDSRWW pV D WHUHSL YL]VJiODWL DGDWRN DODSMiQ H
HOMiUiV KDWpNRQ\DQ DONDOPD]KDWyYy D N JPIRQUAWRNY L\Q]L OD GG W RIN ES/DL
YLVV]DV]iPtWiViUD

$] HOPR]GXOiVPpUpVHN PLQW SpOGiXO D] H{IWHQ]JRPpWHUHN pV D N
VLWX PpUpVHN D OHJW|EE DODJXWDV pV EiQ\iV]IDWL SURMHNWEHQ $] |
PHQQ\LVpJ D WHUHSHQ OLYHO D] DOPW YIIW RBVIRN IHW H ¥ R @ W RURHD D
HOpPpUKHW KHO\V]tQL PpUpVHN HQQHN PHJIHOHO HQ D OHJW|EE NDOLEL
DODNYiOWR]iVL HVHPpQ\HN YLVV]DPHQ OHJHV HOHP]pVpUH

$ VIRNDWODQXO QDJ\ GHIRUPiFLYyN D]JRQEDQ iOWDOIEDQ D N JHW
FV~FVpUWpN XWiQL UpJLYyEDQ *\DNUDQ D UH]JLGXiOLV V]LOiUGViJL
LQWpPINHGPVHN QHP IHOWpPWOHQ+O KDWpNRQ\DN D QDJ\ UHQGHOOHQH
azAEPRQLWRUR]iIV DONDOPD]iVD

. XOFVV]DYDN V]JHL]PRDNXV]WLND DNXV]JWLNXV HPLVV]Ly &
VILOiUGViJ

%HYH]HW

$ 1HP]HWL 5DGLRIWNWROKXAODG pNNXV]WLNXV HPLVV]LYV PRQ
IHODGDWD D WiUROy NDPUINDW PDJiED IRJODOY N JHWN|UQ\H]H\
WpPUEHQ pV LG EHQ N|YHWKHW N D IHV]-OWVpJiWUHQGH] GpVL
ELJWRQViJRW pULQW D NDPUIN iOODSRWiW YHV]pO\H]WHW HVH
(1.

$] DNXV]JWLNXV HPLVV]LYV PHJILJ\HO UHQGV]HU GE iOODQG
PV]OHOL pV U|J]tWL MPWPHORWQIV GEIiOOy HJI\VpJ OiW HO $] HI\HV
pPUJpNHO N-MBOHLW HLQWD VHF J\RUVDViJ~ ELWHY IHOERQW:i\
FVDWRUQIQNpQWL PLQWD V DGDWRW 7%\WHRV +'" WiUROMi

$ VIHLIPRDNXV]WLNXV PRQLWRULQJ UHQGV]J]HUHN WHOHStWpV

$] HO DGiIVXQN pV D MHOHQOHJL FLNN WHUMHGHOPL NRUOIWI
KiWWpU UpV]OHWHV OHtUiVIWyO HOWHNLQW e Q NbenDrhégjelBnt0$*<$ 5
FLNN<QN W DCaWND.@P&.]PD04[5)) -HOHQ EHPXWDWIiIVXQN QDJ\EDQ NF
HJ\HG+0iOOy pV ~M PyGV]HU EHPXWDWiViUD PHO\ VHJtWVpJpYH
SDVV]tY V]HL]PRDNXV]WLNXV PpUpVHNUH OHKHW VpJ Q\tOLN D
PHOOHWW QDJ\REE I|/OGDODWWL WpUVpJHN N JHWWHVW V]LOIUG
HO V]|U UpV]OHWHVHOW FHNNW HWWDW D EH UpV]OHWHVHQ
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UGATI-LESTOSAKNA

SZEIZ-08 o

2 s ] *

1 iIEUD $ VJHL]PRDNXV]WLNXV PRQLWRULQJ UHQGV]JHUHN WHC

6]HL]JPRDNXV]WLNXV $( PpUpVHN pUWHOPH]pVpPQHN
YRQDWNR]iVDL

$ IHV]*OWVpJ DODWW iOOy N JHWHN KDOOKDWYy WDUWRPIC
PHJILJ\HOpVH HJ\LG V D EiQ\iVIDWWDO D IHOV]tQ DODWWL pSt
WPUNLNpPS]pVVHO $ N JHWPR]JJIVW PHJHO ] WWHYDNWUNDIQGH W @J H N
YHV]pO\KHO\]JHWUH %L]RQ\iUD QHP YpOHWOHQ KRJ\ pSSHQ D]RQ
MHOHQVpJ NXWDWiVD DKRO D V]JHP PLQW D PHJILJ\HOpV OHJIN]|]
LQIRUPIFLYW pV HID] WP P\ NMHW-O UDQJVRUEDQ HJ\pENPQWIiWiVRG
$] HPEHUL 10 IHOERQWYNpPSHVVpJH B}IR QEDQWRFPIBVRCD NtY+DL
KDOOiVNsV]|E DODWWL PHFKDQLNDL UH]JJpVHNUH AVeNHW  $] DI
V]pOHVHEE -1 pPW NGLH)Q@PPLINDWDUWRPiIQ\W W|OW NL IRO\DPDWRVDQ
I[]OGUHQJpVHNW O NLLQGXOYD D 0+] IHOHWWL ODERUDWYULXPL "

OLYHO D] pV]OHOW GIHNDFHQIIMOYRN N+O|QE|] VpJH HOV VRUI
MHOHQVpJ PpUHWpPYHO D PHJILJ\HOpV WiYROViJiYDO LOOHWYH
D] DNXV]JWLNXV HPLVV]LYYDO IRJODONR]y NXWDWiVRN HON
VIHL]JPRDNXV]JWLND QDJ\IUHNYHQFLiV DQ\DJYL]VJiODWRN

$ VJHL]JPRDNXV]WLNXV $( HPLVV]LYN NXWDWiVD W|EE PLQW

EHEL]JRQ\tWYD KRJ\ YL]VJIODWXN HJ\HG+0iOOy OHKHW VpJH NtQi
GHIRUPIFLYLQDN W|UpVpQHN WDQXOPIQ\R]iViUD
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$ PYGVIHU HOYL DODSMDL

$ 1I|/OGDODWWL <UHJNLNpS]pV N|YHWNH]WpEHQ D EiQ\DWpU
N JHWHNEHQ D UpWHJWHUKHOpPV KDWiViuUD D N JHWPLQ VpJW O p
HORV]OiV~ IHV]*OWVpJWDUWRPiIQ\RN DODNXOQDN NL $ Q\LWRWW
HIJHNHW SHGLJ QDJ\REE IHV]*OWVpJ& ]JyQiN YHV]LN N|U.O $ P
PLQ VpJ& N ]JHW UXJDOPDV WDUWRPiIQ\iW PHJKDODGYp\GHIRUPI
PDNURPpUHW|&MUHMHQHWHOL MHOHQVpJHN MiWV]yGQDN OH $ G
LQKRPRJpQ N JHWN|UQ\H]JHWEHQ D N+O|QE|] V]LOiUGViJ~ N JHWF
W|UpVHNHW pV HOPR]GXOiVRNDW RNR]JQDN H]iOWDO D] <UHJH!
Q\RPiViUQ\pNRN iOWDOIiEDQ D Q\LWRWW IHOV]tQ DODWWL WpUVp

$ N }JMWQNUHPHQHWHOL IRO\DPDWEDQ D UXJDOPDVViJ KDW,i
UXJDOPDV HQHUJLD HJ\ UpV]pW DNXV]JWLNXV HQHUJILD IRUPiMi
WRYDWHUMHG KXOOiPDL UH]JpVpU]pNHO NNHO pV]JOHOKHW N pV
W~OOpSWNINUMPHQHWHOL HVHPpPQ\HN KDWiVDL LV DNXV]JWLNXV I
D N JHWN|UQ\H]JHW V]HL]JPRDNXV]WLNXV PHJILJ\HOpVpYHO D 1[O¢
N JHWW|UpVHN HO WWL pV DODWWL IRO\DPDWRN HJ\DUiQW OHNQpS

$ N JMWQNUHPHQHWHOL IRO\DPDW K R)] inipi2¥ {akdzK.XBAngkP LV V] Ly
MHOOHP] LW IUHNYHQFLD pV HQHUJLD D W|QNUHPHQ N JHWEH(C
N[JYHWtW N JHWWDUWRPiQ\ DQ\DJL pV V]JHUNH]HWL MHOOHP] L
KXOOiP D N*O|QE|] ILILNDL MHOOHP] Y HOpW HQ B b KDH]HIMIEMHHDU M H (
PHJW|ULN YLVV]DYHU GLN GLV]SHUJLYW V]HQYHG pV DEV]RUEHIC

OLQG ODERUDWYULXPL PLQG QDJ\REE DQ\DJWDUWRPiIQ\RN W
PHJILJ\HOpVpQpO iOWDOIQRVY WDSDV]WDODW KRJ\ D YL]VJiODWL
FVHNpO\ WHUKHOpPV HVHWP®XDPHIWRIN HE) QHIWN] -DWS/(pJ Q|YHNHGpPVDp
HV LPSXO]JXVRN V]iPD H[SRQHQFLIOLVDQ Q PDMG D W|UpV EI
WHUKHOpV HDNWLRLYLViVS(FVDN RQQDQWYO MHOHQWNH]LN LVPpW
szintet.

$ IHOV]tQ DODWWL ILJLNDL NJUQ\H]JHWEHQ OHMiWV]yGy PLQG
N|WpV VIDNDG IHO D WHOMHV W|QNUHPHQHWHOL IRO\DPDWRW !
amelyben az AELPSXO]XVRN D UXJDOPDV KXOOiPRN W|UYpQ\V]HU&VpJH
HUHG-LBSXO]XVRNDW LV D] pV]OHOpVL WiYROViJWyO D] |VV]HJI
IUHNYHQFLDV]HOHNWtY DEV]RUSFLYV WXOBMEHRRViJDLWYO lJJ

$ PyGVIHU J\DNRUODWL DODSMDL

$ONDOPDVDQ HOKHO\H]JHWW pU]pNHO NNHO D] HPLVV]LYNDW
SDUDPpWHUHLW PHJKDWiUR]YD OHKHW VpJ Q\tOLN HJ\HV IHV]-OW
OHNpSH]pVpUH

$ WpUEHOL SDUDPpWHUHN PHJKDWIiUR]iViKR] D UpJL UHQGV]
MHOOHPIJ]014E O YDQ QDJ\ V]iP~ HONPMRHOHN DEDWI\&MW N [VV]

+] D]D] FVDWRUQIQNpPQW +] PLQWDYpWHOL IUHNYHQFLiYDO
$ PpU UHQGV]HU DONDOPD]iViQiO VHF D NpW V]RPV]p(
D]D] PV (] D PLQWDYpWHOL IUHNYHQFLD PHJGXSOi]JyGRWW

PRQLWRULQJ UHQGV]HUQpPO
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12/2 L
2 Bt

2 iEUD -HOOHJ]JHWHYV $( MHODODNRN D] 15+7 V]JHL]PRDNXV]W

-

. ]JHWPHFKDQLNDL VIHPSRQW~ IHOGROJR]iVRN

$ IHOGROJR]iV VRUIQ D] $( KLSRFHQWUXPRN ORNiOLV PHJIJMHC
YpJH]WeN HO (]JW N|YHW HQ HJ\ PRGHUQ D QHP]JHWN]|]L J\DNRUO
SODWIRUPPDO GROJR]JWXQN ,Q6LWH /LWH 6DMQRV H] D] LQJ\
OHKHW Yp D ERQ\ROXOKNVDEHE MORV]WHUDQDOt]LV YL]VJIODWRNDW

(JW N|]YHW HQ PHJYL]VJIOWXN D NDPUDWpPUVpJ N JHWPHFKDQ]|
WDSDV]WDODWRNUD KDJ\DWNR]YD ODMG D] HEE O NDSRWW N|YH
VIDNLURGDOPL LOOHWYH KHO\V]JtQVSHFLILNXV WDSDV]WDODWRN

$ PXQND VRU@XPHULNXVY PRGHOOH]pVHNHW YpJH]W+<QN HO N
VRUIQ D VWDWLNXV YLVHONHGpY PHOOHWW YL]JVJIiOWXN D N JHV
PDMG VDMiW NLGROJR]iV~ HOMiUIiVVDO NLHPHOWHQ D YL]VJIiOW
DODSMiIiQ D WHOMHV PRQLWRULQJ LG V]DNRW LV ILJ\HOW+N pV
PHFKDQLNDL YLVHONHGpVpYHO NDSFVRODWEDQ D WHOMHV W|QN

3D-V NLW|UpVL JHRPHWULD HONpV]tWpVH

.HJGHWEHQ D OHFVHNpPUF =UW *HRGp]JLDL RV]WiO\iQDN D PXQ
IVV]JHV EHPpUW NLW|UpVL V]JHOYpQ\W (JW D PXQNiW IRO\WDW
VIHOYpPQ\HNHW JiUWXN ]iUW YRQDOOIQFpQW PDMG SRQWIHOK \
(KKH] D N[YHWNH] V]JRIWYHUHN OHWWHN IHOKDV]QiOYD $XWR&D
LV NLDODNtWiVUD NHU<OW GH YpJ+O W|EE VLPtWiVW DONDOPD
WHNLQWHWW JHRPHWULiW PHO\HW D MHOHQOHJL PXQNiKR] LV
KDV]QiOW -0; pV 60; JHRPHWULINNDO V]HPEHQ HQQpO D PHJR(
NLWDNDUtWRWW YpJOHJHV NLW|UpVL WDOS LV D YDOyYViJKR] MRE
NpW PXQNDIiJLVW D VRN N|[]*O D JHRPHWULD IHOpStWpVpEHQ p
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3 IEUD OHVK/DE SRQWIHOK V]JHUNHV]WpVH

4 iEUD OHVK/DE YpJPWHIHNVVYWRW®HIOIOY

,G EHOL V]&UpVHN

$] LG EHOL V]&UpVHNKH] LG EHOL LQWHQJLWIiVYL]VJiODWEk
PHIMHOHQtWpVpKH] pV D] $¢ RHSRIFHOMQUWPRNKH] HOV N|UEHQ
PHJROGiIVDLW KDV]QiOWXN IHO

(O V]|U D NL20182DPOMNV LG V]DN |[VV]HIRJODOyY iEUIL OiWKDW

MagnitudleNpQW D] DGDWEIi]JLV DJRQ RV]JORSD MHOHQLN PHJ DPHO\ |
tartalmazza mmfsP pUWpNHJ\VpJJHO iEUD
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5 IEUD $( KLSRFHQWUXPRR N PilJ By HIGKEORGUH Ce I0® [YHD N

$ QXPHULNXV PRGHOOH]pV HUHGPpPQ\HL
$ QXPHULNXV PRGHOOH]pV VRUIQ (; SHUHPHOHPHV % (0 NyG

7|EE IHV]*OWVpJL pV DODNYiOWR]iVL YDULIFLYW LV OHIXWWD
XWDOy W|EEOHW LQIRUPIFLYW D GLIIHUHQFLIOLV IHV]*OWVpJHN
HJHN NHU OQHN EHPXWDWiVUD

$] DOIEEL NpSHNHQ D KLSRFHQWUXPRN D] LQWHQ]LWiVQDN
VNiOiMD D NLYi{JDWRN DOMMV/SVD® QXPMYLNXRVUFNROHROOH]pVKH] ¢
NHUsOWHN EHYLWHOUH pSSHQ H]pUW D V]JRIWYHU HJ\ D] DGDW
HVHWEHQ KD QHP W|UWPpPQLN D GiWXPRNNDO YDOy YL]VJiODW

$ KLSRFHQWUXPRN IHV]*OWVpJiOODSRWD V]JHULQWL PHJMHOI
(]JHNHW D IHV]*OWVpJIiOODSRW SRQWRNDW PHO\HN D KLSRFH
NRRUGLQiIWiYDO UHQGHONH]QHN D NpV EELHNEHQ NLH[SRUWIiIOW
WRYIEE VWDWLV]WLNDL PYyGVJHUHNNHO pVv iEUIN
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%3 Differential Stress ~
min (al):  0.37 MPa

min (stage) : 0.37 MPa

037

1593

17.87

19.81

max (stage) : 19:81 MPa

max (all) : 19.81 MPa
fa |« » ][ stage 1 U‘ Stage 1 ‘ -

6 IEUD 'LITHUHQFLIiOLV IHV]*OWVpJHN D] ${ KUSRFHOW UXEPWRN B|QQ)}WHH \
YL]VJiOW LG V]DN262®)HWpEH Q

9% Differential Stress ~
min (all): 037 MPa
min (stage) : 037 MPa

1593

17.87

19.81

max (stage) : 19.81 MPa

max(al): 1981 MPa
[ <> | p| stage U‘ Stage 1 P

7 iEUD 'LIIHUHQFLIOLV IHV]*OWVpJHN D] $¢LKLSRPHEQ W UNFRRMNUNPUQN HY
WHOMHYV YL]VJiOW L&@O0®IDN HVHWPEHQ

(OPpPOHWL KiwWwpu

$] $( pV N JHWPHFKDQLNDL YL]VJIiODWRNUD DODSR]YD D N |H
VHPDWLNXV PRGHOOW DODNtWRWWXQN iW PpJ UpJHEEHQ PH
YLVHONHGpPVpU O DODSR]YD D N JHWWHVWHW D ONRINY pGWR ] HAL
GLDJUDPRQ iEUD (]]JHO D PHJN|]JHOtWpVVHO OHtUKDWy D IHO
SO ('= pV H]]JHO HJ\ LG EHQ D WiYRO HV N JHWWHVWQHN D N ]H
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8 IEUD $ N JHWWHVW YLVHONHGpPpVpQHN VHPDWLNXY UDM]D D EHIRJIi

N JHWPLQWD HUHGPpQ\pYHO pV D N ]JHWWHVW PRGXOXViYDBO PLQGHQ

DNWLYLWiV WDUWRPiIiQ\iW D NDSFVROyGy WIQNUHPHQHWHOL PyGRNDW
XW[Q

Ming Cai professzor (Cai et al. 200] KRVV]DEE WDQXOPIiIQ\R]iV XWiQ KDVRC
SXEOLNIiOW PLQW DPHO\HNHW PL LV pV]JOHOW+*QN D %iWDDSIiWL
megalkotott ridegNpSOpNHQ\ IiIWPHQHW YDODPLQW D W|UpVHV W|QN
IHMO GpVpQHN KDWiUIOODSRWDLW N JHWWHVW HVHWpPEHQ NLY|
PHOOHWW iW NHOO JRQGROQL pV D] pS N JHWUH YRQDWNR]y pU
DIW DMIiIQORWWD KRJ\' D N JHWWHVW V]LOiIiUGVIJL pUWpPNHLW PLC

a2, ahol A =0,40,6

a2, ahol B =0,81,0
$ KIWWpUDQDOt]LV VRUIQ &DL P K5] I LPID M@Gp B FVLIUNHI WY ifPBDIM LN RKEQ\D;

$ N JHWMWEMWHPHQHWHOL IRO\DPDWRW W|EE N*O|QE|] GHIRU
PDJXNEDQ IRJODOMIN D UHSHGpPV LQLFLiOiVIiW YDJ\ UHSHGpPVIHN
IVVJHROYDGIiViW YDJ\ |[VVIJHNDSFVROYGiViW NRDOHV]FHQFLiMiW
WHUYH]pV VRUIQ HJHN D GHIRUPiFLYV V]DNDV]RN PLO\HQ IHV]+OW

EWIRJy HOPpOHWL NtVpUOHWL pV QXPHULNXV YL]VJiODWRN
IRO\DPDWiUyO EOWDOIEDQ pUWKHW KRJ\ D UHSHGpV NHOHW
HI\WHQJHO\& Q\RPOBNPWBGNiJ%HIRIRWW iOODSRWEDQ GpY PLQV
GHYLDWRULNXV IHV]*OWVpJ NULWPULXPRW tUWDN OH D UHSFH
PHJIiOODStWiViUD

7|JUpVUHQGV]HUHN QpON+OL PDVV]tY N JHWWHVW HVHWpPQ D N
N JHW &' pUWpN#YHD] #S N JHW KRVV]~ WiY~ HI\WHQJHO\& V]LOiU
N JHWWHVWHN DGDWDLQDN YL]VJiODWD XWiQ D] YROW PHJiOODS
N JHWWHVWHN HVHWpPEHQ D }0§5,©8% DWQDLMWEREGDDEPY YDQQDN LO
pV N|JHSHVHQ W|UHGH]JHWW N ]JH¥0X 8.9 ¥ H NWHDVHMROE QQE B Q@ W DA QL
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iOWDOIQRV UHSHGpPVNHOHWNH]pVL pV UHSHGpPV |VV]JHNDSFVROYC
HJ\W]JHU& OLQHIULV HODV]WLNXV IHV]*OWVpJHOHP]pVVHO NRPE
N JHWWHVW LQWHJULW{VD MHOOHPH]KHW OHJ\HQ DODFVRQ\ V]L
DPL MHOHQW VHQ FV|NNHQWL D V]*NVpJHV HU IHV]tWpVW D] DQ\
OpWHVtWPPQ\HN PpUQ|NL WHUYH]pVpKH]

(J\ DODSYHW HOWpUpVW DONDOPD]JWXQN &DL iOWDO EHPXWD
YpJH]W+QN D GLIIHUHQFLiOLV IHV]*OWVpJ HORV]OiViQDN YL]VJiO

iEUD $ YpJV FpO D] YROW KRJ\ HIHQ D] ~MRQQDQ@ EHYH]H
PHIMYyVROMXN D N JHWWHYWS$ VILHWOANH YW WSEBDMGRQViJDLQDN
PHJEt]JKDWYEE HO UHPHQ HOHP]pVHN YpJH]JKHW N D N JHWWHVW
M|Y EHOL IHOV]tQDODWWL *UHJHN N|U+O

In-situ stress Importing AE AE data AE
Deformation events 4—] processing and monitorin
modulus (hypocenters) analysis 9

Y

BEM analysis
(elastic)

A

Stress state (differential
stress) at AE hypocenters

A4

Char. ct_éi’\i‘Zing the
distribution'of AE
hypocénters

Y

In-situ test data
: Back-analysis by
Rock mass strength Comparison displacement data and
by site GSI characterization

9 iEUD )RO\DPDWIEUD D N JHWWHVWOV]LOiIUGViJiQDN KiWWp

$ N JHWWHVW $( PHIMHOHQpPXNHI@HW NH ] GO MWL DMURIG HD\H W(H C
$( GDPDJH IHV]*OWVpJpQHN D] HO UHPHQ HOHP]pVVHO |VV]H
PUWPNHOPVW NDSMXQN D N JHWWHVW V]LOiUGViJiUyO (]W P
DOWHUQDWtYDNpQW D *6, UHQGV]HU DONDOPD]iViYDO OHKHW |
YL]VJiODWL DGDWRQGWIBWUBE ©6 NDSRWW WHUYH]pVL pUWpPNHN KiWw
LV OLQGD]RQi®OR@POWBUISQJ PHJIN|JHOtWpV NHYpVEp LQYD]JtY pV
HJ\pE DONDOPD]KDWy KHO\V]tQL PIRQLWRWRN O HQHOMOV DN BH W
DPL OHKHW Yp WHV]L D WXODMGRQViJRN YiOWR]iVIQDN MREE V
NHOOHQH YpJH]QL

$] IOWDOiRRMSBWL N+V]|EpPUWpPN DODSMiQLRHIXO OLLS t MAK]D &\ V |
N JHWWHVW V]LOiUGViJiYDO 1+JJ [VV]H +D D IHV]*OWVpJHNHW D
PRGHOO VHJtWVpJpYHO EHBWYOIMINVPHY QPNRPIRQSN|YHWM+N DNN
IHOKDV]QiOKDWYN D N JHWWHVW V]LOiUGViJiQDN PHJKDWIiUR]iViU
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(UHGPpPQ\HN D YLWVJiOW LG V]DNUyO

$ %(0 PRGHOOHNE O OHKHW Yp YiSWQWR N JGH VI HKIHSRFH Q M
PUWPNHLQHN NLH[SRUWiOiVD HJ\ NRPSOH[ DGDWEi]JLVED $] DGI
YHWHWW+N DOi DPHIOVEIRNOQXRNiQLDIH$HQFLIOIHV]+OWVpJ HORV]C
W|EE N+O|QE|] PHJIN|JHOtWpVVHO LOOHV]WHWW-N iEUD $ V
ROGRWWXNUMHSHDB 1) +RHN DODSHJ\HQOHWpP®W KDV]QiOWXN +RHN

$ IHQWL HJ\HQOHW VHJtWVpJpYHO D] pS YDJ\ LOQOWRNW 86&
YDJ\m1 03D pUWpPNHW HUHGPpQ\H] KD *6, (EE O N|YHV
PpPUVPNHOWHQ W|UHGH]JHWW N JHWWHVW iQVWDOIQRY OHS A 8 p KMHS
=0,5).

$] HUHGPpQ\HN D]W PXWDWMIiN KmRM SHUBBOHRYWLIVLVQpRVDE D Y
jelenti, hogy a Glass N*V]|EpUWpPN DQQDN N|J]YHWOHQ N|JHOpEHQ OHKHW
YDQQDN DQQDN WXODMGRQtWKDWy KRJ\ D PRGHOOWHU*OHWH
YDQQDN MHOHQ DKRO D PRGHOOH]pY DODSMiIiQ Q\XJRGW IHV]«OW
KRJ\ D N|JHO* NEHQ QHP OHKHW RO\DQ W|UpV YDJ\ W|UpVUHQGV
KLSRFHQWUXPRN IHV]*OWYV pJaKDDNE RWDWHHVD O DIGYNHD D MHOHQ
YROW OHKHWVpJHV D MyO GRNXPHQWIOW I|-PRIWHUOHQ EN {H UHH]IP L
KR]]iIMXN HVHWOHJHVHYHWYDPFNROYGWJISODWD HOPDUDGW $] H
PHGLIiQpUWPN LV QDJ\V]iP~ KLSRFHQWUXPRW WDUWDOPD] H]pU\
pUWPNpPpW

Probsbility Density Function

12 13 14 15 16

[ Histogram —Johnson S8 = Burr = Burr (4F) = Dagum == Dagum (4P) = Fafigue Life (3P) = Frechet
— Frechet (3F) — Imv. Gaussian —Inv. Gaussian (37) — Log-Logistic — Log-Logistic (3F) Lognormal Lognormal (37) ~ — Pearson §
— Pearson 5 (3F) — Pearson 6 — Pearson 6 (4P) — Gen. Extreme Value — Gen. Logistic — Gen. Pareto = Log-Pearson 3 — Wakeby

Statistic Value Percentile Value
Sample Size 8510 Min 0.3712
Range 15.56 5% 1.396
Mean 3.329 10% 1.635
Variance 4.937 25% (Q1) 1.927
Std. Deviation 2,222 S50% (Median)  2.52
Coef. of Variation = 0.6674 75% (Q3) 3.868
Std. Error 0.0241 90% 6.783
Skewness 1.861 95% 8.39
Excess Kurtosis 3.424 Max 15.93

10 iEUD 6WDWLV]WLNDL HUHGPpQ\HN £2p1%( KLIS® W] QMuRIPRN HOHP]pV
GLIIHUHQFLiOLV-bBH)V]*OWVpJ 03D
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$ IHQWL VWDWLV]JWLNDL YL]VJIODWRN HUHGPpQ\HL DODSMi
IRJODOWXN |VV]H

2011 LG V]IDN YL]VIJIODWIQDN HUHGPpPQ\HL
+D *6, 8&6PDVV § 03D pVHI]FDL §DULOBDy PHJIHOHO D P
HUHGPpQ\HNQHN 'H XJ\DQDNNRU D VWDWLV]J]WLNDL HOHP
korHOIiO
2011 LG VIDN iWODJ 1FL 8 03D
2016 LG VIDN iWODJ 1FL 8 03D
2011 LG VIDN iWODJ 1FL 8 03D
+D *6, 8&6PDVV § 03D pVH]FL ¥DULiBBY PHJIHOHO D V
HOHP]pVE O NDSBWWFHQWLOLV 4- pUMWDNHDNHMNHBDWPEHQ 0
2016 pvV D - LG LQWHUYDOOXP R hos hhatteiils E(Meliar) |

PUWpPNHNKH] N|JHOtW D OHJMREEDQ D 1FL pUWpN $] LW
YiOWR]JWDWWXQN PHJ D YiUW VWDWLV]WLNDL DGDWRN HOp!

$ NDPUDWpPUVpJ JHROYJLDL GRNXPHQWIiOiVD WRUINI]PVMW LHWW
NDWHJYULIED YROW VRUROKDWY $ QXPHULNXV PRGHOOH]pVHN \
VIRNWXN EHiOOtWDQL D NDPUDWpPUVpJ HVHWPEHQ

JYHWNH]WHWpPVHN

L NHOO KDQJV~O\R]QL KRJ\ D] $( PpUpVHNUH WiPDV]NRGY |
QDJ\RQ KDV]QRV LQIRUPiFLYYDO V]JROJIiOQDN pV PDJXN D] $
W|QNUHPHQHWHOH HO WW MHOHQQHN PHJ D UHSHGpPVIHMO GpV
WRYIEEL IHMO GpVH Q\RPRQ N|YHWKHW HJpV]HQ D W|QNUHPHC
V]LOiUGViJ LV PRQLWRUR]KDWy

$ NRQYHQFLRQIOLV JHRWHFKQLNDL PpU UHQGV]HUHN PpUpVF
PpUpVHN KiWWpUDQDOt]LY PHJIN|JHOtWpV DONDOPD]iVD | OHJ HC
N JHWWHOMWGViJL SDUDPpWHUHN DJRQRVtWiViKR] D N JHWWHVWQ|
W|QNUHPHQHWHOL FV~FVpUWpPNHW pV EH NHOO OpSQLH D FV~FV
YDJ\ HOPR]GXOiVRN NLDODNXOiViKR]

$] $( KLSRFHQWUXPRN LG EHOL HORV]OiViW ILJV\HOYH D]W OijV
D PLNURV]JHL]PLNXV pV DNXV]WLNXV HPLVV]LYN V]iPD V]iPRWWHY
N[JIWW LV HJ\ PHJKDWiUR]JRWW V]LQWHQ GH IRO\DPDWRVDQ
PHIMHOHQPVHNHW PHO\HN N|WKHW N D N JHWWHVW KRVV]~WiY-
QDJ\ IRQWRVViJIJDO EtU KLV]JHQ LG EHQ WPpPUEHQ pV LQWHQ]JLWi
GHIRUPiIFLYNDW LOOHWYH KD NpV EELHNEHQ H]JHNEHQ D PHJILJ
DNNRU |VV]HVVpPJpEHQ YDQ PyG D N JHWWHVW V]LOiUGViJiQDN LG

$ KiWWpUDQDIDQPOAVEWFNRUIQ NDSRWW HUHGPpPQ\HNUH WiP
KRJ\ D PRGHOOH]pVKH] IHOKDV]QiOW EHPHQ SDUDPpWHUHN S]
DODSMiQ D N JHWWHVW &, pUWpPNpPE O PDMG D V]LOiUGVIJiEyO YL
iWODJRVDQ-D 16QWHUYDOOXP IHOHOWHWKHW PHJ (] WeNU|] GLN
LV WHKiW D]R-N MHOHQWO¥ HFOOpVH MHOHQ PXQND VRUIQ QHP YR

$] LV PHJIOODStWKDWy KRJ\ D OHJW|EE HPLVV]LY D &, pUWp
UpV]*N HJHNQHN D YiJDWIDODNWYO WiYRODEEL SRQWRNEDQ Kt
N|UQ\H]JHWREHQO03D GLIIHUHQFLIiOLV IHV]*OWVpJHN WDUWRPiQ\D
KDWiUpWpNpQ W~OL IHV]*OWVpJiOODSRWRN LV PHIMHOHQQHN D
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8J\DQDNNRU HEEHQ D ]JyQiEDQ PiU PDJD D YIJDWKDMWiV KDWiViUlI
QDJ\IRN~ GHIRUPiFLYV IRO\DPDWRN MiWV]yGWDN OH

AV]IQHWQ\LOYiQtWiV

$ VIHU] N N|V]|QLN D] 5+. .IW KR]]iMiUXOiViw D] HO DGiV PHJ
DQ\DJ [VV]HIOOtWiViKR] pV D] HGGLJL WiPRJDWiVRNDW
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$ SDUDMGL EiQ\DNDWDV]WUYID PpUQ|NJHROYJ

Engineering geological apects of the salt mine flood disaster from Praid

D (E. FERENC

IEXGDL (J\HWHP <EO OLNOyYV eStWpVWXGRPiIQ\L .DU eStW PpUQ|NL ,QW
(deak.feren@ybl.uniobuda.hu)

Abstract

The Praid salt mine was flooded by the Corund stream which dissolved the riverbed and penetrated
underground during a heavy rain period. On May 29th 2025, the water flow entered and within approx. 56 hours
flooded completely all underground mined area.

A team of geologists from Transylvania was assembled after the flood and divided theustidong
term actions into areas of expertise.

We drafted a statement, which we sent to as many media outlets as possible in Hungarian and Romanian
languages. This team of geologists was eventually invited by the Romanian government to assist the
international team sent by the EU Emergency Response Coordination Centre (ERCC) and to contribute their
expertise and advice to the initial phase of disaster relief efforts.

The Transylvanian geologists have outlined several points that could be used to deal with the disaster.
The first and most important point is the development of atial monitoring system, followed by its further
development and the establishment of a complex geological research program to map out new mining
opportunities.

In addition to his work as an expert, the author participated in the design and implementation of the
earliest reatime monitoring systems. These included the implementation of a Automatic Total Station (ATS)
system and a microseismic monitoring system. In order for the displaced residents to be able to return to the
village's mining hazard zone, it was necessary to have gphiglision ATS displacement measurement system
operating in real time with defined alarm levels. This system was designed and installed by the TunnelTech Ltd.
From Hungary (between 112th of June 2025).

The Romanian National Salt Company SALROM SA is in need for detection and localization of micro
tremors generated by salt deformation; which is an early warning system for mine collapse. Therefore,
SALROM requires for a system of seismic high frequencies sensors for micro tremors.

The microseismic monitoring system installation was carried out between 12th and 14th of June 2025 by
K-UTEC AG Salt Technologies company from germany. Seven temporary microseismic stations were erected in
the field. The higHrequency band and high sensitivity of the selected seismic sensors are key factors in the
successful implementation of the project. The temporary positions of the stations were chosen by accessibility in
the field. Soon will be prepared the final microseismic monitoring system. The presentation is presenting the
disaster history the results of the monitoring systems and the future possibilities to start a new salt mine in Praid
and to continue the turism for surviving this region of Seklerland.

gVV]HIRJODOY

$ SDUDMGL VyEiQ\iw D .RURQG SDWDN iUDVIWRWWD HO DPHO\ HJ\
VYWHVWWHO pV IHOROGRWWD D PHGUHW pV D VyNDUV]W Yt]Q\HO UHQ
EiQ\DWpUVpJIHW

$] iUYt] XWiQ D] HUGpO\L JHROYJXVRNEYO i0OOy FVDSDWXQN YiOODO
D NDWDV]WUYIDHOKiUtWiV WXGRPiQ\RV WiPRIJDWiViWw

PVItWHWW+QN HJ\ Q\LODWNR]DWRW DPHO\HW PDJ\DU pV URPIQ
PpGLXPQDN $ URPiQ NRUPiQ\ YpJeO IHONpUWH H]W D JHROYJXVRNE)
9pV]KHO\]JHWL .RRUGLQIiFLYV .|]JSRQWMD (5&& iOWDO N<OG|WW QHF
WDQiFVDLNNDO MiUXOMDQDN KR]]i D NDWDV]WUyYIDHOKiUtWiVL PXQNiOD

$] HUGpPO\L JHROYJXVRN W|EE SRQWRW LV IHOYi]JROWDN DPHO\HN I
HOV pV OHJIRQWRVDEE SRQW HJ\ YDOyV LGHM& PRQLWRULQJ UHQ¢
WRYIEEIHMOHV]WpVH pV HJ\ NRPSOH[ JHROyJLDL NXWDWiVL SURJUD
IHOWpPUNpPSH]pVH pUGHNpPEHQ 6]DNpUW L PXQNiMD PHOOHWW D V]HU]
UHQGV]HUHN WHUYH]pVPEHQ pV PHJYDOYVtWIiVIiEDQ (JHN NIJWW V]HU
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UHQGV]HU pV HJ\ PLNURV]HL]PLNXV PHJILJ\HO UHQGV]HU PHJYDOyVt
YLVV]DWpUKHVVHQHN D IDOX EiQ\iVIDWL YHV]pO\]yQiMiED V]*NVpJ YRC
$76 HOPR]GXOiVPpU UHQGV]HUUH PHJKDWiIUR]JRWW ULDV]WIiVL V]LQ
7XQQHO7HFK .IW WHUYH]WH pV WN|QMSYWHWWH M~QLXV

$ URPIQ QHP]HWL VyLSDUL Y-i@IDND /DM V DI SYDAD BSVy GHIRUPIFLYM
PLNURUHQJpVHN pV]OHOpVpUH pV ORNDOL]iOiViUD DPL HJ\ NRUDL ILJ\}
SALROM-QDN V]*NVpJH YDQ HJ\ PLNURUHQJpVHNKH] KDV]QiOKDWYy PDJDV
i0OOy UHQGV]HUUH

$ PLNURV]HL]PLNXV PHJILJ\HO UHQGV]HU WHOHStWpVpW - M~QL)
87(& $* 6DOW 7HFKQRORJLHV YiOODODW +pW GE LGHLJOHQHV PLNURV]
NLYiODVIWRWW V]pOHVViY~ V]HL]PRPpWHUHN QDJ\ pU]pNHQ\VpJH NX
PHJYDOYVtWIVIEDQ $] iOORPiIVRN LGHLJOHQHV KHO\V]tQHLW D WHUHSH
VIDNHPEHUHN +DPDURVDQ HONpV]*O D YpJOHJHV PLNURV]JHL]JPLNXV PH
EiQ\DNDWDV]WUyYID W|UWpQHWpPW D PHJILI\HO UHQGV]HUHN HUHGPDpC
VYEiQ\D PHJQ\LWiViUD 3DUDMG N|UQ\H]JHWpPEHQ pV D WXUL]PXV IRO\W
~MUDQ\LWiViYDO pV UHKDELOLWIiFLYMiYDO OHKHWQH HONH]GHQL

%HYH]HW

$ 6yYLGpPN V]tYpEHQ 3DUDMGRQ pYV]i]DGRN yWD IRO\LN D VyE
YROW Yt]JEHV]LYiUJiVVDO Yt]JEHW|UpVVHO NDSFVRODWRY HOKiU!
UpV]pU O -POMXMUWPQW D] D Yt]JEHW|UpV DPHO\ YpJ+O HO
EiQ\DWpUVpJHNHW HJI\*WW D VRNDN iOWDO NHGYHOW OiWRJDW
NHUHV]W+O N|U<OEHO-0O yUD DODWW WHOW IHO D EiQ\DUHQG
LVPpPWHOWHQ WRYIiEE IRO\KDWRWW D .RURQG SDWDN

$] HUGpPO\L JHROYJXVRN FVDSDWD D Yt]JEHW|UpV EHN|YHWN
VIDNWHU*OHWHNUH D U|YLG pV KRVV]~WiY~ FVHOHNYpVHNHW

OHJIRIJDOPD]WXQN HJ\ iOOiVIRJODOiIVW PHO\HW PDJ\DU pV
VDMWYyRUJIQXPKR] HOMXWWDWXQN

$] HUGpO\L JHROYJXVRN iOOiVIRJODOiVD D SDUDMG
kapcsolatban

$OXOtURWW HUGpPO\L JHROYJXVRN V]DNPDL IHOHO VVpJ«QN
VYEIiQ\iEDQ W|UWpPpQW Yt]JEHW|UpV PLDWW N|]YHWOHQ+<O IHQ\HJH'
ODNRVViJYpGHOPL PHJIRQWROiIVEYyO D N|[YHWNH] MDYDVODWRND

$ IHQQIiOOy NLWHUMHGW RPOiIVYHV]pO\ PLDWW IRQWRVQDN W
LOOHWYH HJ\ ODNRVViIJYPGHOPL |YH]HW KDWyViJL NLMHO|OpVp
Q\XJDWUD HV UpV]HQ

$ WHU*OHWHQ MHOHQWNH] IHOV]tQL PR]JiVIRO\DPDWRN pV N ]
D] HYHWOHJHV RPOiIVYHV]pO\ KDWKDWyYV HO UHMHO]pVH pUGHNDPE
PRQLWRULQJ UHQGV]HU NLpStWpVpW D 6yKiW pV D WHOHS+<OpV W

$ D KiWWpUGHIRUPiFLYN D]JRQRVtWiViUD pV D] pStWHWW W
PYGV]HUHQ DODSXOy V]LQWHWLNXV DSHUW~UiM~ UDGDUIHOYpWHt

% D IRO\DPDWRV IHOV]tQYiOWR]iV PHJILJ\HOpVpUH DXWRP|
ULDV]WiVL UHQGV]HUW

& D PpO\WpPJEHQ W|UWpPpQ W|QNUHPHQHWHO HO UHMHO]pVH
UHQGV]HU NLpStWpVpW YDOYV LGHM& ULDV]WiVL IXQNFLYYDO
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$ IHQWL PHJILJ\HO UHQGV]HU EHV]HU]pVPW pV WHOHStWp
NeO|QE|] PyGV]HUHN DONDOPD]iVD NDSFViQ UHQGHONH]pVUH iOC
PLQW D] DGDWRN pUWHOPH]pVpPEHQ

$ KRVV]~ WiY~ EiQ\DUHKDELOLWIiFLYy NiUPHQWHVtWpV iV
WHOHS*OpVYPGHOHP HO NpV]tWpVH pUGHNPEHQ MDYDVROMXN RC
PHJV]HUYH]pVpW DPHO\HN OHKHW Yp WHQQpPN D WHU<OHW NiUPH

$ DODSRV JHRILJLNDL VHNpPO\V]JHL]PLND JUDYLWiFLyV pV
*UHIJNXWDWiV pV D WHU*OHW SRQWRY VJHUNH]HWI|OGWDQL IHOp®

% KLGURJHROYJLDL pV Yt]JJHRNpPLDL KHO\]JHWIHOPpUpVW
& iUDPOiIVPRGHOOH]pVW

JHRNpPLDL PRQLWRULQJ UHQGV]HU NLpStWpVpW
( Yt]JDODWWL NXWDWy URERWRN DONDOPD]iViW D KHO\]JHWIHC
) &UJHRGpP]LDL UDGDUIHOYpWHOHN HOHP]pVpW pV pUWpPNHODp
* JHROyJLDL NXWDWyI~UiVRN HOYpJ]pVpW
+ QDJ\IHOERQWIiV~ JHRPRUIROYJLDL pV WRSRJUIILDL KHO\]JHW

, HI\ UpV]OHWHYV JHRWHFKQLNDL pV VWDWLNDL DODSWDQXOF

$QGUIV (GXiUG PpURRNIHRKOYUXXV $J MRIJRVXOWViJ~ JHRWHFKQ
+6]pNHO\XGYDUKHO\

'HiN J)HUHQF 3K' PpUGQRWHRRQLXNKY HJI\HWBRINBGMGYNDWKWOSpF\
LV %RJOIUND OHUFHGHV] 3K' 10XLGXHAJIHRNPRLD G MX@NWXYVIHRO
JYHEVL 6]DEROFV $WWLO BHIKH VKRLD VG MIX@RNOW XXV .ROR]VYiU
0iIUWRQ ,VWYiQ 3K' Q\HUVDQ\DIJNXWDWy JHROyYJXV 6]pNHO\XGYD
2UEiQ 6]DEROFV 06F (XU*HRO Q\HUVDQ\DJNXWDWy JHROYJXV 6]
6HUI ] $QW D QgedfitlROBudpest 6 [ pNHO\XGYDUKHO\
6LO\H /yUiQG 3K' NXWDWWHRR@RKNQV tNRJRWHGD
2025.05.30.
$] iOOIVIRJODOIV XWiQ HOYpJ]JHWW WHYpNHQ\VpJHN D V]DNy
$ WHYpPNHQ\VpJ-QNHW DJRQQDO HJ\ WpULQIRUPDWLNDL UHC
DPHO\ LQWHJUIOMD pV OHKHW Yp WHV]L D] DGDWRN NH]HOpVpW
DGDWUHQGV]HUHNHW D]JRQQDO IULVVtWHWWSeN LV
(]IHO HJ\LG EHQ /HDS)URJEDQ -VJ\P R/GIIDM®G VN p M) COMD QR H O\ H V
IRO\DPDWRVDQ IULVVtW+QN HEEHQ QDJ\RQ VRN DGDWEIi]LV EHpS
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JHRIL]JLNDL (57 V]JHL]PLNXV PpUpVHN V]JHOYpQ\HL D] DJRNEyO V]
/,'$5 IHOYPWHOHN WHUHSPRGHOOHN PLNURV]HL]JPLNXV KLSRFHC

$IRQQDO LQWHJUIOWXN D] ,Q6DU IHOGROJR]iVRNDW LV PHO\I
VeUJ V PXQNiYDO tJ\ H] LV EHpS-OW D] DGDWEIiI]JLVXQNED

6 IEUD $ '$7HOLWH iOWDO HQ®RI®IR RRPWWEKR®EUDGDNHQ DODSXO0y
NJUQ\H]HWpU O

7 IEUD $ /L]PDS IHOKDV]QiOyL IHO*OHWH D SDUDMGL EiQ\DNDWDV]

2025.05.30iQ .|YpU 2UVRO\D iOODPWLWNiU LV IHOYHWWH YHO-QI
URPiQ iOODP UpV]pU O OHJ\*QN PHJEt]JRWW V]DNpUW L FVDS
NDWDV]WUyYIDYpPGHOHP YH]JHW MH iOWDO HOOHQMHJI\]JHWW MyYiKI
pV VIHPpO\HVHQ LV 3DUDMGRQ VHJtWV+N D VIDNPDL PXQNiW
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.JJEHQ -pQ 5RPIQLD PHJKtYiVIQDN HOHJHWV WODHM pRIN OQH
FVDSDW LQGXOWOWOPXQLY9YIIGVYHDIKHULIHRRUGLQIFLYV .|[JSRQW
HOMXWWDWRWW URPiIQ VHItWVpIJNpUpVUH pUNH]HRINEgy2rdkHO\V]tQ
voltak.

$ VIDNpUW LQN D QHP]JHWN|]L FVDSDWRW V]HPpO\HVHQ WiPRJ

$ QHPJHWN]|]L V]D N{pQWKD MWQNXNO 3DUDMGRW HJ\ |[VV]HIRJOD
.RQV]HQ]XV V]*OHWHWW PDMGQHP D] |VV]HV IHQWHEE PHJIRJD
VeUJHWWpN N LV D YDOYV LGHM& PRQLWRULQJUHQGV]HUHN NLpS

1pKiQ\ VIDNpUW QN IRO\DPDWRVDQ D KLGUROYJLDL pV KLG
HJ\eWWP&N|GYH D 5RPiQ 9L]JHNNHO pV D IRO\DPDWRVDQ EHpPUNH]
D WpPpULQIRUPDWLNDL UHQGV]HUHNEHQ B8J\DQDNNRU QpKiQ\DQ
IRQWRVViJIJDO D PHWiQ MHOHQOpPWpUH

IYHFVL 6]DEROFV $WWLOD DNL NDUV]W V]DNpUW ILJ\HOWFE
PHIMHOHQpPpVpPW XJ\DQDNNRU N|YHWWH IRO\DPDWRVDQ D] ~M
PpO\eOpVpWLE BHEOUENIOWHUMHGpVpW

$ SDUDMGL EiQ\D JHROyYyJXVD LV D FVYDSDWXQN WDJMD YROW |
PLDWW FVXSiQ D] HQJHGpO\H]JHWW HJ\eWWP&N|GpVL NHUHWHN N
PXQND VRUIQ VRNDW VHIJtWHWW D YHW N PHJLVPHUpPVpPEHQ LOO}

$] HUGpO\L JHROYJXVRN FVDSDWD RO\DQ V]HPpO\HNE O iOO
WHNLQW YLVV]D | OHJ D JHRIL]JLNDL PpUpVHNEHQ YROW QDJ\ W
EiQ\DWHUHN D OiWRJDWyWpU JHROyYJLDL IHOPpUpVHLEHQ IRWyU

9DOYV LGHM& PRQLWRULQJ UHQGV]HUHN NLpStWpVt

Automatic Total Station (ATS)

$] DXWRPDWLNXV URERW PpU iOORPiV IHOVIHUHOpPVpPYHO pV -
TunnelTech Kft W Et]WD PHJ

(OV NpQW D QDJ\ SRQWRVViJ~ JHRGp]JLDL UHQGV]HU pUNH]HW
6RNNLD L; 5RERW PpU iOORPiV 7RSFRQ '/ (O V]|U HJ\ UH
OHJPDJDVDEE pS*OHWpUH SDUDMGL 63% PHO\U O Ui OHKHW OiW
NLWHOHStWHWW IDOXUpV] QDJ\ UpV]pUH LV

(OV N|UEHQ |[VV]JHVHQ GE DODSSRQW NHU<OW WHOHStWpVU
SUL]PD NHU<OW HOKHO\H]pVUH D YHV]pO\]yQiQ EHO<O pV D]RQ
NRQJROEDQ LOOHWYH RWW KDJ\RWW D 7XQQHO7HFK .IW FVDSD
HO OHKHW KHO\H]QL pV IHOWDQtWDQL D UHQGV]HUEH

$ UHQGV]HU M~QLXV yWD P&N|GLN HOV N|UEHQ D ViUJD
ULDV]WiVL V]LQW FP HOPR]GXOiVUD OHWW PHJDGYD $ EiQ\DV
ULDV]WiV pUNH]LN $] pS*OHWHN HJ\HO UH VWDELODQ iOOQDN
NDWDV]WUyYID NRFNi]JDWHOKiUtWiVL WHUYHLW D] (UFRVSODQ QpP
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Allas ont
Wellng}s"é, Center. ¥

8 IEUD $] DXWRPDWLNXV URERW PpU iOORPiV #$0J6iQHXGEWBU iQ\WHI P
'y]VD DNQD YDODPLQW YHV]pO\H]WHWW IDOXUpV]

@ |
W N fat — Nyers adat
h:‘z) ((f T TRk — . = [:> @ o
| S FTP ' -<:
s INTERNET ] eedolgorot adt
WEB

Feldolgozott adat

vizualis megjelenités

9 iEUD $] $76 UHQGV]HU YDOyV LGHM& PpUpVL UHQGV]HU PpUpVL p

Mikroszeizmikus monitoringrendszer

$ QpPH&T7 (& FpJ VIDNHPEHUHL pUNH]W HND Ip \K HKR|W i1 LPHD NK-NNLE
WHUHSL NpV]*OpNHNHW  PpUpVL SRQWRW MHO|OW+QN NL pV WH!
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$ MHOFVDWROIiIVRN My PLQ VpJ&HN pV PiU D] HOV QDS DG
VHEHVVpJWHUHW PHJKDWIiIUR]QL H]W NpV EE D W|EE KyQDSRV p"
XWiQ OiWV]yGRWW KRJ\ V]JHL]PLNXVDQ DNWtY D WHU+*OHW VRN
QDJ\ HU N DNWLYiOyGiVD W|UWpQW D] HOV LG V]DNEDQ (] NpV
HQHUJLiIM~ PLNURV]JHL]PLNXV HVHPpQ\ W|UWpPQLN

7RYIEEL PHJILJ\HOpVHLQN DODSMiQ PDMG NpV]tW+eQN |VV]HIR.

7HUYEHQ YDQ D] LGHLJOHQHYV iOORPiVRN PHJV]*QWHWpVH p
NLpStWpVH YDODPLQW GE O\XNV]HL]PRJUil EHpStWpVH D] HOil
VYW|P]VEHQ

$OIEE QpKiQ\ |[VV]HIRJODOY NLYi{JDW PHO\HN D WHOHStWpVH
D] HGGLJL HUHGPpPQ\HNHW

10 iEUD $ PLNURV]JHL]PLNXV PRQLWRULQJUHQGV]HU WHUHS
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	1. dia: A rendezvény támogatói:

