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Abstract: In this paper, we present the results of the geomorpholagigdy of the micro pseudokarst landfoms
developed on Beciu an8 k F O H O Irhu@ Rdltanic site that belongs to the famous mud volcanic area Berca-
$UE QD.L %X] X 6XEFDUSDWKLDQV sBRIgkBrQit BavityLfbirratiod QawWba\bbSdivéd Rl S
the area, especially in the sloping periphery of the mud volcanic avhare badlands developed (badland
pseudokarst), and rheolic pseudokarst in the mud flows, where the liquid aeidairgets denser and wimple on
the surface of the water that flows in the trough, it compiles and thesrsthe liquid mud channel. These micro-
size covered tunnels are similarly formed as lavatubes at the lawes fbf real volcanic areas. In order to
complement the field measurements, we carried out surveys withRhBntom 3 and 4 quadcopter to determine
the The stereo-photogrammetric processing of the 12 Mpx resolution imaeperformed by Agisoft 1.2
professional software. Granular composition tests were carried out dimeat samples, collected in the mud
volcanic area, by daser diffraction particle analyser. All of the samples are cféssias silty loam according to

the USDA classification. The Cag@ontent was low, varied between 7 and 11%, no significant difference
between the samples was observed.

Keywords: pseudokarst, badland, piping, lavatubes, mudtubes, Bitc& Qhidid Lolcanos, Romania
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$ I|OGIHDRIQQWHU*OHWHLW DK RamkuH Kk vapy@® ODWWL Yt]K
ROGYyGiVWYO HOWpPU | ROWMHRIDPW RN WAHW D <@} FHDIpgHANUNHHND | WWID
]IXQN O|V]EHQ OiYDIRO\iIVRNED® WHUHPORHRWHRINMMNME HE | L
HIJ\pE KHO\HN HQossaRYWiEEHP ROGYyGy N JHAYHNEHQ GROL
barlangokkal, vay D NDUV]JWEDQ J\DNUBDXQ pEHNH& HOKHWM
OHQVpPJHNNHOSWPHX GRRDUQNWADI7@4I?2 HNg-» N
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JHWN|]JL 6SHOHROYJLDL .RQJUHWYVL]XOMW BXDNDEHRGRV V.

karsztot: 4 SVIJHXGRNDUV]WRN D NDUV]|WKRDP&BORBOyY PRU

QHN pV YDJ\ D Yt]JHOYH]HWPW R O@IN RHQON H Q HIVQW YDOWW

QLN GH OpQ\HJpEHQ KLiQ\]LNVILNDpPV]WERM LR O YEHE N

szer mdJ IR JHQHW LKNEREE}908, GVOZDETSKIJ1947, OTVOS

1976,BRYAN, YAIR982,PARKERet al. 1990KEMPE, HALLIDAY1997,

GALLARTet al2002 pV PpJ VRNDQ PiVRN LV PHJIRIJDOPD]WIN |

karszt-V]HU& PRUIROyJLD DPLW D] RPiGMOWamaO HOWpU YD

DODNtWRWW NLzWRBVEBXOGRRQDENM WHUPpV]HWHYV 1|OGL

DPHO\HN HPEHU VRPUDNEHNKDAH QHP ROGIVL IRO\DPD)

keletkeztek. ODJ\DURUV]iJRQ OHJJ\DNUDEEDQ @OQM]|V *OHGpN

HO SV]JHXGRNDUV]WRV MHOHQVNB®NQ@ROLOODHWPIHU & P

Yt]JHOYH]HW FVDRAHRUGNHW OQHYH]QHN V]XIly]lLyV IRU

DODJRVRGIVQDN O|VINDUV]W QIDLNJARUGERE™NDUERQIW ND!|

BORSY1993,=E0 %] VERESS 20040 1*$, 1e 0 (7 ®005,KISS

et al.2007).

A pszeudokarsztok o827 iO\R]iVIKR]DOWDKWEDH] EHVRUROIVW KDV]C
UKHRJpQ SVIHXGRNDUV]W OHOGREODVRNRQ NLDODNX
JOHFFVHUMpPJEHQ MpJWDNDNWYWEDQ NLDODNXOW SV]I
EDGODQG WHU*OHWHN SVIHXGRNDUV]IWMD

4. tektonikus fO\DPDWRN N|YHWNH]WpPEHQ NEDBDHNKOW SV]HXH

5.taluspsH XGRNDUV]W DPHO\QHN «UHJHDCIINNXPMWIHWKR LN W |F
|[UINIDJ\ WHU*OHWHNHQ NLDODNXOW SV]J]HXGRNDUV]W

7. WHQJHUSDUWRNRQ | OHJ D] iUDNSDOVWERK NLDODNXO!
N[ YHWNH]PpQ\HV SV]HXGRNDUURD ODRMHDL PUHNVIMHIMUKE p.

VIDNDGiViYDO DODNXOW NL

$ VIDNLURGDORPEDQ HGGLJ QHPB B POMNHHNWL V'V HIDS MX C

GXOQDN H IRUPIN QDJ\ UpV]esNDNINO WCNJN W LIN YRR @ pIJ H W

IRO\y PHQWpPQ NLDODNtWRWW JHRY DVNKRY X BXI|QOX *HR

WHU*OHWHNHQ LVPHUWQN PHJ pV WDQXOPIQ\RIWXQN

OLYHO H WDQXOPIQ\XQNEDQ QHRVRO/WN B OBV @I FEN/NHXOC

foglalkozunk, KDQHP D] LVIDSYXONIQRV WHU*OHWHNHQ HO

karsztos folyam&@/ RNNDO pV IHOV]tQIRUPINNDO WOW WRYIEELD
megfigyet EDGODQG WHU*OHWHN pV D UKRBDIIPSMINXGRND
pV NXWDWiVW|UWpPpQHWL HO ] pyQ OHOLAHNR U QING i WW H N L (

A EDGODQG Weddbk@dtjaid NHOV]tQ DODWWL [YtJHOYH]HWpV

VI|QKHW HQ DPHO\ FVDWRUQW OEUDpOD|QURNY tY H@Y HQH N

Q\tOiVRN V]iUD] Y|OJ\HN WHODRNURWHMRKHGDWHNYV GR:

DODNXOiViW LGp]L HO V]H P EHOW&Qt | RIDEBWNDYViJ YDQ

PpJ DNNRU LV KD D] *OHGpNHN NP WBHFOE-WM|DUWDPD P



V]tQIRUPINIDGNV]DNRVDQ YIiOWR]y Yt]iUDMPEIAIWKR]]D OpWL
NHOWHQ PHUHGHN WHUOHWHNHXQJ\HEWDW YRIDHBQJD] LV
VIHPFVpV N ] FARKER1S6B/IAKQCS1977,PARKER, HIGGINS
1990,ZHU et al. 2002VERES2004,01*$, 1 e 0( 7 +2005HALLIDAY
2006,KISSet al.2007). $KRJ\ D Ytfo@HDHOpB MW Q feldgziV]EHQ D
QHQ UpV]EHQ NLV UHSHGpPVHNEHQVNHBWHNYp NW WRQODW DrwW
OtwYD pV HOPR]GtWNPO*D @IDXRLYYpUp®]BR\DIYHV]WHVpJIK
NDYLWiFLyKRRKEREHIW1990,% $57 2 /2 0 al. 2015. Az
agya0W DUWDGOBBHPNHNEHQ DPHO\HN G X¥hjoGievUD KDMODPF
V]tYMIN D YLIHW pV JVXIJRURGQEZAGIiPRLIN&EURNLV]IUDGQ
GiV IRO\DPDWRVDQ YIiOWDNR]JUMN SHG pQ/mHN RIEEEDNWK QIQ @ N El
D N]JHWEHQ DPHO\ NHGYH] 1QO®pPpWWQ HBEHMO QMW [OF
WRUQIN NLDODNXOIiViKR] SLSLQJ DODJRVRGIiV

A YIOWDNR]yDQQHWYHND]pV pYVIDNRVDQ YiOWR]y K P
UpJLYyNaBlapd¥ L@p NUy]JLYV IRO\RPBWBY pYY]DNUD NRUOI
]Jy@aN GH D PLNWRINOHBDEHIRO\IVROKDWNWm® 5 IHOV]tQIR
sp (BRYAN, YAIR982 $ KHJ\YLGpNL WHUsOHWHMNHQ D WpO IRC
ROYDGiIVL FLDNWWVRNOHQW V PHQ&XagpyWHFPIKRODPQ\PVY PR]RJ
N~V]iV FUHHS IROPHRMNHEBN PMDMWQWVWDELP OHMW N|Q
VL V]JIUtWIVWNRPYDOGUINL IRKRQPVYIDWRNV]QHN D] DODSN ]H
ERUtWYyY PiO grBgelp)Nialdkt W HVJi(BEBLQARTet al.2002, amely
VILQWpPQ IRQWRYV VIHUHSHW MLWV]LRNODKED @ODQDB YLGp
Q\tWIiVIEDQ

$ OiIYDIRO\IVRNRQ NLDODNXOW DVJIBHREGERNINDDQIW M
KDV]QIiOMXN WDQXOPIiQ\XQNEDQV DViIWIDODAX WRDNERDQSINLD
GpVpQHN PHJIpUW gMPHKRI] p @ BLY HIX RN BRWVPVW HWHNEHQ
NLDODNXQW YHEWRHDWWRVRGY N JHWHN B|]IWW D ED]D
NXOQDN NL D OHJQDJ\R E EteBhé&nNdrlangoki dIEte@apV PpUH
langrendszerek($ ' E 1 <2007, 2008a, 21Bb THOMAS, GOUDIE2006).
$ ED]DOBADQUJIDQJIJRN D NDUV]WRYV WHU-QHWWINGEDUODQJ
LG DODWW NHOHWNH]QHN pV RAGYDINROINXQLEIFY M]N
PRWWHY V]HUH SH DBSOYXBKHOQL WHU<OHWKEN NLV ViUDOLIL
WLNIiMPLHQGWDR WiYDDODABEWDNPWYQGL NDUV]I]WRYV EDUODC
IRUPDNLQK\DWE®RQek YIRIQHW KdgV$ UKHRJIpQ-SV]HXGR
NDUVIW OiYDIRO\VIVRNRQ NLDODNNNXyGON WSWHXRER N DHUW |
PHQQ\LVpJ& VIDNLURGD®RRANVORIHIWVNRG|IHND DPIHI\REE P
UHW& pV OHJOIWYIQ\RVDEE Oi¥WYIRN e JegaD UODQJRNND
J\REE V]iPEDQ ,]JODQGRQH\WHNBEPH &V NOMER-Q
NYEDQ D]p¥]®UlLBLgdeken2ODV]RUV]IJEDQ D] (WQD ROGDO
-RUGIQLIEDRUIEIDEGQ .HQ\VIEDQ $XV]WUIGLIEDQ -DSiQ



VDQ ROGDOIEDRIEDRO &NHEHWX Q pMzigeteraVY pW
OiOKD®yPRIYV OiYDN JHWEHQ NLDODNXIOWVERPRNIODQJRW LC
NRUIEEL IRUUiIVRN PHJHPOYWSHOWIAO PO HP D/ WXYONDQR
YXONIiQL N JHWHNEHQ WDOiIiOKRWYD BDDNRPY QXRENR RiDXQWID W i
NLDODNXOiVD pV D IRUPDNLEGBEY]|PNEHRMIDNND DIDBOB~OW
PYWL]JHGHNEHQ NH]G G|WW $ RMHIBRAWHIVRQ IWIHIQIQ\BI Qp O
OiY D Diaiedgodl mMJIRIJIHQHWLNDL FVRSRUWRVtWIiIVIYDO IRJ
(HALLIDAY 1993, 1976, 2004, 20, LICITRA 1993, PETERSONet al.

1994 XWyEEL D] L]OIEQ@Q@IO EQ JROWN] | varlahgokat, DD OD J~W
NeUW EDUODQJRNDW Ji]JKyO\DJEBBWOBXQA@RNDWHU J\QH
barlangokat WH-EDHUWLODQJRNDW IRO\y YIiMWDr-EDUODQJRND
ODQJRNDW MALRERQtW HO® ED]BaMhgokdtW RYiBEL FV

portokra osztotta morfogenetikai jellemzNU | YL G O H1Qr¥ely iano©

GH]WpN PHJ D] HOV QHP]JHWN|]JLPSYOINRRWS HIOIHWVRID Yy JL C
SalmonbanHlALLIDAY 1976).

A OIYDEDUODQJRNUD YRQDWMPBI]YQNEDY OV[WNOHQW V P
'PQHV tWHVBE =1674) a FUjiVDQRQ YpJJHWW NXWDWYPXQNiMD
AiYDsUHJHN NHOHW Normjgkinese WitB8 X VIDXQINVMaEDQ D OiY
EDUOD QskiRdemeWusA D OiYD NLK&OpVH HEsW-W NLDODNXC
genetikus D OiYD NLK&OPpVH pV PHIJV]WIBXENRNIVD RWiQ NL
totta. A PDJ\DU NXWDWiVL HBZESTESYH NROIR 5260
KELY 1974, (6 =7 (5+ H897, VERESS1999, 2003, *$'E 1 < 2007,
2008a, 2008b WD QX OPiQ\DL pUGHPHOQHN ILJWH®RHW XWYEEL
WHQ LV ~-WW|U MHOHQW VpJ&HW WRFIH ¢ Bl P BARG VAWK § WO
UKHRJpQ SVIHXGRNDUVIWRYV MHDHNQN pQiHND Np$ B JOHI \ H J
ODQJRN IRQWRVDN D SiUKX]D P RMNHRHD] pW\\h-\WD OWH BBE\NLH NRLU
We@QNKtIJDQ IRO\yV BEDKRHK®RIY iWtS X Vmel@ekD IR O\i VRN
YLG LG DODWW e@umak, Wi YFRoQViWHD cOHWHW HOERUtWKD\
UpVL N|]SRQW N|U* O $ NL|ROEKVNRIWpPNOHWE& SDKRHKF
ED]JDOWOIYD IRQDWRYV OiYD NWNROIiQDIRNRDWRN®IN
megvastagodik aN pU JH DY H-OQ5 X |']mi&ti mikor a fokozatosan
K&O pV YDVWDJRGY 4HM@akINQD ONDpNHIIDI®D-O HI\LGHM&O
IRO\pNRQ\ OiYD Q\RPXO RWW IHQ@QKDBOWRW|GENP PANLU E!
PDJDVVIJEDQ PHIJHPHOLY DS RRDKWRHKRH NpUHJ DODWW E
QIYHNHGYH pULN HO D NpV EBLYQiWK®REY YDWWDIVid>
Gy OiYDIRO\iV HOQHYH]pVH D]RPEDRONDFEEOYS& V]DNLU
pahoehoé vagy Aelduzzasztott pahoeh6e(HON et al. 1994, 2004,

PETERSONet al. 1994,*$'E 1<,2008). OLYHO IRO\iV N#}EHQ GHUPH
QHN PHJ LOO V]LOIUGXOQDN N HHXO MHQOHIOHWWHR/UUMH ®&
fonatos alakjukat. (]JHN D WDQXOPIQ\RN QDJ\PpUWPpPNEHQ KR]]



VILQJHQHWL Naxpérlabgo D OM®D i YWIJDEE pUWHOHPEHQ D U
pszeudokarszZto HQHWLNIMiQD Ne2ZHJLVPHUpPVp

&PpONLW&]pVHN pV PYyGV]HUHN

$] LVIDSYXONIiQL WHU*OHWHN QHWIW WISJHRUW/HPYLGENPQ
iOWDO PpO\tW HAMWUIQ KR ' Dppr@udokarsztos jele
VPpIJHNHW WDQXOPIQ\R]WXN $ PIVNURPRPWNHWE BNV]HXGR
LVIDSYXONIQRN P&N|GpVH N|]WHOND BRVYR ®L WHRO WHHU Y
SVIHXGRNDUV]JWRYV VIDNLURGDRRB O Q¥ | WaHyP WO QX QPPS Y )
Q\RNEDQ QHP WDOIOWXQN HPOMWAMWpHM]IWND MHOVNLVIR
IRUPIN WtSXVDLW YHWWeN V]IiPEPpPpVUHNWNMO HI\NLHU &
IRUPIN MHOOHP] PRUIRPHWULDWMHB SHRHUW MH]J¥P@YO W
ink pV DQDOyJLIN DODBMQDNtWVIFEDNQ moffdsUHSHW MiWV
genetikai folyamatokall J\HNH]W+QN PHJKDWIiIUR]Qla- /pQ\HJpEHQ
csoportotN* O | QtWHW W O@N RV GD¥ K R]LY ) SIDSSFM/JIROyYy Gy
IRUPINDEWOiIiYDNpUHJ EDKD\DRRAW KRHAGIMAHPD H @ P\WE&
IRUPINDW VIUKLGDNDW pV DDWDX\WDN R B/WN LH W/ JtRASH WYW
GUYQIHOY pfetbgranthi¢ttaiOPyGV]HUU HO  odd@nadzaikokWw R W W
eleml]pVpYHO EiU H] D IHOERQWIiVRD N IEDL WD \XIDY\D/NE D D C
PLNURIRUPIN YLRaNi@DWHBDRBSHQ J\lahdrwitshfw PLQWIiN
latok HUHGPpQ\HLW LV IHOKDV]Qi B\WXAI\NF VWP RXKDWiQ\X QN
HOHP]pVW YpJH]W+.QN D] (/7( 77. &VY$IRQWIHQXWIXWyY pV
+RULED 3DUWLFD /$ 9 Op]HUGWRLONFEBYV V]IHPFVHDC
GIQWVeN D NDUVIWV]JHU&GNLDWHONtWNYVVMBDOH QY RIAHGII VL |IF
matoknak vare fontosabbV]HU HSON\ LQNIEE D VIHPEBVHPpUHW HOF
nak, amely aEDGODQG & OH@Q\WmREAne» QJL PpUHW& Yt]YH]HW
MiUDMRNIVEDUODQJRN ROGiIiV QpON+«O LV NLDODNtWKD
$ PLQWDHO NpV]tWpV D N|YHWSHE]-WvllgBSHQ W|UWpQ\
YROtWRWW XAdrtdimaltl B0W/E&=ds Idal a szervesanyagoGEE,
BAUDER PDMG PpUpV HO WW &GS IMJEBHRVJBWRW HWULXI
OpVVOHBHG®S5EG6HW DO $ Y{IROBKWWORO\BI]VIIODWD I
MSZ 21978- pYV]iP VIDEYiIiQ\ DODSMiQ W|UWMHOW Y DUIQ!'
JHV NLYRQDWRW NpV]J[tWHWW -QNUHVWHDOIiBBMHXW?IQ@ N
IRUJYV UilyJpSHQ 6]&UpV XWiEDRL WX tt]p-YW.DVJDAIDW LV
MiQ PpUWeN D] DOIEEL LRQRNDBW OXAFRWRPBRWWUWLLXP
PyGV]HUUH®3:04%85, MSZ 448- NORULG WUWULPHWULIV
szerrel MSZ 448- QLWULW QLWUiIW DPPyQLXP RUWRI
IRWRPHWULIV PyGVIHI98PHNISZ @43=12:1982, MSZ 1SO
71501:1992, MSZ 448-18:1977, MSZ 448-13:1983).



$ YL]IVIIOW WHUOHW I|OGWDQL PRUIROYyJLDL MHOOHP]

Bodzavasa

1.iEUD $ -HOSWRNUWNJIYQ 6]XENIUSIWRN QpJ\ LVIDSYXONIiQL WHU«OHW DODNXOW
%HFLX 3kFOHOH ODUL 3kFOHOH OLFL JLHUE WRUL
Figure 1: The four segregated mud volcano®i&V QDPHG %HFLX 3kFOHOH 0ODUL 3kFOHOH OLF
) L H U E-Batéalihlthe area of Eastern Carpathians% X] X UHJLRQ

7DQXOPiIQ\XQNED@QSDW.RIND HWQYV V] H-JRO\yQP Bl QARGJ D

NLDODNtWRWW JHRSDUN %X]DX HARSDWVND S¥YKONIBW pQ
WHUsOHW SV]HXGRNDUV]WRYV R © DHLLVY AWFQHHNV M M| M 3 NO
$] HPOtWHWW JHRSDUN JD]GDJ pNHMNEBQL YMPRRUIROY
JHRWRS JHRVLWH WDOIOKDWyDDIGLNUp® HMRAMD VD) P|M O\ }
MHOOHJ]HWHY *OHGpNI|OGW V@G LpD/S WHRNNWRVQ V NIDD UWH W F
JiJVILYiJiVL KHO\HNHQ NLDODKR®RNN | VP& O DNEOMNH J b
WRN pV LVIDSYXONIQRN MHOWDROGAWMND W OHiJpUIB®ISN N OME E
QRN D .iUSiWRN WHNWRQLNDLIEDPQHD LNYIE@EENWtYDEE
N[JHOpPpEHQ WDOERKDWONENXOiVXNEDQ XJ\BQD]JRQ WpQ\*t
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VIRWWDN V]HUHSHWK HJL @ p\ DH @ )XGWi]JHVUL DdkspE WHU<OHWH
RUV]iJEAppendihekE HQ pV 6]LBNODIMQPIERQRV]RUV]IJEDQ

az Azovi-tengeJ PHOOpPNpQ $|HUEDMGIpVOYEDIHWHG@GSWWBRQ

S]JpQKLGURJpQ N RODM pV 1|OGHiJ+*TNYSQiNDWDOYOK]BIW
NHJHWL PR]JiIVRN W|UWpPQQHN DRHUDGsNy®DDJI\DIRV p'
WDOP~ *OHGPNHNE O iOOy UpMWMHWYV R URNE W] HH B E ROV
pV VYGLDStURNDW DODNtWD QDN MW N$ FHHWHREHY WH U
Q\RPiIVRV |YHN DINTROGW O 2003 KOPF 2002 ETIOPE

et al. 2009BONINI, MAZZARINR01Q, DPHO\HN HO VHJtWHWWpN D] LV
NiQRN NpS] GpVpW

2.iEUD $ %RGYP Y|OJ\pEHQ IHNY %HUFBD pWV]DNWMHMH NV %NPLX WHOHS<«OpVHN N|]|
VIiUYXONIQRNUHQV~e DQWLNOLQIiOLY WHQJHO\pKH] NDSFVROWEED] MBUOWM QWNH]QHN -
JHN BRQWXV]L UpWHJHN 'DFLDL WHWPHYVMRQDOBNDQWHL UpWHJHN
Figure 2: The Berca$ UE QD .L DtievedisFobtheX&llted anticline, generally at the intersection with
transversal faults 1, Meotian, 2, Pontian, 3, Dacian, 4, Levantean, 5, faults

$] LV]DSYXO NetQ.RUSDWRIOYpV]pQ 6]XENIiBSIWRN D %H
V (O WpU V+OO\HGpPNQHN ,QQHUDR WHKEGUHNHSE] HQVH W H]UH\D W
WpQ MHOHQQHN PH-Jp\WWKRBLWHYRDORBDRO\LN pV J\DN
VyGLDiStABONza1 RO\y Y|OJ\pEHQ IHNI¥kb9B6IkiF® pV D W
PVIDN IH®BHFHLX WHOHS-*O po/HNi QNR NVHWU D ViUD Q W

11



NOLQIiOLVY WHQJHO\pKH] NDSFSRSYBMOBRUSOHQWNH]QHN
TUR et al. 2015MAZZINI, ETIOPE2017, STOICAet al 2017). A Berca-

$UE QDUGL DQWLNOLQIOLV WHQYH®\HpEG Rty QOY pBY WURD Ui
OLN IHO D ViU D VyV RODMRBM QL RHPNWD g HWWNW ] PH'
EHQ D IHOV]ti@UAEBepD pV %HFLX N|]][WW NLDODNXOW Vi
OHJIHOMHEE QpKiQ\ PpWHU P D DDAWR/ID RAR \fi-D QRHRNU HROO yRIp J
iMXN $ OIWRJDWYN HO WW P3kF@\H O/IRWMF 3KFO MR E NIiDRI
PHOOHWW D N|UQ\pNHQ PpJ NpW PVDIONOK\DW $ Y XC@0iHQ
%HUFD KDWiUIEDQ D )LHUE WRWNHYVVE p WP YYD RiolH Blp X
LV]DSYX@NIR®HY ]VIIOW QpJ\ WHU<OHWHQ V]pWV]yUYV
(gryphonok) pV LV]IDSPHGHQFpN MHOHQQHNBRE-J PDJIiQ\RVDC
SRUWRNEDQ N|UsO|WWeN DNWY®UpQW QEONIW tW]iPELD RO \i\
IRUGXOQDN HO $ SV]HXGRNDMVIWDY N RQMpIHEHW
WeN IHO D %HFLX pV D 3kFOHG®H 0D UW R FDES.\DXNENDI Q LD W
HPOtWHWW NpW KHO\V]tQHQ QN JIVH@®RWYiIEJWDiODWDLQNU

iEUD $ SVIHXGRNDUV]WRY MHOHQV pJEKNK M@ L RAHKEXCIENHUD KNGROAH W BDWHH FL X LV ]D S
GUYyQIHOYpWHOHQ $ IHNHWH SRQWRN D] LVIDSKLGDNDW pV DODJXW
Figure 3: The surface ortophoto of Beciwd volcanic area made by 2019 drone pictures. The black dots marks
the individual mud volcanic landforms (mud bridge, mud tunnel)

$] LV]IDSYXONIQRN P&N|GpVpQ HN BRFVIMLWPHD | OHJ |
Q\LVpJpW O EHOV Q\RPiV pV DHONG WRIWEDLQ Wp & VHD]SN W

12



GpN PHQQ\LVpJpW O 1+JJ 7|EE DOKBOR&PDO PHJIILJI\H
hosszabb ideig taWNy FVDSDGpPNRV LG V]DN XWih-D NUIWHUHNI
FPNEHQ LQWHQIJtYHEE EXJ\RJIXQXROWY WRIYWEHNi M BypOL
P&N|GpPpVEH OpSWHN pV PHJQ|DHNHIG KR WWDD¥IE) NRER F V|
NRU ~MDEE ViUIRO\iVRNDW DODNtWRW®YNDNI QLpNHEEL
SRN D YL]VJIiOW LV]DSYXONiQQHWE LW HWRWYDEH JIRWRARE
(5 iE)UMszakirodalomban gryphonnak nevezéattX O NN Q&d&emlp

NHIWHW DOWNWHMPRINUIWHU Q\tOLN

4 iEUD $ SVIHXGRNDUV]WRY MHOHQVpPpJHNWO SRYCGXI@iIV IWKHOOHWEBE GKFORRHOBGDWphU
iEUI]ROYD -HOPDJ\DUIi]DW LV]DS DODJXWDN pVMUNGFODRBRNIQ LVIDY@EDIXWDN D F
SVIHXGRNDUV]WRVY HUHGHW& EDUODQJ YMIRUG pV PODRIRYRGIV PLDWW NLD(
Figure 4: The pseudokarst landforms occure on surfacg lof O H O idud\@ldanic area on the Google map: 1.
mud tunnel and window, 2.mud tunnel on the bottom of the meandering trenchh@lesidkpseudokarstic cave,
5. mud bridge, 6. piping landforms (dry valley and sinkholes)

EzekaVWUXNW~UIN UHQGV]JHULQW D] UPNMDEHXDONIQL W
csoportosan jelennek meg, vagy aWRQLNDL YRQDODN iOWDO PHJKI
rendben sorakoznakSpOGiXO D I W|UpVYRQDODN PHQWPQ $
J\DNRUL YDJ\ IRO\DPDWRYV LV]DBSNIPNMNYUDYMNEOE SYDWPD
LV]IDSIRO\iVRNEYO iOOy UpWHBIHOUHMMWUWHIHWRQWR ODPE® C
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HOpUL-0®V]|JHW D OHMW PHUHGHNVpPJHW|UAVHPFVHPp!
DQ\DJ V&U&VPJIpW O 1+JJ (JHN D iQiOWN FS/AR\S RA|\W E DHY \ H
YDJ\ PDJiQ\RVDQ IRUGXOQDN H®@pKWiQIWaPp FRIQ\WDBDV Vi
ter pV- P N|]|[WW Y$OBWKEIRNpNROY WtSXV~ JULSKRQRN F)\
WDUWR]QDN DKRO D ViUUDO NMDAY OWg BY \BzNHUNWH WiH N E H
EXERUPNRN $ EXERUpPNROY JUWW\SYKRQMN UDED DWD\G i DOKVD MY i
DPL HJ\ NHVNHQ\ FVDWRUQIQ YNH P M VIV <OWIi RS YWWROQRW
Q\~-MW D ViUUDO WHOL NUiWHUR®IN 3K R&]DEOUMNRED W RV
VIHUHVHQ W~OIRO\LN PLXWiQ HJWbiGLMXEB QDYDYQ PHG!
VIpWWHU+O D N~S N|U+O

iIEUD $] LVIDSYXONIQL N~SRN JULSKRQHIQDU)REID® WVe-UHIOYWINIQL WHU+O
VDEE IRUPIL
Figure 5: The largest and most spectacular landforms of the mud volcazcae cones

(griphon)

Az iszapPH G H @F]pNV]DSIHOV]tQEH SHUHP QpON+O EHPpO)
YDJ\ HOOLSV]LVKH] KDVRQOYyDROPMRM~-O® KLLMD @HGHQ
O\yV YDJ\ YLVINyY]XV ViU W|OWLNNQ|QNHW HWMN IRKHFPiM X
DVIJHULQW KRJ\ HJ\ KHO\HQ D yNs-RMW E EHIOHOMWQY W]\ GLII
QHN IHO D Ji]JRN Q\RPiViUD D IRORBRRYIUREY Ji]QHP& DQ
al.2015 $ IHOW|U DQ\DJ PHQQ\LVpJpWQOOPIKHW QHN IpW (
NeO|QE|] HN /HIRO\iVWDODQRN i RN \\W BpYVHMN I BERO |
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OHJW|EEV]|U DJRQEDQ HJ\ YDJUGXNOW WNE B \K DO H QVWE-BD
Wt] PpWHU KRVV]~ ViURWIDI} YLLOQN WD @ VIFOGB\WRO \i VR N L
WiSOiOQDN DPHO\HN OHJ\H] V]IQUWFHNQN W p&/IW B B MO N
WHU OB WENBQ

6.iEUD $] LVIDSPHGHQFpN D] LV]DSIHOV]{QEFH YSHUHHFOQhONPIOYEHP KOMRQA YD) PH
Q\~OW NLV PHGHQFpN
Figure 6: Mud pools areircular or elliptical-shaped small pools which extend to the mud surf@b@ut a rim

$NWtY pV LQDNWtY ViUIRO\iVRRIUKXO QDNVH@D D]V]iP
LV]DSYXONiIiQL WHU*OHWHNHQ JRQI®OQWDRPNWIDSYXONicC
DQ\DJD pV D NLIRO\W ViU PHQQHN pEIHI B ODNARIDM Wi CDW R
OHIRO\iV WtSXViW pV LUIQ\iW LWXJD/O\HXHM W ] pWNFIBRW
FHQWULIXJiOLV ViUIRO\iIVRN INW®BWNHDQ®I NI R®HN i W JIHN
Q\D V]*QWHOHQ+0 YiOWR]LN 0iE WW ODRDWYWH O MDD \
iOWDOIEDQNPWD NLIMIMQWHWHWW LUIQ\ED HQJHGL OHIRO
QHN D KHO\H LV PYGRVXOKDWLM i ¥ B GWHY pWQW HQ YLHBN VEHME
IULVV DNWtY ViUIRO\IVRN NHUWH\NO] WWH YIROE EP iVW DI~
VDEE WpUV]tQHNHQ HO IRUGX ERFWi WK/R B & pW ON VQi| QE |
PD]y ViUIRO\iV NHUHV]WH]L HJ\AW H-GWWH Wt WIX W\& U &E PV
VLNDW D NRUIEEL OHIRO\IVL LOMD\EMOR®)iVRREORDO M NQ
PHJILJI\HOHW IUUVVHQ IHOW|U ViU MHOOHP] HQ YLO]
VIHPEHW&Q HQ N+O|QE|]JLN D N|MQEHR[LGI®WEEi UEIHU Qi V
V]tQHNpWED D
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7.iEUD $ IUULVVHQ IHOW|U ViU MHOGHM&DQHQLE P DR VQEJIUNHD VL& NHWEEPVIiUIRO\VIVRN
Figure 7: The recently ejected mud typically has a light grey colshigh differs from the color of older mud
surfaces in its surroundings

DiszkusszLy pV HUHGPpPpQ\HN

8.iEUD $ V&U& YLV]INyY]XV ViUIRO\iVRN D SDKRHKREGCHITINMRIQKDNVRQOY IRQDWRYV
Figure 8: Dense viscous mud flows have a braided pattern similar tothlé¢ pahoehoe lava
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$ PHGHQFpPNE O NLLQGXOy |CGKagRMNpYDYLRNRIO|QE]]
WiVXN WHNLQWHWPpPEHQIRP OYMIRODERY NWiKIBODQHOHJ\HG
QLPiOLY OHEHJ DQ\DJ WDUWDIRN I XQDAIRREEVHD KM & Vi
OHMW NEH ERHVYIiFPGCGQIPOHYV pVDRODNtWIIDQHN NL PHO\VQHN
VipOpQ D OHUDNYGRWW pV PHIVYMWUD ga3ZpiU JDOOpPpUV]H
domok OHMWDINUDQ PiV IRUUIVEYO V]iUPD]EB/IUIRO\VIVRNLEL
NLV]iUDGW SROLJRQIOLV UHSGGYRKIDW]DNWWIBD D] VR tH\
ViIpWekH UIONVNIiQ NLDODNXOQDN V&U& YHN]Ny]XV VIiUIR
SDKRHKRH OiYiKR] KDVRQO gekiexpex® REW).BLQWIi]DWWDO Ut
$ IHOV]tQEH EHPPUANHIKROYIVORN KDVRG@OtWDQDN D F
KHJ\VpJHN ULQQHN EiU D NLDODWXYQMWXaMERMQVNJpV]HC
nak szerepet. VannakV |EEpB Y p g¥epesthV PHD QGHWHAIUYiO\~
FHQWLPpWHUHY SHUHR V|IpDNRORPW INQH®- DiV\&U&EE Vi
O\iVRNUD MHXDOHPON SHUHS QPO NIRONMINRN DODNMD V]
NDV]RVDQ YIiOWR]LN DPHO\ IGOHJD i€60D@OED G MW WIPJ|
JRWW PHGHUEHQ NH]GLN ~WMXW PIWFVWNNHQ@ GKDWWH®D N
PHDQGHUH]pVEH NH]JGHQHN D WBDVQOQ NLW]ID 19 @\ M DpYAHWM H Wve
nek. $] LVIDSYXONiIQL GyPRN SHUHPpQ@®@ N MDEIDWXDW iURN
PpW EHYiIJyGQDN pV EDGODQS YLGHREMPd® ODNtWD QDN
karsztosM HOH QPULINJBHRIIRU PiL D VIUKLGDN pV VIUDODJXWDN
WHU*OHWHN OHMW V SHUHPYLGHNpPpROD WRNKER ]S DLKIRH K R
DIRNKR] D PHGHUEHQ NLDODN XBSH KR OO BE) YNU IRORIY FON
YiOanOHIRO\y ViU VIiURV Yt] IHOV]tQpQiOySDIQRDIiV PLDW
|[VVIHIOO pV EHIHGL $ WUKRVGIDWRPPi VDODIXWDN OHK
szingenetikusakp YosztgenetikusakD VI HULQW KR JPR pRIDURBDYWYV D
DQ\DViIUIRO\IVEDQ DODNXO, XRJD NDPD PBEWIHIYP KtG
OiIUGXOW ViU OHUYDINY & i MRONDPQ W ROl KRL]DNN N RW N
~J\ M|Q RapWidn OHIRO\y ViU IHOV]tQpQ D V&A&U&EEDpP YiOy
] GLN |VV]HIiOO pV EHIHGL D PWMR N &bAaGERPQ NLDODNXOV
UHPpQ HO EE JDOOPNYEHW&OIFHDHPUDPOY WIUEYO DPL F
EDQ V]pO|WVHKEPpMH D KtJ VIiUIRO\iV MVHWSRhggphQ EHV&U& V|
DPLQHN D NLDODNXOiViWak & 9iHJR GkbkHatja .G V]DN
IEQ.DApKiQ\ NLVHEE JDOO\ pV HJ\pE @\We2h@gtSPDUDG Y iQ\
D ViUIRO\iV ~-WMIiEDQ HOPLV]IBIODAMIBQDY |RDWMmMW DPL VFE
EROWR]DW NaEz&k@QDmMkk®pViNWWVE& IHGHWW DODJXWDN KDVR
NpS] GQHN PLQW D OiYDNpUHXOEBOUOXQNRQL O\DHMD W M A/H
SDKRHKRH WtSXV~ OiYDIRO\iVDLQIO
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9.iEUD 6]JLQIJHQHWLNXV VIUKLGDN pV VIUDODIJXWYPNIDNWNBRERVDOIDNNOQDRPNLDKD D Y
SiUROJiV PLDWW V&U&EEpP YiOy DQ\DJ |VV]HIOO pV EHIHGL D VIiUFVDWF
Figure 9: Syngenetic mud bridges and tunnels may evolve during the evaporatioddyf water, where the
dense mud layer forms a crust on top of the liquid mud flow

$ VIUKLGDN pV DODJXWDN SRMWSPHQEWLKRVHNYFiGpV
PHJV]LOIiU G Ki@aRultw LCE-BVOMiWIRO\iV NHAIWYJWNDPp SH]
IHGHOHW D YiO\~ |[HOHWW KRJD @ DWMWDI\DVYDOI\B-VQDL W
UpV]JOHJHVHQ ]JiUXO HO DPLW-MEYQ pRHEGLLWtI ViUIRO\I
ra).

OLYHO D] LV]IDSYXOWiWRND WUNEEGpNRY LG V]IDNED
J\REE D NLIRO\y ViU WHOMHVHQDN X\®MOMNWKONNYL D NRUIl
iUDGKDW pV HO|QWKHWL D V]RFDPGCWM OMHHY/HDH \EE H NFH W
KHWL D N|k&QlV Y$SOQRALWRMOGMHWIWORY IsHaRaASAOKNV YiO\~
YIOWDNR]QDN DNiU HJ\ VEiEKkROM] V JiFOAND W\pHQU +O/HW HN HQ
(BKFOHOH ODUL %HFLX LVIDSYXORUGX (GBNOHHQV QDJ\ V
iIEU)iNe NL]iUyODJ PLNUR PpUHW&HKQA VIR D@D JRWDNXO
iIWPpB-MHP KRVV]XN ULWNIiQ KDODGMDQHFHIND IpO PpW
VIHIpQ\HEE PLQW D YDOYyGL OrXNDRIpDWW&EDPHIFODYQ IJRN p
YH]KHW N EDR#& & ddokardztok deffLyMD VIHULQWL IHOV]tQD(
FVDWRUQINRQ NHUHV]WeGiaMkilU Wi Q QKEVPEO YH]HW pV
HALLIDAY 1997, PALMER2007. $ VIUKLGDN pV VIUDDOD®JXWDN W|EE\
i0O@y017- PYHNEHQ NpV]JtWHWW QpJ\ Glag@kHOY pWHOHL(
HOOHQpUH KRJ\ D ILDWDODEEGWRPNR QO ®R N WEFROAHNRVE @
alakjukat.
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10.iEUD $ VIiUKLGDN pV DODJXWDN SRV]WJHQHW LINXIVNXORWQ VOBIWRIUIDODNXOQDN NL
O\iV NHUHV]WHI]L pV ~J\ NpSH] IHGHOHWHW\D R\OW-YIHEBWMNG KRJI\ BODWWNDV]D UpV]C
JiUXO HO DPLW HJ\ NpV EEL KtJ VIUIRO\iV ~MEyO PHJQ\LW
Figure 10: Postgenetic mud bridge and tunnel develops in a trough if it isedtd®y a subsequent mud flow, and
forms a cover/roof over the trough in a way that the trough remains opsronly clogged partially, which can
be re-opened by a subsequent liquid mud flow

11.iEUD $ SVIHXGRNDUV]WRY MHOHQVpPJHN N|]+OOOM IRDGYREEDW]iPEDR DLNLYVIBDMW HW
WHU<OHWHQ
Figure 11: The sinkholes (swallow holes) are the most common pseudotzrdfrms on the investigated area

$ YL]VIIOW LVIDSYXONIQL WHUOKWHWN GYyPV]JHU&H:(
Q\HJHWeNE O tJ\ D QDJ\REE KRID/WMRN pMNRKBAD/QPDEE ViUIF
O\¢eO iIURNUHQGV]J]HUHQ NHUHVY]®JOHNUWD AHSOW V]RWND
a peremi hely HW& ITHOIUNROW ODW) WU HQ pINNEKNREDGD DANOXYO
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SVIHXGRNDUV]JWRYV [HOV]JtQIRUPiIN BadtanN WtSXVIiED
SVIHXGRNDUV]WRYVIHMHQ HIEPPANRGIN LYWW MHOH
VpJHN SBSYQYJiOW NpW LV]DSYXONIQD WHU+<OHW EDG
SRQWRNWYO WiYRODEE H3bk @&X KIDO) NOLN/® N HINVERH Q
pszeudo® UV]WRYV IRUPIiW ILHUHOWREE PHIJPEDQ NLVPpUHW
Yt]Q\HQINIBEWE U)iNV D KR]]JiMXN NDSFVROyGey IHOV]tQDOD
W FVRAWMRUG V]PRRMD QIRUUIVYV]IM Otigs @Mel-

VItQHNHQ DPHOWNRGWPNMKRR] NDSFVROYGQDN

12.iEUD 9t]Q\HO pV YDNY|OJ\ D 3kFOHOH ODUL LV]DSYXONiIiQL WHU<+OHV
JLIXUH 6LQNKROH DQG EOLQG YDOOH\ RQ WKH 3kFOHOH ODUL PXG YR

(JHN D ]JiSRUPBVEBIRN IHOV]tQHQ UpW]EHQ D IHOV]t
nak U[YLG SiU PPWWOMBNHEW D V]y Y| O NUHDNHDAN t W Y D
DPHO\HN PpO\VseldakdltakiiNg H Q@ QN Q\tOyk¥Wt]HOYH]HW
W N QHP LJD]LazYDIGDBIRVRGiIV SLSLQJ MHOHQVpPJHL NJ|]

OHJILIVHO@WKQQ\N NLVPpUHW& WHUBp Y LHWHOWK MGDUNO HW
(14 iEUD
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S “ |
13.iEUD ,G V]IDNRV Yt]JIRO\i U|JYLG SiU PAW HSHWX DD NYLONMHHU «®kRDHOH 0DUL
Figure 13: Short bindy DOOH\ IRUPHG E\ D WHPSRUDU\ EURRNDREGDNKH 3kFOHOH ODUL P>

14.iEUD .LVPpUHW& WHUPpV]HWHYV KtGH¥®FOHOH ODUL LV]DSYXONIiQL W
Figure 14: Small natural mud bridge3k FOHOH O0DUL PXG YROFDQLF DUHD

A SVIHXGRNDUVRWW VDI PHRINDIJ\REE PpJHW& HJ\ LG
VDQ P&N|G EDUODQUIV]DXXKFONDIPOIMHU+OHWHQ DPHO\
PDJDV pV NE DR KRMWY]~W PH&nelfEbd 8@ GBViIURN
LG V]DNRYVD matdkja Kdr€satfolyik (4,15 iEN $ PHQQ\H]JHWpQ
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kp NLVHEE NeUW Q\tOLN DPRORNWH D] (MW WGYYNPQW E
O\LN D$)YHJI\pE EDGODQG YLGPNHNHQ U\®XNRQYDNGROLQIN
HO

15.iEUD EWPHQ EDUODIQHVILRNOLGQVHINRVDQ P &Kok (BKF@BI®MDONBIUHV]W e
Figure 15: River cave along the flow of a temporary broBlkkFOHOH O0DUL

AKRJ\ D]W D EHYH]HWa/EE DRJRN RGCWD WsW INQJ MHOL
V eidakkor alakulnakNL KD D ILQRP V]J]HPFVpp\N& VEULMASHU] DJ\D
OpNV]HPFVpNHW D J\HQJpQ NPADOROUNYG|PAYIJIUHBNRHNE
WRVDQ HEBERDARDY MIBARPLER013 % $572/2 0 al
2015), amil|OGDODWWL MiUDWRN FVDMPARKERetNAINLDODNXOiVi
1990). $ IHOV]tQIRUPIN ITHOW&Q KDVRQONDIURMW RPKWDW Q
IRUPINMNCJODNNRU LV KD D] *OHGpNHN NRHEYERQIWWDUWI
N&L]VIIODWDIOQNN MW HU)L GPRWUMSLNXYV IHOMIHQIRUPINDW
SDV] PpUVpNHOWHQ PHUHGHNNAKB O ONKW K NYH Q RO\ LVGR M
DODNtWMiIN NL | NpQW D V]HEPOFY ppw ND JNDVUE Qi ADYG DV ]|
O HM \(PARKEBR1963,JAKUCS1977,PARKER, HIGGINS990,ZHU et
al. 2002 VERES2004,HALLIDAY 2006,01*$, 1 e 0( 7 2005,KISSet
al. 2007 $ OHMW Q OHIHOp IUDPOYyY Yt] UpV]JEHQ D IHOV]t(
NLV UHSHGpVHNHQ iW NHUHVY BDXWOWWWRLDIiY ODQREPPJD
VIHFVNpNHW D GXUYD UpV]HFVNHN]WHMp &RRL pp 3O D Q
JHVs$he&zpyezet$ KRJI\ D] *UHJ WiJXO HJ\UH W[EMBEO't] IRO\LN |
pV HJ\UH QDJ\REE PpUWPpPNEHQpEH&MHAEHEHQ WIWHIYNLY IR
is. $] DJ\DJRV *OHGpNHNEHQ DPHQIBER,®&kS2A] IHOYPWHOp"
UDGiIVNRU ]VXJRU R GBlys RIDWNRMNS M\PHINRIDW YiIOWRI]iV PLDW)
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QDJ\REE UHSHGpVHN NHOHWN H ]NQHHGIY HD|P HI©OO \I p \W © O Bl R YAF
teremt.$ VIHPFVHP|VV]HWanWHQIRRFDRDBPEI@ODGBXUYIEE VIHPFV]
*OHGpN MHOHQOpPWpPW HJ\DUIQW NLPXWQA& WA HIV & D Uba
JHNE®OWW PLQWINEDQ $ NpW PLQWUBEMQND]HVMDMRIPV IW|]H S
GRPLQIO GH PHIJWDOIOKDWYy ]| IDBFVHPRIEHW. QRP KRPR
lyek alkalmasak ab&@ ODQG SV]J]HXGRNDUV]JWUD MHEOOHP] <OHG]|
JHVHIGRRMADPDWDLQEN DNQpOWOMWNIWKWRIIJ\ D NDA(JERQIWWDUW
gas lenneX6. i E U).D

Wenworth

2 I .
1 I

0% 20% 40% 60% 80% 100%

mDARuU P

m5-i0 Ru (Jv}iu I..

m16-0i Ru I,1 % « « pEA
63-iTA Ru v PC}v (]v}t

m1257A1 Ru (Jv}iu Z

16. iEU®D VIHPFVHPpUHW HORV]OiVD ‘HQaMaW K FEBRBARIMVRY NWRWEEQ\YH]HW
U, @ minta ugyanannak a baraqgDpN D PHGUpE O
Figure 16 Grain size distribution of the samples after the classificatiowefiworth. 1. sample from the celing of
cave shoes the Figure 15., 2. sample from the bottom of the same cave

17.iEUD $ PHDQGHUH] iUNRN DOMIQ D] LG VDD DR\ GitP\RNDWDODIXWDNRQ W|L
Figure 17: On the bottom of meandering trenches the temporary brook fldwigyh tunnel below the obstacle
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18.iEUD $ EDGODQG WHU*OHWHNHQ VRN iURN Y DR\REWWRADIQ iRadyjd DHEHQ® N |VV]IHJI\&C
HO D WHU*OHWpPW
Figure 18: On the badland areas many blind valley develop and the water fldwingyh the terminal pipes

$] DODJRVRGiIVQDN HJ\ PiVLN MROPMWDOHWHY PHJ
meander alag (JHN D PLNURIRUPiN D] LVIDSY®ONIQL GyPRN
kult 0,53 MPpOPHDQGHUH] iURNUHQ & \8] H ISHRNKSHDWN | W K HW
NRN J\RUVDQ PpO\tWLN D] iUNRN VIX®INWp JD PNHIDU M NVE R IQ
PHDQGHUNDUUMDLKR] KDVRQOY KiX®®DBMRMIQ]LYY PHDQ
RESSL1998, 2000) $ W|EE Wt] PpWHU KRVV]DQ NMfRHWKHW iUN|
YRQDO N|]JpSYRQDOKR] N p SasximmatvikusWpderlefNLOHQ GO pV H
NLDODNXOiVKIDRJRQOWHNBSSHQ PLQW D. AKQV]tQL Yt]IRO\
JHSHV iWODJRV Yt]KR]DRRRRN}FWKMGD PIMGMBEEDQ DO
VD D] LG VIDNRM. YWIROGIRIPERU~ ROGDOIAK $ PHDQGHU
pV OHIHOp YDJGIRBRROD®OMVYL]HN iOW Dn@anNdr P pO\tWHW W
tYHN MyO NLUDM]ROYGQDN D M|$pS Y & IN PHGHHIU PH GQHIWH |
PpO\+OpVH EHYiJyGiVD D PHD QFREHNHI\EMAHH O YiODV]Wy
IHOV]tQL PH®HKRPHRO\HWW N E H Qydkian kiDdr0at Y t]
kon NHUHV]W e OJity|@nelyeldst D ILQRP UpV]HFVNpPN HOV]iOOtW
V]XIly]Ly DODJRVRGiV SLSLQJ pDOKINRQMIW @ D |
PHDQGHUH] kibaBaMIYNODBKtG NpS] GpVpKH] DJRQEDQ LWV
V ]i Vigap anyagbariOiJ\D E.EpNLWW QHP D] ROGi¥L IRO\DPDWR
MiN D IRUP D NPRESS99%,\2000)18. iE).3 PHDQGHKH] iUR
szakaszokbaD IHMOHWOHQ IHMOHWW pQMWWRHIWDBDOIHMOHW
KDWeN$ %1 - 1pPHO\LN iURN YDNRQ YpJ]OGLN D EHQOQH
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Yt] DODkiére¥¢®R @ DJ\MD HO (29 WiHE)W&®irteWmndeni U R N
DOMin@aitleekEHQ PHJWDOIOKDWYN H]JHN D NLV DODJFV|Y
LVIDSYXONiQED\GBDWHWHNHN MHOOHJ]JHWHY SV]HXGRN

gVV]HI]pV

$] LVIDSYXONIQRN V]IDNDV]RV P\&N M P VRH QQ&\D/JJ HD \WWLUR
VpJH J\DNUDQ YiOWR]LN pVONI\H MW ESXIRIOMNi YR QMiQ\DVOH R
Gyakori D PHDQGHUH] (WiONRAEEVWRNNLDODNXOW VIiUIRO
VIpWYiOivVD pV HIJ\HV*OpVH .UO|Q|DOOQ NXDYDQ\RM. NKVIR
O|QE]|]] WtSXV~ DQ\DJ~ YDJ\ YNHURYIWHtNWUVRIGYXMWV RN
Szingenetikus BUKLGDN pV DODJXWDN RWW DRPOWWXOQDN NL
WHWHMpPQ D V&U& LV]IDS NpUJHWOQ pS\HE HIHGLNB VKN P ®F
IRO\y ViU FVYDWRUQIMiIW (JHN DNPENWU RB YW HW & EIFHEBNH W W
pV MyYDO NLVHEE PpUHW&HN FRIQWR @QO® NBENHHOH B (EY) G
langokD YDOYyGLWHKWROIKWHN SDKRHKRH WtSXV~ OiYDIRO\I
$ODIJ~WV]HNESIR®IPD DNNRU ULWLKDNMIAVODBDE~VIUIRO\iIV
NHUHV]WH]L pV ~J\ NpSH] IHGBOBHWWDIWINOIFOIHOHWW
PDUDG YDJ\ FVDN UpV]OHJHVHQKIiUXYOUHRO \DW I-W By N
megnyit (poszHQHWLNXV. ViU DODJ~W
$] LVIDSYXONIiQL WHU*OHWHN GHMROVYy SHURF YYLtG p N |
PpO\HEE IiUNRNDW YpV D UpJL +QNDSWpPpRRAMtQEH P
DODJRVRGiIVKR] V]XIlly]JLy SLSLQYJ YNDPPSHEANGRMOH GY IRUPINI
JL PpUHW& Yt]YH]HW MiUDW RMDWHNVMIROQOOHHD B O DIQWRIN
PLNURPpUHWW O GHFLPpWHUHYV @DIAWIULIAW BU B HBp Ki Q\
PHDQGHUH] iUNRN DOMiIiQ PHDQLEN Y IDEPBDAWDN M|QQHN
$ PLNURPpUHW& SVIHXGRNDUV]IWRN PRNMPIN pV D] L
GpVH N|J]WL NDSFVRODWUYO NpN DY WD WBHBMNXORIEGIOAN K
EDQ VHP D SVIHXGRNDUV]WR\WW NURGDWRRV WO W/IDIQWK] D
PIQ\RNEDQ QHP WDOIOWXQN HPOtWpVW H]JHNU O D NLVI
9L]VJIODWDLQNKR] WHUHSL PpUpVHNapNRWRJUDPPH
ERU YL]VJIODWRN HUHGPpPpQ\HLW KDV]QIiOWXN IHO

JV]|QHWQ\LOYiQtWiV
(I~-WRQ V]HUHWQPQN N|V]|QHW HMNS "RYJ Q D X DD WH/RIS XV
PIiQDN D 6WLSHQGLXP |V]W|QGPNRRQWN MBE#W]WPPD Q\~MW

PXV WiPRIJDWiVpUW pV D] (/7( 7BIWHWWYMWe-D PMEDW WiP
JIWVpPpIJHW Q\~MWRWW D WHUHSL NXWDWiVRNKR]
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THE EVOLUTION AND DEVELOPMENT OF SOLUTION DOL |I-
NES WITH HORIZONTAL GROWTH (PLATE SHAPED DOLINE)
AND THE PROCESSES OF THEIR FLOOR

9(5(66 0E5721
'+.&6( 30DQHWROYJLDL pV 7HUFWPWHYWN VOKSWNDHIN LWN X W |
V ] H Nvéllegs.marton@elte.sek.hu

Abstract: This study investigates the evolution and development of pégiedsdolines (depressions with a large
diameter, small depth and plain floor). For the determination of theirphmwlogical characteristics, the morpho-
logical parameters of 16 dolines were measured and calculated (theingeveralues were compared to the
parameter average values of the dolines of other doline types). Based datéhef VES measurements, the
syperficial deposit and the morphology of their bedrock of six dolines ateidied. It can be stated that plate
shaped dolines increase by widening. They are formed at sites whewatdredrainage and material transport
capacities of the epikarst of the bedrock ceases on doline floois, dvhinage and material transport take place
at the margin of dolines. Their genetic varieties are plate shaped delthekarren, plate shaped doline with
drawdown doline, plate shaped doline with subsidence doline plate shaped dolinet ditn@down doline, and
plate shaped doline with partial doline. Below the floor of the plate shapetkdelth karren, the drainage and
material transport of the epikarst regenerates and karren are formetieofidor. Below the floor of the plate
shaped doline with drawdown dolines, the epikarst recovers locally and fwratsne, while below the floor of
plate shaped doline with subsidence doline, the epikarst regeneratdly Idut permanently too (this enables
material transport from the cover into the karst and thus, the formatisulufidence dolines on the doline floor
with superficial deposit). Below the floor of the plate shaped dolifewttdrawdown doline, the epikarst did not
regenerate at all. On the floor of the partial dolines of the plagpsed doline with partial doline, the epikarst is
active in the beginning, but later it will be inactive (the partialines do not become deeper, but they widen since
the epikarst is active on their side slopes and thus, they copl€eethe karst with plate shaped dolines, the
surface does not become dissected, the host rock is denuded in a skadisthiand in horizontal direction and in
case of the development of inner plate shaped dolines it is denudedrial $axeds. Since plate shaped dolines
(non-active epikarst) and drawdown dolines (active epikarst) also dogather on karst, peneplain and vert
cally dissected surface section may develop adjacent to eachooth®ain terrains with dolines. In case of plate
shaped dolines with an elevated position, the mounds become truncated opaegeskinto sections. In case of
those situated near valleys, the dolines contribute to the widening and leingtioé valleys.

Keywords: epikarst, plate shaped doline, morphometry, superficial degatatine floor

%HYH]HWpV
( WDQXOPiIQ\ FPOMD D WiQ\pURD ODRXLOQ WNENDHIO OHINR D L&

VPQHN WDOSXN NDUV]WRV IR @\ INFPOUW DW &N NI Hh® Vit GIRIO L
O GpVpUH J\DNKYRPMWi RDWD/ipY EHPXWDWiVD
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$] ROGYyGiIiVRV GROLQINQDN HJGIRO YQDW BRJPWD D W
HEVESI (1984 VIHULQW QDJ\ iWPpUVM& DOM]IDW~ G
presV]Ly $] ROGYGiVRV GROLQIN WD BEIN OHHIRWG RND MK JWi ¢
OHJH Q|YHNHpPOWRVIRUIQOV VRUEDQ D KRPRU~ pV GRPI
HJ\PiVKR] NpSHVWL KRVV]iQDN BROLGIONHOREHYpW/HDpY
(3el7(etal 2007):

SHUHPpQpPO pV DOM]DWiQiO VBB WVHBY]ETRGREDQIN KR

DOMIDWIiQiO V]pOHVHG GRORDQINKREAR LD~ WHNWW Bp'
UHGHNNp DODNXO IHMO GpVH NRUIQ D] DOM]DW VtNNi I

SHUHPpPQPO V]pOHVHG GROLEDR@LN MPERBRUHKRW k
NpSHVW PLN|]JEHQ D OHMW HOODQNiIVRGLN

PpO\*O QHP V]pOHVHG OGRIOL QPV DKRRRERW@~ D KRPR
KR] NpSHVW PLN|]JEHQ D OHMW HJ\UH PHUHGHNHEEDpP Y

$] ROGYGiVRV GROLQIiIN NLDOAMdihKrechdrgey VIHULQW OF

drawdown-pV LQFH SR D@AURD2012). $ point rechargée GR O
QiN D NDUV]WUD iW|U|NO G|WW IHOV]HNE MQ EMHYBINXW QD
D NLDODNXOy SURWREDUODQJRNBED WtJUyWp Q[ N\R OF3LR W R\
DQ\DJ HOV]iOOtWiViW pV tJ\ (WILGANSLEBS\ZPDY, PpO\+OpVpW
FORD, WILLIAMS2007,SAURO2012) $]indeption GROLQIN RWW M|QQHN
OpWUH DKRO IHOV]tQKH] N|]HDLY ttjWWAX WDKR GKIRQWH|it
OHV] D YtJHOYH]HWpV pV D] W/GRMAW (DU B/J HV R O EI']0(
GHSUHVV]LYNpSISSYURD W | U Wsprdmdbwn® GROLQaN YLV V]
FVDWROiIVL IRO\DPDWRMLLAMS 1Q383NFDRP, GAOLH-N
AMS2007). $] HSLNDUV]WEDQ DKRO D YU p\Ori MRV PY IHOJ\
WpQ D MIUDWRN WDODM DODWWL $ DURJRWXED YIJRUVDE
YHJHWpV H KHO\HN IHOHWW L¥QLBWH\Q 1Y HDE H LD@®WN U W
GHSUHVV]LY PpO\+OpVH LV HJINUIH NORRUWW HE EO MV W RIN \
$ GHSUHVV]LY OHJPpO\HEE SRQWIMRUDNRYJEW | HE YtWhU N
LWW D] ROGYyGiVW D] HSLNDUSYRWRDIQVBH QLY HN PE\OR/E D
is. Az epikarszt mVRGODJRV SRUR]JLWIiVIiQDN D KYYYIHNHGpVH L«
D] iUDPOiVW DPL XJ\DQFVDN QPYRPO\BEBRWAYEIQW D GC
alatta az epikarsztbar§ Yi]ROW IHMO GpV D]W HUHGPpPpQ\H]L KRJ
LOO D WDOSQiO D IHN+ HBJIJCRID PQD \MEESSGRQWMD IHOT|

*ODFLRNDUV]I]WRQ D] ROGYGIVRDWGOGRWLR++W | Q¢ W/|LONE | ]
HO tJ\ yULIiV ROGYGiVRV GRO L& DU HFHQHR GROCAY®DHV RN L
GROLQD DNQDGROLQD GH HORUGE®RDQM/N, XWiQV.OO\H
SWEETINGL973,KUNAVER1983,4a 7 ( 3, 6 1let.al. 2010VERESS017,

VERES St al. 2019).

$ N O|QE|] ROGYGiVRV G RCOYIW BB MPOWM B/J WiL VH E |

EDQ QHP FVDN WDODM KDQHP KDH¥PMNDD YN NRRVDIHBG LQ/
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J\DNUDQ IHGHWW UHMWHWWGpNBIVVPBRROVL QBRONKSN G G M
(SWEETINGL973,WILLIAMS2004 VERES®016, 2017YERESSt al. 2019).

$ WiQ\pURV GROLQIiN PLQWraviigwnD GifEEL B P X WD W M »
EyO DODNXOQDN NL

OyGV]HUHN

$ GROLQINQDN YDQQDN PpUKHW RFHWONRNWHKD W]y PFRDW D P
NXWDWy FTLARK]IEXMANSL954, WILLIAMS 1971, 1972a, 1972b,
JENNINGS1975,BONDESANet al. 1992,7 (/% ,6 = 0 [2005,LYEW-

AYEEet al. 2007,3e 1 7 (et al. 2007,/ E 7 2 6t al. 2015,. (9(, 1 et al.
2015).BONDESANet al. (1992 HIHNEIPOpW N+*O|QtWHeAW HO ( SDU
UHNNHO MHOOHPH]KHW D GR®ADRLR/MN HOHI RPREXIRIO® .
HOWHUMHGpVH PLQWI]DWD SO O/RINYHA-HEEDUQMRI Yil
VipG VWE $ PpUKHW SDUDP@PWHPWHWHIOV WY NWDHQ
YDJ\ OpJL IRWYyNUYyO DGKDWMiR UDHRIp W HUHINH B/D QDR OQD C
WXQN LOO KRJWXQN OpWUHDNLPXWIiGRD MWIQ\WYyRVUERO
EHQ HOWpU PRUIROyJLDL VD MWRRWWXIDN.INDYMHQOBN Dp\
NDOPDVDN D WiQ\pURYV GROL QDND MMIOM FPHipN BRKD LQ B W |
SXVRN GROLQiILYDO YDOy |VVRKM&DBMRIHNMAM D DG RE RO L
G N |VVIHWpWHOpPQHNVPHBNH]IHOWPSAMN VYD IHNeMeN PRL
iMIiQDN D YL]VJIiODWIUD PiUMBQNELEBI@I. ROONDOPD]JWDN
ZHOU et al. 2002,HOOVER 2003, VERESS 20092016, MORALES,

SORIANQ2017).

$ PYGVIHUHLQNHW DOIEE PXWDWMXN EH

- Az AggtelekiNDUVIWR QK HI\%pBIRIHQ D 3iGLVRQ D] $VvLDJy IH
RO\DQ GROLQINDW YiODVIWBWWRPER UND WK#DWG V | YW\pHUWM WS |
DPHO\HNHW D WHUHSEHMIiUiVIRRV VRROQ (3 Réd Bl I FR HE&LHWADHV
NLQWHQL $ WpPUNpSHNHW NIVt W H W IA/pedl HWWCD UD QVBH QY
ken a szintvonalakat 0,5 m, vagy 1L,0HQNpQW VJHUNHV]WHWW-eN NL

-$ WiQ\pURYVY GROLQIN PRUIROYyIDDtW WHIORDIHP]] DQHAEID P
SDUDPpWHUHNHW PpUW+eN D GR PHRMJIDANNODR2-M]L WpUNPSE
VIDQWL iWPpD NG(ROLQ@D VN DOMIDWIiQDRNaxXKRVV]IDQWL N
DOMIDWiIiQDN OHJQDJ\REE R)D3aDWNMWWN MIQENpPDpWRW]IW
(s OLQG D PpO\WpJHW PLQG DDOGE RO QDRaF W10 '@ HRAHW D GPW
JDVODWKR] YDODPLQW D GRPDODM ]®PHWU pY @K ©JHNMME HR/DWV
DIRQ GROLQIQIiO DKRO YDQ NDULNIMWRUWNRWYHQ\HL KR
N L O pzthtvonal adta. Ahol karsztos nyereg nincs, ottaagzintvonal,

DKRQQDQ D GROLQD N|]pSSRQWMWMDLDMHBDPRP & MVOIMQ W YR QD (
UHP LUIQVIED OHJDGWXN D] ROGDPWO HMWW KEEQ WQDIN D
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DOM]DW N|]pSSRQWMiQiO OpYStWRWWXNDP-HIi JBY N pi OO
SRQWRW D OHJKRVV]DEE pV D @GBHV|DOM]E® LHWNP p\WUB
PHWV]pVSRQWMDLQIO YHW W «iN) IHRQV V§ KOR CR @/ G & H &I W Q
D N|JpSSRQWQiO OpY V]|JHNHW |VV]HIH]W+N

. _360-30
D736

tsa

b
i 2 (913 =34 BERs [ e DIC07

iEUD 7iQ\pURV GROLQD QpKiQ\ PRUIRPHWULDL SDUDPpWHUH
-HOPDJ\DUI]DW PpVIN GROLQDWDOS «OBIGpNHD Y iODGRIDLA DMDLCEHW D YEIR OY QD
SHUHPH D YiODV]IDO EHOV ROGDOQRREWD @N] DRI L Q B GRUNEGH/BREY HPAW UNHH D GR
WDOS OHJKRVV]DEBO HYRBYVWBEBS iWPpU UH MPHGROHIDWIDMPD B[] SSSRQWMD .
NDUV]WRV Q\HUHJ NLWHUMHGE R pWOQNDLIWIDDIF] PP DU\HIN HG Oi W R DyIODD) P\ P\p/O\VpJ G
JH WpQ\OHJHYVY Pp®RORLDDEROGDOOHMWMWERPAPQEN DVRRVWB O KRVV]IDEELN WHQJHO\ |
by D] DOM]DW OHJQDJ\REE (P DI DWG@ i 0 MG|ENE Y BOAW BPWODQWRE D OBBIHY DODN
3 GROLQD WiQ\pURUWRGEG QD PO WpINA NIBDWEHRIMMHDWR @ GHD OO HMW MpQHN NLWHUMHGWYV
Qp]J]HW E ROGDOQpPIHW
Fig. 1: Some morphometric parameters of a plate shaped doline
Legend: 1. limestone, 2. sediment of doline floor, 3. dividing walbsading the doline floor, 4. ridge of the
dividing wall (margin of the doline), 5. inner side slope of the dividing (s@le slope of the doline), 6. floor of
the doline, 7. karst saddleg lihe longer diameter of the doline floog, giameter that is perpendicular to the
longest diameter,d FHQWUH RI W KH ,@rglesLe®prbss@drtReléxpansion of the karst sadglle, d
depth of the doline floor (apparent depthy,. depth of the doline (actual depth), Bngth of the side slope of the
doline, d. the diameter of the doline along the longer akig, the largest elevation difference of the flogg, t
thickness of the superficial deposit, ®pparent shape,s/Actual shape, P. plate shapedness value of the doline,
Be. expansion of doline floor..Sxpansion of the side slope of the doline, a. plan view, b. laieral v
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, WIiEOi]DW
Table I.

$ YL]VIIOW WiQ\pURV GROLQIN V]iPtWRWW PRUIRPHWULDL SDUDPpWHUHL

Calculated morphometric parameters of studied plate shaped dolines

doline jele OiWV]JyODJRVY DO WpQ\OHJHV DOD| WiQ\pURVRGRWW DOM]DW NLWHUM ROGDOOHMW NLU PRUIROyYJLDL N|U

Fsl 66,67 (33,33) 37,45 (23,98) 1,33 30,00 81,39 WHW V]ILQWHQ X

Fs2 40,00 (13,33) -() 1,33 8,00 85,28 WHW VILQWHQ X

Fs4 56,67 (10,62) -() 1,70 6,67 89,72 VtN WpUV]tQHQ

Fs5 15,00 (12,85) -() 1,29 7,00 79,17 VtN WpUV]tQHQ

Fs6 25,00 (9,72) -(9) 1,75 3,33 82,50 HSLIHQHWLNXYV
XYDOD UpV]H

Fs7 22,79 (11,53) -() 1,87 4,00 81,39 VIN WpUV]tQHQ

Fs8 21,43 (9,37) -() 1,81 4,15 85,83 VtN WpUVI]tQHQ

Fs9 12,67 (11,18) -0() 1,46 2,89 86,67 HSLIHQHWLNXV
XYDOD UpV]H

Fs10 15,56 (8,23) -() 1,75 2,00 80,56 VIN WpUV]tQHQ

N11/a 13,86 (-) 8,95 (-) 1,40 2,80 66,67 HSLIJHQHWLN X¥-
PpQ XYDOD UpV

N13 51,01 (-) 31,89 (1) 1,75 3,80 100 VtN WpUVI]tQHQ

L6 41,21 (-) -() 1,44 4,00 93,06 WHW VILQWHQ

Ag 40,62 (-) 16,63 (-) 1,36 4,75 83,06 WHW VILQWHQ

P1 45,00 (15,01) 39,63 (14,37) 247 2,67 56,94 SROLJRQIiOLV N
UpV]H

P3 49,87 (16,62) 15,93 (9,72) 1,52 10,42 81,39 SROLJRQIOLV N
UpV]H

Asl 11,25 () 11,25 (-) 1,24 6,04 100 VtN WpUV]tQHQ

iwoDJ 33,04 (13,80) 23,11 (16,02) 1,59 6,41 80,97

OHJMHJ\]pV D JiUyMHOEHQ OpY V]iPQiO D GROH®DDDIODW MIROWN RO IMWO DM KR IDNRBGIWW DGWXN PHJ

Notice: in case of the number in brackets, when calculating the shdpe dbline, the depth was given as compared to the surrounding mound
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- 6]JiPtWRWWXN D GROLQD DODMNMPWU~JpV KR P\pO\ KRN V]D
KiQ\DGRVIW NpSH]W+N +D D PpODbWaHiRMedaKDWiUROyY PLC
tJ\ NDSRWW DOUOERWDRBJEWDHOEHQ W QWMNRVOWRON IHO .*O
PHIJKDWiIUR]JWXN D OiwWW NORURY BEDNEWWBOSKR] NpSF
PHJ D PpO\WpDH®RALQD SHUHPpPW O YDODPLQW D WpQ
HNNRU D PPONDIISHWHN+MpKH] MpEyenésak Al golina] W+ N G
SHUHPPW O (] XWyEEL V]iPt\WWi\om6RWPW U NKNWVGD WD D k
QDN D IHOKDV]QiOiViYDEQ DPHHAEDWDUWRNRDWYDLOWHWYH |
GROLQDWDOS IHGHWOHQ $ HODPDRWDVNMPIRODV GRND L C
OHJKDWiURJWXN D GROLQD WiQXRIURVR GiRQMLODWKRpW =
VIDEELN iWPpU MpQHN pV D WHNOB KFROAD@ROWWW MIp\8 HU M
WeN OHIJKDWIURJWXN WRYIEEI@DWIiRLWHMIG EWNMPIN WO |
~J\ KRJ\ D WDOSKRVV] pV D [5RKOQ\DOS RV LWN NP S M )W Mb Q
6]iI]DOpNEDQ PHIJIDGWXN D KLi&\@RWHBBILIHOOBMNMAWGM&NH NV
WiQ\pURYVY GROLQD ROGDQOBMDW MH i WL B MMHOHVGHOW ROHEND
M& DPLW NJUQHN WHNLQWHWW NPNK HWiQ\pURNSEHR@L QD
D] DOIEEL PyGRQ
uxr FAR
AL———
uax

- 9(6= PpUpVHN DGDWDLQDN D |RCRYICEMWDIYLYDH JHRH
YPQ\HNHW NpV]JtWHWWHN D 7HUOUNDNWHV®E. IDN JPAXHYOVHDNALI U

GE SiGLVL WiQ\pURV GROLQIQiPyGV¥HJIWMWHKCH ]+ NHNeR J\
MiUDWDL DNQiL QHP PXWDWKDWYN NL
- gVV]IHKDVRQOtWRWWXN D YL]WDOWR G RIDAMNN p O MPW] i C
HJ\pE PpUVPNHOW|YL OHP WiQ\pURWGRGRQDQILQDN
JODFLRNDUV]WRN yULiV GROVBPUGMAE DINHFH®R/O [RT GQ B
VRV GROLQIiLQDN iWODJRV OgWV]KH&D YR @OCRW B p B H
Q\pURV GROLQIN pV D] DNQDGRQ@L@VNiWWODRBR VD® MJ Do\
NLWHUMHGWVpJL pUWPNHLW BI]pUEEHD D D NMYDBIRIDLR i N D
OtMED PHUW D] DNODGROLQINQDN LV VIN DOM]DWD YD
gVV]HKDVRQOtWRWWXN W RMaE®BWND GRROQUIMPINH@W DYL A
JODFLRNDUVIW NLVPpUHW& UNVOHIQI\R \R Ri@)EIW RpW GROL
pUWPNMLW\pURYV GROLQIN WDOSiQDW LN 4W©O®D HV IRUG.
PpPUHWpPYHO pV i WODJRV DODNMIiIYDO

. XWDWiVL KHO\HN
$ %NKNHJI\VpJ DINJYPBKHIVWPJI UpV]H GH VJHUNH]JHWLOH.

QDJ\W]JHUNH]HWL HJ\&BR2KAP6WDYIHGFELN7DNDUyYV
VIHUNH]HWSAKGGHVpJ N|]SRQWL 900 khaBass
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J~ %NHHNQQVtIN DPHO\HWOD\ *DWDIH@mMMMWNUD pV GpOL
Nagy-lHQQVtNUD N«O|QtW

XWDWiVL KHO\WV IR QYINRBRQA KHO\HINHGQHN HO DP
Fekete6iU D -I0HJ\ pV D 1\bWBW\iypV IHOpStW N JHWH W
anizuszi (ESSet al. 2005)PpV]N $ }BINNHEWHGPW IHQQVLtN
DNy-L UpV]pQ KHO\HJNHGLN HO N|]HO)IBDN&WH PDJDVO!
WDODMRY NDUVIW NDODMJWURQPILVHIEDNQIWO QDN ,WW
PiV VIRPV]pGUrawdeinQ GROLQIN WiQ\pURV GROLQIN IRUG
PDJIiQ\RVDQ GH WI|EEQ\LUH |VV]HWNIDBSHYROY® YD XY
Arawdown” GROLQiIN pV D WiQ\pURV GROLQYWIMNHRHWHWPRU IF
NpSH] GROLQIN LV J\DNRULDN HOWHHOHM)NGROL Up
SROLJRQIOLVY NDUVIW D GROOQ|HNWEPNI Np VHDNVItQHQ W
UpV]pQ HSLIJHQHWLNXV Y|OJ\ WD aAQN) QW& YNOIBWYEEL
UHPL GROLQINNDO LV |[VVIHNDSFVROYGWDN

A Nagy-OH] WHU< OHWPQ V]IDEIO\WDODQWLQWIi]DWEDC
Q\pURYV GROLQIN DPHO\HN HJ\ RPWWIH (HG RO Y B DN NHDGBW [ B
PpUWpPNEHQ IHOW|OW GWHN (]eDUUWL QNHEWMOWW HWe OHW V]
UH HJ\ HSLIJHQHWLNXV Y|OJ\ YH]HRAHODW WO NYEGOHJ HJ\
$ IHG V DOMIDW~ WiQ\pURV GRIOVY Q@@ RONLD @S ilQV XL il ©f WI«@ C
tek VERESS, ZENTAI009)

(J\HWOHQ WiQ\BURND G RMOHW IKAO\]JHWEHQ D 1\DYDO\I
Ez a magaslat ugyancsak a NapitrQ Q VN R Q-LDWQOpIQeYBPQ D /XVWD
Y|OJ\ pV D *DUDGQD Y|OJ\ N|RWWDDRFHO\ WpUV]tQ WDOL

Az Aggteleki-karszt a SziliceW/ D N D U y. 2BE\&] & pVnHQ
VINRNUD N«O|Q*O /HJIJPDJDMIEE N|HOYN@EIQHNVYDJID
ViJD - P N|]IWWL IHOpStWWNLIWWHZNWMWHUVWHLQL p)
V-WULiIV] GDHFFKWWHLQ@PHOLQHEHNDIRVRQ\Ddgk UpV]pQHN
magaslata a Magasy/ HW (QQHN HJ\LN XYDOIMD D YL]VJIODW
Agl” MHO& WIiQ\pURV XYDOD

$ 3DGL -YRQRYVQD-KBIMEKIBPU P PDJDVVIiJ~
PDJDVODWRNNDO WDJROW IHRYWMBUDHPD\EINY Y HIN] HW
dolomitok, petU PL KRPRNN|YHN pV P HBUWEBHRIGTI6)NA]HWHN
NXWDWiVL WHU<OHWHNHLWW DV [ERIGR QU MBI ¥ Wi K L
PHOOpPN UpV]GPRODQWDIQ®PMLAYROWDN $ 5yFKLWH HJ\ X)
NeO|QE|] PDJDVViIiJ~ PDIJDVODWRM]IQWHNPMWHWRY Q\HUJ
|[YH] PHOOPN UpV]GRALQINQYEYOORDWIUROY NDUV]JWRYV
EHOHVLPXO D WDOSV]LQWMPpEM PPYiOpPND O HRAGHDL UL QW |
IHQQVINRW KDWIiURBODIWUPNKRPRNN|YHV IHOpStWpV& W|
IRO\yYt]L V]iOOtWiVVDO W |U RMHNHYNMV » CbH&D N L H @ DU
Q\DEE WpUV]tQ UpRIOQHNORL Ip\WU pAN|GROLQX-WDOSD LV IH
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WRV WHU*OHWHN PtJ D KDW i UL NP LY DOQVDIDNN RANHRKQ VR Q@ X
WDODMRY NDUV]W YDQ +DVRQQYNWMSESBO SUHWGE] IGWRN
NDSFVROyGy DODFVRQ\DEE KHAO3]HWEORp ? HORADDING R OP R
UpV]GROLQD LV $ | GROLQiQD M OGIND UipR]IG RNDLSF VR O
QDN LV D WDOSiIiQ V]iPRV XW @MNVERESB@HVHYV GROLQD DC
Asiago a'pOEOSRN D 9D-DGMEEHIMOFRY %UHQWD Y|

J\HN N|]|WW KHO\H]JNHGLN HOWPH® VW MHNE ©® ~{D OV
IHO DPHO\ D] $SXODL O HRHRER X W R K WHR@® W\ Fp O L
DODFVRQ\DEE PLQWHJ\ P DO DWL WA H WpO/HMQ QYNR OMP B
HJ\ PDJiQ\RV WiQapMAs®VMHOI®EL QD

(UHGPpPQ\HN
$ WiQ\pURV GROLQiN PRUIROYJILIMiQDEWNQ VpJL MHOOF

$ GROLQIN PRUIROyJLDL HOHMHU |LNGLWE G MEB GWMWtN DR
a csoportosHO IRUGXOiV~DNQiIiO D V]RPV])YGRYVEGIROLQINDW
YDJ\ N*V]|E UpV]H (QQHN OHJPB3JWWWEKHOLVYHW O&HIHU |
QpO KD NHOO PpUWPNEHQ NIKWYRAOK GWHHW D |YINDDYVII
ViQFVIHU& PDJDVODW YDQ (NCPWOHWIWDLYY QBB RWNMN HX
|[YHIHWW GROLQD NJ|]JHSH IHOpUGQOEXHN DK®|WHRHIBOW HQ N
IHOp LV $ YIiODV]IDO DODSUD/M]EDNWt DHD\D NNK|@ NN|IU | D KORHA
HUHGHWL WpUV]tQ D KDWiURNHVGERQLQGNRY | $OHOBEpV p"
ODN iWUpVHO G|WWHN OHKHW Q HMN ONHINYH Q DN/D LD\ W Rp\VO N
Q\HUJHN DODNXOQDN NL 8J\DQODRRQGRAHQLYDMNH W HB\E
KD D YiODV]IDO YDJ\ JHULQF$SWBHVHIWEBW Q\E@H SN Q/p R
NDSFVROYGQDN HJ\PIiVED D UpWDGCGRBROYL@NSHKHYBRLNDW
KHO\]JHW& YDJ\ D] XYDOIN [«JU KX} QHPW& &ROLEDQNPN
Q\LWRWWDN ,0\HQNRU D Q\HWYHQOQ@\pOY DJYHBO|RIQQGNL]iUy
SUHVV]LY LUIQVIED G O DPHO\KGRWWU $VaKGB DY D NDSH
WHW V]ILQWMH QHP VtN PDJDVODWRN DV »IRDKDWOMDN J@
NiOLV SXV]WXOiVvVD D IRO\DPDWL®UHKR Wi @QtH/R QNDHN O\PR V
UH 7|EE GROLQD N|]IWW LV HOGRQLGXO K P|W DN DRP/ODIMW (
YDJ\ NDUVIWGRPEDJDVYREEDNN NLWHUMHGWHEEHN NHY|
WDN PLQW D YiODV]IDODN PDJDNOBWDESHUHPHILYN\BIDOL
KX]DPRVDN D GROLQIN ROGDQ GHHMWE HW N H®D U W R VIRV
HO WWL WpUV]tQ PDUDGYiQ\D
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iEUD gVV]HNDSFVROYGRWW WiQ\pURV GROGhQYIWRBUIRDWILWML WpUNpPSH D )t
-HOPDJ\DUI]DW KHJ\ Yt]IRO\IV LQWYRYODNDSHUMPWYIWEWPE V] YiODV]IDO I
YiODV]IDO GROLQD ROGDOOHMW G ROLIQVIR ¥ GINTHDGMHDV & O N MUW [ W R WV QQ HoWHRIV

dolina jele
)LJ ORUSKRORJLFDO PDS RI FRDOHVFHG SONHMWWMHbBEWMD SHG GROLQHV IURP Wk
Legend: 1. mountain, 2. stream, 3. plateau margin, 4. road, 5. contour likersé.hill, 7. dividing wall, 8. half-
dividing wall, 9. doline side slope, 10. doline floor, 11. karst saddlesl@@e of karstic origin, 13. identification
mark of a plate shaped doline

$ WiQ\pURV GROLQIN IHG *OHGWNKHMVRWUBXD GO pW IpC
$] HJ\LN D PpO\VpJpKH] NpSHVWRQDD\OIGMWW M& IGDEN
DPHO\HW W|P|U|GpVHV GROLQi@DRi WHN DJWWPHUOiVG L
MpKH] NpSHVW PpO\ pV PHUHGHN yRBIIDND-D]GHSUH V"
XWiQVeOO\HGpVHV GROLQIN

$ WiQ\pURV GROLQIN PRUIROYP]i Mm@DmMetrRHQQ\LVpJL M
MHOOHP] N
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iEUD $] )V M+60& WHOWWWRY GROLQD PRUIROYJLDL WpUNpSH
LQWYRY DN SHUMPWY ]WEWPE V] NDUV]WRV PDJ

-HOPDJ\DUI]DW KHJ\ Yt]IRO\iV

YiODV]IDORQ IpO YiODV]IDO URQ F \PRODERWW | pO &ROD QD DROG D O OrH®IDW MBI O

GROLQD DOM]DWD NDUVIWRYV Q\HUHPpUpW KH\W\N LV YNV MHOHRHORNBAURPR
IJOGWDQL VIHOYpQ\ Q\RPYRQDOD

Fig. 3: Morphological map of the plate shaped doline marked Fs (Fe&étd-
Legend: 1. mountain, 2. stream, 3. plateau margin, 4. road, 5. contour likarsé.hill, 7. karst mound on a
dividing wall, 8. half-dividing wall, 9. truncated half-dividing wall, 10liceform of a dividing wall, 11. side
slope of the doline, 12. doline floor, 13. karst saddle, 14. rock outcropsanthrk, 15. site and identification
code of VES measurement, 16. track of a geoelectric-geological profile

$ YLIVJIOW GROLQIN PpUW S DUM PN MNHRNMEDS]i (D W R/Qi P tW R
PXWDWMXN EH $ WiQ\pdiRWowa R G RQINDIWDMW DXWKIWiQ D
PRUIROyJLDL MHOOHP] N V]HUNDWQ QMIPQQ HHKH R/ VBALYWD R \
8J\DQLV D QHP WiQ\pURV GRO LN NoQD Wt N. VD O M KIHWWQNH N( ]G
XWyEEL DNNRU M|Q OpWUH KDiDW3Q PLURDWERGL GHD W |
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OpWUH (JpUW D]RQ GROLQiNWI@DINQ VDRHW\NNVDD\D N RV
WpNHL QHP NLVHEEHN PLQW DR\ ®R®I]QWW D O PHOQ G
NHJQHN $ YL]VJIiODW VRUIQ D UNMp\WH R\NVp \8 RODHIQHMW NG
DGYyGLN

iIEUD $] $V MHEBQQWNDWIQ\pURY GROLQD D GROLQDDOM]DW «OHGpN QpON-O
Fig. 4: Plate shaped doline marked As1 (Asiago Plateau) (the doline fl@othisut sediment and it is dissected
by karren)

- $ WHUPPV]JHWHYV ~WRQ IHOWiUXDW]V$NLDOWL]DW~ G
IHQQVtN Q\BIN MH A& GROLQIMD DPHO\QHNEDDDN pUWpNI
WHNLQWM+N WiQ\pURV GROLQIQDRN (BE M INHY H\W\Wy DN
PHQWHY GROLQiIiN WiQ\pURV GROHQGRODORODNB N ND P DW pd
QpO QDJ\REEDN
- $ 9(6= PpUpVHNNHO NLPXWDWKPOWY VtRHDN®MYBWE GR
OiWV]yODJRYV DODN pUWpNNHDWKHQ®H D NOH ]G REOR@ML P i WL b
ODV]WiViQiO PpUYDGYQDN $ 9(6N WDWDISAHBRBOQYN]NJIiO
]°0 D] 1 D MHOBI\WpNNJHQGHONH]LN D OHIJNLVHEE Oi\
PUWPNNHO DPMOEOI]DW

$ NpWIpOH HOY DODSMiQ NLYOBL [N RMOWHN W NG R O
HJ\PiVKR] DPL D NLYiODV]WiVWREMHWWDW Y RD WiMD \id U RA
GROLQIQDN PLQ VIWHWW GROQ R IR \P IDA@DHNI U Wp@ iHND DI HX
GROLQiN OiWV]yODJRV DODNpUWpPNHLQpPO QDJ\REE
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iIEUD $] )V MHO& W$F\pBrq/ MGROREL QHDRHIMEW IVQIR FRWVOYpQabL VIHOYpQ\KHO\VHN
iIEUIQ OiIWKDWYyN

-HOPDJ\DUi]DW PpVINLV]DBRY DYDDIIRPHVIN W|UPHOpPNHV DJ\DJ DJ\DJ 9(6=

KHO\H pV MHOH [VV]OHW JHRHOHRNAVOR®RM ROOHQWILRFRY 2AKPOSPpO\VpJH P

geoelektromos ®OHQiOOiVD 2KPP -L HEXKPWBEVVME JHRHOHNWURPRYV |[VV]OHWKDWiU
YiV MHOH IHNe« GHSUHVV]LYy Up&]GROLQD HOIHGHWW YiODV]

Fig. 5: Geoelectric-geological profiles marked®f D Q®B ¥R WKH SODWH VIKBISpi@GileGiR®LQH PDUNH
can be seen in Fig. 6)
Legend: 1. limestone, 2. loess (clayey-muddy) or clay with limedghrés, 3. clay, 4. site and identification code
of VES measurement, 5. geoelectric resistance of series (Obmmajse depth of geoelectric series (m), 7.
geoelectric resistance of bedrock (Ohmm), 8. approximate depth dfgtereof VES measurement, 9. geaele
tric series boundary, 10. identification code of rock outcrop 11. bedrocledsipn, 12. partial doline, 13. ¢o
ered dividing wall

$ NLYIODV]WRWW WiQ\pURV GR @ H Qii® ODsU o R pPW/H U H L
KRJ\ QDJ\ iWODJRV OiWV]yO MDIMRN OOWN MHO O PPljd HD G R
WpQ\OHJHV GROLQD DODN iWONPISHE® QDJ\ D] DO MDWR
NLWHUMHGWVpJpQHN pUWPpPNH WViJLpUNMPWL D WisQ\pU
DODN D]pUW QDJ\ PHUW D GROpQINpIWRpNLMYKHE NpS
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QDJ\ DOM]DW NLWHUMHGW VpJ DRNDO GKIRID BY \D O KRO/W | KF
NpSHVW PtJ D NLFVL WiQ\pUBMRIBRWWWHPMKBHPVE FHN
zeOtWL D GROLQIN iWPpU MpWW §A DOIYOW VD MW D/]t ND O/INHIDOVR)
EHO+OL OHJQDJ\REE PDJDVViJN-OMQBEYpJHNPNLFVL pUW
QHPFVDN D IHG *OHGpNHV Y DJpWNIOD B Fovp D& MK D @ HNP| |
IHNs LV (JW PXWOWMINERDGH D] LV KRJ\ D 59FKLWH N
XWiQVeOO\HGpVHV GROLQD, F\WRSEOW,WDIHDPHDHWN D] ,
Q\RPYRQDODL PHQWpPQ KHO\H]NJHGQRNPHO DNNJ{WW D W
KHO\ IHN*MpQHN D PDJDVViJN:®|QEVpJH PLQG|VV]H

II. WiEQi]DW
Table II.
20GyGiVRVY GROLQDWtSXVRN GROLQIiLQDN iWODJRVY DODN pUWpPNHL
Average shape values of the dolines of solution doline types

GROLQDWY{ HVHWV]iF iWODJRY | iWODJR& | D YL]VJ IRUUIV
lagos alak ges alak HO IRUGXO

WiQ\mbliRaV | 16 33,04 23,11 %eNKHJ\Vp] jelen tanl
Aggteleki karszt,| PiQ\
3DGLV sVl

PpUVpNHO| 13 8,10 ? Aggteleki-karszt, | VERESS 2017

drawdown Mecsek-KH J\ V|

dolina ODJ\DURUY\

aknadolina 8 1,45 ? Kanin, Totes| VERESS 2017
Gebirge,
Durmitor

glaciokarszt 28 15,22 ? Kanin, Durmitor,| VERESS 2017

yULiVv GH Totes Gebirge

(paleodolina)

glaciokarszt 16 3,13 ? Durmitor, VERESS 2017

NLVPpUHW Hochschwab

FHQV GR(

WiQ\pURYV | 14 - 5,32 3DGLV 3 p jelen tant

IHN<MpQHN PiQ\

drawdown

GROLQiIMD

0iV GROLQDWtSXVRNNDO |VV]HKRURPOWVYD PHJIiOC
URV GROLQIN iWODJRV OiWV]yQODIMINE®@OPMMDD D OHJIQI
WpQ\OHJHV iWODJRV DODN pURBPIN RO GY GIDRW BR OP RO\
WtSXV GROLQIQQDW yiOBNRMWODN pUWpNH $] ROGiIVRYV
N[]*O D OHJNLVHEE iWODJRV DNQWV/FROURWORDENpPUWpN
van (VERESS2017,,, WIiEOi}DWiQ\pURWIGRQYLQDNRY iWODJRV
DODNMD PpJ D] LG V MpJHUYIERDMQWN/A]Y PeBOIRW WS/ Wy |
JRV DODNMiQDN LV D GXSOiMPDUDWp@ABURY B\RIDN. @i|N DP
QDGROLQiINPYDO KDVRQOtWKDMWW{SXWQDMNpYPQ AKRIJIVHN
aljizata). Az, WIiE®iGDWDL VI]HULQW D] DNQDGROLQIN iWOD.
pUWpNH N|JHO HVLN D WiQ\pURVRGROLL @ LNVipNQ B BIR
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$PL QHP D VIN DOM]DW NAPpYHV M KD QMNP JBI] pRLWD W W
PHUW H GROLQiIN PHUHGHN OHMPV MEHNS XN B pLIWWDRU i ¥
HJ\PiVWyO $] DOM]DW NLWHUNM® GWO pJEYILWRABW JV]iPR
HNQpO XWYyEELDNQIO &RINOHQWQD B G W Q ilN/Q RO
D YLVIRQ\ODJRV QDJ\ PpO\VpJRNV\ADDMW\\HO ] KDYKRRO@ H M
PLQW D] DOM]DW iWPpU MpQH N KDJODUSAPIN iB ]WD J$ IVNQU P
ros GROLQINQiO YLV]IRQW OpQ\HJHVHBL DMON OP]~ O M Bl ] DWN |
NLWHUMHGpPVH D] ROGDOOHMW KRVV]iW

$ WiQ\pURYV GROLQIiN IHN-Mp QIO BR]IHG *OHGPNHLQHN I

(mBf)

0 E G B [+ [T=]s (3]s [uwl [T s o

iEUD *HRHOHNWURPRNTI MEOWD L V] MEBD@EQN UpV]GROLQD D 5*FKLWH WHU-C
-HOPDJ\DUI]DW PpVIN DJ\DJRVWNP HOB A L K]R\WP RN V KBIARN NV]|[RIW WO p N
9(6= PpUpV KHO\H pV MHOH | \OVYOH WKPHPRHOHNMWRHRPARWUHRPRQ |OV]OHW WDOSP
(m),7.afelk IJIHRHOHNWURPRY HOOHQIiOOiIVD 2KPP D JHORGORNWIMRRRYV HM K POMHRNOK B B/ i U
GHSUHVV]LY D IHN*Q D]JRQRVtWy MHOOHO VXEVLGHQFH GROLQ
Fig. 6: Geoelectric-geological profile (marked,lf IURP WKH DUHD Rl WKH PDLQ SDUWLDO GROLQH PDU
Legend: 1. limestone, 2. clayey silt, 3. mixed rock detaizd(ssandstone and limestone debris), 4. site andiident
fication code of VES measurement, 5. geoelectric resistancei@$ §@hmm), 6. base depth of geoelectric series
(m), 7. geoelectric resistance of bedrock (Ohmm), 8. approximate depénetration of VES measurement, 9.
geoelectric series boundary, 10. depression on the bedrock with ideidificode, 11. subsidence doline

-$ VIN IHN+ OHKHW WDJRODUNDOD D MplW p\W B BIROWYD JR O W

iEUIN $ IHN*Q DNQIN pV GH®UHYNDLY N PRWS X BWD \D DL
AN-13° MHO& WiQ\pURYV GROLQD %+N|N@KIBHWPY IWDOSiUy
VItQUH IHOQ\tORWW DNQD ILJ\HOXNWN+©HJIE|$ WD PUR'

pPUWpPN& IHNs GHSUHVV]LYW D ,,, IMNEGEHSWHENY]PYXNWDW
DODNMD IMHO& GROLQD DODNMiIKR] N\p SWOWJRWDDN
DODN pV NLFVL iWODJR V- DBOIBNKkHak#t]dy NLFVL DOLC

IHG Q XWiQVeOO\HGpVHV GRIEUQPIKNH OHHX HRWEMNO KR J\

nincsenek ( iEUD $ YL]IVIIOW GE NLFRVN|DCDNQBHWpPNE& G|
IHOHWW YDQ D IHG QRXOWQDV-® QB G\ pDOWON~DN N|]|WW
olyanok, amelyek peretd HJ\EHHVLN D KRUGR]y GHSUHVV]LY SHI
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-HOPDJ\DUI]DW PpVIN DJ\DJRV RH® MNO LR WR N p KHRIP I M\N\NW] R W/ Ou N
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GHSUHVV]LYL DJRQRVtWy MHOOHO
Fig. 7: Geoelectric-geological profile (marked V8- ,1 IURP WKH DUHD RI WKH PDLQ SDUWLDO GROLQH
5¢FKLWH
Legend: 1. limestone, 2. clayey silt, 3. mixed rock debris (samdistone and limestone debris), 4. site and ident
fication code of VES measurement, 5. geoelectric resistanceies §@hmm), 6. base depth of geoelectric series
(m), 7. geoelectric resistance of bedrock (Ohmm), 8. approximate depénetration of VES measurement, 9.
geoelectric series boundary, 10. subsidence doline, 11. large-sizedsiepres the bedrock with identification
code, 12. inner depressions of the large-sized depression with ideittificaties

- $ WiQ\pURV GROLQIiN WDOSiWFNpS/ HNERWGPWHIN OHKHW Q'
tegzettek ( iE8iNNpWHJI]JHWW «OHGpNHN: VIHUNH]JHWH D]
"'$ UpWHJHN DOVy pV IHOV [HO -O\HOH Q\H\PR Bi DKXVHR V
IHOV IHO+OHWEUR KD RW®DOEUDYDH Yt]8]LQWHYV

iEUPDO ROGDOL UpV]pQHN N|[]pSV W pWERBIHWSPLNRU D
ORWW EiU D UpWHJQHN D] VO MYyORDG\D HIWHHP LS\ UKKIXYIDDARRY
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HJ\PiVVDO $] DOVy D KRUGR]yYGH\S D HWWEEYp WHIDI CEH W p K
KDMORWW IHO*OHWpKH] LID]JRGLN

" $ UpWHJHN IHO*OHWH QHP KINMO REM®Woldali UpWHJIHN Yt]
UpV]pQHN OHJIHOV UpWHJIH

" $ UpWHJHN DOVy pV IHOV pWOHWKD SIOBEBWMBRY GH D |
" (O IRUGXO D NpWIpOH V]HUN K] HWD MORMWMR W dW HIO YD
HJ\eWW LV D] DOXO OpY UPWHJIHIGIBW WIH RO BW H KW M O
DPHO\ D IHN+UpWHJ IHO+OHW pR®\K GpMWD NbE) DMNLDIOL O BW
ELQDN D] DOVy IHO*OHWH QDQW EE IPOUMVERWNE HQ KDMOR\

DNy | >| EK
o R159 R147 R158 RI46 120~
T
224
9990950505
SRRARRRRRRRIS
999000099 9995% &
SIS, 3
SRRRARRRRRRRRRRRRR
088088888888 88884 2
0880888888888 88884:
252055900550055 50 999, % :
w| DA A S
L TS LLRRRRRRRRRRRRRRRR8900SRRRRRRRR
IZ8 0888888888888 888884 SRRRRRRRRRRRZRRRRRRR SRRRRRRRRA
2 0888888888888 88888884: 0888888880888 88888886 88888888888
8880888888888 88888884484¢ 8888888888888 88888888 88888888888+
8880888888888 88888888484¢ 0888888888888 88888888 8888888888888
SRRRALLRRRZRRLRZRRRRRRRRRRRRIRAR SRRRRRRRRRZRRRZRRRRRRBER R R R R,
009090990 899909999999999. 999999900 89999999899949999999999999894
0099999999999 999999999999. 009999990999999999999999999999899999%. %
8888888888 888888888888844¢ 0888888888888 8888888888888884888888884 PP
SRRRRRRRRRRRRRRRRRRRRR LRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRZRRRRRRRRRRARARR
SRRRRRRRRRZRRRRRRRR, 0888888888888 888888888888888888888888888884'4444;
SRRRRRRRRRZRRRRARR 0888888888888 888888888888888888888888888884' 4444
SRRRRRRRRRZRZRRRARR 08888888888 88888888888888888888888888888884'88 44
8888888888888 48444 0888888888888 888888888888888888888888484484' 4484
909999999929 929: 9290999992999998999999999999999999999949994 9499,
LRRRRRRRRRR 8888888888888 888888888888888488888888888884'8884;
LRRRRRRRRRZRR 0888888888888 888888888888888888888888888884'8884;
LRRRRRRRRR SRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRA Y 2R
1180 CRRRA R 9802 11804
- IR ERRRRRRRRRRRRR 88888888888 88884 LR (mBf.
(mBf) SRRRRRRR ey (mBf)
22 s
LRRRRRRRRRZRRRAR
0 25 S0 725 100m
RZZZAA % r T
KA 2 //% |R158|4I IlHllISIl.)I |6 I 8600 |7 | ~ |8 }/‘\‘19
iEUD *HRHAOHNMAWIRPIRVIHOY BQWMBHO& WiQ\pURYVY PHOOpPN UpV]GROLQD 5¢FKLWH
-HOPDJ\DUI]DW PpVIN YHIJ\HV NV]NWWRYYiIMO PN KRRPRND RO PpDJ\DJRV N ]H
OLV]IW 9(6= PpUpV KHO\H pV RMOHHOOHNOXOMY PHKRROHNWHRWOHNWURPRY |[VV]OH
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Fig. 8: Geoelectric-geological profile (marked ¥4
5¢FKLWH

Legend: 1. limestone, 2. mixed rock debris (sand and limestoneas#iyme sites clayey), 3. clayey silt, 4. site
and identification code of VES measurement, 5. geoelectric resistheeges (Ohmm), 6. base depth of geoele
tric series (m), 7. geoelectric resistance of bedrock (OhrBngpproximate depth of penetration of VES srea

urement, 9. geoelectric series boundary, 10. depression on the bedtiodientification code

46



360+
355
S 350
(mBf) 400 2 0 20m (mBf)
22% 8222 3222222222222
B a
™" a0 a @
2 B’
3651 D 365
3604 3
299, 7
’
388 s A 355
ELRRRRRRZR SRR 9
99995255592.094949%% %725 2
80888888088 088888808884¢ o ‘
0555555595155 5555555 5035554924455
95995555955.:9599595942 944953 082294445 99722,
4 % 0 95559555555354595545959%5 545555523 4244545959459%% 145244%%%
350 sy 0 20m 3so
(mBf) 5559559525599529%4929495494492944944544%% 557 (mBf)

DNy
360 360
355 355
350 350
(mBf) (mBf)

c

2 W73 [vs 1411521 6 [eo]r [1]8 =9
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-HOPDJ\DUi]DW PPNDN LFV KEPRNPpVIN W |U-RorhGkpshNDW LFV D O\WJRYV 9(6=

PpUpV KHO\H pV MHOH D] |VV]OZKP R H R H DHHRIFOHR\PVR Y RP®RE H @ MJ O FWWVD WD OSPpO\VpJ
D IHNs JHRHOHNWURPRY HOOHQIOQIEBKRKMRFROIVD 9(6<HPRMOMNWEURPRY |VV]OHWKD
UpV]GROLQD D]JRQRVtWy MHOOHO dbliGl HGHWW YiODV]IDO WI|P|U|GY

Fig. 9: Geoelectric-geological profiles marked®\y -BA DQ&f&RI D SODWH VKDSHG GROLQH RI 0DJDV +L
Legend: 1. limestone, 2. sand-gravel (loess, with limestone debridyyey, sandy gravel (loess), 4. site and
identification code of VES measurement, 5. geoelectric resistasegie$ (Ohmm), 6. base depth of geoelectric
series (m), 7. geoelectric resistance of bedrock (Ohmm), 8. dpmtexdepth of penetration of VES measurement,
9. geoelectric series boundary, 10. partial doline with identification cé@lecovered dividing wall, 12. compa
tion doline

OHJYLWDWiV

$ WiQ\pURVY GROLQIN NLDODNXOiVD
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$ WiQ\pURV GROLQIN PRUIROYHARMDRQYYVMAN HDDWD DB WX N
UHLN SO D QDJ\ DODNMXN BLYNRQ|\YW N HNEpK/RIJV H]MHQV G F
GpVVHO W|UWpPpQLN 77BHRNMDNLQIPpO)\YPHYHG WiISXV~
Ugyanakkoraz, WIiEOIGDWDL VIHULQW D WiQ\pWRYV GROLQIN L
WV PpUWPNEHQ HOWpPUQHN HJI\PWMWAPWO Q(IYBNH G pMWWID O
N*O|QE|]] GROLQINQIiO HOWpW VLEMNMQPHY Moy IJ $ V]pOHVE
GiVL LG WDUWDPWYO DQQDN JHWIRQQL WOV pwyO D KRU
PRUIROyYJLDL N|UQ\HIJHWW O Q]IXWRBDHIQDYB OJpOWU RN
QI[YHNHGpVH NRUOIWR]JRWW S0 HM B G\pWV B OCGIRI@ NYHD] QG LINN
PLYHO D OHMW KiwUiOiVD VRUIQ HOpUL D Y|OJ\ROGDO
$ GROLQDIHMO GpV MHOOHJpWWBNDMN®DIEDOWIQ\p
QiN D GROLQD Q|YHNHGpPVL PG LVEHD IWp ®VWKH@ URW ©BW
OLQIN VIpOHVHGQHN pV QHP POV NNVIRMD O\ Bi|lYFVDN
debb ideigHO OH P ] PtJ D] DNQDGROLQINHBgXHNOQHN pV QH
$ WiQ\pURV GROLQIN H[WUpP VINCGBVMHESIpVN HUHGI
IHMOHWWVpPpJ&HN OHKHWQHNH & @ WHENS OV WX B MWW ilQ D W
URV GROLQD $ ILDWDO WIiQ\YINRW B RAOL@HN AHIDIWHRLVQ
GROLQiILWYyO XYDOiIW DONRWG®@GDNO®OY WIVUW QW RYHWR ©
QiQDN YiODV]IDOD pV KDWiUROWRDW WO WD RAD @GR OIL &
QDN D YiODV]IDOD HO S XnapvwbbOndgadatek NnerpéhaN L VHE E
tak csak meg.
$ WiQ\pURV GROLQIN HOWpU DOMDNORDWPNHRLI\D]RQE
IHMO GpVeN NH]|GHWpPQ Pyd-\Kk OWHRKY B 08| EU\p D
GROLQIMIiQiO D QDJ\ DODNKR] P L@DJ\ PpOPVpJ
PtJ DHs2A MHO& GROLQiIiQiO D QDJ\ DODNKRR NLV F
tartozik (( WIiEOiIi(@W] GROLQIQIiO WHKiwW MHOHQW VHEE P
PLQW D] XWYyEELQIO $]RQRV Y& JG RQ]1HO NIYiFOQ B VO A MOX V
KRVV] HOWpU PO HKH®WE PEIODPN UpV]GROL®iIQIO D PpO\\
OHMW KRVV] FsRO" PMH @& QpO D PpO\VplJ P D OHM!
P $ OHMW KRVV] D]pUW OMNHOGO MWRQKRYY REXRVpYDJ
QpO PHUW PiV D NpW OHMW XFHUMHKGNHWN V KJIW U (D iH/QWWD pXIW
$ MHOHQOHJ U |KNWEHEEKNDHNRIUVHQPHUHGHNHEEP YiIiOW O
OHMW IHMO GKWRWODV|OFEGHEHLJ QDJ\REE PpUWPNEHQ N
QiNQIiO IRUGXOKDW HO $ NLW|RWEYGCGNWHGDN ] BL XIRO LDF
Yt] D NLW|OWpVEHQ YH]JHW GLAW DJGC POQ @™ VROGO DY HM \
GpNNHO IHGHWW UpV]H ROGy®LN BQUEDIORIBENP ;PHWpNEHQ
GHNHEEpP pV U|YLGHEEpP IRUPIiOyWRIME D XL W O ®/iMDWV R B OQ
QiN OHMW LQ NHYpVEpP pUYpQVHW OO B MIWNRSL YREOOW B iV VKR
VIXNEDQ HJ\IRUPIQ ROGYGQDNIpWDWO DM YIhEWWLYROGGYG
nek, esetleg hosszabbodnak (D ,,E JEUIN
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$ NDUV]WIRUPIN KRULJRQWIiOLN RO@¥GIVWDO V]pOFt
GiULWENNINGS YDJ\ D SSRRMpN $ GROLQINEDQ D
KRULJRQWiOpY RQAHAIVWHGPPQ\HNpQW &pJEHPHQ GR
Gp ¥W0 %([1970, 1986),=E0% T )2 86I'997) mutatta ki. Szerinte ez
D]pUW N|YHWNH]LN EH PHUW D &R{PLRYD LD YDIHON pAGH
VRUIQ PHJGX]]DGQDN pV D] +OHG pMGY hptizhky Yi YiOLN EJ)
WiOLVDQ V]LYiURJYD D GR CR@ R GREYGIDAD MW W HWIPK KL M X

$] HSLNDUV]WEDQ DNiU W~0O JSRRUM LWt VHBLYDAWHW p
DNiU NLFVL SO D] HSLNDUYVDWdanddvhl GIRD INQIW|OW GpV
QHP NpS] FoORDBIWILLIAMS 7THKIiW DKRO Dy-HSLNDUV]W K
JLN YDJ\ J\HQJpQ IHMOHWW D GIRNOA@EG@MOIPHP PpO\eO Q
GROLQD (]pUW QHP DODNXOQDINN NUNMSMAHQ DKRO QL
G R O LFERRARESEet al 2002,SAURO $drawdown” GROLQD
kialaN X OiViQDN IHOWpPWHOH D] LW KR I)WOMBRJHOQ D] HSLNC
LIAMS YDODPLQW D] HSLNDUV]W BHMHG UWMNA LRWW Yt]
N p S H ] VHLQIAMS $NNRU WHKiW KD D] HSLNDUV]W QHP
JHW pV ROGRWW DQ\DJRW L GIPNRHOI\HBEQANDURILIWHO IGIR C
D GROLQDWDOSRQ W|UWpPQLN QMPROGQOitW YD LEFNHR O GRR W
QDQ +D YLV]RQW D GROLQD BNV ]IDW REOHIR W WHS Q NI
NDUV]WED V]iOOtWyGKDW  DHG RHIL QW \W ByDRIYiHNG KHW  $
D GROLQD WiQ\pURV GROLQiW]®ONDNOWM @-pW UGHD N MY ¥ W
QeO D] HSLNDUV]W Yt]YH]HW pVWMWPHHQ V D] QHL.SIL N ¥ D ¥ W K]’
QHP pUNH]LN ROGYNpPSHV Yt] .|DYHYSQN Q UR/NWO M KUIHIW Dk
NLW|OW GQHN D EHPRVRWW I@BNYMD]HW tJ)] QH\W HWRN i EKE
D IHN« ROGYyGiViwW D IHG DNDGyO\R)PD BHIWPHWYW YitV]i
YpJEHPHJ\ XJ\DQ GH D IHN«K|] PHEOW4GroWw HWW Yt] pU
1998,VERES2016,2017,VERES &t al. 2014VERES&t al. 2019).

(]J]pUW D WiQ\pURV GROLQIN V]pIHW HED\SH FVDN ~J
PeN|Q D YtJHOYH]HWpV YpJEHRHBQpO EHBDFERWWDDQ\D
QDN D NDUV]JWED V]iOOtWyGiVINV KiWJINOIDQ DD NVRRW i@] 1RO G |
WiUXOy GROLQDWDOS SUP\DHN] W HUPOHWQBQ D YDJ\ N|]
DNWLYLWIiVIiW HOYHV]tWL $ NRO\DRDYDMWU NGB Q NX ODY [
ROGDOOHMW KiWUiOiVD pV BR® @ PRODW CARW KL i@ U H N
GROLQD V]pOHVHGpPVH NpWIpOHWRSEHO DV pWWp Q & B WW
PHUW D IHNe QHP NpSHV YL]HW pWRWMEEtWDQDNW{YY H\
HSLNDUV]W D NDUV]WED GH [FRRALD NWDOYRIG pOLHD RV
UL]JRQWIiOLVY ROGYGiV QpON+O LQPpIiFDRPHINURX]ROGDC
PRVDQ KiWUIiO LOOHWYH OGBQW WRWGMONapue/DODM DODW
horzRQWIiOLYV ROGYGiV WIUWpPpQLND QPROWDYDrQ IWDEDSP IHG
JRJ D] DEEDQ WIiURJRWW Yt] N{Y HVBHWBWHI W p WUGIRIPY.
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VIpPOHVHGpPVH VRUiIQ RO GD O ORIWPNVONEILBNIEIH PHUHGHNH
$ NpWIPOH OHMW SXV]WXOiV HJIDJWR\O G Qd3DH MRW G X O K p W

G *OHGPNNHO HOIHGHWW UpV]pBOKRULHRWIOHY RIDANy C
V]iQ WDODM DODWWJL EROFGNGIV W|UWpQLN
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iEUD 7iQ\pURV GROLQD OHMW MpQHN IHMO GpVH
-HOPDJ\DUI]DW LOQDNWtY HSLNDUBWW L RIONGNGiH S L KIRW\WL]W @GW iW DD RN B&Y3AG i V Y
WpV pV DQ\DJHOV]iOOtWiV IHG *OHEA M D D DHINHND NQWMAtFY DN MWQYV BMGFIWHDIVHUOW|P G
GHSUHVVilylMD SWQWRNEDQ D KiWUiOy ROGDOOHMW SURILOMO D GROLQD ROG
Kiwuio D GROLQD ROGDOOHMW MH KRULDRQWLi @ VVKRO GyREQWM D OVKRW Giya5 i BV DROD |
Fig. 10: The development of the slope of a plate shaped doline

Legend: 1. inactive epikarst, 2. active epikarst, 3. subsoil disn| 4. horizontal dissolution, 5. water drainage

and material transport, 6. superficial deposit, 7. the active depreséitire bedrock with shafts, 8. the inactive
depression of the bedrock (its shaft became plugged), the profile iftteating side slope at times gft}, t, .

the side slope of the doline retreats by subsoil dissolution, Ilidkeskpe of the doline retreats by horizontal

dissolution (a), then by subsoil dissolution and horizontal dissolution (b)

+D RO\DQ GROLQiIN YDQQDN HJ\ROBSKR]DN|]JHO DP
epikarsztNH]GHWEHQ DEDNYtP DR GG D Ordridi) BYNMNEM Q YLV]RQ\
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D QHP PpO\eO GH V]pOHVHG VOROR Qi@ [Dv-\O]H M SN WK i W |
OyGKDWQDN $] tJ\ NLDODN X W HQi \tNU B & NG| R @/1=Q P LQYHHKC
UpV]GROLQIN PDUDGYi@UILYDO WDJROW

JRO\DPDWRN D WiQ\pURV GROLQiIN WDOSIiQ

$ WiQ\pURV GROLQiIN WDOSiQDNHNQWW PP WOLPNQWHD M
IHG UH $ IHNes pV D IHG IRO\D P DHACCHL J\WDINJW DHY \H B\ P i V
RNR]JyMD D PiVLN OpWUHM|WWOGYHEN V \$D IH Nk | GOSN HOVOWY L
$] ROGYGiVL IRO\DPDWRN D] D @RENEDLWI HKNRe] KGOHVS M H\WV @ LW U

$]RN D GHSUHVV]LYN DPHO\HN EDHHDN.MDDQORI\ SHUF
GR]y GHSUHVV]LY SHUHPpYHO RWJIWWNQYpPORV]I®ROY RN F
DPHO\HN |VV]HNDSFVROYGWDNN DD\HQEUpPY]GRWLOQINW Oi\
Q\pURV XYDOD YDOyYV]tQ&OHJ VGHNDYFWRDPERVYBRO
DODNXOW NL $ UpVIWiQ\pURV SROWQDN | PHN PS\W YN H
OyGiVVDO NLDODNXQW ,X.Y D/ 5. PIW RN W p N H

$]RN D GHSUHVV]LYN DPHO\HN GB\DQ¥ERDGRPY J\ DO
GHSUHVV]LY EHOVHMpPEHQ YDQQWM O/BilQ \ pURIY OG B ONLIQJ N
DODN~ IHNe GHSUHVV]LYN GUD 2MEMEZ Q KRRD M @\ O(HWHE L
iWODJRYV DODNMXN KDVRQOHOW QY IN IGWHEZES RZLQD W RID [PQ
OiWV]yODJRV iWODJRV DODNMMINDW BIURDGRZND GIRIOLQ L
KRJ\ IHOHWWeN D IHG Q XWiQV+.O®INIBPMHVD]GROLQIN
XWiQVsOO\HGpVHV GROLQIN D)\iGW D 8SDE NN KGKDWID DN
IHG D NDUV]WED V]iOOtWyGRWRI\ (H FEWDS\W H V\V DL K HWIV p
SiQ DNQiIN YDQQDN $] DNQD M HOWIDI WARH \Di JBU D E[RRIZ Q
GHSUHVV]LYQiO DKRO QLQFV DXN\Q D W RN HHKHW GROL
NLW|OW G|WW IHG YHO $ IHNe«DHNHRRGH SWHW \O R L OD U L
san, hosszabd |YLGHEE LGHLJ RO Gy G iyékah p 8ipa@stN 7HKiW H k
ORNiOLVDQ DNWtY OHV]

$ IHG |VVIHWpWHOH V]JHUNH]EBWHQ WROHOOpVH I
giiMD iUXONRGLN D IHG NHOHWIMSRI@\AmeREGMiUD D GR
NDUV]WED V]iOOtWiViQDN VDMiWRVViJDLUD

5pWHJJHWOHQ +OHGpPN VERUDN HHIBW CHR&BWD K R
VIDEE LG Q NHUHV]W+O NHOHWGSHYWHW VQPD JEH P iIRONWY Y
VRUIQ (] D] *OHGpPN PiOOiVL P IHUMHGHW & DF) «KOXHMS R L
VHP IHOKDOPR]YyGiVDNRU VHP D]W]MYWHWHMWP Q@HHPP Ve C
YiOWR]JRWW IHOV]tQpQ QHP M&RDNYOW $N LH & W IQQADDID\ H
QHP V]iOOtWyGRWW D NDUV]WED
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.., WIiEQi]DW
Table Ill.
7iQ\pURYV GROLQIN WDOSL IHNe GHSUHVV]LYLQDN PpUHW pV PRUIRPHW!I
Size and morphometric data of floor (bedrock) depressions of plate shaped dolines

doli- WHU+( I|OGWD( depresz- | iWPp| PpO | alak PLQ Vt\ XWiQV\ k
na geoelektrom | V]Ly M szd- Vpld yeGpVH ]J|OW
jele RV  V]H( YpQ\ dolina iEUTL
jele PHQW V]iP
(m) WiVQi
figye-
lembe
YpYH
Ag Aggte- A-$1 dl 40,00 2,69 14,8 UpV] W| - 15a
leki 7 ros dolina
karszt d2 48,00 1,92 25,0 UpV] W| - 15a
0 ros dolina
B-%1 d3 78,00 9,16 8,51 UpV] W| - 15b
(?) ros dolina
d4 88,00 7,08 12,4 UpV] W| - 15b
3 ros dolina
P1 5yFKL| I-,1 di 10,94 3,52 9,11 | drawdown | + 11
dolina
d2 15,00 3,53 4,25 | drawdown | + 11
dolina
d3 9.37 1,47 6,37 | drawdown | + 11
dolina
d4 28,25 2,57 109 | WiQ\pU| - 11
9 (?) | dolina
d5 10,94 3,24 3,38 | drawdown | - 11
dolina
VI-9,1 di 78,54 6,42 122 | WiQ\pU| - -
3 dolina
VI-9,,1 di 96,85 7,14 13,4 | WiQ\pU| - 12
9 |[VVIHW
dolina
d1/1 33,57 5,86 5,73 | drawdown | + 12
dolina
di/2 37,14 11,03 3,37 | drawdown | + 12
dolina
Xi-;,, 10 di 12552 | 8,97 139 | WiQ\pU| - -
9 dolina
XVIII- di 18,52 2,14 8,65 | drawdown | - -
19,,,1 dolina
d2 17,41 2,14 8,14 | drawdown | + -
dolina
XXH- 55,0 | d1 23,09 7,80 2,96 | drawdown | - -
dolina
XXIV- dl 48,21 15,00 3,21 | drawdown | + -
1,91 dolina
P3 5yFKL| II-,, 1 di 43,29 5,28 8,20 | drawdown | - -
dolina
V-919 di 27,68 6,49 4,26 | drawdown | - 14
dolina
d2 11,05 5,36 2,06 | drawdown | + -
dolina
d3 19,21 3,93 4,89 | drawdown | - -
dolina
it- 23,24 5,33 5,32
lagl
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doli- WHU+( I|OGWD( depresz- | iWPp| PpO | alak PLQ Vt\ XWiQV\ k
na geoelektrom | V]Ly M szd- Vpld yeGpVH ]J|OW
jele RV  V]H( YpQ\ dolina iEUTL
jele PHQW V]iP
(m) WiVQi
figye-
lembe
YpYH
it- 79,48 5,70 15,3
lag2 3

VII-9,,1T VIHOYpQ\QpO D G pv G D] GLWWOZp®ROXBDOLEBQBHQGRIDQ QDN D G pVv D
GROLQiINQIiO YDQQDN ILJ\HOHPEH YpYH

iwWODJ D]RQ GHSUHVV]LYN iWODJDLDQBPEBDSWVN GRMD DQIMO®N NLVHEE P

iwoDJ DJRQ GHSUHVV]LYN iWODJD LMRHOVHNQP@®RDIL QCDAE @HaAWEBPJ N]iPtWIiVEYO [
gas-WHW6 %G pV,H» 8]JHOYpQ\ G MHO& GROLQIiMD NLPDUDGW

at profile VII-9,,1 G DQG G DUH RQ WKH IORRUGHQFKHGERRQRAN RBEBXUHGLGJ KKXEN LD U
taken into consideration at dolines marked d1/1 and d1/2

average 1: average of depressions, in case of which the ghamaller than at doline marked As1

average 2: average of depressions, in case of which ape &hlarger than at doline marked Asl (when caleula

ing average, doline marked d3 of profile®Y DQG GROLQH PDUNHGRG ORIJBVRet@® BHYUH O

$ IHG UpWHJ]JHWW <OHEUWMRHO\ IRO\yYt]L HUHGHW
DQ\DJEHV]iOOtWiV VRUIQ NHXDWMORMW WIdG+OpHWHLHNpYV
NpSSHQ M|KHWWHN OpWUH DIUpWHK®BIQ\DQDDWI|®@DPW| G |W
HJ\ UpV]H D NDUV]JWED V]iOOtMWQBWRWW H® @& HR H NG \DHM
UpV]GROLQINQDGH OHKHW QpKiQ\ RO\DQ GUDZGRZQ G
ameO\HNQpO D IHOV]tQHQ QLQFVyEWLOW:RB@HEPVHV GRO
KHWNHR@iQ HOW|P G|WIWN ¢{PEBSWMHWHIHYNEYO DQ\DJHOV]i
IHN*EH KD HJ\NRU W|UWpPQW LV | pNG p\KRINRID QKPP QIHPD Q\|
DQ\DJ YHV]WHVpJIJHO DODNXWW NpVDEEDMO RMWHRE WHWH.
WpQW KDQHP FVDN W|P|U|GpW]ERPOYAIVIEOVYHOODWiV P
PI[UIGpPVW N|YHW HQ DODNXOQDNWS& DY DHO DO YY ]}V [IOQWHH
UpWHJHEUD$]RQ WiQ\pURYV B ROLMKR® YDQ EHOV WDOS
PpO\HGpV WI|P|U|GpVHVY GROLQN WDPHOG D/ WNVASiQOHG
DODNXOW NL QHP W|OW G|WW]NW WP HUWOD BA&LQYED\ Q
W|P|U|GpVW N|YHW HQ D N|JUQ\H]HWPpPE O *OHGpN

$KRO D UpWHJ IHOV IHO*OH\MWW DM@EW W t]&H H]HC
WHV YDJ\ OHJDOIEE IHO-0O Y0O)QH®VDHKDIMORWHWN &H O O\
XWiQV+OO\HGpVHY GROLQIW |RUFDOYPQ DWW BJICLDP\ZG
JIQDN HJ\ UpV]pW ~J\ YHV]tWW\EW H ]JH®DO tVRBRIMW KRR
GUDZGRZQ GROLQD IHOHWW M\ HG pWHIV KBRGDLRIVDWY PQ L M/\
UpWHJ DODWWL IHNe UpWHJEH®D IDQRYD NHN | WHIW PW K PN \
V]iOOtWiV VRUIQ pV D] DQ\DJYHMEMHVpWHV WHO ¥ H | HIOP |
OHWpPQHN D EHKDMOIiViYDO ®IQWHG &p \§ UHJ DH G R Z\Op RIO LE
IHOHWWL IHG UpWHJ IHOV |HGH® HKDMNM QRWEE B ®WY W pNE
IHO « O HVEW D
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$] XWiQV+OO\HGpVHVY GROLQIiN DYPHXPMBOHRDW UpW
ORWW UpWHJHNQPO M|QQHN OYWQHQ KD GQIB® IHO+OH
XWiQVeOO\HGpVHY GROLQD NDIOCDVG DUNPVOHKD WO HB\ pINVH VK R\
amelyEH D IHOV EHUEWMDW-ILNKRI\ D IHOV DQ\DJiW YHV]t
HVHWOHJ UpV]EHQEWDP|U|GLN

$ WiQ\pURV GROLQIN JHQHWLNDL WtSXVDL

- .DUURV WIiQ\pUR V1hG R E eD telles dolina talp alatti
HSLNDUVIWEDQ @QDXHOYH]HWpV UHIJHQHUEBOYGRWW $ KF
WpV PLDWW D IHNe NDUURVRGWVpJpW HORUH B WM QN h UIRYQ
GROU@W®own GROLQiYi DODNXOMRQ $ NDUDIRUPiIN WRY
NDUVIWED $ IHNe IHOWIiIiUXOKD W WKINIBIsfiHa® WDODM
V]iOOtWyGLN

- Arawdown” GROLQiV WiQ ¥ B,R1b-6 RIELDRdolinatalp

DODWW D] HSLNDPWDNWEDKOY MfHWpV FVDN ORNiIiOLVDQ |
YHN « Mdpavddwn™ GROLQIN DODNXOKDWQDN NLV GH D IHG Q
GROLQIN QHP M|QQHN OpWUH UPQY®IDD U WRIGN DG MM& L
(PLDWW IHOWHKHW HQ D] DNQINRVWPQIHNOOWHW\EBMKN E J\
HlpUW D IHG E O DQ\DJ HOVIRORPWWM V +@L 8 F\WO WD i Q RN
LV M|Q XWiQVeOO\HGpVHV GROQLIQODWIR] YIN|RHOWHQHM@ S K\
UpV]IEHQ OHFV|INNHQ IHOW|O®WU®BLN PDMG HOIHG GLN

- 8WiQV*OO\HGpVHV GROBQAM1EVi (B pidRIMin&gdRO L QD
DODWW D] HSLNDWDWEDKOY fHWpV ORNIOLVDQ UHJHQ
WDUWYV LV OHKHW d&wtewhe GRHBULUHNV]HIN AHOHWW D IH
HO IRUGXOKDWQDN XWiQVe+OO\IGRWDW@RPOILQVN MORI® D
KLIQ\R]QDN D IHN* GHSUHVV]LWNQDIN QHIG HDWDMN GWRR O
NHUHV]W+O WRYiEEWAMEAUSN D N DitadvdowEDGROLQIN
IHOHWW XWiQVeOO\HGpVHV GHREELOQINN DN@iN X@LQDAW HNQ H X
HOW|P GYH déwdéims BROLQILQDN «OHGpNHW WRYIEEtWy
WW GKHWQHN *<OHGpPpNWRYIEEtWHOW]S AV VpONHBHE YH|K& Q L
LOQDNWtYDN OHV]QHN VHNpO\p WY N OYQADRNQ\L ©\APOMR C
PIiN J\DNRULDN D 5yFKLWH WHU-XOHVWyG QDR® MB | KOVYME
QHQ ~MDEE XWiQV*OO\HGpVHYVY GROLQIN M|QQHN OpWUH
- Prawdown” GROLQD QpON+*OL Wi @pilERBNBR@PQURYV G

OLQD IHN*MpQHN HSLND/UVPNMIHOQBNMFY HtQHP UHJHC
GRWW dgiytow GROLQIN QHP DODNXOWDN NL D IHN-Q
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iEUD . O|QE]|]] WiQ\pURY GROLQD YIiOWR]DWRN NLDODNXOiVD
-HOPDJ\DUI]DW GROLOQDWDOS IHG NMMUV]W Q D NWRiYL HRSQ W DLW VR O G yDON W tpYV HER O |
V]pOHVHGpPV Yt]JHOYH]HWpV pV D IHD®VPWEDIiQDWDD WM NDOtWIRRDi OLHRIONGYGiV GHS
MD GUDZGRZQ GROLQD DNQD KDVDGpN V XBVV.aH@iRhliG ROLQD D WiQ\pUR\
HJpV]pQ YDQ Yt]JHOYH]HWpPV NDUURYV GRQLODIDARWVDGRRQQMD YHMO YGH]MWhRY ORNIiOLV R
IHNe GHSUHVV]LYN GUDZGRZQDGRRAIQIDWWMMSRHN D PWNH LKV YtJHOYH]HWpV LV PHJV
GROLQiIV WiQ\pURV,®ROWDQ@BLDGBSXNBAVNVIY®M DNQiLQ NHUHV]W+«O D IHG DQ\DJiQDN H
V]iOOtWyGLN VXEVLGHQFH GROLQiV WiQ\QDRWD®ROQ QDL VY DPWOMHGHWp Wi GUWDRYI
GROLQD QpON+OL WiQ\pURV GROLQD NpS] GLN
Fig. 11: The development of various plate shaped doline varieties
Legend: 1. cover of doline floor, 2. inactive epikarst, 3. actpikagst, 4. horizontal dissolution and doline widen-
ing, 5. water drainage and the transport of cover material into the epjk@&rgarren, 7. depression of local
dissolution (drawdown doline), 8. shaft, grike, 9. subsidence doline, dogment of plate shaped doline, b
water drainage occurs in the whole area of the doline floor: karren plaéged doline develops; Water drain-
age is local on the doline floor: bedrock depressions (drawdown dolines padwedissolution, docal water
drainage also ceases on the doline floor, a plate shaped doline with drawdowndlgeps, £some part of the
cover material is transported into the karst through the shafts of tlepressions, a plate shaped doline with
subsidence doline develops, d. there is no water drainage on the floateoEpaped doline, a plate shaped
doline without drawdown doline develops

- 5pV]GROLQiIV WiQ\pURV GROLQESIDNDpPV]&R P HQG K WWEDH®D
DNWtY PDMG LQDNWtY OHV]-URYL RIOBD Q G H MW DINW KR VS
UpV]GROLQIiIN |[VVIHNDSFVROY8i GR®OQDEDNXO NL D WiQ
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JYHWNH]WHWpV

$ WiQ\pURV GROLQIN OpWUHM |\D®H HJL\DNDIDWK]GM WikDUDND F
HVpO\pW Q|YHOL (] NHGYH] OGRHNICHQYIDHW AG p\DILQHW W H U
WiQ\pURV GROLQiIN D GROLQW pb]DD R PNOMX]M VD pBOHSQL
GpNEHV]iOOtWiV N|OFV|QKDWiVdQDN NUH GW MQ WH|NRIHMX
OpWUH DKRO D GROLQDWD ®8D NRWQDH]H®IpEBQVDPW VLT
,OQDNWtY HSLNDUV]W OpWUHM|kHWJINIL WHLWOOI\W-GQ DN B
EHPRVRWW IHG YHO YDJ\ N|]YHNWH® WD\ W HOG W WM W |

MXW D IHN*K|] $ GROLQD IHMOGGIIV@OHMW MBQHNOPJL
UHGHNVpJpUH KDWiVVDO YDQ HVROW § {rai®yBIMWINQ YD
HSLNDUV]W .|]JYHWOHQ+0 LQDNWtW BIGD NP PW \M ¥ HROIS

VDO V]pOHVHGLN N|]YHWHWWDB @GGRQDQW tRH & LROW M) WV
GyGivVvDO V]pOHVHGLN

GenetikailagaW i Q\pURYV GROLQiN diawdonwW GRQ INDVURV
XWiQVe+OO\HG p tikaindodR GROVOD QYONrVIIGROLQIV WiQ\pUR
GROLQIN .DUURV WIiQ\pURV GROYILYiND Q\DOBSDO YCHOBW pW B |
UHJHQHU idan@dwd GROLQIV WiQ\pURV GROLQIN WDOSD DC(
UHIJHQHUIOYGiIVD ORNIOLV pVHMWIIR\PUR D |CRWILM NO B/ \IHC
DODWW D] HSLNDUV]W UHJHQHWE@aRGIAMDIAnRNiOLY GH W
QpON<OL WiQ\pURV GROLQIN JDCDNVD i QL Q HQ WHID H @ 1S UND
GLN 5pV]GROLQIV WiQ\pURV GROLDONS i QIIOX\WW]QH B LN pW)\G]
HOYHV]tWL DNWLYLWIVIW QRBPYRNMDR QO BNeA2Y® GIVOtOH MM
VHGpVVHO D GROLQIN |[VVIHNDSFVROYGQDN

OLXWiQ HJI\PiV V]RPV]pGVIJIEDQ D NNDUV]WRQ
Arawdown GROLQIN pV WiQ\pURV GROLQINOLK® H]JHN F
NDUVIWWHU*OHWHNHQ D] DNWtHHOMWPp UQDINWHWU M BIGNHY &M
PLQWi]DW~DN DGR WMAWloH/NS CRWERY WVi®\ALLRY GROLQ
FVRSRUWRN PDRNi|DMWDHUMMHGPVH D NDUVIWRQ D] DNW
HSLNDUV]W HJ\NRUL YDJ\ MWOHQDHODNWLY VgMDVQID M W1
HSLNDUV]W IROWRN N&WHUMHGpPpVpU O iUXONRG

$] HSLNDUV]W ORNiOLVd2NMWINY |G RODYLGAMD NYLDOSL A
NXOiViW HUHGPpQ\H]KHWL [HOHWNMDN X3WsiWE/E DN HKGR V
JiIMIUXOQDN D WiQ\pURV GROLQINDOHWI WiK®HN $P NDU®
XWiQVeOO\HGpVHV GRQita@ddwnK IGROD. QDLWHM-OAH G Yt]V]L
WHV UpWHJHN H GROLQIN DNYDLQDNHQRUYURPH MOMWRNVE p VY
UH pv tJ\ D IHG NDUVIJWED V]iOOPWIVIIDN D EOF
XWiQVeOO\HGpVHY GROLQIN MHNDOWHD @ VvWHOIVIRNEQD JWM
YIEEtWYy NpSHVVpJUH XWDOQDN
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$ WiQ\pURYV d@BR@oDiINSROLQIL XYDOiIYi IHMO GKHWQ
a] HSLNDUV]W N|]|[WWsN LV DNWRW GHRQ LEBHOM | K MMD OS5
,O\HQ KHO\HNHQ D NDUV]W IHONDIQ @®RNIOIiWNVQ ON MV| EYE
VILQWEHQ SXV]WXO (QQHN VRWBIiQQNIiES MHEHEP YW QW HN
QHN $ WiQ\pURuraGiR@nl GIROL\Q N HJI\eWWHYV HO IRUGXOi
D NDUVJWRQ HOHJ\HQJHW G |WWWp VY HORA] VQRNi D] IOVHD/DH NH OF
GXOKDWQDN HO
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ANALYSING THE RELATIONS OF THE PARAMETERS THAT
INFLUENCES THE SUBSIDENCE DOLINES FORMATION USING
MODEL EXPERIMENTS.

9(7e6)2,7+ 6=,/E5"

PTE-77. J)JOGWXGRPIQ\RN 'RNWRUL ,¥NRMD 3pFV I
szilard.vetesi@gmail.com

Abstract The subsidence dolines are the most common surface forms of the edrkagats. One type of these

dolines is the suffosion dolineQ WKLV PRGHO H[SHULPHQW WKH LQI®>XHYWIOREG RIHR@M RI WKHVH
factors were analyzed. The aim of the study was to determingfifiicaince of the parameters that influenced the

development of the suffosion dolines. Furthermore we wanted to detewhiether the porosi-change caused

by compaction occurs because of suffosion, and if so, what kind of idgeactt make to the different parameters

of the depression. To answer these questions numerous experimentsaderevith different parameters, in a

manner that during the experiments we changed only one parameter, so dtedaéffewould be detectable from

the final solution. These measurements were made with the us@edia $ool, designed and built for thispu

pose. According to the data we gained from the model experiment, thepdewet of a suffusion doline is influ-

enced by many parameters. If these parameters are in an optimal contea#xh other, a suffosion doline may

appear on the surface. Depression may o@wen L1 WKH BKiam&edd isfsmall, but only in the case when

ERWK WKH FRYHUYfV WKLFN&z¢\6\smaN, WWKB FXQBQWKH J&IBEpiedsieny LV ELJIJHU
appears even with the use of bigger cover thickness and a larger grainksiawing these parameters of the

covered karstic depressions lets us estimate other parametermdlyainfluence the development of the subs

dence dolines.

Keywords: model experiment, subsidence dolifelkK LP QH\ TV G L D EhidRiveldd) grdirRsize, Lestimating,
development of the doline in the experiment

%HYH]HWpV

9L]VIJIODWXQN FpOMD KRJ\ PHJKDMIYRHMNVWRRNDW D S
UpV PpUHW IHG YDVWDJViJ IHGHYWDOERPSWYUYKPRFVH
N|[UsOPpQ\HN N|]|WW DPHROGNQDN WKDQRNXOiViUD KDW
vannak, WRYIiEEi D] iOWDOXQN V]LPXQ\®W R O\ KRDWRON H
1+ JJQENpPOEYJPRWO|QE|] SDPBOOWWW PYRIIVW W +

NLYLWHOH]W+QN ~J\ KRJ\ D R@UVU@SLHAD BONBDO iy W eNpV
YiOWR]WDWWXN PHJ tJ\ DQQRDWI\V\Dp & BW B 8 RAMKD Wly| K|
Az tJ\ NDSRWW DGDWRNByOHEH R pN\DW WESHR W GHNS U H V V]
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HJ\ SDUDPpWHUpPQHN, & XidBINKWiyB\H P HPKOWIiIUR]y WpQ\F
pUWepNp

A P~OW V]i|PG p&/MH N|]JHSpW O D NDUVIWNXWDWIVED!
MHGWHN D N+*O|QE|] PRGHOONtVHPDQ HWHMH®I O B P WK\ NV D
DGDWRNDW D NDUVIWWHU«OHWH® H WB B WHAJ MQ G W pHU HV
QXOPIQ\R]CVYRU DB66, QUINIF 1973, FABRE NICOD 1982). E
NDUVIWRYV PRGHOONtVpUOBWHBNEHRYN Plp¥YNH W HD\HM W
Ennek oka, hogy gipszen & 2OGyGiVL IRO\DPDWRN pV tJ\ D IRUPDN
J\RUVDEEDQ W|UWpQLN PLQW B]NBGERWQGWAY HNO]AMWH R
NDUV]WRV PRGHOONtVpUOHWHQHINNPQNW R | RRUGHW@D®H @® N
NDUURNUD NRQFHQWUIOyGWDGLEW,RODROQIBQONDUURN NLD
D KDVDGpNNDUURPRUUINSBEYD BIXOiVIWWDQXOPIQ\R]WD
Ugyancsak gi ]JE O IHOpStWHWW PRGHOOMERESSNDUURYV IRUPI
al. YL]VJIOWD

Al DOIEE WHRGHW@OWtVpUOHW NpW NRBIEEL WDQXOF
WRWW HOMiIUIV WHERESEE daH@OQAHW P/OpXMVCHP | @éduN E D Q
WDWRWW NtVpPpUOHWEHQ N<O|QEKHOO\HRPFENMEWPUHWS& THG
OiINUD pV D Yt]DGDJROIVL PYGEBWINIiOWMRENQ WO pWWDHM YW
IRUPINDW OHJIOODStWRWWIiN RRBpWHWpEY QD NYLDP® N X O
JiV MH @eve BHHN s ENHKDOHWNH]HWW DQ\DJKLIiQ\ QDJ\ViJD
meg. 9 (7 e &0OITH (2018) YL]VJIhGgWD SRURINIOMR]iIV LQGXNiIiOMD
HDIHGHWW NDUVJ]WRY GHSUHVV]LYN OpWUHM|WWpW

ORGHOONtVPpUOHW*sQNKRWKDYVRROW YGINJIQBIP NDUV]
folyamatraAREVALQ ZURIGUEL (2015), IDERQDVLOyN gldaW¥HWPpPEHQ
WiFLYy iOWDOL V.OOO\HGpV PPHW pi¥pdeszembkl YH]HW MiU
PpPUHWpW KDVRQOtWRWWIiN |\DWid4y HIH Qi BRBRO® PPWV YL]V.
UHN NDSFVRODWD KRJ\DQ VHPt\EpWOV D HKL OHNWRI U L
WiKRJ\ D MiUDW HOWJR PREEHQYIHUHSH  NLYH]HW Mi
ViJiQDN pV D JDERQDV]H,RekAE 2enberi pJQUDN LXYWDI@LY V
VeOO\HGpV QHP MiWV]LN QDJ\MJAUHSHW HEEHQ D IRO\L

JHGHWW UHMWHWW NDUVJ]WRQ XOWDNQO\HGpVFE
(WALTHAM FOOKES2003,WILLIAMS2004,WALTHAMet al.2009. A
UHMWHWW NDUV]WRN HVHWPpPEBQQD WHNGL YRU|IW HFVYBB]W
GpNYt] D IHN N JHWHQ N<O|QE|]IVRVNRQWINBWWLNIOLV F
DNQD KR] OpWUH $ IHNe ROGIVRWIRARPA¥YWED D IHG DQ
VIHPFVHKXOOiVVDO IRNR]IDWRWHQLNDS$\ I&BOEYAQODR EH)\
OHWNH]HWW D@ MDIMHNGGAIFHOHPQ W GHSUHVYV]LY NLDODNX
Viw RNR]]ID (O EEL HVBWHEHE@LVHMHWEHQ OH]INNHQpPpVH
NpS] GLN
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$ NtVPpUOHWL N|UsOPpQ\HN VRUIDQNROD ERWOWYHWXPY IH
VILPXOIiOW |IRPONDVYHWNRH] NpUGpVHNUH NHUHVVeN D YiO
"$ IHG EHQ NLDODNXGQD DY\DD YWY IWRYPp&D PHJIHJ\H]LI
IHOV]tQHQ NLDODNXOW GHSUHVV]LY WpUIRJDWIYDO™"
"Hanem,miRNR]]D D] HOWpUpVW"

"$ IHG IHOV]tQpQ NLDODNXOW OHF EHVROLYVRDWDP pW H
IHG UpWHJ YDVWDJViJD D NeUWpUWFPUWHD DLQOUHW Y Bi(
IHG V]JHPFVHPpUHWH"

" +RJ\DQ OHKHW GHILQNP®Q LG PVEHQUUHMMMWYYHY ~Q D
lyQiwG POI¥EPLO\HQ WpQ\H] N EHIRO\iVROMIN DQQDN Q
"+RJ\DQ OHKHW OHtUQL D GHSUWVWI]LY NpS] GpVpQHN IF
" Van-H NDSFVRODW D IHG V]HPFVHRpUBWOWBINMDOHWY |
KRVV] PpO\VpJ NJ|]IWW"

"OHJEHFV-eQNRHEWoUOHW V RE HE INHehXO]D X QG Briv-
UHWRBMIQUPpPpVIHWHY N|UOPpQ\HN MU P @/DW QO\piW LEHDNQ| W W
VIHUHSHW MiwWV]y GH QHP LVPHUW SDUDPpWHU PpUHW

OyGV]HUHN

$ VIHPFVHKKDOO®PWiVL

1 iEUD $ NtVpUOHWL HVIN]|] pV DQQIDW ~WpV JHISV W |IPP|WDPWE IHB]W HOYiIiODV]Wy Ip
D PHIJHPHOpPVW EL]WRVtWy IpP VtQHN
Fig. 1.: The experimental tool and its parts, 1. the metal colunthg2netal plate what separates the drilled
gypsum block and the cover, 3. metal lines what garantee the lift
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$ NtVPUOHWL HV]N|] HJ\ M P DDSRM S MEERENERA i UR O W
IHG W KDOPARDNXVRYIEELDNEDQ «OHGQXEHNI DID\Gy IpPKD
UpV]pQ KHO\HHON BGIWHMNN JHWHW UHSUH]JHQWIiOy N|QQ\F
DQ\D J§ipsd) NgjsOW WpJODW HWWOIN EPJHOWPN#M M& FV|Y
NHW WRYIEELDNEDQ N+UW KRJWDOAKDyp#UH (JHNUH
NeO|QE|] YDVWDJViJ~ pV V]HPFSRWLUHWE&U MR WMWI DV i
IUDNFLRQIOW IHG *OHGpNHW RBRO\IQLERHIMKRMYD MpW \
VIHSDUIOKDWyY OHJ\HQ (]W D IR OGH®HRWEHRQyV | WKD R
IpPPOHPH] VHItWVpJpYHO pUW e« NWHYOR q t WiRVOWIP®! ]DK LHIGV W
UIHQJHGWe+N Delozta\il 42¢FVOIEWOOiIVL IRO\DPDWRW DPH
QHP V]XIly]lLy GH DMKABHEDER®PWW FVDN KDVRQOYy
PHUW QHP W|UWpPQW Yt] iOWDOLYVYHR®WH R B YOI W D
VIXIly]LyUD KRJ\ D OpWUHM|WVPFN@NDIAKaki Q\RYV WpUEH
(]JPUW D ITHOPStWHWW UHQGV]HUWHWHAREMHKXOODWiVL
FVHKXOODWIiVL HV]N|] RO\ Py®@/RIQ RS\ IWHHWEW N | HH0D HORI
PPUHWHNQHN NE V]i]JVIRURV NILFVLQ\tWpVpQHN IHOHON
A szemcVHKXOODWiW] B®JEFLQS D U DiRalkt FolytaptukW p N H N
aV]HPFVHKNOWAGHRWHNHW
"$ NeUW iWPpU MH FP FP FP
"$ IHG YDVWDJViJD FP FP FP FP FP
"$ IHG V]HPFVH PpEDB ki 0,500-1,000 mm, 1,000-2,000 mm.
"$ VIHPFVHKXOODWIiVL HV]N|]W QN HPRH @R/ PVH J FF
YHO FP pV FP WHUHW DODNtWRWWXQN NL

$ WpU NLDODAMNIWiIVRIDW V]*NVpJ PLYKO D WHUPpV]I
UDQ WDOIONR]JKDWXQN RO\DQ NDNMPWER Wati |[HWEH PpO
horilRQWiOLV EDUQ@DQBEBN YDQQDN

( QpJ\ SDUDPpWHQDNYOHFB|p)NNROENQiOiViYDO
IVV]HVHRQtVPUOHWEHQ WDQXOPiIQ\R]WXWIimd- VIHPFVHKXO
HIJ\LN HVHWEHQ P pUNMO W] ) RN PRI VeOB\HGpVpW D |
kut GHSUHVV]LY iWPpU MpW pV PpOWPXP®RW/D MDRU\QW D
WpUIRJDWiIW $ PpUpVHN DGDWDIiERO WXRYNE ELHSDDD Pp\
DOIEELDN
- '"HSUHVV]LYcWpUIRIDW

S . N
&(L—lJUéCPN/x
ahol V4 D GHSUHVV]LenTY pUDRG BI\dddaka\(d)y/ « a de-
SUHVV]LY RapP\$pBIHDODNXOW GHSUHVV]L§NDW IRUJiVN

NLQWHWWeN tJ\ D WpUIRJDW NLND]VPItQ\Di M DN DV [[RRAIW VAR UD
KDV]QiODWRY N@BSOBHWDWHO W|UWpQW
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lez6kkenéses dolina
a dolina kérvonala ¥

a korvonal \ '
hat hénap utan :

2 iEUD +RUL]JRQWIiOLVY EDUODQJUHQGV]HU HW OW][INNHQWMHQ GROLQD DODWW
Fig. 2.: Horizontal cave system under a dropout doline (Waltham et al. 2005)

3 IEUDD PV WEHG|WHW V]Ly HOYL iEUIMD U D GHSUHVYJlHy VXJDUD 0G D GHSUH
Fig. 3.: Theoretical figure of the created depressiomadius of the depression, Md. depth of the depression
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-'"HSUHVV]LY DODNMD 2
64
1 LE’
aholra GHSUHV V]cmVXIDGBHE SUH V V] gmRD O\BApD H
-$ GHSUHVV]ILY NpS] GpVpEH Q&4 YQDEAWIDINWtY ]yQD
5. ~ B
S yjaol-e U N D
ahol ra O p W LGHH\S|MWHW V] [cyn)V XIJD IOV pUOHW YpgpQ PpUW IHG
ViJ QD J\VheDE@FifE .0
$ PRGHOOH]pV VRUIQ PHJIOODBNWNRMBWENV KRJ\ D G
NRU D IHG EHQ OpWUPW QJ\HSDVP]tDNWAD $] DNWtY ]y
IHG D]RQDKRJEDQ DQ\DJ WiYRI]LN H® NSPWHWMEHQ+0O D
]yQOD SHGLJ D] D WDUWRPiIQ\ DKRMNDNY|EHDQ\DJ QHP N
Q+0 KDQHP B7DWNPNVIEHYQIED i B)X B KD W

ered}i felszin

____________ P
A [pmees sl AL
BN el A
.o.o.o.o.o.o.o.o oo o. aktiv Z(')na\‘ o.o:o.o
PasSZIV ZONAa~_ [ e e’ dL".". . .
R AR L LK N 2 E AT, o T v
| [T
I I 4
[ Tef [ 1
[T Jef ]
- -
[T Jef ]
[ [1e [ I

4 iEUD $] DNWtY JyQD pUWHOPH]pVH NHPEBSHW3H QY KWW DDVIIHG DY RMAVPDDWHWD D NtVpU
EHIHMH]WpYHO U D GHSUHVV]LWN iWPRQAHWIpHPVH D IHG IHOV]tQpQH
Fig. 4.: Interpretation of the active zone, L1. thickness otther before the experiment, h=L2. thickness of the
cover after the experiment, 2r. diameter of the depression VXEVLGHQFH RI WKH FRYHUYV VXUIDFH

-AzaNWtY ]yQD QDJ\ViJD D] HUHG HWL%WpUIRIDWKR] YLV]
8@,~-L%1 Usrr,

ahol Vi, D] DNWtY ]yQD W pU | RchP)Wi @D NHIGUDHGWWR. Wp U |

gata (Cl’ﬁ) PHO\HW ~J\ NDSWXQN KRJ\ HH]INWWUMHHGNL HV]N

WpUIRJDWIW V]iPtWRWWXN
-$ IHGHWW NDUV]WRV GHSPHVUW ISYINUBDPpPWHQHEBQHN EHF
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$ EHFVOpVK Hkaki Q\PSH-RW+QN D N|[YHWNH] PyGROQ
"APRGHOONtVpPUOHWEHQ NLD Cchétit@ka @ddiS UHVV]Ly PpO
NtVPUOHWEHQ V]JHUHSO IHG YRWVWDJINLFRUQMPpWpPYHO $
WpN¥W D WHUPpPV]HWHV GHSUHVV]LYW]iPpWKDMWPQIHN LVF
NLDODNXOIVEDQ VJHUHSHW MiWV]y IHG YDVWDJVilJ

"D PRGHOONtVPpUOHWEHQ NLD ORBRMKAWO®RKKS UHVV]LY iWF
VPUOHWEHQ V]HUHSO |H$ KiRVIWDRY iJDpNMFMLIAHDpV P
WpNH pV D WHUPpPVIHWHY GHS WHEWD]LWNPtWRDW W pi HN
NLDODNXOIVEDQ V]JHUHSHW MiWV]y IHG YDVWDJVilJ

(UHGPpPQ\HN

| WIiEOiI]DW

Table I.
APpUpVHN DGDWDLEYyO OpWUHKR]J.RWW DGDWKDOPD] HJ\ UpV]OHWH
A part of the data set, made by the data of the experiments (1)

Emelés Dk D A depresszié
(cm) ) () L1 (cm) AL (cm)  |[AV (em3)| 2r (em) | Md (cm) [Végbement?| térfogata (cm?)
5 0,4 44 7,5 2,5 igen 36,8
10 0,8 43 5 2 igen 13,1
0,250- 15 1 42 3 1,5 igen 3,5
0,500
20 1 42 1 0,5 igen 0,1
25 1,2 43 n.a. n.a. igen 0
30 1,3 44 n.a. n.a. igen 0
5 0,4 14 1 0,5 igen 0,1
10 0,3 10 n.a. n.a. nem 0
0,500- 15 0,4 11 n.a. n.a. nem 0
2,5 0,5 1,000
20 0,3 11 n.a. n.a. nem 0
25 0,2 10 n.a. n.a. nem 0
30 0,2 10 n.a. n.a. nem 0
5 0 0 n.a. n.a. nem 0
10 0 0 n.a. n.a. nem 0
1,000- 15 0 0 n.a. n.a. nem 0
2,000
20 0 0 n.a. n.a. nem 0
25 0 0 n.a. n.a. nem 0
30 0 0 n.a. n.a. nem 0

‘N NeUW iWPpU 'V] V]HPFVHIUDNFLYNOHWDNH{GHWPQWDIVDIDHG NYDYy WDJIViJiQDH
FVINNHQpPVH 09 D] iWKXOORWW DQ\DJ RHQ @G VP JIGIHSWHN \JHB BPHOWPYHWPpU
‘N GLDPHWHU RI WKH FKLPQH\ 'V]RYV RWICHI BR ¥ WU FDQW W/K HWEKHLANEHVM RI WKH H[SH
WKH DPRXQW RI WKH GHFUHDV H eRinoahKd teRassed §0i, MAKdepth @ te/déprassionW K
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Table II.
$ PpbUpVHN DGDWDLEYO OpWUHK®]RWW DGDWKDOPD] HJ\ UpV]OHWH
A part of the data set, made by the data of the experiments (2)

Emelés Dk (cm)| Dsz (cm) A depresszio
fem) L1 (em) AL (cm) | &V (em?)| 2r {em) | Md (cm) [Végbement?|  térfogata (cm?)

& 0,4 61 9 2,8 igen 59,3

10 0,5 63 8 2,2 igen 36,8

0,250- 15 0,5 63 7 2 igen 25,6

0,500 20 0,9 5 2,5 1 igen 1,6

25 1 5 1 0,5 igen 0,1

30 1,2 62 n.a. n.a. igen 0

& 0,8 54 5 2,5 igen 16,3

10 1 56 2 1,5 igen 1,5

25 1 2,50%% 15 1,3 54 n.a. n.a. igen 0

! 20 1,2 55 n.a. n.a. igen 0

25 1,2 hE) n.a. n.a. igen 0

30 1 55) n.a. n.a. igen 0

& 0,5 8 1 0,5 nem 0,1

10 0,3 4 n.a. n.a. nem 0

1,000- 15 0,1 2 n.a. n.a. nem 0

2,000 20 0,2 4 n.a. n.a. nem 0

25 0,1 2 n.a. n.a. nem 0

30 0,1 2 n.a. n.a. nem 0

‘N NeUW iWPpU 'V] V]HPIFMGHIYDMWIDYNiJD D NtVPUOHW NH]GHWpPQ @/ D IHG YDV
FVINNHQpVH 09 D] iWKXOORWW DQ\DJ AFHQ@@\LBpGHSUWHVY]GK PYHIOVYVHUH iWPpU M

Dk. diameter of the chimney, Dsz. soil fractions, L1. thickok#®e cover at the beginninBl WKH H[SHULPHQW a/
WKH DPRXQW RI WKH GHFUHDVH Rl WKHWAIRH 13D YW MX VIRNQH WG  BH SWKKH RJ PR K 1@ & HRS

$ IHN*ESHQODNtWRWW DQ\DJKLiQ\ pNWWIIEG S LHHOAM QP Q
WpUIRJDWiIQDN NDSFVRODWD

A VIHPFVHKXOODWiVRN VRUIQ D MHW V]H®WNNtQPQ DNpW Mt
V]tQ WHOMHY NLWHUMHG pVEH ® JR HIPN @\ H6GH SYBYD PLLYQ !
NpS].GLRpUpVHN DGDWDL DODSMiQ@ RPVNWD S D M MO0 W X
GHSUHVV]Ly WpU IR DD W\W KXIOR RIVW\M ] DK\D,JIW pUIRIDWiY D
WIiEQ@KD®] iWKXOORWW DQ\DJ WpUIREBWDaPLQGHQ HVH
IHG IHOV]tQpQ NLDODNXOW GHBWBYWilLQ&MN FNRNNWD  $
QpVPYHO D GHSUHVV]LY WpUIRIDWIRdftWBriydd LQNIEE PHJ
W p U IRIRMEV RKD HO QHP pUL .CEQQ D NFH/D UNGI M IV

WDJViJQiGHV NFBW iWPpU QpO D OHIJNLVHEE V]HPFVHP|
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D OHKXOORWW D42\d7¥JDP 88 QUIHHWIH Y W UWIRIJDWD FP

IHG YDVWDJViJRW YiOWR]WDWSBQ@PODBRWRNDN N|YHRW N
HVHWpPEHQ D] iWKXOORWW DI \GH SFUHYVYLLY pWh U | RRI®D W D
cn. 10 cmHVHWPEHQ D] iWKXOORWW? DR\BH PHQQALLWp JH

WpUIRJIJDWD5 cm-HFPIHG YDVWDJViJ pUWpPN PHOOHWW D]
WpUIRJDWD GHWSUHVVB6B U R I PD W

M. WiEOi]DW

Table IIl.
$ PpUpVHN DGDWDLEYyO OpWUHK®]JRWW DGDWKDOPD] HJ\ UpV]OHWH
A part of the data set, made by the data of the experiments (3)

Emelés Dk (cm)| Dsz (mm) A depresszid
{em) | " 7| L1 {cm) AL (em) [AV [cm3)| 2r [cm) Md  |Végbement?| térfogata (cm3)
5 0,2 84 9,5 2,8 igen 66,1
10 0,4 83 8 3 igen 50,2
0,250- 15 0,4 84 8 2,5 igen 41,8
0,500 .
20 0,6 88 7 3 igen 38,4
25 0,8 85 4,5 2,8 igen 14,8
30 0,9 86 3 1,5 igen 3,5
5 0,6 78 7 2,8 igen 35,9
10 0,8 78 6 2,5 igen 23,5
0,500- 15 0,8 77 4 2,2 igen 9,2
2,5 1,5 1,000 .
20 0,9 78 3,8 0,5 igen 1,8
25 1,1 78 n.a. n.a. igen 0
30 1 78 n.a. n.a. igen 0
5 0,4 68 7 3 igen 38,4
10 0,6 67 2,5 2 igen 3,2
1,000- 15 1,3 67 n.a. n.a. igen 0
2,000
20 1,2 68 n.a. n.a. igen 0
25 1 68 n.a. n.a. igen 0
30 0,8 68 n.a. n.a. igen 0

Dk. NeUW iWPpU 'V] V]JHPFVHIUDNFLYN W WHIKBG WHHV WD JN iUHDGD WDVMWIDDIN iJiQDN
FVINNHQpVH 09 D] iWKXOORWW DQ\DJ AFHQ@@G\LBpGHSUH VDY |G K PHIOYVHUH iWPpU M
Dk. diameter of the chimney, Dsz. soil fractons WKLFNQHVYVY RI WKH FRYHU DW WKH EHJLQQLQJ RI W
WKH DPRXQW RI WKH GHFUHDVH Rl WKHWIRHY 13D YW MX VIRNQH VG  @H SMKKH RO PR K I & HRS |

$ N*O|QE|] SDUDPpWHUHN pUWIPWNNpOHGE pR/PWH/D D GHS!
A05cmHV NeUW iWPpU HVHWPEHQ FVDSIt\WW&NMWHEE V]HP

G QpO PHQW YpJEH D]-BI®\DNIKWOIMFpU ©RPO PiU D NJ|JH®
VIHPFVPNE O IHOpStWHWW IHG YRGMAMEHE® LV WDSDV]
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cmHYVY NeUW iWPpU YHO |HOYW 2 WOHHW Q/'DB RREBEO O |HP-VH P p U
WHW KDV]QiOYD LV YpJEHPHQW HXHiWQDDN KXW OiWHRRD\D P
MpQHN Q|YHNHGpVH OHKHW Yp @ HNOQp s @DUINBEH W ]HPF
WpPpEHQ LV D] DQ\DJKXOOiIVW X&iYIW D1 KISQUHRPA] pbY QNID C
olyatis WDSDV]IWDOWXQN KRIJI\DWWRBVHIXK XO®R/IIWYDO YDQ L
W iWPpPW D IHG YDVW.DIEIHEN-UW iWPpU-eQ@pO pV FP
IHG YDVWDJVIiIJQIiO OHMiIWV]yGRWYW. D]|REGND pREXOOiIV IRO
HQQpO QDJ\REE IHG YDEW D HKIWPpYWPRODNQARWD N*UW i
PpU QpO D NLV IHG YDVWDJViJ pHNEHHW I DP D\QND JK X C
G YDVWDJViIJ HVHWpPpEHQ SHGLD WBUWEHO VB R\DQ&XO®iVY
VRUIQ HOW Wi BEQWWW

HaaNeUW iWPRpdHVY D IHG SHGLJ FB6,YDVWDJ DNN
cm-es Wp U IRIIBDSWHVV]LY DODNXO NL 8J\D@EO\HQ N.UW iW
IHG YDVWDJViJ HVHWp BHGUHV IRy NpSél&LN $] HO EELI
OHQWPWEHQ &kKeR @Itpl,bletdWw N UW iWPpU HVHWPpPEHQ Pi
30cm-HV IHG YDVWDJViIJJDO IHOpSIWE MWW MRWGIHOPOHQ LV
WIiEQi]DW

+D D VIHPFKBDRMOVHW YHVV]eN ILJNNONRBWH QpO FP
pV FP YDVW3IB2 dii-6& \§ p O | RIIDSWH VV]LyhdaQdp N XO NL
nagyobb (1,0-2 PP V]JHPFVpW KDV]QIiOMXN +D D IHG UpWt
XJ\DQLO\HQ SDUDPpWHUHN PB&OWWWRIIBER DNNRU
VLY NpS}BUINIHG YDVWDJViIJ XJ\DQLO\HRPSDUDPpWHULF
QpO QDJ\REE DNNRU D QDnégin MdhkuPkiFG/H W KIB&V ] QyO Y D
D PRGHOONtVPpUOHWEHQ XJ\D Q IOOI\H\YL \SHDEJD K/ WRHRMHDW & |
IHGrHV] UpV]W cB-MNVRIBH® YDVWDJViJQiO LV-DODNXOW NL
esWpU | RGHDSNHHIVV MLYVEDiI]DW

A szemcsehuDDWiVL HVIN|] PHJHP&bbap¥d®thedN+O FVDN
NpS] GWHN GHSUHVV]LYN KD Dv¥DPRWDB D BtV PpHIWHISHE BQ
OHKHW OHJNLVHEE YROW $ VHRPAPWNKXOODWHVHWMVIN[
WRWWXQN NL PHJQ|YHOYH tIJpDHPIOJOQPDORLRBPQQAWKXOO
JpW EJ\ PiU ELIRQ\RV HVHWHN EH® YDHWVAPVEM D NJ 4 \DHHW N L
EHQ NpS] GWHN GHSUHVV]LYN KDDWWIDINVIU pURDIMNHAMD L
KDVIQis@l WIEDPI]DW

Akkor,ha D] [VV]IHV SDUDPpWHU &kkdd g\ K\W WD-YNL) ] VJiOM XN
W iWPpU FP D YpPHRFVHPPUBWHG YDVWDJViJ FP
akkor 3,5 cd Wp U IRRIDUMW & GHSUHVV]LY DODNXO NL +D YLV
FP iWPp WEEEL Spedi® W ipOWHRJ] D W Geibh@lakuN ki &-U
SUHVV]LY D IHG IHOV]tQpQ +DMRQONDNNKIBMQ DNNRU VH
cmiWPpUGM&D V]HP magyddip (@,8-2/0 mm)i(lll WIiEGK.]DW
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$] DNWtY ]JyQD pV DQQDN EHIRO\iIVROyYy WpQ\H] L

$NWtY ]JyQiUyO FVDN DEEDQ D] LHN\RUWE HNY VEHH\D]ip & KR i@
GHSUHVV]LY NpS] G|WW D IHG @ BDHGPHNpS] @pUW DI
JDWD D SDVV]tY ]JyQiED WD UWRYLQD I$] QIDNAWN Dy (@XP W p U
JIEDQ QHP DG SRQWRYV NpSHW INEH® QKRHN HG LML ®\H Q
IHG YDVWDJViJ [+JJYPQ\pEHQ HHWWDDPIDBRWW [MGD QL
YDVWDJViJKR] YhV]RQQBMRWMON pNRY pUWpPNpPW YHWWs

,9 WIiEOiI]DW

Table IV.
$ PpUpVHN HUHGPpQ\HLE O OpWUH®R]RWW DGDWKDOPD] HJ\ UpV]OHW
A part of the data set, made by the data of the experiments.(4)

Er(::t)és Dk {cm) | Dsz (em) Vaktiv zéna %-0s
L1 (cm) | AL{cm) | AV (cm?3) 2r Md (cné) Vd (em3) | viszonyitas

5 0,4 44 7,5 20 67,7 36,8 11,1

10 0,8 43 5 2 60,2 13,1 4,9

0,250- 15 1 42 3 1,5 32,9 3.5 1,7

0,00 20 1 42 1 0,5 4,9 0,1 0,2

25 1,2 43 n.a. n.a. 0 0 0

30 1,3 44 n.a. n.a. 0 0 0

5 0,4 14 1 0,5 1,2 0,1 0,1

10 0,3 10 n.a. n.a. 0 0 0

25 0,5 2,%%00 15 0,4 11 n.a. n.a. 0 0 0

} 20 0,3 11 n.a. n.a. 0 0 0

25 0,2 10 n.a. n.a. 0 0 0

30 0,2 10 n.a. n.a. 0 0 0

5 0 0 n.a. n.a. 0 0 0

10 0 0 n.a. n.a. 0 0 0

1,000- 15 0 0 n.a. n.a. 0 0 0

4,0 20 0 0 n.a. n.a. 0 0 0

25 0 0 n.a. n.a. 0 0 0

30 0 0 n.a. n.a. 0 0 0

'N D NeUW iWPpU MH 'V] D VHSPAPADRMWDNY¥LYN D/NtFpUOHW NH]JGHWpPpQ G/ D IHG Y
FVINNHQpVH 09 D] iWKXOORWW DQ\DJ WpJIREBWHV VLYDP GO SApHIVV QG VX GHEL HOG/ |
WpUIRJDWD

Dk. the diameter of the chimney, Dsz. soil fractions,, L1.nb&k of the cover at the beginning of the experiment,

0/ WKH DPRXQW RI WKH GHFUHDVH BPRMWHWFRY MKH SDR/IVAHND MRYO 09U WWKKHH GLDPH\
depression, Md. depth of the depression, Vd. volume of the depression.

$ PpUpVHN HUHGPpQ\HL DODSMJiQ PL®G WtY ]yQD Q
G YDVWDJViJ PLQG D N+UW iWPpUHVPHQEB LI GHES NV UMP F
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DODWWL WpU QDJ\ViJD KDWiVNBDUONYIV@ p® |HE BDIWED JV
VIHPFVHPpUHWPQHN FV|NNHQpVH YHORNWtY Py @BURD J\V
DODWWL WpU FV|NNHQpVH D]JW NLVHEEtWL

$] DNWtY ]JyQD WpUIRJIJDWHM N-QBJIWIRBPU HNVPMWPpEH (
D OHIJNLVHEE V]HPFVHPpUHW H W QDN JRM ONWNDH Q@ p MpY HOD V
foO\DPDWRVD QI\Q | WHEMVILPW -HWY NeUW iWRpU HVHWPpE
XJ\DQFVDN D OHJNLVHEE V]HPNWHP 3yGIDV MWW UK R ¥DQJ COYCDN
QDJ\ViJD D IHG YDVWDJViJiQDRQARM NH®WRNMVPYQHO HJI\
VILN XWiQD FV|NNHQQL NH]GD M GV JNRNVHDNW tH O @O R pQuiH)
ViJD D IHG YDVWDJViJiQDN FV|NNNE@WWMINYHO IRO\DPD

WiE @k].D W
V.WIiEOi]DW
Table V.
$ PpUpVHN HUHGPpQ\HLE O OpWUHBR]RWW DGDWKDOPD] HJ\ UpV]OHW
A part of the data set, made by the data of the experiments (5)

Emelés Dk (cm) | Dsz (cm) V aktiv zéna %-0s
f[em) | “F7 | L1 (em) | AL{cm) | AV (cm3) | 2r(cm) | Md (cm) (cm3) vd (cm3) | viszonyitas
5 0,4 61 9 2,8 915 59.3 15,9
10 0,5 63 8 2,2 159,1 36,8 13,1
0,250- 15 0,5 63 v 2 186,0 25,6 10,1
0,500
20 0,9 33 2,5 1 31,2 1,6 1,2
25 1 55 1 0,5 6,2 0,1 0,2
30 1,2 62 n.a. n.a. 0 0 0
5 0,8 54 5 2,9 27,4 16,3 4,4
10 1 56 2 1,5 9.4 1,5 0,7
0,500- 15 1,3 54 n.a. n.a. 0 0 0
& ' | 1,000
: 20 1,2 55 n.a. n.a. 0 0 0
25 1,2 55 n.a. n.a. 0 0 0
30 1 55 n.a. n.a. 0 0 0
5 0,5 8 1 0,5 1,1 0,1 0,1
10 0,3 4 n.a n.a 0 0 0
1,000- 15 0,1 2 n.a. n.a 0 0 0
2,000
20 0,2 4 n.a. n.a 0 0 0
25 0,1 2 n.a n.a 0 0 0
30 0,1 2 n.a. n.a. 0 0 0

'N D NeUW iWPpU MH 'V] D VIHPFVHIUNNFLY@HW NHIBEWYQVWDIVIHGD YDVWDJIVilJ
FVINNHQpVH 09 D] iWKXOORWW DQ\DJ Wp I RHEBWHV VILYDP GG SAPpHIVVILG VX BHSIL HO/G/ |
WpUIRJDWD

Dk. the diameter of the chimney, Dsz. soil fractions,, L1.rthgk of the cover at the beginning of the experiment,

0/ WKH DPRXQW RI WKH GHFUHDVH BPRXHWFRY MKH SDRK/LIVANDQ MRYO 09U WKKHH GLDPH\
depression, Md. depth of the depression, Vd. volume of the depression.
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VI WIiEOiI]DW

Table VI.
$ PpUpVHN HUHGPpQ\HLE O OpWUHEBR]RWW DGDWKDOPD] HJ\ UpV]OHW
A part of the data set, made by the data of the experiments (6)

Emelés ok (cm). | Dsz fem) V aktiv zona _%-osﬂ
{cm) L1 (cm) | AL{cm) | AV {cm3} | 2r{cm) | Md [em) {cm3) Vd {cm3) | viszonyitds
5 0,2 84 9.5 2,8 113.4 66,1 18,5
10 0,4 83 8 3 160,8 50,2 13,1
0,250- 15 0,4 84 8 2,5 2446 41,8 13,3
0,500
20 0,6 88 7 3 2488 38,4 10,1
25 0,8 85 4,5 2,8 128,2 14,8 4,1
30 0,9 86 3 1,5 68,5 3,5 1,8
5 0,6 78 i 2,8 56,4 35,9 9,2
10 0,8 78 6 2,5 86,7 23,5 7,1
25 1.5 01,?]%% 15 0,8 77 4 22 59,4 9.2 A
/ 20 0,9 78 3,8 0,5 72,2 1,8 2.9
25 1,1 78 n.a. n.a. 0 0 0
30 1 78 n.a. n.a. 0 0 0
5 0,4 68 7 3 59,0 38,4 9.6
10 0,6 67 2,5 2 15,3 3,2 1,2
1,000- 15 1,2 67 n.a. n.a. 1] 0 0
2,000
20 1,2 68 n.a. n.a. 0 0 0
25 1 68 n.a. n.a. 0 0 0
30 0,8 68 n.a. n.a. 0 0 0

‘N D NeUW iWPpU MH 'V] D VAP ACHMWDNY¥LYN D/NtBpUOHW NH]GHWpPQ G/ D IHG Y
FVINNHQpVH 09 D] iWKXOORWW DQ\DJ WpJIREBWHV VLYyDPGBG' SApHWV]9G VX BHSEW HOG/ |
WpUIRJDWD

Dk. the diameter of the chimney, Dsz. soil fractions,, L1.rbi&k of the cover at the beginning of the experiment,

0/ WKH DPRXQW RI WKH GHFUHDVH BPRMXHWFR Y MWKH SDRK/IVAHND MRYO 09U WWKKHH GLDPH\
depression, Md. depth of the depression, Vd. volume of the depression.

OHJYLWDWiV

$ IHN*EHQ NLDODNtWRWW DQODNKIOKWNW]BWWGG HISO WM
WpUIRIJDWIQDN NDSFVRODWD

OLYHO D IHN*EHQ NLDODNtWRWG®GHB QHVMLyQW RDIR YDMD
QDN QDJ\ViJD QHP HJ\H]LN HJWOWYmEY akElpUW D]W [HOV
EHQ PiV IRO\DPDWRN LV OHMiWGE pWGHNIRN DSGH HUHMY/ LYy
DQ\DJiQDN W|P|U|GpVH (] D]pURF DHHEHKMXPO HW P PBIWW L
VIHPEVpPN N|JHOHEE NHU*<OQHN HJ\PiVKR]
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$ OHKXOORWW DQ\DJ WpUIRJIDWVQIYNWPPHIQRILV pJIH |
WiQDN QDJ\ViJD N|]|[WWL HOWDpU PWHW XIDJOLY RN HW pkR L
IHG Kp]DJWpUIRIJDWD Q PHUW RQOEDQ DPLIVI WHU+O D]
UIGpV N|YHEWD W|P|U|GpV iOWDO D V]JHPFVpN N|JHOHE!
HJ\PiVKR] DPL D IHG DUHIOLV V$OECHGWMPW|BUHGPpPQ
VPQHN PpUWpPNH D VIHPFVHPpPURIW BOY BOPV W HBF@HY HN
HVHWpPEHQ D VIHPFVpPN HJ\PiVWKHO WP IY@GHBE B LKVH @ JH]N H
FVPE O IHOpS+OW IHG HVHWQpEHOQN@BNH G WGP YWD\ GWDp Q
ViJ Q|YHOpPVPYHO LV Q XJ\DBHY QDVWE BEIHBG WHV H'
IRIDWD HQQpO IRJYD QDJ\REE\NiVYDHRPWN pBL NRQWW L W p
MD KRJ\ D IHG FEV|NNHQWpVp®HOGFV | NsN QWD F DN NiHOQ. V
D] DUHIOLV V.OO\HGpV PHUWNDSNHYVYWWMEE DQ\DJ NHYp!

$] HI\HV SDUDPpWHUHN QDJ\ViyiRODUMNHWPWH/D D GHSUHV

A depresszy PpUHWPpPUH LOOHVOHK HNW. DV(p B M@ idd DQ/DiN
NeUWPpU MH D IHG YDVWDJViJD pW D/ NHRIAY HP © D MAWH.
WpU QDJ\VIJD $ GHSUHUWPLYDNVWROEED KRWIWIDID] DQ\DJK
Q\RV WpU QDJ\\i AQINNYDENXOiVW EHIRO\iVROYy WpQ\H]
iWPpU MH ( SDUDPpWHU PLQPO Q@mJIHREHR (D) @WRHYD J\R
GHSUHVV]LY $ KDUPDGLN EHIROQPSR®Y WpEPWHMpND [HC
QDJ\ViJD $ NLV VIHPFVpN N|QQUMEGHY KM-0OEB BB HVpW D
O\HO W|PtWLN HO DJWD JOBI®YDN KO pWW @#- GHSUHVV]LY
OiViQHDKWWHW VpJpW WHNLQWYH D IHGODWINMEABI)ViJD LV Mt
OLQpO QDJ\REE D IHG YDVWDJI\N &N p DIG@i N ;NS ]VE E E WY D
GHSUHVV]LY ( WpQ\H] N |QPDJX®ISED RODAZED G JORIW VDO
WiVUHQGV]HUEHQ HJ\*WWHVHG pObiljyk Padafp GHSUHVV]LY
WHU KDWiVD VHP YL]VJIiOKDWyY\BIQNYKDtW XHUWPDOEWE
WpU QDJ\ViIJD NLFVL GH D Ne<UMO pBtR\p UVMHHP QDH\QD JIH G
ViJD NLFVL pV PLQGH]HQ SDUD POV SIWHRN XNQQ DINM GPYD VW
DODNXOKDW NL GHSUHVV]Ly \(EBEHDQ@ XIDBYHWERHQW GlpV
akkoraDQ\DJKLiQ\W JHQHUIO DPL HOpDGDNXOWAKRHW& |
$ N UW DODWWL WpU PHJIQ|Y WO ENBILYV BR QW DNNR
UDPpWHU pUWpNH D HNYLDVED N DEW KR E @K). AW
NeUW iWPpU MpQHN QDJ\ViJD D I'H®R WRMORFVHPpUHWPY |
ban. UgyanisKD HO EEL NLFVL XWyYyEEL SHEBNINRADD\D DNNRU
NeUW DODWWL WpU D] DQ\DIJKXQOWID EHIVNPHPRFRN LY G>
HOW|PtWLN D NeUW W PHJJIWROYD tJ\ D] DQ\DJKXOOiV\
$ GHSUHVV]LY PpUHWpPW HJI\pUWHOWPEH@ VPHIKDW |
anyagve§WHVpJ QDJVWNPMW]D N«UW DODWWL WpU QDJI\VilJ
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GHSUHVV]LYy WpUIRJDWiUD OHJQWDUREE EHQR\i®VDO D
SUHVV]LYN PpUHWH D IHG YDVWDHYHNQDWMI G\EIINN HQ p\
Q|YHNV]LN (] DUUD Y H]Higy#bkKeR U DL W\p]DI REKRW\- D Q\D
vesZWHVpJ NLVHEE IHGJVDN WDRYWBBD I WpUIRJDW~ IHG UH |
WHKiW D] DQ\NHODMWYHY QDJ\REE OHV] PLXWiQ YpNRC
NHYHVHEE DQ\DJ NHU<OKHW D .SD g B Jt\R B ¥Q UBH/@D W/t YO N W
DQ\DJYH V ]JaVrendszétDHD J\REE Kp]PQWHNRGPWVHO UHDJiO
ami UHODQMMREE PpUWPpPN& W|P|U|GpVW p@itJ\ QDJ\REE |
GpVW HUHGPpPQ\H]

$] DNWtY ]JyQD pV DQQDN EHIRO\IVROy WpQ\H] L

$] DNWtY ]yQD WpUIRIJDWIiQDN GNJNWHDWp VIHSHD VWD J
O\DPDWRVDQV,FW MINWQEG.]BWMDQLY D] DQ\DJHOV]iOOtW
NI[YHWNH]JWpPEHQ Q D IHG Kp]DVWQHYHRM DS Rp]DRUWB W|P
IRIDW Q|YHNHGpPVH QDJ\REE HVPHRIQIWPIBWKXOORW
NLVHEE D IHG YDVWDJYQJDOH]QNIEEQHQYYRIHV.0 YDJ'
Kp]DJWpUIRIJDW Q|YHNHGpPVpW OQDHWREE DUiIQ\~ W|P|U|G

$ GHSUHVV]LYNpS] GpV IRO\DPDWD

$] DNWtY JlyQD WHU*OHWPQ YpJEHBHA VV{DONHBGODWRXNR]
ViIW $ GHSUHVV]LY NpS] GpVp Q&0 [IRIOVD REWOW NpW UpV
VHGpV pV D PpO\+«OpV $ IRO\NPDWCHB B MY MBIV JiyOBA D OO
majd az anya¢kLi@yUH NLVHEE UpV]JUH ORNDOL]iOyGLN ,WW
WIUWHP PL@NO\eOpV V.OO\HGpV RNR]JyMDPDDPD PRQOWIHO V]iO
Kp]Dib#dapQ | YHNHGpPpVW N|YHW W|P|U|Gp\&SD¥ WPi®\«eOpVW J
]JyQiEyO D] DNWtY JyQiBEPONWANEX HNQIOYHMHGpPpVH iOWDO
WiUROy ROGDOOHMW LQHN PHUKNGS$RMNMPRUI-DRNRRJBW RV D (
OHMW N PHUHGHNVpJH HJ)\ adlakRaRaReddig Uis\kpge]N HW P HJKD O
MHGEHW&UHVV]LY VIpOHVHGQL NH]GDD | D@QWE&JOD KRJ\ D SH
SUHVV]LY WD@SIiPDNHOPR]GXO ,O0\HQNRU D PpO\eOpVli
PpO\VpJH DNiU FVINNHQKHW LV HNRQ+HONGEM pV]HWPPFVHPPp
Up]V&V]|J*N YDQ EJ\ D NLVHEE WMHPW¥PH QD HP@®I-O0pVH
pV D V] pOHVHGpV PpUWpNH QDJ\MMHWERKIBDID BN X @ EDH\
kiaszintH W|INpOHWHYV W|OFVpU DODNpHEBSIHDWSE}LYN $ QI
IHG HVHWPEHQ D VIHPFVpN QHKXAI{VMEQH QP RpGOGXW QDN H
JpKH] NpSHVW NHYpVEpP V]pOBIW GHSUHVV]LY LV NLDODN
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$] iIOWDOXQN YL]VJiOW IRO\DMPWRMW BN|GR MtW KD W M
UeOW Yt] PHQQ\LVpJH D V]HPEVpNHDNODNMEDBLQHWPpJH
NpSH]JWpN D YL]VJIODWXQN WiUJ\iw

%HFVOpPV D] XWiQV+OO\HGpVBD N>R V@i R BR yHSMPpWD B Y WD
UHN PpUHWH N|]|[WWL NDSFVRODWUD

$ PRGHOONtVPUOHWQpPO D GHSpMVWPpUPpRUHWHIHEG O P
YDVWDJVIiJiEyO KiQ\DGRYV V]iP t&/KKOWHV \§] LR @ B O ORI I W/C
M QWHJ\ V]i]JVIRU NLVHEE PLQW DG RGIUPHN]HWEHQ HO
Q\DGRV pUWpPNPpPE O PHJiOOD S tNAGK B Wl HIV ¥¥H UVPP N UH W H V
WpPpEMQKDWY IHG YDVWDJViJ KD D]@NWHNODPWMEN KR J
SUHVV]LYMBDHIYKQ@JFRA J~ Bs Wokhd) #npy THW PpU HW &

$ KiQ\DGRV pUW pHIH MMWW iWFPRPU UH V]iPtJMRWWXN DPH!
WHUPpPV]HWHYV GRIOLWRQEWO IHOMO PHJ $AN|YHWNH] ND
NDW YL]VJiOWXN

~aGHSUHVV]LY PpO\VpJH pV N|UQIB]HWPEHQ D IHG YDV\
~aGHSUHVV]LY iWPpU MH pV N|[UQDH]HWpPEHQ D IHG YDV
$ GHSUHVV]LY PpO\V pJKIHIG WDWMNREKEED F \BVO W

Oi]DWNEPQM N

VI WIEOiI]DW

Table VII.
$ GHSUHVV]LY PpO\VpJpE O N[ YHWNHJWHDWHWW EHFVOpVHN D IHG YDVYV
EstimatingWKH FRYHUTV WKLFNQHVYV VXJJHVWHG WR WKH GHSWK RI WKH Gt

$ WHUPpPV]H
PpUW GHSU
PpO\VpJ P

$ PRGHOON
GHSUHVV]LY
PpO\VpJH F

$ IHG YDVWD
PRGHOONtVp
(cm)

$ IHG YDVW
QDN pV D G
PpO\VpJpQH
KiQ\D G R&:D
GHOONtVpU

6]iPIWRWW |
WDJViJ DeW}
WHV GHSUH
PHIJDGRWW
HVHWpQ P

2,5-3

2,5-3

5

1,78

4555

2-2,5

2-2,5

10

3.3

6,6-8,3

1,5-2

1,5-2

15

6

9-12

1-15

1-15

20

10

10-15

kisebb mint 1

kisebb mint 1

nagyobb mint 20

20

nagyobb mint 20

$ GHSUHVVILROWBPMWOMIH IHG YDVWDJIVIJURtYRQDWNR]y |
ag9,,, WIEOINDWEDN

$ IHQWHEE EHP XMWIDWIRWW Epdd [l ISNQ bb] HO
biekben bemutatott mod@ ONtVpUOHW HUH Gielp Q\idenEélO N|YHWNH]
VRUIQ QHP VpiyaROW XMHN PpV]HWE IPQGRNIZy YW p Q \
] NNHO PHO\HN D] XWiQVe+0OO\KGWVY\HWD GRAD.Q@QND NP pU HW |
p.alHGHWW NDUV]WRYV GHSUHVV]LYDNSODRBYWHPE QDN U+OHW
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VpJ D
H]JHN D]

$ GHSUHVV]LY iWPpU MpE O N|J[YHWNH]WHWHWW EHFVOpVHN D IHG YDV
(VWLPDWLQJ WKH FRYHUTV WKLFNQHOWSVNKHYIMHRWHG WR WKH GLDPHWHU

IHN*N |PWRBDOUPMYOQ\L&2pJH VWE
DGDWRN My LUiIQ\PXWDGVi WNDVQMWD JW]iR OQPDANK D W ¢
PHJEHF V@pfitigddPpUpVHN DONDOPD]iVD QpON-+O

Vil
Table VIILI.

$ WHUPpV]H $ PRGHOONt| $ IHG YDVWD| $ IHG YDVW 6]iPtWRWS |

PpUW GHSU| GHSUHVV]LY] PRGHOONtVp| QDN pV D G} WDJViJ DeWl

iWPpU P iWPpU MH F| (cm) iWPpU MipQH WHV GHSUH
nyadosa a model PHIJDGRWW
NtVpUOHW O HVHWpPQ P

7-8 7-8 5 0,5 3,54

6-7 6-7 10 1,25 7,25-7,5

5-6 5-6 15 1,9 9,5-114

4-5 4-5 20 2,8 11,2414

kisebb mint 4 kisebb mint 4 nagyobb mint 20 55 nagyobb mint 22

OLQGD]RQiO

WIiEOi]DW

JYHWNH]WHWDpV

A PRGHOONtV [EHBHW N QLN RIOGIPAR Oy - BV pNQ\HW N
iWPpU MMOKIRIVV]iQDN pUWPpPNH DDIHIGGW Y Br@dwDtW i M) H
FVPpN PpYHSMDUDPPWHUHN QNHP |@VIKND QIO |BIJ\e WWHVHQ |
KDWQDN D GHSUHVV]LyY NLDO®DNXQU/HMERIlY D OpWUHM|
VPUOHWHLQN V]JHULQW D GHSWHOHLYD®S] ' @BVGINN]My|E
FVDN DNNRU DODNXO NL KD HYHN+?]|@6BWLMHHWHB\OR U]
(]pUaMepHVV]LYNpS] GpV VIHPSRQWMIEYyOKNWGLYH] WOHQ
NLFVL NeUW iWPpU D QDJ\ V]HFIFVWBRMoitEW pV D QDJI\ It
NtVPUOHW GHSUHVV]LYMD D] DNWARD\HG DEWHO « G HWY PQ \D
GpVW D] DQ\DJYHV]WHVpJ pV DWHIHROCHAINGHPWWMiUy K
NI]YHW W]|P|U|GAW RGRPIONtVpUOBDEDBpWHWHN \IU
nyaLQDN LVPHUHWPEHQ D WHUPpPYINMWHWYHMWMIQNNOD\HG |
ILJNHOHPEHYpWHOpPYHO EHFV.OBRHW-UW iWBpYDVWDJIViJ
figyelembeYHVV]*N KRJ\ PRPHRORYNNLFVLQ\tWpV&
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KARSZT 26 7(5h/(7(.$= (8513 $GEOPARKOKBAN
EUROPEAN GEOPARKS WITH KARST LANDSCAPES
0$5, /E6=}I 7(/%,6= 7$0EG6

Y(/7( THUPpV]HWI|OGUDM]L 7DQV]pPNVpWi@BXGOD SHVW 3i]Pi
malkact@caesar.elte.hu

Abstract Karst terrains have varied abiotic and biotic values. However, dukeio tinfavourable conditions for
human settling, they are generally relatively sparsely populated aféas, karst terrains merit and are suitable
for nature protection. In this paper, (partly) karstic European geoparkes sardied. We compiled a dataset based
on official information and internet sources, and analysed geoparks by locatiophoiogy and timeline. Nowa-
days, there are 50 (partly) karstic geoparks in Europe, that is 49% geaparks. Karsts are key issues in the
study of geoheritage and geotourism. Tourism into karstic geoparks can be cetisséasu lato geotourism,
since tourists travelling to these locations generally visit cagesges and other karst features. There are extreme
differences in area, geodiversity, visitor numbers and tourism incomes

Keywords:geopark, geotourism, geoheritage, karst types

%HYH]HWpV

$] 81(6&2 )JOGWXGRPIQ\L-EHBHQRNMHYV®H B geppat-] W H
kok JOREIOLV KiOy]DWiQDN PHJDORPBIWIMWRSDUN M~QLXVi
|UD QF L D Rdsarje J&eologique de HauBW RYHQFH D J|U|JRUV]IJL
Natural History Museurof Lesvos Petrified RUHVW D QpPHWRUV]iIJL *H
SDUN *HUROVWHLQ 9XONDQHLIHD] PR/ HOX D IXQU\RO BD VNI L
VIDNHPEHUHLQHN D NH]GHPpQ\HPYpHR ®PWN HKR JWIiN L
zatot (European Geoparks NetworkDPHO O\HO D] YROW D] HOV GOHJ
KRJ\ PHIJRVV]IN LQIRUPIFLYLNNDWVHM@D EDW)WRODWBPHDBDW
D] HOpUHQG FpORNDW

$ VIJIHUYH]HW DODSYHW FpOMD IHRBRONUIDWiVYiOWHI
YPGHOPH JHROyYJLDL |U|NVpJs QINWQWE V LHOULSHWW IV PRI
SDUNRN IHQQWDUWKDWyY JD]GDWOL NHRMCEBQ VD QIHHNR Wi F
WXUL]PXV IHMOHV]WpVH UpYpQLHP HOW WXHGRBPIRHNLPHU W |
lett fontos feladat aWHUPOHWHUPpV]HWL pUWpPNHL@QHN pV NXOW
QHN EHPMXWBR¥mMatBzempont a helyDDNRWVY]iVVpIKWN EHY
QivD D] HI\HV WHYpNHQ\VpJHNEH
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$ KiOy]DW RO\DQ WpUVpJHNMW W B F VPRO \[W/NV JBINWX Ury
HJ\eWWP&N|GpVVHO NtYiQMiN DWIORY FYORNDNSDPHJYL
GeopaUN +iQeidegr3 JHRSDUNRW IRJ 4RWW]i(XBPKD

$ YIOWR]JDWRV I|[OGWDQL pUW PMXOHED |V VWY NDRV]W Y |
IHOV]tQL NDUV]WMHOHQVpJHN N N UBD D Q DI HRONPMMO K
1DSMDLQNUD D WXUL]PXV IHOGHB B\ W EEE @ NNDOW @ PV
HO XJ\DQLV D OiWYiQ\RV NDURNWRYV VFOUNDE p RWOQEWU N V]
EDUODQJRN QpSV]HU& WXULVWD FRXIRQRKRN) DO HW W H
FDQ\RQLQJ EDUODQJIVIDW VWE-MWNARINY iOy IHOWpW
TELBISZ2018) eUGHNHWMNBEMG D] DOIEEL FLNNEHQ H]W NtY]
N|UsOMiUQL KRJ\ D NDUV]W R\ SAVIMOHD WIHOW HXQ BRI R NEDDA
(XUySDL *HRSDUN +iOy]DWEDQ

$GDW pV PyGV]HU

$ODSDGDWN(®BQ@E® DJREIOLVY *HREDYDNWDHOWRDWGDWEI]LVI!
KDV]QiOWUNESCH 5LOBAL GEOPAES DIRQEDQ D] HXUySDL
geoparkok N|]*O QpKiQ\ QHP WDJMD D *OREIGILPPUVYWHRSDUN A
HI\pE LQWHUQHWHYV IRUUI¥R&NIYDB &2V KWOD i PDAYNRRIGNV X Q N
OL JHRSDUNRN QDJ\ UpV]H RO\DKRBOOWNZMEBENED Q WDOIC
MHOHQW V KDJ\RPIiQ\RNNDO UHQ@HOBMH)END BpOGiXO !
(J\HV.OW .LUIO\VIJEDERZM $ VOEEHONHION W|EEVpJH MHOFL
NDQGLGIO DPWDBMItBNMRUIEEDQ N+*O|QE|] aR&RNEyYO NL]iU
KiOy|]Dlerg ' DQQDN QHPJHWL V]LQW& JHRSDUNRN DPH
voltak D] (XUySDL *HRSWONMDOYIDVWHP LV WJUHNV]HQHN LC
,WW PHIJHPOtWM+N KRJ\ D] (XiDAMBDO HHRSMOPUHNU W i O\ YDA\
geopark egypeWDJIMD D] 81(6&2 *OREIOLVISHRSDUN +iOy]DWAQ

$ IHQWL DGDWIRUUiIVRN DODSMi@Qemid V]|U |VV]HI
geoparkokOLVWiMiw EHOHpUWYH D WWUYOHMPW NOWHUMHG
kell jegyezni, hogy av]iP D&MWYy D KRO K~](XNyBBJKERWIUDLW
klasszikusWHU P p V] H WHdtOUERUBMW] QiOWXN D]D}F-D NDXNi]XVL
V]IiJRNDW 2URV]RUV]iIJ pV 7|U NRWVRILQWWLDRL pWBLW
FLDRUV]iJ pV 6SDQ\RORUV]iIJ AMPH Y HMWUWHQANWHOLHOY HREBG H
HOHP]pVsQNEHQ

0iV R (¥R B karsztos szakirodalom (PORDAWVILLIAMS 2013,
GUNN2004 pV D VDMiW WHUHSL WDSDWXWD OPRWDVYN DOD
geoparkokat, amelyelG | Q Wkars@RV W p U WWRUHWB@/PD]QDN pV N+O|(
MHO|OW+N DJ]RNDW DPHO\HN P Y®NNNNDLH“ENR YV NEHHU> QWD
ket (.,II. WIEQLIDBA).®LOIJV]LQWHRUBAR (ROBENDEN [tWHWW
HJ\ KDVRQOY |VV]HIOOtWiVW PNRQFMLQW®Mi&VIDBN (XUyYS]
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|[VV]IHIOOtWiVXQN D NDUV]WRN HNR QUHWWNIRNWY\KIEWQ SUHFt
ILJ\HOHPEH YHV]L D yWD \OpiV N WHIWM. JIIHRNSIDW N R N |
V]HKD YV RRUBAMNROBN NDWHJIYULILYDO HOPRO@GKDWMXN KF
Q\LUH NDUV]JWRV" NDWHJyUL RUBKD Pl Havst-OHJ PHJHJ\H
based NDWHJyULIM#@NQE PQIN D D W MIRUBANGArtly
karst-based p Vochasional karst-involving NDWHJYyULIiLQDN NRPELQIiFLYy
KLVIHQ VIJHULQW+*QN D KRPRNNRU®iNVQHHA QLOVRQRNQ D N C
D NODVVI]LNXV NDUVIWIRUPINKR]

$ IHQWL DGDWRN DOD SdtoparbkOH PR VPN WKIRIO BWH
hogyan YiOWR]RWW (X U y8dgaiol) B®H JHDM\D $WDIi VD] X WiQ
NLV]JiPROWXN D U m¥ddata® D MU MWYWOR W HOB-HY PLQWIED Q
XWiQ D UpV]EgeqparbkDWW PRRIMROYJLIiMXN DQDSMiQ NDWH
majdNLV]iPtWRWWXN HIHQ WtSXVRN HORV]OiViW

. WIEQiI]DW
Table I.

KarszWRV pV UpV]EHQ NDUV]WR(Y JHHRFS BUDNRIND XJUMSUEBRL)*HRSDUN +iOy]DWQDN
.List of mostly or partly karstic European geoparks. (*: not membéteoEuropean Geopark Network)

Q D J\ UkavspW's geopark UpV]EHQ NgBdpari WRV
Apuan Alps (ITA) Adamello Brenta (ITA)
Carnic Alps (AUS) Bakony-Balaton (HUN)
Causses du Quercy (FRA) Basque Coast (SPA)
Chelmos-Vouraikos (GRE) Burren and Cliffs of Moher (IRE)
Sobrarbe (SPA) Buzau Land (ROM)
Cilento and Vallo di Diano (ITA) Central Catalunya (SPA)
Famennes-Ardenne (BEL) Conca de Tremp-Montsec (SPA)
Fforest Fawr (UK) Courel Mountains (SPA)
Sitia (GRE) Czech-Bavarian Geopark (CZE-GER)
Haute-Provence (FRA) English Riviera (UK)
Idrija (SLV) Erz der Alpen (AUS)
Karawanken (SLV, AUS) Geological Mining Park of Sardinia (ITA)
Las Loras (SPA) Harz#Brunswick LandEastphalia (GER)
Molina and Alto Tajo (SPA) Iskar-Panega (BUL)
Sierras Subbeticas (SPA) Kielce (POLY
Pollino (ITA) AIKIXVHU " *(5
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Q D J\ UkayspW's geopark

UpV]EHQ Nypdpafj WR YV

Sierra Norte de Sevilla (SPA)

Maestrazgo (SPA)*

Luberon (FRA)

North Pennines (UK)

Madonie (ITA)

Papuk (CRO)

Marble Arch Caves (UK, IRL)

Trolifiell (NOR)

Massif des Bauges (FRA)

Tuscan Mining Park (ITA)

Psiloritis (GRE)

Westerwald-Lahn-Taunus (GER)

Styrian Eisenwurzen (AUS)

Swabian Alb (GER)

Troodos (CYP)

Vikos-Aoos (GRE)

Villuercas-Ibores-Jara (SPA)

Vis Archipelago (CRO)

II: WIiEOiI]DW
Tablell:

*HRSDUNRN (XUYySIiEDQ
Geoparks in Europe

20V]iJ gVV]H UpV]EHQ NO QDJ\UpV]W N
geopark geopark geopark
Ausztria 45 1 2,5
Belgium 1 0 1
%XO0JiuLD 1 1 0
Ciprus 1 0 1
&VHKRUV]IJ 15 0.5 0
'iQLD 2 0 0
JLQQRUV]IJ 3 0 0
JUDQFLDRUV]i 8 0 4
*|U|JRUV]iJ 5 0 4
Hollandia 1 0 0
+RUYiIWRUV]IJ 2 1 1
EURUV]iJ 25 1 0.5
IzZland 3 0 0
/IHQJ\HORUV]i| 15 1 0
Luxembourg 1 0 0
ODJ\DURUV]iJ 15 1 0
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Geoparkok szama

18

16

14

12

10

M nagyrészt karsztos GP

M részben karsztos GP

20V]iJ gVV]H UpV]EHQ NO QDJ\UpV]w N
geopark geopark geopark
(J\HV.OW .LUI 10,5 2 15
1pPHWRUV]iJ 16 35 1
1RUYpJLD 3 1 0
30DV]RUV]iJ 10 3 4
3RUWXJiOLD 4 0 0
5RPiQLD 2 1 0
6SDQ\RORUVII 12 5 6
6YPGRUV]IiJ 1 0 0
6]ORYINLD 2,5 0 0
6]ORYpPQLD 15 0 15
gVVIHVHQ 102 22 28
| IIIIIIIII...IIIIII
P oM MM » s o8 oMT o8omop o8 owmog oWy w8 g o8 owow
P82 ¥ 5 ¥ EE RS @ R ®E o5 XWX oBow 6§ 2E 5 E o3 B
§fE 51 fg=fFiE 85 53y R
32 838 <5 ¢ =S 3 fegregyea 2 s 3
. E X2 5 B i
]

B nem karsztos GP

i E KBrsztos,UpV]EHQ MM UWQHW RgeeB\ WNRRR/N (XUySIiEDQ
Fig. 1: Karstic,partly karstic and non-karstic geoparks in Europe
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(UHGPpPQ\HN

Az (XUySDL *HRSD2000 HVYOR HJ\W O D S geoparkokyMep D

NHGpVL *WHPH QDJ\MIiEyO HIJ\H@OV/HWRUWpV YLVYRQ\O]
geopark p)Y( IE}URD UpV]EHQ @ebparkdMDRYHNHGpPpVL *WHPH
VILQWpQ ILJ\HOHPUH PpOWy HfQRWM ( Q Q-HN-DHOLDHSG W p\W D C
NpQW D U p V] EdedparkddD] \§pee¢ Ry&bparkV | i fhak 49% it,

iletve D JHRSDUNRNA4V9HWe A HHWIOMNL DPL DOiK~]]D D NI
WpUVNOQHRHONHG V]JHUHSPWPDEHQGWDRLIHRWXUL]PXVI
6 W KD FVDN BORIHGXASKk+iOy]DWHIVW]eN ILJI\HOHPEH
akkora(UpV]EHQ d¢edparkokb BMQ\D HOpUL D

2 iEGkoparkokDODStWiVIiQDN LG \DR B (XU YSHIEB@pVL UiWiYDO
Fig. 2: Timeline of geopark foundations in Europe with the yearly increstes

3 iEGRoparkokWHU<OHWPpPQHN Q|YHNHGpVH (XUySIiEDQ
Fig. 3 Increase of area of geoparks in Europe
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$ JHRSDUNRN HIJ\HQHWOHQ WpUESDIWPRHORYIPQVW P
7|EE RUV]IJEDQ HJyeOparkMO iiE W QHRSDUNRN V]IiPIiEDQ
l1pPHWRUV]iIJ 6SDQ\RORUV]iPV(2WDNVDRUVLIUIO\WIH]IHW
RUV]iIJRN +D FVDNgdoparedkat¥e2VV]eN ILI\HOHPEH DNNRL
6SDQ\RORUV]iIJ pV 20DV]RUV]OF @ 88 D/QWR O RIHWYI J H DHQ p MW
20DV]RUVWI)kEEDQV]EHQ déeapark, iRl \geoparkjaikV hE
VpJH UpV]#IQYHNPONWHQ WHU<O HO

4 iEUD .DUV]WRV UpV]EJdGIDRMNRNMHARHIUIWRMGpVH (XUySIiEDQ
Fig. 4: Location of karstic (partly) and non-karstic geoparks in Europe

A UpV]JEHQ NDUV]WRYV JHRSDUNRMNP R IO LUMR XyN
DODSMiQ W|EE NDWHKBIyitelhi ED VRUROKDWYy
" .ODVV]LNXV NDUVIW D]D] N|]pSKIBRUpQHNNDPDIWGRRE V|
WRWWekkd) O D]t @ pV]EHQ N D UV]WaRartodilHebdiseDalbsl R N
SRUWED 3pOGD HUUH)bagyDS6&W E +ROEY i WiRRUHWIRU V]iJ
" Alpesi karszta UpV]EHQ déebpdarkoR/ 262 -a ebbe a csoportba
WDUWR]LN 3pOGD HUUH D .DUDZDQ&MQQ L6 CGBROYSpWQ L D
(Ausztria), illetveD ODVVLI GHV %DXJHV )UDQFLDRUV]IJ
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" %HOI|OGL MpNVW K BitipkaRsit D UpV]EHQ NDUV]WRYV
geoparkokl0%-a ebbe a csoportba tartozi&pOGD HUUH D %XUUHQ EURL
vagy a Fforest Fawr(J\HV<OW L UIiO\ViJ

" Tengerparti (szigeti) karsztD UpV]EHQ NDUV]WRNoZKHRSDUNRN
ebbe a csoportba8 pOGD HUUH D 9LV $UFKLSHODJR +RUYiIWRUYV

3 2
[KATEG [KATEG
icg 158

|
NEVE]-, NEVEI
[KATEG g =g =76 =E =%/

1%.%  e.@ ©® yaes

NEVE], /
>6=E=8%/ N:Efl’E?

e.@ >6:E1:$/
e.@

5 iEUD $ N*O|QE|] NDUV]Wyeosarkokad PHIJRV]OiVD D
Fig. 5 : Distribution of different karst types in geoparks
1 +classical 2 +coastal, 3+arctic glacio, 4 - alpine

7XULVIWLNDL VIHPSRQWEYO D JHRSDQBRNUN OHJNL|
NDUV]IWIRUPILNNDO NpHSOGFHPHIKHHWNH@® PHO\HN LVPHUYV
NHW D QDJ\N|[]|QVpJ V]iPiUD 1\H O/MN HPYSIRGYW KOROID SAMRIIQI p
OHKHW NDWHJYULINED VRUROED® DHRSEWNHEROBM PL
NDUVIWMHOOHP] N DODSMigk INVPMHIREEASD N YW DPHO\
HI\HV WHU*OHWHNHW
" A barlangoka legtipikusabb brandmark kardzR U P pN Marble Arch-
barlang (Marble Arch Cave), Han-barlangok (Famennee/Ane).
" A szurdokok LV QDJ\RQ QpSV]HU &iKkd$-Ao&s) SadZaN RV
(Steirische Eisenwurzen), Verdon (Haute-Provence).
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"A PpV]N M(karekN\W |EEQ\LUH D EHOI|OGL MpJWDNDUy WH
N | W Kgldsdkarszsk UD MHOOHP] NNor®i®Pentiinét) UH Q

(]JHN D N|JUsOPpQ\HN HU VHQ EHIRNLGRAEMINKHI\ DGR
VpJHV WXULV]WLNDL WHY pNHQOVpWHHLUNP p W WU iVQp V] D
WH PLQGHQ UpVjeodagba OHWIWW VpIHY pV WiPRIDWRW!
barlang V]i®¥ KHJ\PiVdks&nyoninga UD IW LaQE)~ ¥ M\U NiRGBk V
UpV]IEHQ debparkdd) OUHKHWVpJHY $ UHQGHONH]pVUH iO
LQIRUPIFLYN ogépphkblQTHYD Q\~-MW WHWHWNapJIHNHW
geoparkok 38%ban a KHJ\PiVpPMNoiQi@ rafting, 12%+EDQ D
FDQ\RQLQJ NHGYHO L W|OWKHWAWNY pNMHED GhI>MNMHCH W
(]JHN D V]iPRN D]W LV ghiopsrkok RN KORHIKHDNV VWpJHW EL|WRV
nak D] DNWtY WXUL]PXV V]iPiUD

A karsztosWpU V]tQ HNO@GHWIND WIpNHL LV YiOtWeRADWRVDN LG
HIRIJpQ pV HQGRJpQ NAUWIWRWP WBQYIHVHNEHQ OHUDI
PHVIHV «OHGpNHNE O NLDODNXOWOBp W|INUW p@/HWH K HIND
PUGHNHY HVHPpQ\HLWHGRDNK PRHQMNHWNINQDI\RQ IRQWR)
Aensu strictd JHRWXULVWIN V]iPiUD GH WHUPpPpV]HWHVI
JHRWXULVWINQDYNDD WHYHVHED WXQWNMRNgRN p
karsztWHU*OHWHN HV]WpWLNDL UHNUYHRNS, GYDJ\ NDODC
720, 2015 REYNAR2OO8,HOSE2008,4 7 5 %2$19.

A karsztos geoparkok (gedy X ULV]WLNDL OHKHW /pJHLW V]iPR
Q\H] LV EHIR yeopRKoMDH U O H WaHegHisebY pkdrsztos

geopark a Marble Arch barland \HV+<OW .LUiO\ViJ EMU®RUV]iJ NP
PtJ legnagyobb a6 Y iAlb, 6688 knf-UHO $ QDJ\ pV VRNV]tQ& WHU
OHKHW Yp WHV]L N<O|QE|] |YWRE WIHINV Op@HIHKR ]iViw D

idegenforgalmi szemponto/ JHULQW $ W H Uhellett &/ |QBINVDIQ D
IHOp St WMHOHQW V WpQ\H] OHKHW NDJOVGIAKRON Di O'W J\ H V
OiEma@obbJHROyYJLDL GLYHU]JLWiIVVDO WYH@&HONH]QHN P
tok pv D] HO EEL HVHWEHQ W|EELPQHVHORHQWIALD LLIMHHR P R
KHW PHJ $ NDUV]J]WRYV I|OGUDNI|L V&N SptdaMi¥WPJ pUWPpPNH
WtY PyGV]HUeW7P3XWPIREMCHOVSKA2018§ pV D V]JHU] N

DUUD D N|YHWNH]WRW pv PP INDXWFRVRW pnhtayL. GLYHU LW\
V]iPPDO UHQMGHORHWHN VIRURVDQ NRUUHOIOQDN D]RN
DPHO\HNHW MHOHQOHJ JHRWXULKDW LQIQ DN RNWDW
geoparkok ismew Vppd\H OiIWRJDWyV]iPD MHOHQW VHQ PHJQ K
EDUODQJ YDQ (JHQNtY«O D WBUPPVIEWNXNOWRWUHPHW FPHO
UHNUHiIFLYV WXULV]WLNDL FpORQWWR W ON\yEAH ]V QB Mp\WY
karsztos geoparkodV pQ\OHJHV WXULV]WHLRIBZet 8 RVIG.QFLIOMIEDQ
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Az idegenforgalom @] GDViJL HO Q\HLQHN pV KiWUIQ\DLQDI
DODSXOy EHPXWDWiVD UHQGNIY sOHJWY|HEV RWW]iJHODRGL
NHYpV RBORE&WHQ@stEMNH Jpi O Wab YeRMAYERet al. 2014

$ NDUVIWWHU*OHWHN @eDphtkdB N |QpEHQ DPRQEDQ
DJW MHOHQWL KRJ\ D NDUYV]MRHAMWNH PHBWN WX OLlyW]iE DK
I|OGWDMN.VpIJeQN HI\LN OHIJIRQWRVDEEYWAHJIPHQVpPpW |
geoparkokPHJDOD StWiViW HOYEHQ D KH®G\SHNKEWNHDPGHPpQ\H]
iOODPLJD]JIJDWIiV ~J\ pUWKHRCPIHD] YK HDWG4d DN D U V | W
WHJYULIEDQ KRIp® MPEBEWUIHN EL]JRQ\RV PpUWPpPNLJI WL
QDN JHROyYJLDL N|UQ\H]HVkeNKRJIW SNRY HVa OpkvD W ) B ]NO
JHRWXUL]PXVEYO

gVVIHYHWYH HUHGPpQ\HL QRUBAM (20Y8 Br&lDWEI]JLVXQND
PPQ\HLYHO V]iPRV Ne«O|Qdeapprkék\N DWMHO ROM. K QNVIED Q
1pKiQ\ Sya@r@kgeoparkok, melyekBUBAN AUpV]EHQ NDUV]W DODS~
RVIWiO\iEyO D VDM iseeriRe/AWEOR Q | LVUX-Q NID UWAVH WRIV. i E D
(pl. Steirische Eisenwurzer§ Y iElb) soroltunN EH 7RYIiEEi WDOIOWXQN W
UpV]EHQ dJde¢aparkb) WRMO\HN HJ\i GarEpelieR RYBAN
OLVVRUBAN2018 mint S p O G ikaMi-Alpok, a Pollino vagy a B-
kony-Balaton.RUBAN (201§ PHJiOODStWivD V]JHULQW D] 81(6&2 J
geoparkjainak37%-a tartalmaz karsstRUPIND@®iJV]HUWK isOpJ KD
KDJ\RWW Q pKiQ@arsztop yddpaik@t, helyesen mRavwW Ui DUUD D
W p Qhapi a karsztok a Glohal* HRS D UN nagygr] ibbwos alkog
HOHPHL (RYBAN(X0I® NLMHOHQWMHWDHYV KR HWUAIRUUiIVRNDYV
HOV VRUEDQ PiV JHROyJLDL |UDNRWEWMIBIHIRPELQIOYD K
StWYLW]RQW QpPLO Harx AHROWU V. BiilddEn 2HVHWHQNpPQW
NLIHMH]pV .D KHO\WiOOy

(XUySIiEDQ V]iPRV NLHPHONHG NDQUHRWYWDHUWRHW YD
nak geoparkokhozl pKiQ\DW PiV LQWp]PpQé&gy LRWRB YpG iP
HJ\iOWDOIiQ APV YRGRNN WAemzeti park ND W khdly U L D
lett PHJ NHOO HPOtWHQL D] 81(6&2DWPIH®IV |V]INNRPMIL OLVW
karszteU « O MQYyFREM HNW X PRW VAANILWONDSMDTH 20074/ G
WILLIAMS 2008 (]JHQ IHO«O D UHJLRQIOLVY SB@WNRN D WHUP
NRN D WHUPpV]IHWL HPOpPNHN]pb® VDp QpGiNY\WQWR W NNIDW M J
MHOOHP] NHW WDUWDOPD]QDNV |WWNHLP QiRAJ\Q MW RO\ KN @\
] GPp@D VRN, M@k HJ\H el tartoznak egyik geoparkhoz
sem PLQW S p®NGR XxI@AMRY, az Eisriesenwel,Dachsteina Kras-

IHQQVIN (O 7RUFDO GH $QWHTXHHEDgepdrkoHO D]JRQEDQ
tervemeN HJ\UH W|EE N DUV JgtORaERdAKUN WDOFY pY i 1 DIHD K R
VIDEE pV YDOyV]tQ & O Hidedenforgalra baRNDWR B/ WD @ E
a PostojnaeDUODQJ DPHO\ 6]ORYpQLIEDW LIN @¢H DOWNWRBDDWR'V
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FLyzombanQHP UpV]H VhéemEet @arkh@k vagy geoparknak. A

WXULVWIN V]ilBig B VWRUHUWR\QW iV D ap\®@ DW R NFBERW L y

D EDUODQJRW pV D QDSL UHRRPEJIKD ODDEWERVDIW XV
embert. A PostondEDUODQJ Q\LOYiIiQYDOy WXGRHNIQ\RV pV HV]V
JiQ WHIHBD Y MQWILOMWLNDL XWDN N|]JHOpEH®) OpY NHGYF
is KR]]IIMIiUXOW VD]iRiWRKRIIWYQ|YHNHGpVpPpKH]

A karsztos WHU*OHWHN PHSHHGIOHO pWHPHUHWHNHW LJpC
EDUODQJRN OIWRJIJDWYNpPSHVVpJEWGNA/BBRRY NXWDWy Y
2000, 4 (% (/8tal.2015 GH D WXUL]PXV PiV IRURIL SpOGiIiXO C
UL]PXV N+«O|QIpOH WtSXVDL V]L®@WpiN NWOWOWGINVHN HW B H\
VIHQQ\H]pV PpUVpNOIPWXH] VGHWAVO/LYIpQ\HO D NDUV]W F
(VAN BEYNEN201l) 6]iPRV OHKHW VpJ OpWH]JLN D YpGHWW
NHIJHOpVpPpEHQ YDQQDN RO\DQ RHODBHRV D@RDy E MNPV | P
lek UpVIHV*OQHN HO Q\EHQ PtJ PIyEWWHBAW]|LIJRU~ WHUI
EiO\R]yDUMALY200) GH D OHIJW|EE HVHWEHQ BplOHWW N |]|WW

A karsztos geoparkbEDQ QHKp] PHJEHFV.OQL D JHRWXULV\
6RN KHO\HQ PpJ D WXULVWIN WHOW EEi \DIWAR Y QHLPV LIY PH L
H] D] DUiIQ\ gidRudistaD IRIDOPiW KRJUDQOWHNGQLiIiOM
NEWSOME2006,HOSE2008) OJ\ JRQGROMXN D]JRQEDQ KRJ\ D N
WHUHSHQ QHReMUBHEDBHDKAWIUR]iVIW DJ]RNUD D] HPEH
NRUOIWR]QXQN DNsak BWI HROOY VIRJIEIMHOHQVpPJHN pUGHEH
Ehelyett PLQGD]RNDW WHNLQWKHWMeN RNRWXUDVWIQDN
karsztY L@ QAIWYiIiQ\RV JHRPRUIROyYJLIiMiQDEbbENUPHO\ HOHP
D] pUWHOHPEHQ NLMHOHQ 9espgdiok aNegfthisdbbD NDUV]WR®
JHRWXULV]WLNDL FpPOSRQWRN

$ EDUODQJIJWXULVWIN PRWLYiKIMyet & (R00®E VIHU] YL]'
D NI[IYHWNH] WLSLNXV PRWLYIRLtONDW P]IRQERYOW R B/IW D
VWUHVV]HV pOHWE O WXGiVNHRHFYPpNHHMYRYVIIJNHUH
ALLANet al. 015 KDVRQOyY HUHG&N QpMNMH W HIDEE@QWRVDEE EHC
PRWLYIFLYNNpQW HPOSWLND DPHNQNB®SFpARQYBiQDSL UXYV
HURTADO et al. @014 kidolgozott egy kifinomultabb geoturizmus-
WLSROyJLDL PRGHOOW DPHO\ WLYHRKNWEBEH YPIF |D RLQC
SDVI]WDODWRNDW (]HQF p/Og QAVHWONG [DNERGSM | Q A
Asetleges pVYA OH WHORWMXULVWiINDW VRUROQDN IHO 7DQXOF
(Crystal-bDUODQJ $XV]WUIOLD DIJW WDODOWPRD]RAWRW\ D Oil
geoturista volt, amiUHQ GNtY O PtOeldntv EP b imbdell nagyon
KDV]QRVY OHKHW D M|Y EHOL WHBOQXIRRO 1N NE DN UV PW RV
geoparkoD W OiIWRJIJDWYy JHRWX& g V&0 N{ZD1Ral $z@ M i W
GRNRN pWDQ\RQRN WXUL|FPPKHWIBLHCHPKBIWHQ &VDN NpW
geoWXULV]I]WLNDL NDWHJyULIW KKXRDi OWDHI WYEEHH I OOD ¢
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ber (69%) AOWDOIQRYV "JHRW X tidAA4 Wedturista H] XWYEEL
NDWHJyULD D]J]RNUD YRQDWNR]LIONQ HNN DNHEAR Oly-J HIMIH [NH W \
OHQVpJHN $ THQWL HUHGPpPQ\KRJD]JW NIVUDIWRVPD V]
geoparkdN NH]JHOpVHNRU ILJ\HOHPEH NR@WA& UWE-VQWIL ORI\ W
JLN GH D OHJQp®VYWNHUKEE OHRY\DNWRIUWWEOWRBXYV
geoturista.

gVV]HIRJODOIV

$] HXUySDL NDUV]IWWH U « Qdopsrk NID WHSIYigEpH@®MMNQ FLyMD D
OHQaN V HX U g&pdtk N |[]« O E H Ogeqparkokat] abelyek
nemtagpiaz KUyGBRSDUN +iOy]DWQDN UpV]EHQ YDJ\ W|EEQ\
$ OHIMHOOHP] EE P&RdéopaBghhh B kla¥gzikux,\K
zpKHJ\VpJL SBOYDPAVNNDO ( WtSXV MHOOHP] D UpV]
geoparkok 62%*E D Q
$ bBizpen) karsztos geoparkok turizmugsensu latd geduriz-
PXVQDN WHNLQWKHW LGHpUWN HY DD WKW RW L INRDJLP W W
SpO Gi XD~ Uila\bavlang V kt, a KHJ\PiV]aVvaftingot vagy a
kanyonigpW $ UHQGHONH]pVUH iOOy WIRQULINWIENDIN LQIRUF
KRJ\ D JHRSDUNRN Q\LWRWWD N JDeNNDOB VG| BEtSXV~ W
HVHWEHQ D JHR WXUL]PXVEyO VIRQMDR Y DHNO B \KKM QU HQ C
HPEHUHN V]iPiUD pV EL]RQ\RVDBYHW® KERH QMDD UXHRIDVUQ R
egyeskdJ VI WWHU*OHWHN KiWUIQ\RV WIiRJWDADIYPKLRKHO\]HW p (
E WDQXOFRQMD KRJ\ KIiIWWpUNpPpQW V]JROJIOMRQ D
geoparkokWRYIEEL WDQXOPIQ\R]JiVIiKR]
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GEOMORPHOLOGIC AL FEATURES OF TARA NATIONAL PARK
(SERBIA) AND SOME SOCIAL CHARACTERISTICS OF THIS
KARST AREA
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3 South Ural State University, Institute of Sports, fism and Service,
Chelyabinsk, Russia

Abstract Tara National Park (Serbia) founded in 1981 is well known for its biodiyessid karst landforms.
However, until now, onljittle information has been published about the geomorphological characteristicsaf Tar
NP. Thus, in this paper, we demonstrate the high geodiversity of Tamnb®ve analysthe geomorphology by
using both GIS tools and field observations. Especially, the morphomegtacaieters of dolines and of the
Drina river gorge are discussed in detail. A smaller part of this paeals with certain social characteristics of
the Tara area, because we believe that human-environment relationship®yaissues in holistic geographic
thinking, further on, we recognized that many European karst areas havar siotlal characteristics: depopula-
tion, ageing and high unemployment, but there is also a potential in (geojolitie above processes and poten-
tials are present in Tara NP as well, thus, we briefly demonsthagarticular case of Tara NP. In some cases,
nature protection and tourism are in conflict, but both of them are impofgatdrs in sustainable development,
this is why the actual role of tourism and some karst-related tousistues (e.g. canyoning) are also shortly
demonstrated in this paper. Most stakeholders agree that rural tourisstoueism and local brands can be
important factors in the development of this protected area.

Keywords:Tara National Park, doline, gorge, uvala, rural depopulation, sustainable, tourism
%HYH]HWDpV

A Tara Nemzeti Park (NP6 J]HUELD N|]pSV Q\XJDWL UpV]pQ WD
bosznaKHUFHJRYLQDL (KD V)LD Rah@ewW jpatkot 1981-ben

DODStWRWW Wi NNDDFIWRYVY IRUPDNLQFV PHOQOHWW D ELRC
PLQW D] HUG N eNdemikudW\WHER OXKFIHQ\ 3LFHD 2PRULND
MHOHQW V PLQWHJ\ HJ\HG ELO O®IOWY HP BEWOHIPR/S XKDRF L |

93



ELRGLYHU]LWIiVA320R&]aMPO0OS\ARANIAC et al2019,

WRYIEEI M MWMHHIQWHW NX@VEXWD@DVPRIQRYWRU 3HUXUDF |
5DVWLAWH QUNURSR@LOY.PML G ). Jelenleg a Tara NP

HJ\LN PLQWDWHUOHWH D] (FRYPGNWWS WRNN NWRM W H Y
WHN |[NRV]LVIWpPD V]R QARADWEDMOVE LW YL]VIIOMD

iEUD $ YL]VJIOW WHU*OHW GRPERU]DW]|D-WHRDyDLWHWHIOWWHKIiURP HOWpU G
Fig. 1: Relief map of the study area with the three morphologic-geolmifis

A karsztos hegy- pV GRPEYLGpNHNUH MHOOHP] HOQp.
(TELBISZ et al 2005, 201% D 7DUD 13 NLVHEE IDOYDLUD LV N\
(720,0(9,68tal.2012 $ QHP]JHWL SDUNNi Q\LOYiQtWiV D WHU
PL NRUOiIWR]iIVRN PLDWW i8JgkvZ B HKQH 8 RL.Q ODLNNRAWX/V R ¥ B WD
QHP]JHWL SDUN N]J|]IWW XJ\DQDQWRL RXHXNHDND @ p DHONRPW
LOOHWYH D WEKWRLSP2X O ,bp20pR )RQWRYVY PHJIJHPOtWHQL
KRJ\ D QHP]JHWL SDUN JD]GiONRWQLW ED]Q| NNK@YM\D]IH U H S
szempontokat figyeleleH YHY HUG JD]J]GIONRGiIiVL WHYpNHQ\VpJ

OtJ D 7DUD 13 ELROyYJLDL pUWPWIBIQX ORI QXEDR]P X ViV
YLI]VJIOWIN PiU DGGLJ IHOV]t@DAIDRQ P Q KHW NPH©OV DN
WHU OHWU O H]pUW D MHOHQ IWNDXQN{ OP{QNE DD GIXOYNVR U
kaUVIWRV pV NLVHEE UpV]EHQ D R\VPDN\OWE |PAR W pIlRWU P D
IRUPDWLNDLRYLI GHQDW.MWpUsQN D]J]RNUD D NpUGpVHNUF
YL]VJIOMiIN KRJ\ D WiUVDGD GIPH QR p\P DIV RRIJ O] OHNARQIp.
iWUpWHJ] GpV D WXUL]PXV KDWHVPRQ HWRHWD Q0 pQ GEWHMN
NpUGpPVN|U|N DEED D] iWIRJybgle), PSFHORRHN WRHR iKQODHM H
WDQXOPIQ\R]]IXN KRJ\ D NDUVWWR\Q MM bl &DLH B/ BI M RN K DO
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PLO\HQ VDMiWRVVIJDLN YDQQDKHOKARJOID@ RO \iVROM
(http://karst.elte.hu/knp/

OyGV]HUWDQ

$ YIOWR]DWRY IHOV]tQL IR U PIHNRIOYRBY DD OIHND SN W W RNAG
HIW JHROyJLDL WpUNpPSHN pVW XWD WKISMOYERD Y pQ\HN DOD
*(2/24.% .$57% GRPERU]DWL MHOQHAIRWMYiGiVIJIiODWIiKR
OLVY WHUHSPRGHOO ~ IHOERQW#$V7DYJHU ]I3yoWiMU KDHAVD MD W
UiEEDSY2 9, §2007), illetve 5$'2 9, @t al. (2005) YL]VIIOWIN WpULQIR
maWLNDL HVIN|]INNHO UpV]EHQ | QRPERU{ITHNPRGHOEGW LV
PPQ\HLNKH] NpSHVW D PL YL]VDICRRERUN]MREBDIQVPIB]R(
KH] LOOHWYH QDJ\UpV]W PiV SDUDPpWHUHNHW YL]VJiO\
$ NDUVI]WRV IRUPDNLQFV NLVHEW HUMFSHEHHIMI H NV W H O ¢
YpJHIW<QN LOMOHWPHUHWDUIQ\~ WRSRJUIILDL WpUNpPS|
WXQN $ WI|EU|N N|]pSSRQW MiiOWpN\N NpWYWR QDICQWR G R D ML
LOOHWYH VWDWLV]WLNDL SURN WPARREH O H IR WQWJDVAXON T
LUIQ\X O WwWlahxniN PP HWRV]O I ¥POMWG RNRN M}]«O D OHJQ
gyobb a DrinalRO\yp PHO\QHN | EE SDUDPpWeétekHLW PpO\Vp.
DU&aRa VikosV]XUGRNUD NLGROJR]I]RWW PYGFHIU VHItWVpJy
(TELBISZ et al 2018, 2019).$ WiUVDGDOPL IRO\DPDWRN EHPXWD
6]JHUE 6 WDWLV]WLNDL +LYDWDO DGDWDLW KDV]QiOWXN

$ YL]IVIIOW WHU<OHW I|OGWDQL DGRWWViJDL

ATara-KHJ\VpJ DKHQYYLGpPN EHOV YRQXODWiKR] WDUWR]L
IVVJHWHWW IHOpStWpV& pV WYINGWRQM N DNPGID JHMWIBDYRE L N
DK-L FVDSiVLUIQ\iKR] ) IHOPpStWF Mi QHVRMK HW 3ND UDW K H V
D WULIV]IEDQ | OHJ PpVIN NpS] GRNRW MOBW R]DWRM X U
RILROLWRV |VV]OHW JDEEUYH GRM®EV]WRDWUVERN INMS Y IL\D
PtJ D NUpWD LG V]DNUD LVPPW DGHOHEPNNYSP BP0 HWHD
HNNRU PiU KDQJV~Opda\p W RPOW QHPiNDDV]WRVRGY *OHGPpN
DODNX®L\EWJ RYHROyYJLDL VIHPSRQW EyPWR WRGR WWPHN N | Y|
D UHSHGH]JHWW MXUD N JHWHM Np@Ltd DV HUNSERQ QBINY W
SDOHR]RRV SDOIiN Yt] NAKANPAT A aR2@18).G Q HN
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iEUD $ YL]VJIiOW WHU+OHW HJ\V]HURBSt (2H3NAWS L8R DY DLDODSWPQYNpSH 26129
Fig. 22 6LPSOLILHG JHRORJLF PDS Rl WKH VWXG\ BOSID DIWHU 261291$ *(2/24.$

$] iOWDOXQN KMPZINVi OQWQDDHYV]W iWIHG D QHP]JHWL ¢
WHU+*OHWpPYHO GH GRPERU]D® INLVGIEGHWHYOHW pHIR & K WL BILC
IRUGXOQDN( $iB)hildteGyi2/86Q D] pV]DNL pV N&HOHWL UpV]HI
WULiIV] N JHWHN PHJKD WiQ ]y R | LFR\O IBYWD OHGpNHN
HOHJ\pW WDOIOMXN EiU NLVBBED ROWRMEPQVIWW LV
NHUHV]WV]HO YiEMBHRIOYDVKDWY KRJ\ D KHJ\VpJHW V]t
J\&U GpVHN pV YHW GpVHN LV UDP®DHNWNRVAR HO WD WHID \
KHO\]JHW& V]LQNOLQIiOLVNpQW ]NUSOHOPYH KWMN I Mp B/HIQ
QpKRO PHIJPDUDGWDN D MXUD NMOLQOXNDMRYVUOMHBNKNNBND
SODWYNNDO HJ\H] PDJDVViJEDRND $ UgdA@iksOHGpNHN K-
PpO\ EHYiJiVD D] pV]DNL UpV]HNHQU pFCHN MRWDN D VYW V \
PVIDNNHOHWHQ D] DODWRMDW®PR UN 0} U ¥ FOH WOHH/AG N HH/O p U

iEUD *HROYJLDL NHUHV]WV]HOYpQIMN (2/28]¥ JiSHWSWHUDOMWOU G \2JHQ¥pQ\HN
KHO\pW OG D IEUIQ
Fig. 3: Geological cross-sectiov 261291$% *(2/2a.$ .$57$ DODSMiQ )RUISURILOH ORFDWLRQV V
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) GRPERUgDN®LY HJHN WpULQIRUPDWLNDL MHOOHP]pVH

$ IHQWL JHROYJLDL NpS QDJ\UpL MG WWNV | JRINNE IDQ GLRP E
JLJNA HOHPEH YpYH WHKiW D JHR®OPWHDLWiGRWDERDUWIBWL
NDUVIWRV IRUPDNLQFV HOKHOKHWYNNCGHQpWHMWW e+ QPIDHO +
YL]VIJIOW WHU«OHWHQ EHO - QvijezamehDIMN43 \WwIJDWL HJI\VpJ
terig emelkedik (Smiljevad-V ¥,FW H U « Qédiddyond Hrara- | HQ Q Vt N

mely PDJDVViJIW WHNLQWYH NHYpVVHO D@DFVRQ\DEE «
PLQW D.JAHE P P NH O H Waouihd\ VL WWDWDOIOKDWay D VIHUE UpV
JDVDEE Kd¥ziRd, 1591 m),iPYDOyYyMIEDQ D KDWau W~OROGDO
VRGYy 9 6WRODF [wnOHJFpMBAGENEIE QW IHOHKWWL PDJDVVi
gd. ( FV~FVRN PLQGHJ\LNH WULiIV] PpVIN E O pS«O IHO

iEUD 0DJDVViJL KLV]WRJUDPRN D YL]VJROW WHOS HDJVU OE WIIQHJIJ\VpJIJHN OHKLEL
Fig. 4: Elevation histograms of the study area. Unit boundaries can bers&en 1

iIEUD /HMW V]|J KLVIWRJUDPRN D YL]VUROWVWH D& HIMU OE®iGI\WpIHN OHKL
Fig. 5: Slope histograms of the study area. Unit boundaries can be seen in Fig.
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$ GRPERU]DWL HJ\WVpJHN SRQWRVDEEWGLME ORUHP |pVpU
WLNDL HVIN|[]IN VHIJtWVpJpY HO VPIDVRIMVD PLR N Y2 V@ HNND W] tWN H
We@N I(iEN (JHNU O OHROYDVKDWYyY D] HJ\VipJHN NDUDNW
QpQHN PDJDVVIJL WDUWRPIQ\DV]PIWDHWWRMWUHDMHW OHF
|[VV]HI*JIJpVEH KR]JKDWXQN D I$CODRDMHWG DROAGPRWRQAMNC
MHOOHP] VMVIAQWMH |WWL PtJ D 7DUD H]JHNKH] NpSHVW
UHO ITHOMHBEMWHDOIKWKIDWY{LQWHN KDVRQOW¥ WHQJHUV]LC
JD XWDOKDW DUUD KRJ\ HJHN WU\NRaMM@KN |]|V OHSXV
tak. -HOOHJpEHQ HOWpU XJ\DQDNNRULYD]\WRIRJD KUMVQWR JU |
NLIHMHIHWWHQ PDUNIQVDQ NORQIOQWINQHHM DDDJID J\D
WHWeS#HMMIHQ QWHDOHJIJpYHO pV QDJ\RQ PHXHGHN SHUHP
KDWy NDSFVRODWED $ =YLMHA@GDFMMVRW BEHYRY JWINR U
QHWWHO FVINNHQ PLQG I|OIHOPpVPQ Q& COH DHEWD VP LWDMI
MHOOEBZHOV UH PHJOHX:S = YKLIWHHGDU MHEBGHQIW VY
PpVIN E O iGaOMXBOLWM OLNIWRV N6 WWHN pLSvy MVHOHIHW V
WRY itaBy a szerkezeti vonalak & U & apid & H KH WeYDop W8 WWQ L
Yt]JKiOy]DW NLDODNXOIiVIiW pW D 9lRI@\in® hidsU V WDIROW
togramjaazHO ]| NHWW N|]WL iWPHQHWA h¢ztdgs«VNpQW MHOQ
mokon PHJILJ\HO KHHW NHXJUamMlL HW\HV WHU* OHWHNHQ EH
HOKHO\RHWA/GHU VpJHYV WDy DI\H UgiteEdet @ H | O « O
teiYHO YDQ |V V]HS O HMMEs$kQdrdmok ugyanezeW p Q\H] N
pV ITHOV]tQIRUPIiGYD VR DIPDNWRNH] N Hd Wargegyw D W MiN
VPpIHQQVtN MHOOHJH PLDWW Df KDLQ/DWRM WREPO FYK B WiyU Wl
W|EU|N QDJ\V]iP~ NegyHRQWRW DOHDN | HOAWeWwW HO pW WHOM
NDUV]WRV =DRYLQH HVHWPpPEHKDNUODXMEH@OINPR KHDQV]DE
JJUBHHU& DODN pV f N PN\DOR UADHIDRXHRP ] PtJ D
=YLMH]GD KDUDRQW $-LUEHPWIHA HIHQ D] akitivegJHQ EHO-O
NLVHEE NDUMWWR YO H/DQHINAENE idnyitd Haldosak, mint a
7DUD HVHWPpPEHQ pV PHUBIGHN V]XUGRN SHUHPHN

A karsztos formakincs

Karrok

OLYHO D WHU*OHW DODSYHW Gi ® N\H [ VM) pIL MHOOHJ
ERUtWRWW H]pUW D WD O D MHUAM yWDHOFD M HOCHQMWW Y. N D\
WDOiIONR]KDW XRW W PUHOAFNH LMMWH Q NLKDQ8/ROYGYD ILJ\|
iEUD $1\tOW NDUURNNDO HOV VRUEDGHQWBHQHBHN V]XU
OiONR]JKDWXQN PHO\HN iOWD ONEND Q$ QW K H-N-HJ HRWLI NK| ] H O
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WiV D W|UpVYRQDODNKR] LIDHRGY i @ HRIPOMHI DV EFHpEQ MHLIW M
a karrokrais( IEUD %

iEUD $ .LKDQWROYyGy WDODM DODVWWIHRQVUNRSHUHFPYUNH]HWL NDUURN
Fig. 6: A) exhuming subsoil karren; B) structurally preformed karrethatTara plateau edge

7|EW|

Az 1:25000HV PpUHWDUIQ\~ WRSRJUIILDL WIiHUNPISWN@ OD SN\
W|E|U WDOiGKDMWRpUHWDUIQ\EyO DGyGyDQ D NLVHE
QHP MHOHQQHN PHJ tJ\ H] D VIWHNUIQ®WaIMW EHFVOpVC
IHOPpUpPV+*QN DODSMiQ PHO\ KiW@P PA|EMDUNHH W HIUHINHHEQ\
NL DJW WDSDV]WDOWXN KRBHD WEORPRBKBRNpSHVW I
W|EE H IRUPIMNWRISPRIJUIILDL WpWNPS| NbeQ@x&MiQ D
928db) a Tara-lHQQVtNRQ WDOIiOKDWy DPL NMJHWWDQLODJ
DONDOPDV D W|EU|N NLIHMO GNVpKHYD @ L=-OD.MH p&/DEW®
PHJIHOHO iP D IHQWLHNEHQ EWPDEGDWRWW CH P L\D G R/P
QHP W~0O QDJ\ LW\860b)Vd ZadY|INQM]iHPDVPIJEH® SHGLJ DOiUl
GHOW D NDUV]IWRVRGiIVUD DONDOGPQS|NVHWHN NEXNN |
WDOIOKDWYy LWW OLQGH]|HNQU&VPB(JIHEHEPHEQ D W|E|U
PHO\HNHW ~J\ V]IiPROWXQN NL HKROWNBOQERBOD WAEU|V|G|
kisebb iWODJRV OHMWpV& WpUV]tQHEBW PHHRRG+RALI\HOH
NXOQDN ‘W|EPUNP MDEFYLWRH]GD pV?a WJ|E|U NP
=DRYLQH H$\PpUBHAWHNHW WHNLQWYH SHGNLJ D]W NDSM
DODSWHUOBWH m? N|]|WW ,DDOEN S ON]UVP fWJ BW p W
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NLIHMH] D-®B&SWiHQUpOMMWNIH. SBIGILHNHW Ds¥®]iPRNDW |
VIHYHWMeN PiV NDUV]WRYV -Voa-kDIAWHBISIHDO SO *|P|U
al. 2011 .LUiIiO\:HBIBISZ et al2015 OL U:RELBISZ et al2007),

akkor azGHU slwgNd TaratHQQVtN HVHWPpPEHQ N|]JH®HV D W|EEL
ben kifejezetten rithk D W{E&QW &VpJ pV D W|EU|N PpUHWH LV OpQ\*F
PLQW SpOGiXO D IHQW HPOPNHWWUWH® OIHGPNMWNM N []pSK

iEUD $ W|EU|NYHDRVOW WDHD sOHWHQ
Fig. 7: Distribution of dolines in the study area

iEUD $-VEJ&VPpJ WOMEWHU-OHW PHGLIQMD D UpV]HJ\WpJHNUH
Fig. 8: A) Doline density; B) Doline area median of the study units
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$ W|EU|N HORV]OiVD LWW LV N EbY&fdWwar0eHJ ORJQRUP
PpUHWDUIQ\ DGWD NRUOIWRN PUB®W~-DK¥WWRIRIDULYV
PRQ HQ\KpQ IHUGH D] HORV]OIVEPIINWHO\BQNPYHBE PpU
DUIQ\ PHOOHWW QHP V]HUW SEWD § HW] HU MHDHNPLS PG J K D W
JRWWViJiW MyO MHOOHPFNOp PSRQ AR D pD W |E|U
N|JHOHE®200mQpO N|]HO Bédig300mQpO N|]HOHEE K
lyezkedik el valamelyik szerkezeti vonalho$. W |BYBHQJHO\HN LUIQ\tWRW
ViJiw UJlWDUDPRNRQ OHKHW®WUHzEdY RIOQI\V pJ FV
SIiVLUIQ\IQDN PHJIHOHOK-LQDUI@EBEWRp EIMpNEHQ HOWpU
enza7DUD pV D =YLMHJ}IGD HOMVEEEHIH M \LUItQ\t WRWW VIiJR'
QDN PtJ D WQdydgNH VV]iP~ W |E UWNe DROKS Bl i Q
MHOOHP] WHQJHO\LUIQ\

iEUD $DJBRWHU*OHWHN J\DNRULViIJL HORV]OiVD VIHPLORJDULWPLNXYV il
Fig. 9: Frequency distribution of doline area in semilogarithmic graph

iIEUD 7|EJUWHQJHO\HN LUIQ\t WRWWViJD
Fig. 10: Orientation of doline axis
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1DJ\ NLWHJUW\N PO’ HGpVHN

0$/,02011) WDQXOPiQ\D DODSMiQ QHP D QipX0@\ |[VV]HQ W
LNHUW|EU|NHW WHNLQWMsN X Y-DQOWQDHNE EK N QW Pi UM HHG] i\
(kb. knf QDJ\ViJUHQG& iOWDOIEDQ KRVJENNUDBEEHJQ\~
[iUW PpO\HGpWIVUWDBW®PMNY |[VV]HWHWW IRUPINDW (]JHQ
HQ PDUNIQVDEE V]HUNH]HWL Y RRQHI0OND NWMKHRJ] ONH'S ¥ VARLDWE
QLQFV QDJ\REE |[VV]HI*JJ QHyP +0BGYNHRV NN WHONE po «iN
GH NLVHEE YDVWDJViJ~ NLW|OWpV D]pUW HO IRUGXOKI

11 iEUD 1DJ\ NLWHUMHGpPV& JiUW PpO\HGpVHN XYDOIN
Fig. 11: Large, closed depressions (uvalas)

iEUD )pQ\NpS D .DUDMLFD EDUD PpO\HGpPp\GWHNEH YidWEW MN]IRGWWROXYLIOLV «C
Fig. 12: Photo of Karajica bara depression (1,2: dolines; 3: stream cut irdtupial sediments)
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$ WRSRWpULDASHN DODSMIQ LO\HQ IRUPIW WXGW X!

O\HNHW D OHJN-.OV ]iUW V(LQVEYRIPIOYMDED QHDIRLIiO W X
EDQ H]JHN NJ|]*O KiURP IRUPD HIJWQBYIRE B2-WJLWPN MR DO

ODN ]iUW\Di JPDB\REHE HJ UV Q HPHWAHEIVHPO it W W
WHOHNQHN H Wy DpdfelelrekNA |[VV]IHWHWW IRUPD NLWHUM
1,6km% PtJ D NpWQRIOREE PpO\HGpWm?> (] @VODSMIQ
XYDOINQDN WHNLUQWRKh DN BDHWNDWXNRQ BUROXYLIOLV
kek, illetve az egyik esetbend iEUD A.DUDMUNMOUBDWIROLNIWRV N

zetek is megjelennelamin LG V]DNRYV Y tiddkwhay EZ QpWwIL H
Wptlap¥ROMpNUH MHOOHP] WKj@dia@RBQUWiJ PHIMHOHQpPV

IpOH GHILQtFLYKR] NpSHVW

6]iUD]Y | GANtbkok

6]iUD]Y|OJ\HN HOV VRUEDQ D 7 IDUDH PgzakiHiUMHGW IHQQ"
nyiviU VHQ PHJKDWIiUR]]iN D VJHUNH]HWL YRQDODN

iEUD 6]XUGRNFRNDQ 7DO 5DpD NjdqpSDritaHOL 5]DY
yLJ *RUJHV LQ 7DUD 13 /HIW 5DpDLEWQWUH %HOL 5]DY ULJKW

$ KHJ\WpJEHQ W|EE NLVHEE VYXUBRNKDWiWRiOKDW
UHJLRQIOLV OpSWpPNEHQ LV MHOH@W X UBBNDRQ UMD [
POHV W|UpVVHOM |WHHEHRQGDOWKMOMHY YL]VJIOW WHU-O!
$ NLVHEE V]XUGRNRN HJ\ UpV]H VPiODW-EE]L\G V]DNR
NHUHWpPEHQ EHMiUKDWy PLQW SpPHNGi®BJQDIDRBEV]XU
PpO\VpJH PpW K- HD PLJWIBOHVVpJ \WEDUPWR PLN
UpV]eN N|[JHSHV YDJ\ QRKY\ NFIDDONR QWY RUD QitR\DP H
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KHW PHJ PLQW SpOGiXO D % NWED Q]DNO W-DUIW D= WY VH{] 81
szurdok, amit Szerbia |6 D J\R E E kiD\QP R & Nar@rial E szurdok
HVpVIJ|UEpMH | WPVYHIVA\Q Netonp@EpApJ GDUDEN pV

N|]WL PDJDVViJ~ Yt]HVpV MHOOHP]L

iEUD $-WKQ@DBRN GLIJLWIOLV WHUHSPRGHOOMH
Fig. 14: Digital terrain model of Drina river gorge

A Drina szurdok ( i E)unibrfometriai SDUDPpWHUHLW D] 6570
DGDWEi]JLVY DODSMiQ D] DOIEEL myGAMEHY WHi® KDWIiUR]W
WRWW OMMMI P |IJIYDODPLQW D PDIJDVVIGHQOURAPNROW
D JJUE*OHW DODSMiQ PHIJKDWEERSWX N PLY RQOUWGW N YEDAD
PLQW Dlyébblgdnjpt |[VV]IHN|W YRQDODW WKIDOZHJ (TXWi
YROVIJN|]]JHO SRQWRNUD ERQWRWYWXHIHDI ¥ RQ\HEEBEND W |
pontokRNDW |VV]IHNRWQ GRQMHI\HV SRQWMIi DDKRHUKDWiUR]
OHIJN|]JHOHEE HV EDOROGDORQWRWWYHHIMREERD BDAVCR
WXN D VILQWN<O|QEVpPpJHW DDVHX U ERWR OGS IDANW XiDQ U F
D MREEROGDOL SHUHPSRQWEN|g)WW i WOO#8MWY HVH 6/ L
VpJQHN DVEWREEROGDOL SHWH® SFRXQUWRW i ¥WKRO QIIHGD N |
VIHIpW YHWWeN YpJeO D PpOUNHIHW KRIWRNWXN D V
VpJ VIpOHVVpJ DUIQ\W PHINDSRQDO D ¥RQRWGBRNY NG C
[«JIJYPQ\V]HU&HQ PHJIJNDSWXN D WopQ\\VppdyDLE®PBWYH D
VpJ VIpOHVVpJ DU@Q\ NME)ODIVRYiIEEW NLV]iIPtWRWWXN PLQ
thalweg pontraD SHUHPSRQW pV D V]XUGRN OHWWO\HEE SR
iWODJRV OHMW V]|JHW $ WR@RLNMPH\S GldMAM UG HINH NKH W]\
W | E E Qéimleghenlete O HMW MHOOHP]L B sefddd GRN ROGDODLW
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Jidd¥sza25®@ PD[LPiOLV PpORAVNMJPOHVVpPIH m pV

N[]IWW YiODMRPLRLY V]pOHVVpJ PpOH VD[ DRI QLD
iWODJRV OHMW V]|J f OLQG @M Q@ HID & RN DD & LD
EHQ YDODPHO\HVW HOPDUDG D KIbM¢R@&ky-PyGV]HUUHO
UDPpWHUHL P|J|WW GH tJ\ L\KBIGRMHDHGEYQV VApO\VpJl&
NLWHUMHGpPVPEHQ KRVV]DEE QIVNDNPW QKHW pH @& VD 8 XJ]C
YpJeRetKDMg]IRO\y HJHQ V]DNDV]iQ

i E ADrina-szurdok morfometriaSDUDPpWHUHLQHN YiOWR]iVD D VIXUGRN KRVV]D PHQ\
Fig. 15: Changes of morphometrical parameters of Drina gorge along the thalweg

Barlangok

A Tara NPED Q EDUODQJ WDOIiOKDWyY HIBNNDPRIQEDQ YL
V]I&NHN tJ\ HOV VRUEDQ BDHOOHDN K\H W I R i FE DS R Q W R W
JUDILNXV IHO GR Oid RDIN® NNM I8 OWD@OMMNRU B- PpV]N YRQXC
WL IRO\WDAKniEBE @ 7DUiIWyO NpW LGHJHQ@RUJDOPL EDL
Wy D 3RWSHUND SHiULQD PH@\OD @H 6PDUER EED Q]iGiM~ |
magas, 22P V]pOHV d), ileH®&d W RSLGID SHULQD DPL NP KRVV
EDUODQJL Yt]JHVpVpU O LGUHW YOHY H]$H WHWDUiWD NLY|

$QWURSRJIpQ IRUPIN

$ WHOMHVVpJ LIpQ\H QpON-+O UMK HRNHWRO/V QJ XON WPH D\ |
pULQW KLGUROyJLDL EHUXKIi]iVAEND M KRWDMNMH OPp WUIHQ i
HJ\ JIWDW 3HUXpDFQIiO PHO\QMN ¥ pBD MO ID]] GHiQMBRIALINVW F
(] DJIW W|EE NP XRYVDMYVIWDYDWD D IHQW HPOtWHWW
DODSYHW HQ EHIRO\IVROYDDHKH®UBOYINLDNP ShW]RIQQO R K
$ P&N|GpV JD]GDVIJRVVIJIW HU MHOQVEHQROGRROWLN D
HIpUWEDQ HJ\ ~MDEE Yt]Wi RN HW a@pdMieiat,H W W HN

amelynek csillag alakja jelzi KRJ\ HJ\ IOXYLiOLV Y|OJ\HNNHO WDJR
DODNtWRWWIiN NLEIH QPW VDY DWW UHJ\ FVpbODJ~WWDO °
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FVROYD tJ\ OHKHW ¥WiW RY¥V DHY] P& WARIEN GWHW p VW
]JDV]WiV pV D] HQHUJLDW HU P HOR& NV G \WRAMEYHUDH LK H] LJ
MiUDWMHOHQW VHQ PHJYiOWR]W Bl WMDY/ JBIAHIY V tQQD O D W
VIHUpW YDODPLQW D Y|OJ\W P OSK®Y IN [ H O HOWV pI B OHHNNE
7RYIEEi D PiU HOHYH P Ha0WZaovingWht VH\OH OpWH @ KD Y t
VILQW MHOHQW V LQUBPGRWWD O HHHOUHWI® PMX V]DPOiVR
YHWNH]WHN EH D Wy P@E® EHMPWL KHIJ\ROGDODNRQ

iEUD -HV FVXV]DPOIWD SDBWIMIE D NLELOOHQW IDKi]DN E V]DNDGIiVID(
Fig. 16: Landslide in 2019 next to Zaovine Lake. a) tilted houses; b) ldedsdar

7i1UVDGDOPL IRO\DPDWRN

Terjedeimi NRUOPWRBRWW H]J]HNHW D IRO\DPDWRNDW FVDN Yi
LVPHUWHWMeN HEEHQ D WDQXOPIQ\EDQ

1pSHVVpPJYiOWR]iVRN

Jelenleg 7 olyaslWHOHS«OpV YDQ DPHO\ WHOMHYVEBRUWDJ\ QD J\
WHU«OHWpPUH HVLN (JHN OQW$E VYD WIhet/NRIDV NYY HW
QpSV]iPOIiOiVRN DD WHDULBBEHDSMRPJ FVDN WHOHSOp"
IHGWH OH D WHU*OHWHW GHNLDVHEEOVHOEBWG pXW i A
Yi YYiOWpPW YLOIJKIiERU~ N|]WL QpSUWRODGIVENLWHIOHS-
QRV D 6]JHUE 6WDWLV]WLNDd HIHODMHXHBED Q HVIH R OpYUHKVH W
OHJIOODStWKDWy KRJ\ D V]IiHHGY PWMRGLNIiBROpMW O
Q WW D WHOHS+*OpVHN QpSHW/|DMN HS$pNppW Ki BRU-MNEWDL
VWDJQiOiV MHOOHP] GH D UPRW OMNUhAHD. IHQWLHN PLI
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YLOIJKIERU~ XWiQ HJ\VpJHVHQ pNREHNIWHMHQQHR]VRUWHO
QpSHVVPPIWNHD YHVIWHWWDPN tJ\ PiUMBDCGOHPLOOHWYH V
NDUVIWYLGpNHQ DPHO\HN HJ\MEHNKIQWDLY W]yUW MHOC
QpSHVVpJ LV DGRWW HVHWEHKHQHPINMHHGMWNHEBB8S-OpVW|P

Ezek a folyamatola WIiJDEE WpUVpJ W|EEL WHOHS«OpVpQ LV
alakulak, a N|UQ\kepy- pV GRPEYLGpPN VILQWH YDODPHQQ\L W
IRJ\iV MH@®HK RgsronylagosanN |]SRQWL KHO\]HW& YiURV NLY|
YHO $ 7DUD HVHWPpPEHQ H] %D WLHICH % DAMALY YW WRAK W p L C
9LAHVDYD IDOYPNMDWHNHOHMUIDIJKIERU~ ¥pJpW O D UH

VLI WEBUWPNEDQ W |ER@LSHW VWM\NUDSRE&IVRQ PHQWH!
UH VW« CE)J D

17 iEUD 1pSHVVpJV]iP YIiOWR]iVRN D 7D D& WHPHROIEDHLQ LOOHWYH %DM
( V]pWYiOiVVDO pULQWHWW WHOHS+«OpV
Fig. 17 Population changes in the villages of Tara NP and in Bajid aWD WRZQ
(*: division of the settlement occurred during the study period)

iEUD $ PH] JD]GDViJL GROJR]yN DUIQ\D % PXQNDRyGNBOLGW DUIiQ\D & 7XUL]
tellesQpSHVVpPJE O XWyEBN O @MW HWDNO
Fig. 18: A) Agricultural workers; B) Unemployed people; C) Tourisonkers as a proportion of total population
(this data is available only since 1981)

$ QpSHVVpJFV|NNHQWVDH JNON Va4 ®ple-HO LOO
JiVL iwUpW KL8] GRWDISH®H] JD]GDVIJEYyO pOaaQpSHVVpJ DU
YLOiJKiERU93% Wi®80% UD FV|NNHQWUVDEE «WHPEHQ
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az 1980DV pYHNEHQ $ UHQGVHHXY iKOWRW XW p¥IW LG EHQ
PXQNDQPON+OLVpPJ GUIPDL QY Hdé ANGHO/H B/e O Ip AHHQ N pHQWAX o |
MHOHQW V HOWMNUWWHDNHNHOPVHNHQ SoDisH®EXUOLQH DNi
D PXQNDQpONROVKRPSBtD] HO|UHIJHGpV HOYIQGRUOIV
alacsonypUW pNHNOKHYWSNIiBHD

7XUL]PXV MHOOHP] L

$ WXUL]JPXV D VIRFLDOLVWD pPOWL]|BBHYMN DWDWW HOHQ\
EHQ D KiERU~ QHKH]JtWHWWH DFWHOQOQHWHWI | DB EOBQ\HJ
OIWXQN QpPL HPHONHGpPpVW @lbtt Pared@ Hi@znidi HOHS*OpVHQ
EDQ GROJRI]g&N DBUD\D

$ N|JHOL =KOHDWVYLERPY 7DUD 1HP]JHWL 3DUN WXUL]PXV
HU VHQ HOOWDWLERU QHP NDUV]WRV WHW4§EHW H]pUWwW W
SRQWEYO NHYpVEpP pU]lpNHMN Qt\J U L VBWKWIG HNQ W] BIXVHRW D O
WRWWDN NL D W|PHIJWXUL]PXV WHQRIH V QHAM HR/HHIQ HVOHH@H +
W V N|UQ\H]HisjdleW(H 6K lgialp2009)

A Tara, PLYHO NDUV]|WRNJMH D BHRGHLY HO-]LWiVD VRN
SRQWEyYO pHlgghdt@ DE¥ VILQWE& QHPJHWLeSDUNL YpGHYV
L tit\D W|PHIJWXUL]PXV QHP FpO pV RiOFAIY PHIYDOyVH
MiQ WpOHQ PLQLPIOLVY D WXUL]P&@WO HXHHIWHOMH ER i ¥V RQ~
YLVIRQW D WHUPpV]JHWMiUiV NNO L@EJHWRUY PDLN)H®&HWVH Y
QHYHOpPVKH] NDSFVROyGy SUROHUHDRBRMekNEAIYGHL LVNROIN
KDJ\RPiQ\DL YDQQDN LWW D PXVWHNW ERNIED Q LW]RFL
P&N|GWHN PiU HIHQVDD WBUO HVBYHUHNWSERUDLQDN KL
PHUWVpPPLQWOWOXQNDL ~WWAU W]|EFREQWMXYV WyO
M~QLXVLA6W,RRUAMW2018. OLQGNpW WHU - MHWHO | |MKBQOHP]
WXULVWIN W~OQ\RPy W|EEVERNM PDJOMWYHQDRDS DL YiDW IV |
13 HVHWpERIQPPLQMIHOBKI RIVHBEOOIVRNUD pUNH] YHQGpPJI
V]iPD D =ODWLERUED Q fdRqzatb€aRQO W HO HIRBHQ PLQWH J\

HIHU | pUNH]LN & CGarbh WPBAQMWHH{AU | NgueOL VWD
Qi0OiV WDSDV]|WDOKDWy D VWDMWQW WL RDUDKLEDOWRPRQEDG
VDAMeWiDODSMiIiQ D OIWRJDWYV]iPRW NUpPWI-OIWBH WHV]L
WyV]iP OiOaAcddk Bgy®eesOW pUWPN

JYHWNH]WHWpPVHN
$ 7DUD 13 WHU<OHWpPQ D JHRGLNWHWUHLWINH®V DH]]JHO U

ELRGLYHWLMWRWONHG HQ PDJDV (QQHQ\-PMWIHOHO Yp(
QHP]JHWL SDUN $ WHU+<OHW D RPpNDpPNHOW GYNHN|NMEK I
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OHP] IRUPDNLQFVpYHOGWDJQGXHOANRHAERU]DWL IHOV]tQ!
VIHPSRQWEYO KiURP MHDDEIiREWMjezdd)R W] PMIKIDHW y

ATaraNPEDQ D NDUV]J]WRVRGiIVKR] NDSFWMNROyGy NLHPH
PHO\HN D WXUL]PXV V]HP.aRIQQNMEBYVOHIUH PR QONLRVI XK H O\
D NDUVIWIRUUiIVRN N|]JHO p EH&kivebbGahggonokysx 5DpD PRQRV
lamint a Drina-szurdokban felduzzasztojt t P H OM pi\@ D K Disllghdti ] i V
VpJHV EP H](atDMzobygsDPGPLQLV]WUDWLtY SUREOpPPINNDC
HlpUW HJ\HO UH QHP YRQ] W~ ®. MiRddze® nWIRtI D WyW H] D
PHIHPOtWH@GWHBpHBWIAUB IHNY LGHJIJHQIRUJDOPL EDL
gok 3BRWSHUNDiIs 6WRSLUD

(]JHNUH D] padapopwd HiNtyeHa jeledV D Q X O P i(JH BrbWQi
J\DOW HJ\pE NXOWXUiIOLV OiW gbrvde® tuNs2tai LV ILI\HOHP
GHVIWLQIiRLMLOH@QHW KD /YK DBEMHIOHWYHWREB@GDOIQ IHNY O]
O gtNls (N | ] Weebdsznia-hercego@ DL 9LAHJUDGEDQ idapaY N|]JpSNRUL
'ULQIEXQQHN D]JRQEDQ PpJ pSSHQ FVANIZEZRQWDNR]QDN |
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A COMPARISON OF THE SHAFT DEVELOPMENT OF SOME
GLACIOKARST AREAS AND OF THE BAKONY REGION
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Abstract: In glaciokarst areas and in the Bakony Mountains we can makeclugion from specific shaft lengths
and shaft patterns to shaft development. We calculated the speufils [&f shafts in some karst areas, therave
age specific shaft length of the shafts of some areas and of their past anel we investigated the relatioa-b
tween the altitude of shaft floors and the specific length valude afhiafts. Taking the specific shaft lengths and
shaft patterns into consideration it can be stated that the shafts (or sbthem and some parts of the shafts)
developed paragenetically in the studied karst areas. This was causeddneswuater inflow, the rise of karst
water level and their simultaneous effect. As a result, shakmgs bifurcating and storeyed shafts develop, On
glaciokarsts the shafts may constitute a system with phreatic passatjes because a phreatic environment
developed in the vadose zone due to the permanent impoundment of karst Wwatzuse the phreatic passage
got into the vadose zone since the karst became elevated. Oukatats the following shaft development types
were differentiated: glacial-high mountain surface flood development(typglacial-high mountain karst water
and surface flood development type (2), glacial karst water and sutfeckléter phreatic development type (3),
shaft with a passage that got into the vadose zone (4).

Keywords: shaft, specific shaft length, shaft development, vadosehoeatjc zone, glaciokarst
%HYH]JHWDpPV

( WDQXOPIQ\EDQ D IDMO&IRVQDRDOWRDWRN p/OKDV]Qi
ViYDO QpKiQ\ JODFLRNDUV]WRYV DN % DNROA-Y LFREOND DK H J\ V
QiLQDN D JHQHWL N L \RW]JNK D WRIQMX WA, i Vi W

$] DNQiN D NDUV]W YDGY]XV ]y QOMINI)ONK N WSJDMNP pQ\
ROGYGiVVDO Y@EORHWNLIAMEDQ $] ROGYGeVRV HUHG
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W&HNHW QHYH]LN HOV G OR@RB,WVIYLDABI$I00V). BN QiN QD N
ROGYGiVRV DNQiN D N JHW IROYR® RNV P} QWHU \O|B W]t W
YiUJy YL]JHN iOWDO NpS] GQHNG ymLpSW MV DI +INDW NQ B 1] H L
PO\VpJL) OHMXWWWBHITEY PHJ ®]LNWUy]JLYVY HUHGHW& DNQi
IUHDWLNXV MiUDWRN WRY i EGRD WIOLIGMSZQOY)HO NpS] GQHN

$] DNQDKRVV] O HK N G\RIMBEIBOLWOWLWVB NQD KRV V]
RESS2018, 2019).$3 SRWHQFLiOLV D NsQ Rkdyét\epykn® KRV
HOPpUKHW IHMDGRWW YRGIHQIXV ]yQD YDVWDJIViJQiO pV
IHO*OHWHN DGRWW WpUEHOLVK®DGRMWMp QEOSRQWEQD B
aknaKRVV]D D IHOWiUW KRVV] D] JVIPMQMW KR\ QCHND N ¢
HJ\W]HU& DNQIiN |[VV]HWHWW B/NIDN DNQINUHPE DJHW H M
DNQiN pV DNQiN IUHDVERESSV MiUDWU$]VHIND]HU &
DNQiIN NLYpPWHOpPYHO D WpQ\OMDHD SRWERRVNILRHDKRC
KRVV]W D] HJI\WJHU&HNQpPO OHJIHOMHEE HOpUKHWL

Az DNQD PLQWIi]DWiUD KDWiVVDOWDQWKRJLWLO\HQ
V~ IHOV]tQL Yt]JEHIRO\VIVRN pWN N DJUHYEWSTL MW KDWiVRN |
PHJOpY DNQIiNEDQ HOiUDV]WiVRNDHNVRNRYQDMNQ PILH ®W D
GpV W|UWpPQLN SREDQ DI HQW]PHWIOPY Yt]JHO NLW|OW |V
YDJ\ DQQDN IHOV UpV]pQ IHOIHCPALMBRQILOY ROGYGiV
FARRANT 2004,PASINI2009 $ SDUDJHQHWLNXVY DNQDIHMO GpV
DNQDV]DNDV]RN NPREBSKHWQHNS$ SDUDJH®H]LV YpJE
meheta YD Gy]XV ]YRASEND £009),a IUHDW LN X \(FQRDQIiED Q
WILLIAMS D] HSLIUHDWSIMEELIPHQ i ED Q

9L]VJIOWXN D %DNRQ\YLGpNHQ yDd yHIDMOQDMV HW iV RN K R
O GPDWODJRYV DNQDKRVV]DLN HOH®UpWpHEH WRD PV P L Q
NDUV]JWYL]HV SRWHQFLIiOLV HMERGSSI0YS,I2018HOHPEHY pWH
(ON*O|QtWHWWe+QN -| kaBsxtiiz€skH BO® [ QQLp UOYQWpVHV IHMO
WESXVW  $ -KHJWKBODNQIL HO|QWpPVW O 0¢JIJHWOHQ-O
W HN W R Q L NGO Bl DIBNH W &

OyGV]HUHN

- .LV]iPtWRWWXN D PLQWDW HbwEjagHsNpoli@s DNRQ\Y LG pN
.DXNi]XV 2UMHQ KHJ\VpJHN DKRVMIE®-N IDMODJRV
JRV DNQDKRVV]W D] DNQD |VV]rRadj§ [VERES® pO\VpJ KiQ\
2018, 2019).

- A fajlagpsDNQDKRVV]DN iWODJDLW NpSE]W- W PLBOWDWHU -
OHWHQNpPQW

-$ /RYPHWHIXVL SROMH WHUsOHWpPQ DNREODORRD®NQD |
PDJDVViJD N|]JWL NDSFVRODWRW YL]VJiOWXN
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$ PLQWDWHU*OHWHN

iIEUD OLQWDWHU*OHWHN
-HOPDJ\DUi]DW % D N RNpEgusi-S RO MH /RY HHQN i ] XV 2UMHQ
Figure 1: Sample areas

/IHIHQG % DNRQ\ 5H\jdgBsipolje, 3.R-CEUrEsQs, 4. Orjen Mountains

$ PLQWDWHU+OHWRNHIWMIXN EH $ %DMNMR®)\YLGpPN WHU-
E|] IHMO GpVWJUNPERHEYI®, 1991 N<O|Q<O (]JHN | OHJ
WULiIV] NDUERQIWRNEy® NUWWDERFpPWY EHY]IMXYHNE O
PS*OQHKMS8I'EO .215P8011) GH HJ\HV U|JIN NDUERQiIWRV N ]I
(Kab-hegy) ED]D O W W D N PHUIQ VWLID® B §INOIBM® J D P VINED|

WL WHU<OBWHEE O PP%DNRQ\ KHJ\V) VDH LbYOHW H )
FVDSDGpN PHQQ\LFPIM|]|IWWL .|]pSKHJ\VpJL NDUVIW D
GE DNQD IDMODJRV KRVV]IW WIPPARWIVWNUDBDOM|W HMNW |
JIUyYMHOEHQ WeQWHWWeN IHO MLMRJYVIOW DBIN V]iPi
+i U V Nneldliénce (7 db), Kab-hegy (11 db), SdiH J\ pV -&renod

N|JWL WHUQHMWpMLHWHEJUFVRERMNWN |OI@Q\eiNH |V V]

VHQ GE H] XWyEEL KiU P.DWKHHI\ VW\WHOAKR @ HING (B

HP OKWMe+D .HV]JK\HINOpL BENRQ\YLGNN| N HO
IRUGXOQDN -HakharéhtiszérekN | V V] HW NANMOWH-IDE Y RH P

leWHV DWERESS $] HJ\W]JHU& DNQIiN HJ\ W|UpV YDJ\ L
PHQWpPQ DODNMEWWDNWHWHWWODQE[IN KH@\JHW& W|U
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VHN pV UpWHJO D $RUNDFIH QEWY KkNarendszereknek a f

DNQiL PHOOHWW D IHOV]tQW HOBUDSP NDpAINDNQIL YDC
DNQiN EHMiUDWXNWyYO ORHUBRY) WV BHEPWOWWHY DNQIN W|
VILQWUH N+O|BW®QHN

iEUD 5pWHJODS PHQWpPQ N-i DD DMNXOGWG H S\WH NV &ErpeiQi®) MERESSi UV N ~W L
2018)
-HOPDJ\DUi]DW EH]iUy N JHW
Figure 2: Simple shaft that developed along bedding plane: the shaft of thesleprmarked G- D
basin, VERESS 2018)
Legend: 1. host rock

+iUVN~W
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iEUD -7 pWpWHJIODS PHQWpPQ NLDOBNREWR|®V KRV N WP \BSH@GIEy H U HWHEN~ W L
(VERESS 2018)
-HOPDJ\DUiI]DW EH]iUy N JHW

E DOVRNOR/WOVO WHE VM W \G RQUR BOpEN EBIMiUDW
PHQWpPQ NLDODNXOW V]DNDV]

U
W|UpWQPAWQWY® YDEDRQ@KXOW V]DNDV] SI
Figure 3: Complex shaft that developed along fracture and bedding plane: longitudinié pfdEreszes shaft,

+iUVN~W EDVLQ 9(5(66
Legend: 1. host rock, 2. washed-in soil and debris, 3a. subsidence @blirentrance, 4. section that developed
along bedding plane, 5. section that developed along fracture, 6. paragenetic blind shaft

$ /RYMNEQUsiSROMH WHU«@HWMpPD 9MUWL YRQXODWIE
a Kotori-|E|O ORQWHQHJUR PHQWAToKHteNgeisXii GLN HO
IHOHWWL PDJDVVIJEDQ %DUODQ@HW\MDNWDUWERHW Q pl
Njegusi-SROMpPUH D /RYPpH@UHUD VeV ] PPIBD t-DU V]
Yt]VILQWMH D] $GULD V]LQWNIpBE&N SN F¥HE$EGONK HO\H]N
Q\LVpJH D /RYPHQ HI\HV-WpIMW HH@pDKHWPRSNQILQDN IHC
YDO D IHOWiUW V]DNDV]RN GRBNWXPW®W]iHGW YD \WYE E
EDUODQJNXW DaK y.N6 6R JASDO&GRLle %2006(3$ . ES-

le %2/12606) ( PLQWDWHU<OHWU O DNO®W YRQWXQN EI
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iEUD $NQDUHQGV]HU +iURPN+.UWHQQWQIIN KRVBEYGBHWV]HWH 7pVL
-HOPDJ\DUI]DW EH]iUy N JHW | DNQD YDRER®QPNDNQONIiQ\SMWDBIGQ WM. NGRO LQ |
E EHMiIUDW
JLIXUH 6KDIW VAIVWHP WKH ORQJLWXB\VLIQBODSWHRDXOW (BR(66iURPN«UW VKDIW
Legend: 1. host rock, 2. main shaft, 3. tributary shaft, 4. paragei@iit shaft, 5a. subsidence doline, 5b. en-
trance

iEUD 6]pWiJD]y.PNQDYYJQHEO Ehep® NERESIPH18)
-HOPDJ\DUI]DW EH]iUy N JHW SDUDJHQHWLNXY YDNDNQD
JLIXUH %LIXUFDWLQJ V-KIXINW B/RKGIRWKDDW BRYQWDLQ 9(5(66
Legend: 1. host rock, 2. paragenetic blind shaft
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iEUD (PHOHWHV DRIDWO 3QEDIRNWEND 9(5(66
-HOPDJ\DUI]DW EH]iUy N JHW IHG W|UpV
JLIXUH 6WRUH\HG VKDIW $OED 5HJLD &DYH 7pVL 30DWHDX 9(5(66
Legend: 1. host rock, 2. cover, 3. fracture

iEUD 1-MaHah) NMosszmetszete (NjegBROMH IHOPpUWH %|UFV|N +HBbH&,&V 3RODFVHN 7DNil
. XQLVFK 6]PEy N|]|lWW
-HOPDJ\DUI]DW EHMIiUDW VILIRQ
Figure 7: The longitudinal profile of Njegusi Cave (Njegusi-polje)
Legend: 1. entrance, 2. siphon

119



iEUD .pWHO\XW-EDUODQJUHQGV]HU KRVV]PHWV]HWH LARFK HR HEDHPWUWH 1DJ\ +HJ}
N|1DW W
JLIXUH  7KH ORQJLWXG L Q EJEyeS thiRel sySiein RY PMIQH .p WO\ XN ~

A Njegusi-SROMH WHW+ORRDNBVViINP P N|]|WWL $
SROMH DOM]DW N ]HWMNU DO HW & ] N\WUH-NiapoddtBsV] p S V
PpVIN|YHN75,6(9,y $ /RYPHQ JOHFFVHUHBL D SROMpEH
WHN HO IOX¥YQARGPBDANKMWVKIWUDKDJ\YD WHKiW NLDO
SLHGPRQW WtSXV~ SROMH GEWIIUDLDJiIMM®P N V]iPR]
WXN D IDMODJRV KRVYV]iVarlang] ¢falagbs knhhesdx V L

[ VVIJHWHWW UHQGV]HU )«JJOGIHBINYI NY-FIOW |]HO 1]
NR]JQDN Yt]V]LQWKVEJESHDWRPNXY MiUDWUPV]HNNHO
IEUD DNIUFVDN D ORYHHVY EpWOXQUFIUHQGBV]HU HVHWQPE
iEUDS$ 1¢JJ OHJHV YDGY]XV DNQIiNIDQ GU HDA¥IONUX® MiUD
PLQG DOXOUyYO LV N|]JUHEDRIKDMNOMIN O $WIDVEBHDIMIWID O KD Wy
KRJ\ YDGy]XV DNQiIN IUHDWLN>X\O M OJDYWRNDNV WKDYJ IEEW R
KRJ\ IUHDWLNXV MiUDWRN YDGY]XV$.ERHERE® IHMO GW!I
BOLNER $ 'XERNL GR EDUODQJ YLVIRIOWLNRYOIVRV (
formakinccsel rendelkezik {$.E&61e % 2/2006), amely a barlang
YtJNLW|OWpV PHOOHWWL AWNEBGIY RO MHU H G HOV pRW RXJW D (
|E|O N|]IWW YDQ D /RYPHQ D FBHRWWMRJRUHRKEGPQ IOLVUH WR
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ERQiWRNEy@e KO\R Q0 DDI MQ B § LWeMis] W\ H £0 8 WW H

21,8 kf *ODFLiOLVDQ iWD-DONtWR\WQ@W NPW. GAUH N<O|Qs
(a(%5( 67(3,61,. 0DJDVVidD P N|]|[WWL ( WHU<OHWHQ
GE DNQD V]iPRJGUINNHU<OW EH D IHOGR®JR]iVED .|]*C
O\XNHJHV EDUODQJUHQGV]HU i BU] HAWVHDWA. PyHIDG B H U
Njegusi-SRO MpWMDy H@KHO\VHINHG W HWy@ HON-.|RB\PRAOLNHW 1\
KDWiULRMHUMHG)VPADJDNVRIJD P N|]|[WWL (JHQ UpV]HQ
QHP YROW MPIHDERUtWI(W5( $] HI\WpJ WHU<OHWpPU O
DNQD V]iPR}WX®GLJ IDMODJRY KRVV]iW V]iPtWRWWXN
]JyQD NLWHUMHBRYBIVViSP P N|]|[WWL $] #J\VpJ WHU+O
WpQ YROW MpJHOERUtWiV DKRQDI®R]DMWXD IDMODJIR\
21-LJ V]iPtWRWWXN

iIEUD $ .-Maglangv(bhyonakiPDJDVI|OG .DXNi]XV KRVV]PHWV]HWH '8%/-$16=.,- HW DO
-HOPDJ\DUI]DW SDUDJHQHWLNXYV YDNDNQD
Figure 9: The longitudinal profile of Kuntsev Cave (Lagonaki HighlandsCtnecasus) (DUBLJANSZKIJ et al
1987)
Legend: 1. paragenetic blind shaft
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iEUD 3] $HarlpRgODaYohbkiPDIDVI|OG .DXNi]XV KRVV]PHWV]HWH '8%/-$16=.,- HW DO
Figure 10: The longitudinal profile of Absolute Cave (Lagonaki HighlandsCthecasus) (DUBLJANSZKIJ et al
1987)

iEUD $ -HVN\@arlaRd Orfeh-KIBJI\VpJ KRV \hitgst/ i $distiyHzleb.cz/cs/cerna-hora-
2010/kd-mapaj
-HOPDJ\DUI]DW YDNNeUW
Figure 7KH ORQJLWXGLQDO SURILOH RI -HVN\Q .R]JL GLUD &DYH 2UMHQ O
Legend: 1. blind shaft
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$ DXNi]XV QDIJ\ NLWHUMHGpV&\Wp O WRIIPWRYV IHOPpS
JLIMIW WHNWRQLNIMiW VHHRRWDBYGNLFODAR, OHKHW
2007h TRIKHUNKOVAet al. 2019 stb.)$OiBEVDN D YL]VJrOW DNQIiN KR
GR]y WHU*OHWHLQHN EHPXWMW r»rOIH\D VN RVt VUNRJKR NEH P
WiViKR] D] DCELVARIKII\&t al. (1987),LOZOVAJ (1984),
RUBAN PXQNILEYyO, QDHHON «ND N QiW ANizkgiJiOW X QN
ODWED EHYRQW DNQIiN UpV] PLUOWDOWGE UeaslBMHL D /DJR
masszivum, a Dzehntu vonulat, az Abishira-AkhubaNanD 6 RFKL WHU<OHW
az Arabika masszivum.

ALagRQDNL PDJDVI}IOEGEX NI XX JO Wb PLBODR3O D
P N|I]IWW YDQ IHOV]tQpQHN PDJIPpW|/IND HWEVDOH p $HOV M
fe. $ PDJDVI|IOG WHU*OHWH HOMHJpIVH GitOW WK HDNV E VID S D (
3000 mm-WwW DNQD IDMODJRV DNQDKRNNNMWz-YKRVYVIOW XN
PHWV]IHWpPpW (2 XWDBWYMNXN EH

A Sary-7TDOD PDVV]JLYXP.IDXN[]XY\EDQ KHO\H]JNHGLN H¢
JHOV]tQpQHN PDJDVVIJD P HHOHOMWW LN Y p\@ P SPWV N | H
YHN )HOuESAWBH WIHU& YRQXODWRNNDO WDJROW D FVL

PP IHOHWWL -pJHOEWUHIWOHW P@ OVHERYYROW ,QQHQ
YRQWXQN EH D IHOGROJR]IVED

A Dzehn WX YRQXODW D .|]pSV =.DXNi]XavEDQ YDQ IH
JDVViJD IHOHWWL )HIODPSRYW pN HOWHLNBOERQ PiUYIC
PpVIN|YHN SDOD EHWHOHS«OpVpNENGI @ felettF VD SDGpN PH
7THU OHWpPQ D] HI\NRUL MpJHOERDNWQM RHUCPWHEHBLDR C
IHOGROJRI]IVED

Az Abishira-$NKXED YRQXODWXDi]¥pSWpV]H IHOV]ItQpQHN
magasviJD - P N|]IWWL $0OVy NDUERQ ItPggy)]N|YHN pStWL
NRUL MpJHOERUtWiV THOWpPpWHOHQKHYOp O&EWOJEBGpPN PHC
Innen 2 akndajl DJRV KRVV]iW V]iPtWRWW XN

$ 6RFKL WHU*O-HWXBi]JXMSMV]IH IHOV]tQpQHN PDJD
300 P N|]IWWL )HOpStWwUDN #@ONWIHWIOHOGPVIN|YHN $
FVDSDGpN PHQQ\LVPPHN|]|WWL -pJHOERUtWiIV H]JHQ W
QHP YROW ,QQHQ EDUODQIJXMNMODJRYV KRVV]iIW V]iPtWw

Az Arabika-PDVVI]ILYXP D.OKMNVXV GpOL UpV]pQ YDQ IHO
QpQHN PDJDVVIJP N|]IWWL )z¢t0fF5OWUDN PpV]IN
YHN $ FVDSDGpN PHQQWOWHE (PRRULpMMpIJHOERUtWI
WHOH]KHW ,QQHQ DNQD IDMODJRYV KRVV]iW V]JiPtWRW

Az Orjen-KHJ\VpJ D -KHQVYWpJ SDUWL YRQXODWIEDQ
ORQWHQHJUR +RUYi\Al—I§rbég¢i/lham‘&fth/b(EZV](5u>®PeU-O
W& IHOVADQPYWNIDEBO P N|]|WWL )HOp@&tWUWpWBDWHL MX
pV HRFpQ Ppy,IRL12EN ODJDVDEE UpV]Hd:- JHULQFV]HU
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QXODWRNEYO iOOQDN DPHO\HN NI+OQQMYMRNINW HPV Y|
(4(%5( 67(3,2015). AFVDSDGpN PHQQ\L\WpJH HO PwPL
(0$*3%a $] 2UMHQE O DNQD IDMOMDJIRM} RRVV]iIW V]iF
QiN HJ\LNpQHN KRV V]E Hinstjuk Wep W D

(UHGPpPQ\HN

)*JIJYPQ\NDSFVRODW PMXW DW/RDNEIQIFEROME WHU-O
WpQ D] DNQDWDOSDN WHQJHU VDINGWN | HBOMHO\DA R \P KX RD/AW [
N|]IWW KD HOWHNLQW+QN D] eV DNR QWO M [IN QYLDVOYDCP L[
D 3Llsrdng, a MilosevaEDUODQJ pV D 'XERNL GR EDUODQJRNYV
NLKDJ\iVIiW RPOiViiedNO i'WERWIN® EDUODQJIPpW N+O|Q(
LQWHQI]tY Yt]EHIUDPOIVUD $XBEBAE IRYV/RAB)LQFVH
LQGRNROMD ( EDUODQJUD DOiIipE\RDPS FY RODW PXMN $
MD KRJ\ PLQpO DODFVRQ\DEKIWH®@) HAPMEOQW IHOHWWL
QiO QDJ\REE D IDMODJRV KRVWRVWBKDWep@Q\YiE Q@DJ\RE
NpSHVW  $]pUW al&sodyabt/DIOBRBIDVViJ~ EDUODQJRN IDI
hossza (pl. NjegusE D U O D Q.Jp W © \Rdes-barlang) egyre nagyobb
mert egyre hosszabb freatikus sEaK |RNNDO UHQGHONH]QHN DQQDN
KRJ\ YDGy]XV N|UQ\HA HaatiNEXQY YWDNQIDWI RN Y NDUV]IWYt] F
NRUL PHIJIHPHONHGpPpVH VIRDOBR]NROO FYRDREE HVpOO\H
DODNXOKDWWDN NL PLQW D RDFENWMDBE S\® OB POW DWW LJ -
tea barlang). Emiatt ezen barlangd@k@ D Gy ] XV p freatiRU3 NAAkt Y
VIRN YIOWDNR]QDINGW R Y\ \DI®DNNDV]RN OHKHWQHN D IUHD
Ugyanakkor # JJYp Q\NDdb BY DOIMWWDOSDN pV D IDMODJRV KR\
D W |glaEidkarsztos mints/ Heteken nem lehetett kimutatni.

OLQGHQ PLQWDWHU*OHWHQNHBGVIRUGM O R DRV QERIX V | ~
J~ DNQiIN 1DJ\ IDMODJRV DNRPDHKBVQIH @dWIN DPDS$SOED
Njegusi-barlang (Njegusi-polje), a Vilina-barlang (Odjeaz Abszolute-
barlang .DXNi]XgonakbPDJDVI|OG $ IHQWL VRUUHQGEHQ C
aknahosszak: 17,96, 16,32, 11,00, 7,56. Kicsi dagaaknahossz jellemai
Bezimena-barlangot (Orjen) & VHIYRPEROYWHQ/Q@WIN D] gWyUDL
tea-EDUODQJRW /Huhtped-QarlandgdWD .DXNi]XV )X MODJRV DNQ
hosszaik a fenti sorrendben: 1,79, 1,75, 1,7831,$] HOWpUpVHN XJ\DQD]RQ
WHU*OHWHQ EHO<O D] DNQIiN JHHOWHMNW WPatpNE BNR/PJIp Y H
Ui]JKDWy
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iEUD $ MegysHSROMH WHU<OHWpPQ D] DHNDQHDWANDLO BD JIDWWI@DHpW IDMDDIRY DNQDKR\
N|]JWL NDSFVRODW
-HOPDJ\DUi]DWEDUIQMHIXV L 'XE R Nharléng (Zestokd pecina), 4. Szamaras-barlang
(Bojanovica), 5. MeandeEDUODQJ -EBYODIRPJI -Jegev@riatftendszer (Dvorupa-Ledena
jama), 8. LahnerEDUODQJ MDPD /DEQUWODQJ 3MBAD .RMH SXVL OXOX - OLORAHYD SHpLC
EDUODQJ SHpLQD-t§&Harlang jama®VN DL -DPD *ROXEL&QL Flarlang, ZDQRUIPD
Bence-lika (jama Du-2), 21. $¥P y Hiarlang (Durdevacka jama)
OHJMHJI\]pV D " DJRQ EDUODQJRNQIO V]HUHSQ® P DPHVOWH N Q Hd\ HDOIHDAVESHD DRIVID N Q D K
YpQ\ HO iOOtWiViQiO
Figure 12: The relation between the altitude of shaft floors and theaifgpshaft length in the area of the
/RY pMfe&gusi-polje
/IHIHQG 1MHJXVL FDYH '"XERNL GR 67|DP\D B DY H- D2YHV WARR\WBD QIRFILE D OHD
GHU FDYH 6y O\RP -Begesidave sysgew MVoardpa-Ledena jama), 8. Lahner cave (jama Lahner),
9.3LSiV FDYH MDPD .RMH SXVL OXOX OLOREHDY D S Hépl@d fdma $QQD FDYH SHpPpLQ
JIN- -DPD *ROXEL&AQLFD 3D dikyam®DEDYH 6]DPYBGRHFDYH 'XUGHYDFND
jama)
Notice: question mark can be find at caves, the specific shaft lengthicsf was not taken into consideration
when making the function

+D D IDMODJRYV DNQDKRVjelgnpy YID WBBYYXMQPAD
YLVIRQ\IW WIODIFQRNBENV]WRNRQ H@EHHINOGDBWDK ViJD QI
Wy QDJ\ IDMODJRV DNQDKRVRAN~KBNQ]ND N5 H W DFHWKLH YWDQUF
YDVWDJ YDGy|9DNWRIQYOGY]XV ]yQD pV QDJ\ IDMODJRV
SpOGD OHKHWabAPRIZdlut¢PD VD IBW W Y DieenleyiVasty Q D
WDJViJD NE P -haNarg (X MGy PXWelenl€jibvastags
JD P 'H JODFLRNDUVJWRQ RU KRMI/{O© EDN NG YR NID
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LV EJ\ D -am&DRIamyWajlagos aknahossza 1,44,KRUGR]y
YDGy]XV ]JyQD YDVWDJIRiIJBODFVRQ\ KHJ\VpJEHQ PLQW
BakonyY LGpN D YDGyY]XV JyQD YDVWDGYI|XV Ky QOID FLRND U
KR] NpSHVW NLFVL EiU RPLHONWVDI@IEW WHW HEDQNVNNMION QE | 1K T
QHN D KHJ\VpJHQ ElikQrab-hefy) \fajlages xinghossza 5,27

D KRUGR]y YDGyY]XV ]yID0OmMY® Yo DRQ hxHgBep - H

J\REE YDGy]XV ]JyQD YDVWDJViIRW®RDORW DSNDYDPW R DK V
FVINNHQpPDH. WINJ\ N|WpQOpNDGyY]XV J]JyQD a¥DVWDJIViJD C
gyobb (230- P PtJ D] DNQiIN iWODJRV I\DHWEEDJRY DNQDKRYV
mint a Kab-hegy (3,89H V H W\tHRBSZ2018).

. WIEOi]DW
Table I.

.*O|QE|] WHU*OHWHN V]HULQWL FVRSRUWRVtWIVEDQ D] iWODJRV IDMODJ
Average specific shaft lengths according to different areas
WHU<OHW | DNQDV]iP| iWODJRV UpV]WHU+<| DNQDV]iP| iWODJRV
aknahossz aknahossz
IRY pNi€gusi- | 21 571 1 16 571
polie 2 13 5,36
Orjen 12 2,85
.DXNi]XV 22 3,47 3 4 5,00
4 5 1,48
5 2 11,85
6 1 6,22
7 2 2,31
8 3 2,11
9 5 1,62
%DNRQ\YL{ 83 2,05 10 11 3,89
11 46 2,73
12 7 2,04
13 12 1,23
14 7 42,64

'KeszthelyiK HJ\VpJJHO D] iWODJRV IDMODJRY DNQDKRVV]

eV]DNL ]JyQD QpON-O eV]DNL EQDODQXPpRNECEBERDRVEOM QpON-O
Lagonaki-PDJDVI|OG W H U e« O Hbafahy, XKanyB-BdiayX Wiksta-barlang, C55-75-55-barlang, 4.
Lagonaki-PDJDVI|OG WHU-+OHWhadar@, Déirgs-bdrlend, @&dlddrGKey-barlang, Kuntsev-barlang,
Hippopotamus-barlang, 5. Sary-Tala masszivum, 6. Dzehntu vonulat, 7. Abishirha®onulat 6RFKL WHUOHW
9. Arabika masszivum, 10. KaH J\ -IHYQVtEN -PHGWHN-AML -KHJUIpY N|UQ\pNH
KeszthelyiK HJ\V pJ

*with the Keszthely Mountains the average specific shaft length is 7,85
1. without the Northern zone, 2. WtRXW 1RUWKHUQ JRQH 'XERNL GR-P&nScaveF®YH DQG WKH OLOR
from the area of Lagonaki Massif: Absolute cave, Canyon cave, Tourist€8&5-75-55 cave, 4. from the area of
Lagonaki Massif: Soaring Bird cave, Dniens cave, Golden Key cvae, Kurgse, Hippopotamus cave, 5. Sari-
Tala Massif, 6. Dzehntu range, 7. Abishira-Akhuba range, 8. Sochi aréaalfica Massif, 10. Kab Mountain,
7pVL 30ODWHDX +iUVN~W EDVLQ . UHV]OROH@WD D XBQQMEDLWY HQYLURQV

$ IDMODJRYV DNQDKRVV] pV D KRWGRDPDONDGY]XV ]JyQ
VIRQ\VIEYyO PHJIiOODStWKDWy
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-$ YDVWDJDEE YDMHUHIP QREN HVpOO\HO DODNXOQDN NI
pV tJ\ DNiU KRVV]DEE DNQiN GGDDYDIVWBDYDER |[YDGy]’
NHGpVH N|]YHMWEPHIQHD QBADMODJRY DNQDKRVV] Q|YHNF
-1DJ\RQ NLFVL YDGyY]XV ]JyQD HRNWpPHQYeEN HDMOPBRY L
Q\HQ UHDJIO D YDGyY]XV ]JyQD YDVWDJViJ YIOWR]iViUD
-'H NLPXWDWKDWy OG [|HQWNjégksi-PR QM H KNRHE U 80 HRAWW M Q
az aknatalpakH J\UH N|JHOHEEL KHO\]HWH DNNIDWNJWI¢RW]LQW K
KRVV]IiQDN D WUHQ GMMHNH&ms W]iViWw
gVV]HKDVRQOtWRWWXN WHU-*DHBMHOQHNEYW NQiDOWHL
QDN D] iWODJRV IDMODJR W EENQ IIMRIRADWY L. VK RLIV
%DNRQ\YLGpNHQ H]JHN D] pUWpNBN W MWMRHMVE BWHHNU « ® H Q@M NH
(OWpUQHN H N0 MYWBldRiokarsztosWHU«OHWHN DNQILQDN iwO
IDMODJRY DNQDKRVV]DL LV 2 URWHB&gusi-polji® X Ni]XV /
$ .DXNi]XV UpVIWHU*OHWHAW KGOH@DHQ IPMI D O\S
DNQDKRVV]IDN YDQQDN LJD] YIDBDHMDM M LN IXFPV b VD D6 D L
DzehQWX YRQXODW DNQiLQiO OD LRW KR VLtV ]IDONO P XW BV L
KDWyN NL BIHRUDE NRDO Wipjlagos aknahosszak vannak a
/IDJRQDNL PDJDVI|OG WHU «QOCaHWnyeh-, aWmistdd,]a$EV]RO~W
CSS75 DNQiN iWODJRV IDMODJRV KRPWWQ)NIQYBIGH (JHN
keznek W EEQ\LUH IUHDWLNXV UpV]HNNHR® EH QURNDMNLN XV
IHO+OU O NDSFVROYGLN YDGyYJKY WBORYank-1+JJ OHIJHV L
kor a Soaring Bird-, a Dniepr-, a Golden Key-, a Keuts a
HippopotamusEe DUODQJRN iWODJRV IDMODJRNNDNRDKRVV]D
DNQIN QHP UHQGHONH]QHN LQDOIWOHIIOODS LW KNWYiUL
hogy a fajlagos aknahosszakra glaciokarszton nemaszakknaPL QW i]DWD
KDW KDQHP D IUHDWLNXV MiJUDWRN MHOHQOpPWH YDJ\ |

OHJYLWDWiV

$] DNQDPLQWIiI]DWRN pV D IDMOD YRW RIN\NRQD KRH/ W]DW EIHD@
D %DNRQ\EDQ LV D] DOIEELDN OHKHWQHN

- Kicsi, YDJ\ YLV]RQ\ODJ NLFVL IDMODNRVWIONRDKRVV]~ I
YDJ\ YDNNeUW N QpDNQON HOONNRUBW/XVW QDN D %DNRQ\EDQ
Ereszes-zsomboly3( i E ,0de a glaciokarsztokon is, mint a Kuntsev-

barlang® iIEUD]HQ DNQINQiO SDUDJHQHWELNPM DNQDIHMO
WDO YDNNeUW N DODNXOQDN HEHIiUP POOVUPRJPWY VW HUIOQW ]t
nk. $] DNQD HOIUDV]WiV Yt]]HO ¥ DWRIWYLNG pENHRQDtIW p N
DNQIN GHSUHVV]LYLEDQ FVDSMDGIPNR VL LMGEY]DWN B0 @ NQD C
IDODN «OHGPN pV Q|YpQVERESQWBH.HNIHEBYRQD WDIHG

W& HOIUDVIWIiIV PLDWW D NLW&O WVpW W D20 YVINQ &DW INUQ YL
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IHMO ks QtDNJ\ N L VHE Bvagwvhp @€\ HEMHM O GQHN D IHOV]tQLJ
E J&knarendszerek nem alakulnak K. PHJILJ\HOpVHN V]HULQW D]RC
HO IRUGXOQDN ROVWYO Q@ MM@& GMSWUWHVV]LY DNQIMD +i
PHGHQFH DKRO N|]JYHWOHQ-OWPN PNMDINBHOKNWPY RO
sem alakultak ki ( iE)lUPHOV]tQL HOiIUDV]WiVVDO YDJ\ HOiUD\
alakuinak NL D] HJ\WV]JHU& DN QENpW D] |VV]HWH3IWW DNQIN
iEUIN $] iWODJRV IDMODJRV KRVV]IDN $UHDELQW D .DXN
IHQQ VtNoOn&i-PMJDVI|OG HJ\ UpV]H YDJ\ HJ\HV DNQiL p
KHJ\ NJUQ\pNL WHU e &Hkitevjet@n POI\MHHQN W BSXE/~ DNQDIHMO G
AgODFPDILNVVKHI\VpJL IHOV]tQL HO|QRWpVMB ODIBXYW JOLC
IHOV]tQL HO|QWpVHYV WtSXV~ D] ]p®rHED MM BH®p VQHY H]] |
- Nagy, de v OWR fa)l#g6s\DNQD KRV V]~ - 16IQQUtNpNhRW DNQiIiMiW
WHNLQWYH D ]JYRAREROWMN D IDMODJRV DNQDKRVV]D
Alba-Regia-barlangnak 17,98 pV YIOWR]DWRV PLQWIi]DW~ DNQIN M
DNNRU KD D] HOiUDV]IWiV IHOVHIHPMOHNHG DPDWWKR] p
Yt]VILOWKNIWKHW $ NDUVIWYL]JHV HigtiU®V]WiV KRVV]L
V]tQL HAPIGHWW& YH] D YDNDNQINMRCHGC OYPOWMNIY+O|Q
VHQ DNNRU KD D YDNDNQD IHO WMDWEMHADH-]tQL Yt]EHYH]
QiN OHKHWOQHN |¥\3¢1 WEWEM Wi Nl QG, NN G IiREUIN

pV HPHOHWHYV B NIEWHN DNRLQAWI]IDWiIiUD D KHO\L PRUIRO
p¥ I|/OGWDQL YLV]IRQ\RN LV KDWiVNDPp®] GIYHQADNI SO DN
PiV IHOHWW D] KWDEH NpH/Q~®tpEHEHH YW pVHN KDWiViuUD
iWODJRV IDMODJR&z GrieM/HD NV p/J H DDNfgwsppdife

eVIDNL ]JyQiMD D .DXNi]XV 6RBERNRAHY +GhHW WHDUD VDN
a Kab-Kk HJ\  D-1HEMVMQVtN pV - HGHWONHWWHU<OHW DNQiL WDL
ezeQ DNQDIHMO GpVL WtSXVED S, KRN XRVYRDKDWY D QD.
'XERNL GR LV DRHXOUWH[WUBHGV]tQL HOIUAV]IWIV VRUIQ
.E&61le %2/1(5 VIHULQW D EDOUDQJQDN &LQFVHQHN |
MiUDWDL O9LV]IJRQW IRUPDNLQFUWALWWROHOQYBEQDNRO®WDOY
(] MyO pUWHOPHIJHSHRW MPEHMBEH®pPS JOHFFVHU ROYDGP
NLYIOWRWW WDUWyYV YtINLWAOWWNePNDH OO DBFLLA@WN\VYQ JHQ
PDIJDVKHI\VpJLpMDHOWNIL HO|QWpVHYpPpYIBBDPLQW D N
V]tQL HO|QWpPpVHV WitHNAMSKHWDIVROQIDWNGHNMHWMO GpVL
WtSXVED.VRUROMXN
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iEUD $NQDWtSXVRN PLQWIiI]DWXN V]J]HULQW
-HOPDJ\DUI]DW W|UpV UpWHJODSI\NRIHIG N DU W PUNWHWMIPKHWE B Gy ] X V
NLDODNXOW DNQDUpV] I[UHDWLNXV N | U@H W]HWKE/H QD N IDINGDN kO WDINKY@D U p VA H O C8D |
DNQD | GHSUHVV]LY PHOOpPNGHSUHVWMW]LYF D| VW] HWHWWDINN@D EG DW]@ VW HI] & \
akna, e.emeletd DNQD | DNQD DNWtY IUHDWLNXVNX\W DMUDWYPYE GIOOMW QD LQDNWLtY U
NJUQ\H]HW& DNQD | UpV]EHQ YDGy]XQ@DUpV]PHQQDNDWL NXNDNUKXN] MWD /NJpV] Op)
NDUV]WYt]VILQW HJIJ\NRUL PHJHPHO NHEHPHGINOH &YiVIN Y RUHQ «OHW HJ\NRUL
Figure 13: Shaft types according to their pattern
Legend: 1. fracture, 2. bedding plane, 3. cover, 4. karst water Bvigrmer karst water level, 6. shaft section
that developed in vadose environment, 7. shaft section that developed incpggmembnment, 8. paragenetic
blind shaft, 9. main shaft, 10. tributary shaft, 11. main depression;ii@tary depression, a. simple shaft, b.
shaft system, c. complex shaft, d. bifurcating shaft, e. stoséyétl f. shaft with active phreatic passage section,
g. shaft with imactive phreatic passage section, a-e: shaft with angronment, f. shaft with partly vadose and
partly phreatic environment, g. the inactive phreatic passage sectioevajop by the former rise of karst water
level or by the former rise of the area

-1DJ\ IDMODJRY DNQD KRVV]~pIN{UIDMEOBRQXWMW IUHDWL
OpWUH DPHO\QHN NpW YiOWRYP WD\INNQpQE |JOEHWWAKEN W
IUHDWLNXV pV YDGy]XV Vi]DaNrBa{u Nzakaxdk BIAR ] Q D N

pV IHOHWW YDGY]XV WtSXVE WK @ENLYND YOQBEWR]DW DP
NRU D IUHDWLNXV V]DNDV]UD DDINOGMXMHOUE GHWRSF
DNQDUWHPVIEUD$] HO ] DNQD IHD G GGPMLLI GLABXND U VIW Y t]
IHOV]tQL HO|QWpVHV PDMG I|UBBWHNMKY 4dHMO GpV& W
YDGY]XV ]yQiW HOIRJODOMD D NINUEJWYKD O BINNPU N
NDUVIWIRUUiIVRNDW HOIHGL pV]HEORMS79D NDUV]WYt]
(NNRU D YDGy]XV ]yQiEDQ IUHDWERBS®etealHIHVHGpPV W
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(]W D] DNQDIHMO GpVW Nje§usidlie QUWH DMNINWD /RYpt
DNQiL IEUDDKRO D] HJ\UH DODFVRQ\DEEVIWOLOS~ DNQIiN
HJ\UH QDJ\REEDN PHUW D] HIJ\IND\WODRVRQDHEERRAED O S
HVPOO\HO |[QW|WWH HO D YLNMMDGRNEGQINDHOHQ@Yt] D
DJRQEDQ KRJ\ D] eV]DNL ]JyQD M pNIHDEIRU t WiV QRHpRI LWR C
QDJ\ IDMODJRY DNQDKRVV]DN DD DN D\WMDQ HAR D HIX H W \
/IRYPHQW O D] eV]DNL ]JyQD WINROW]WD tN YR WL ] P G WDOE0
VD D MpJHOERUtWiV WHU+«O.HDWMWOQQ tl GHL VW] DW WHD GiN G E
DODFVRQ\DEE NDUV]WRNRQ LVQYD G2ty pec@yxa PLQW D %D N
7pMHQQVtN DVMERHEINIG, 2019). ED]RQEDQ FVDSDGpPNRV LG EF
NI]YHWNH]QHN EH pV tJ\ U|[YLG]DGKMRGHV U] YL.BGlGHWM &
]JYQIEDQ QHP NpSHV OpWUHKRI]DW | K DQOHP¢D HD W LANHXV M i
OpY YDGyY]XV DNQD UpVIHNHQ QRN QNW DHIPDN W e W WKR] P H
MiUXO KRI]]Ji

$ PiVLN HVHWEHQ DPLNRU D YWGH]|XDIFYBRAYGIDNV LI
UiM|Q OpWUH DNQD YDGy]XV ]JyQIiEDQ NHO G5 pMLH BAVENK
JUHDWLNXV N|UQ\HJHWE O YDGyDPX§ W\ ERMBPDVEH NHU -«
+RUYIiW R g al. 2012).(] D MHOHQVpJ D]pUW OHKHWVpJH
JODFLRNDUV]W QDJ\PpUW pN E H @& DPMHLINDPW @IN B GWNN [[\Q ¥ J)
JHWH YDGyY]XVVi DODNXO $ NLNBWDOMG pYYWRW HR NpS]
NDSFVROYGLN D YDGyY]XV N|UQ\WHQHI/NQIMNHDPMQAQXN B iUL
.DXNIi]XVEDQ -PDIDYDNLG PiU HPOtWHWW DNQIiLQDN HJ\
Abszolute-barlang) a Sary-DOD PDVV]LYXP W,thhbot &ZHNEHFQHN DNQiL
53 akna fajlagos aknahossza Pta Su-AkanEDUODQJQiIO H] D] pUWpN
11,09 $ .DXNi}XMm/pY HPHO NHGENTH al. 2 VRUIQ
DKKR] KRJ\ D] DNQIN LOO HUHDPWURNXVIiMBUD BMD IN\H WMeH C
MHQHN OH FPDLO@IEBEEy pYQHN NHOOHWW HOMIMOQLH (JHQ D
LQDN D NLDODNXOiVD D YLVODWW ]IDHFy W PJUANVG @ K HW H\VD Y
PLXWiQ NL]JiUKDWy KRJ\ D JOBFKENHWVHN N®L \OpWR PW HN
it, amelyek a Fekett/ HQJHU V]LQWMpKH] VLPXKQWND HOIHGW
IUHDWLNXV MIiUDWRN D KRUGR]JyHGH Y€ QHNPp DMWINPIH® N H (
tek YDGY]XV N|UQ\H]HWEH

JYHWNH]WHWpPVHN
$ IDMODJRY DNQDKRVV]W PHJKD®WYyUIR® * @/ Q\ W p\) DH G U
helyzete,D Yt]JEHIRO\iV LQWHQ]LWiVD PRPWWQISHN|LE WDUWI

VpJH D NDUVIWYt]VILQWKH] ]I GlimDekMpNtWoN &V W LV V]D (
LG WDUWDPD D SDOHRIUHDW LN/®W KWHWDWRHKNNDO |VV]HN!
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$ IDMODJRYV DNQDKRVV]IDN HOWPUOHN HDQINJI QWp QW
EOWDOIEDQ QDJ\REEDN JODFLRWDILYV | WERNRQ\YRGQW N|]
NDUVI]WRNRQ $ JODFLRNDUV]WRND QDI REE | KIDWO/DJRV
aZLQWHQIJtYHEE IHOV]tQL Yt]JEHSYWRN VWD §DACYREEI®IVpO
FLIOLV HUHGHW& pV Ky HUHGHMWWEDROUY P \G]dH\NY IHWHWHW OUWHH
PHIOpWpYHO $ IDMODJRV DNQBKRVEpPYWUWPEMIiXD P& D
WHUsOHW NDUVRAY PWQHWM® L&QPVIDWD pV IHMO GpVH J\
PHIJYIOWR]LN DPLNRU HOIUDV]WDEFPWWNGIi M HONJIQ WU HUHC
YLG LGHM& V]DNDV]RV NDUVDW DINGMW HINIBHV|VWW]EIW HH V
WHEEHN OHV]J]QHN +RVV]~ LGHM® IR Dfi@gati@dW RV HOiIUDV]
NJUQ\HIHWEH NHU<O D YDGyY]XVUHGHGHKRWE] DMWY YNVND JH
YDJ\ VIDNDV]J]RNNDO HJpV]*OQHN NL

Glaciokarszt PDJDVKHJ\VpJ DNQDIHMO GpVL WtSXVDL
PDJDVKHJ\VpJL IHOV]tQL HO|QWNNBYDWIBX\WpJL D JC
NDUMVIPWYTHOV]tQL HO|QWpVHYV WtSXVHJ\ HRHUPVRQHN HON
HO|QWpVL YIOWR]IDWD OG 'XEBERNLIBAV|DDUABHQIW phV H\L
PDMG IUHDWLNXV IHMO GpVL WtSKWIED gWHWDODNQD
freatikusMiUDWWD O

JIpSKHJ\WVpJL NDUV]WRQ HON®Q | @OVEBWWVHWtSXVURW |
KHJ\ pV N|UQ\pNH NDUVIWYt] pHIMOVRM@QQVHD | QWpVHV
+iUVNP-HWAHQFH pV WHNWRRBLWYHOV DHWQWHKHMOQ GpVL WtSX
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THE IMPACT OF TECHNICAL INTERVENTION ON CARBON-
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CAVE CLIMATE
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ELTE-TTK ) |OGUDW }|OGWXGRPIQ\L ,QWp]HW EOWDOIQRYV p
)JOGWDQL 7DQV]pN %XGDSHVW 3i]PiQ\ 3 pWHU \
losz@geology.elte.hu

$EVWUDFW ,Q WKH VXPPHU RI WKH KQWUD/@FHHY%W R HVEBY H{FRQODBVRG YUKIHADF
February 2013, the end siphon of the cave was blocked, so that only abthe entrances through May 2015
were air traffic through the "Main Entrance". After the "Explacat Branch" was cleaned up in the spring of
2015, a perceptible draft appeared and within a few hours the air pressueeedite leveled and the draft
stopped. Given the exploration entrance and the "Staircase Entraneain{\df Szomor Entrance), nearly the
same altitude, there was no air-flow that would have ventilated the Taweperature and humidity values have
not changed over the last 50 years, however, the infiltrated carbon-dicoidié no longer vent out of the cave, its
concentration showed a seasonal variation (closely correlated with the armbynrecipitation), because the
carbon-dioxide content of the infiltrating water determined the degrennthment. Concentration increased
steadily inward in the "Main Branch" and exceeded ten times its quewalues, which resulted in bat deaths,
drastic decline of bat population, slowing of stalactite formation, acagter of stalactite degradation, and cure
visitation and therapeutic use. As the siphon clogging and evolved watksr peseed to be durable, the Aggtelek
National Park Directorate carried out technical interventions to drainthoebshe water out of the cave and to dry
out the floodplains, except for the "Pink-Tufa Corridor". Ventilationtred cave started, which, justifying the
above described, was slowly, after almost 1 year, returned toriginal state. Researchers approached the
blocked siphon from both sides, while assessing the cave's climatsale\As the water receded, the previously
closed crevices opened and the atmosphere of the cave also changed. Thascamdergone unprecedented
dehydration, resulting in the appearance of new types of mineral depidsitsiewly published results also close
the 5-year observation series, summarizing our experience in obs#nigmgre natural phenomenon.

Keywords: Dripstone cave, Speleotherapy, cave wind, changablelé@l, cave syphon, cave stream

1. % HYH]HWpV
2013 pV  N|]|WWYL UHQG V]Heztl@NpYtM@ PLDR- pV NOLPDW

OyJLDL YL]VJIODWRNDW -iaiaSdoap, Melydek KéteO D % pNH
ben 1520 mQ p O% X4 R J) Q/\] pdipxid loggert helyez2 QN HO yUiuD
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OXQNIiQNDW D] HOWi6BdWz RFDFDL V]iUD]I|OGL NDUERQIV
NpS] GPpQ\HN NRPSOH[ JHRN p PAL\D W HS\D/VORH@RINNCOLIP Y WIR/Q vy
ODWII\i]DW WpPDIHOHO V '"HPpQ\WOJIWWLOD NHUHWPEF
V] NXWDWiVL HQIJHGpO\W DODRVQORHDHG1XR]PLQ
MiUXOiViYDO pV ~WPXWDWiVD POBMONIQH@PEHD- M H]DMC
KROYDGiV PDMG HV N|YHWNH]P pHON pEHEROD E® UODQJETL
. KR Udali Margitics-szifon” Yt]]JHO HO]JiUyGRWW pv PiU NRUIE
AHOIHGHRBIV]ItQUH Q\tOy DN QiMDMKBT-terenR PPVOHROMWH V$] A
HIJpV]pEHQ Yt] DOi NHU-OW DR OMMEQAROtYIWMWBHGLI D A
FV|YpPQ NHUHV]W+«O W BG4 & WE X)W WUDY V] HDNENDHGQE 1 J\» W W
kritikus V] pdi@xid HPHONHGpV PXWDWNR]JRWW PHO\ W|EE yU
alatt aNiuU PpUJH]pVW LV RNR]KDW R WW$ YROHY®H NbL NIRHF N i ] D W
JHWL 3DUN aJb BEDWYINMQJ OiIWRIDWIiViW PIiMXViwWyO IHO

LIiEUD $ V|WpW t\WMatyhivy-stifehUN QUHQY pIN pAQ L5 DRWION/ WLV V]DGX]]DGW-V]ILQWMpW PXWDWM
ben az MKBT-terem’ pV Baritics-szifor Yt] DOi NHU+OW $ MREE ROGDOL Q\LODN D] HOIRO\iV LU
A=R@a&tenyd J\&MW FV|YpQ NHUHV]W+O D VIDEDGED
Fig. 1. The shaded area around the "Margitics- sighshows the level of R P Osgrgam, in which the "MKBT
roon" and under "Margitics-siphon" has been wat€he right arrow shows the direction of the run-off throagh
" = R Ondbin® manifold to the outside.

A barlang maismert EHMiIiUDWDL pV D YL]VJIODWL KHO\V]tQHN E

A barlangot 1952. augusztus $.Q D] $JJ\Bibi©W N | LAS3RIOM

WV]l PDJDVVHGEMBHIQAHUHV]W+0 Q\LWRWWD PHJ -DNX
YHIHWpVpYHO D NJ|]HO I V NXQ/DHIWYYRWDWIiGUPBOM NRL
YLOI JAKWOS,19%9 -DNXFV /iV]OyQpWyO V]JyEHOL N|]OpV
KRJ\ D QDSMDLQNEDQ KBxjQi-0egy RDIGDDIWBIQHNL A

tszf.- Q\tOAp AFVEMMIUBW G Roko Y JANDGpNHJBIW OpWUD

volt, mely 1953-ban lett kibontva. Az 1958-H Q N L p/$ tSAFREWW iA) D W

PDL QDSLJ PHJ UL]JWH IRUPIMiW pV (1FRBANMepOODSRWEDQ |
YpU|SWHWOiVRQ N HUIK\D] VO AW HUWHp Q e XVIEDQ D
YPU|SWHW Q\tOiVW D NpWV]HUHVY phorey WdditWRWWiN $ -
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P WV]I PDJDVVIiJHDIGEHWMOY DAV-EWQ pStWHWWDpPN NL
(.(5el<, HWO9&O $] DMWy W|P|U GH N|UQ\HJHWpEHQ W]
NHUHV]W+O LV EL]WRVtWYD Y DQEG RUMWYOR $1B O RP X GoNRXONG
V]YEHOL2615)O0 KRI\)BOAHGH]IHOV V]D New pb-

ORWW EH tJ\ DIRQ OHYHJ DWW)yi@ N$ |El3aHi PDW QNHRViU D
WiVD FVDMNDYDV]iQ W |U Wadidé-sRitdd HOW|P GpVpYHO D
A7HUISHIMIiUDW  OpJIRUJDOPD LV PHXY]|®ME®|ORLQGNHW
azl IEUIL]VIiIiODWXQN L GrlanhbtNuiAE DS i MENRIJ D W
NHUHV]W+O pUWeN HO YL]VJDGRINFLEMMI VDD WMANHW St
OpSFV XK-iJJEDFVDWODNR]iViWyO V]iPtWRWW WIiYROViIJRN
tottuk: 120 mQ pO -QO pV -Qp8FIEY.D

iIEUD $] AWHAHP  Yt] DOI iEUD $ W~OIRO\WW¥HIHPEHR @
Fig. 2. "Chamber MKBT under water W~O{RWAOWQ iW WIiIYR]LN
Fig. 3. 7KH RYHUIORZLQJChénWed U
=ROWIiQ"  DQG OHDYHV WKLV S(

tube
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iIEUD $ 5yW)DIWDJXIQWDN IROVRVYMIiQDN Yt]]HO HOQS@WYINVHDO\Y ND B WE M QQHHD MRP Oy \
vel
Fig. 4. Water-flooded section of the Pink Tufa Corridor, withRt®O RJJHG VLQNKROH LQ WKH .RPOyV &UHHN

iEUD $ 5yWOIW]XQWDN IRO\RVYMiQDN V]LIRQEDQ-GpR[IGGEPQSRQWMNEQ Xi WI V]pQ
ban
Fig. 5. At the end of the Pink Tufa Corridor siphon end, 3.8 vol% carborddiokebruary 2015
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iEUD pVv N|]JIWW D 6]DQDWyULXR L] |BAHWWM NJHDPNYIRO BY )OIDIIIHRRGKHPORP HJ\HG-+O
OHVWHUVpPpJHV | EHMIUDWRQ N|JOHNHGHWW OHYHJ D EDUODQJED
Fig. 6. Between 2013 and 2015, there was no air traffic between the Sanatotiamce and the Exploration
Branch, only the artificial main entrance air to the cave

2. $3ONDOPD]RWW YL]VJIiODWL PYGV]JHU EHPXWDWIiVD

$ YLIVIIODWRNDS\RQ NHUHV]W+<O KDYL UHMGV]HUHVVpJ.
QL QDSRQ YpJH]WeN P L QW DW] p@H® L $KPOWAH] RUHRQ yp\L DL
DGDWRNDW D] 206= iOWDO U |JVUWMHOWWW -GN YQWL P pEH M C
UDWL OpJIRUJDORP IL]LNDL M HNO®@®BU DWW p QHISIRIQWD HJ
120m-QpO pV-Qp® QDSRQWD HJ\V]JHU PtJ D BHMiUDWRQ iV
az 1520 mMQpO PHJWDOIOKDWyYy EGURRQJWDMHNBOPMYpQ yUi
NHUHV]W+0O SHUE W QMWPpI@WGUNRI[ LG VNR@ FHQWUIFLY PpUpV
1',5 PyGV]HUW DONDOPDJWXQN D EttMIMMIQiO GLII~] N
H[WUDNWtY PLQWDYpWHOOHO 0DRQGINHRG F & WIHH]W VEW OLV]
DGDWRN WiUROiViUD

3. (UHGPpPQ\HN
7pQ\HN D EDUODQJ OpJN|U]pVpYHO NDSFVRODWEDQ

$ % pbaHangl1952 augusztus 4pLJ HO YROW ]JiUYID5D N OYLOIJWYy
N|I]IWW PVYONHBIA|WVPHUWpPN H]JHQ NHWHV]W.O D OH
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LUIQ\~ PR]JIVIW UAKSCHWVPBRDIOSY. i1953baQ PHJIQ\tOW D

MHOHQOHJ KIFVEQI DA DA T EHMiUDW tJ\ D OHYHJ PiU D

EHMIiUDW N|]|WW. 1964 W OP ) T © BWHRFSEIMW T U DIV

D EDUODQJL) OBREGUHWHWIW.0O LV(.RRGRIKRIWRWW

1966. A7 IEUDQEDUODQJ iUD Prutatjuk PeR@HHIOS3 M p W

J[IWW-QW PpQLOpJIN|U]pY DODWW

E uo =] u} Oﬁ)éf?ﬁl'ﬁﬁli,§§u

vg E] o PlI, a1l - o S

the 0

P3v | 3]1CE J§-321mtszf.
-5 (]PC o5 u PJ

S

& o ( -
PullpP

o

&-..P (kb.3 km Z}eel-= P) |v
280 m tszf.

7. iEUI®52- N|]|WW WpOOHY B JIK IEGIHU D P O R-\WIWR (Bhajd)dHoarlanghah]felmelegedve
D EHMiUDWL VIHOYpQ\ IHOV KDUPDGIEDG YNIHD EWNMYBDRAWW |HOYRQ\ DHOMO HKIDU P D C
OpSHWW EH PDMG OHK&OYH D] DOVy KDUPDGEDQ NLIHOp WiYR]RW
Fig. 7. Between 1952-1953 the winter and cold air flowed into the "Expgide" and then warmed up in a cave
in the upper third of the front section left out. In summer theihan the upper third of the front section came in
and then getting cold in the lower thjnd went out.

6 ] pdoxid-adatok az 1952- N|]I]WWL LG VIDNEyYO

A EDUODRGEGLRMIppG NRQFHQW tsak Ny|UDHWHWW DGDWRNEYC
WXGXQN N|YHWNH|EMHIWDOP®WQJ $IHOANBH]pVpU O V]yOy N
(JAKUCS,1953, pV D] HI\NRUL NuX, Wdgy\KyRmNWWy O EEXIGGHM & OHQW
WDUWY]NRGi\eleDtkeptékaVvV Mtigkid LVPHUW \WH K H W IHL
J\HQJHVpJ V]DSRUKDOPH]lGWRBE\pW QHPa-WDOIOWIN Q
UDQFVVIUJIVQDN YDJ\ NRUPR]JyQDNDPHLY D WIPBR QW R Q
dioxid tartalom bizonyosan 2.% (20000 ppm) alatt volt.

6 ] pdjoxid-adatok az 1953- N|]|IWWL LG V]IDNEyYO

A %QpNDUODQJ J\yJhERAWItWIMIN FtP& Np]LUDWEDQ ROYDYV
KRJ\ D NXWDWyN D E BdxadDWD U WBG PIRQDWPpRYHY iWODJpl
1959ben 0,3 tf % (3000 ppm), 1961-ben 0,08 #6 (800 ppm), 1962-ben
0,06 tf. % (600 ppm)E H Q KD WriegR [\B/e Nl <et al.,1966).

Az 1953- NI WWLHNRBRQIVWUXiOWt a8BD PBWUVQ PRGHOO
mutatjuk be.(]JHQ LG V]IDNEDQ Q\iUL OpJN|UWLWRQR\BVHWpPQ D C
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IRUGtW ROMW NRO® HPOtWH QPO NV IORINDVEQ N|]|WW NE
P D V]LQWN-O|QEN® UHGHHOA Dp $F VE M Mi esByw

EHQ LV MHOHQW V XQ NpRBpQUIIPWIiVW 6D B3P pm \WHiW EF

UDW N|]|WWL P VILQWN+O|QEW pV FEOEMPHEHDW V Q

VPpJIJHO MiU HJ\eWW

E uo <] UlISBDIGAI,I,35U 3
o PI,CEI - e S vV
d o v *3ME3IU Z] Fézombsf.ﬂ 338 m tszf.
& o( -IR}v I CE -18°0 51}
&Eo vP e (ou o P
> %o-e.i.«E E}v & & A}|FEs*-

&-.P (kb.3kmZ}eei-» P)|v

280 m tszf.

8. iE UI®53- N|]IWWL WpOL UHNRQVWUXIOW iUDPOiIiVL PRGHOO EHPXWDWi
Fig. 8. Presentation of winter flow model reconstructed from 1953 to 1964.

6 ] pdoxid-adatok az 1964- N|]|]WWL LG VIDNEYO

JakucV /iV]Oy PPOPBHL Q W X\G BN tatRmat &
ApSFVEMMial@twA -iban’ 0,12 tf SSP PMWHWIAS
i VU p V]EXL® - 0,38 tf % (1400- SSP PEUSEH <et al,
1966).

6WLHEHU -y]VHI D IRNR]J]RWWD-QH®D Y@ WW O/HEDAHO D Q.
NDSFViQ -harlébhpNEBtPD DXOME B D p\Wben~-MUD PHJPpUWH
pV iWV]IiPRODWDD GBJL Odokid W DWW |EEI SROQWRQ W|UWPQ
PpUpV D@DSM(ED00 SSP iWODJpUWpNBMMH WHILiWHWWH
UpV]BER@ % (3000 ppm)-et mutatott ki).

Az 1964- N|]|WWeéekomWwOXiOW iUDPOAVLERRGZHOOW D
mutatjuk be. (]JHQ LG V]DNEDQ Q\iUL OpJN|UMWR\BVHWPQ D C
IRUGtWRWW YROW
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9. i E U D64- N|JIWWL WpOL UHNRQVWUXIOW iUDPOiIiVL PRGHOO EHPXWDWi

Fig. 9. Presentation of winter flow model reconstructed between 1964-2013

iIEUD $ EDUODQGL RHGHPUWPINHLQHN YiOWR]YVYOWDR DV B CPvp]d QN 1O plIQO RIBI V
KDWiVVDO EtUW IHEUXIiUMIED@POA%X]RJIQ\QiO~ P
Fig. 10. The cave air of carbon dioxide changes in the values of surfgaeessure changes have had a direct
effect in February 2013 % X ] R J (€20m).

$ EDUODQJ OpJN|U]pVPQHN PHJYiOWR]iVD

MDQXiUMIEDQ PpJ V]iUD] LG \|MINEDW DN BNDW N DPH.
VIpQ DONDORPPDO HOYpHBGRYW\HIOZ¥LWIFDDWRN
NRGYD $] HO YL]VJIODWRNRQQ NL EiDD®PWR W t R H\DI B/ (X
NeO|QRVWM]J@GLR[LG YLV]RQ\DLEDQ D NRUIEEL pYWL]HG

142



WDSDV]JWDOWXN 9iOWR]iV D] HUWGIRp G VHBNDH@ND GQ D J\|
huOiViYDO SiUKX]DPRVDQ YROW WHEWDXi AR BBEQWyY DPLN
26iQ  yUiQ NHUHWIWHWW YL]VJIiODWX]@NiGONDOPIYDO I
(1520 m-QpO 10080 ppm (0,8 - W N[UsOL pUWPNHNHW UHJL
WXQN PHO\HN [WV]|U|VHQ PHJKDW DIZGAEREGTN NRUIEEDQ
PpJ ELJRQ\RVDQ Q\LMangEics®zfttH WAHHAUW D AHOV]tQL Op
Q\RPiV YiOWR]iVDLW  yUDVVHNRPOYRMGH O RN RH@MWVHI FLY Y |
W R ]iMD i E)U D
PIUFLXVIEDQ HOYpJ]HWW Y LO¥ Di\D]BWDXOGNK ND O N D

HO Vhdtya BX]RJIiQIQiO -MpO D IHOV]tQL OpJQ\RPIV YiOW
PiU FVDN yUiV NpVpVVHDD UHMM/H W% KtV KW i Viw
FHQWUiIFLYUD OLQGNpPW ROGDE&RQ HRadgWRWW EDUODQJ
1- yUiV NpVOHW IVSDW WIEDKIWWY J E D | iV W pO L
NRQFHQWUiIFLY pUWpPNHL VRNV]RUPRWIWDp HWi & NN QWN N
(10 iEUD(EEHQ D] LG V]DNX¥IQpPY DIQRO FPpUW V]pQ
GLR[LG NRQFHQWUIFLYNEDQ QHHORXVGRWW X @8 JNLLV MH O
OHMWpVYLV]RQ\RN QD N-GPLHRIILH O YHQASB QMY pQHOp YiQGR
OpJPR]JiV KLIQ\iEDQ RWW J\&GDW G R W]\Wdip$id \RWW NRQFH
PUWRMKX]RIIQ\QiO -®pO PHJIKDOD GW-eN2D tf. SSP
%-RW D YpJSRQW IHOp KDOBM@YDOYPDJN VIIED i I W QNN
PPUKHWW+QN YROQD $] HUHGPpQ@MNNDEHELIR @\tWRWW
Margitics-szifon HOW [P B]WHW HONHG Yt]VJLQW SHGLJ IHOW|
MKBT-tereni IHOp YH]JHW iWMiUyW KHEDUOD QFJMMHI] ~WMi
U&Yp YiOWR]RVBWR RIGRIR WRYDYPRY HPHONHGpVpPUH OHKHYV

OM iUDPOiIVL PRGHOOW NHOO HWMUB @Dy WD BXW® N
FVDN /pBFAEMMiUPDWDGW Q\LWYD $ Yt]JVILQW pV D E
menQ\LVpJH LV IRNR]DWRVDQ H Plitk@ejuttadott WWQ DNiUFVDN |
GLR[LG PHQQ\LVpJH D EDUODQORBDR Wsj O-LMOi /DN O ¥ I/ LPHR ¢
SHQ ~J\ PLQW D YiUKDWy Q\iW]WHINIPYNERIH LV PHJIV]HL
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Fig. 11,.Winter atmosphere-life model set up in March 2013
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Fig. 12. Summer atmosphere-life model deducted from winter atmosjfbarmdtiel

Q\DWI QVDUWYVDQ EDUODQJL OHYHJ K PpUVpNO
feOV]tQL K PpUVpN O HS/FYEMWMIiVIDM REQDA iUDPORWW D ED
ODQJL OHYHJ PHO\QHN PHQQIVVIp\V pr\U DNaHDOWH MH.Q O\p]J €
EiIO\RAMMEHV]LYiUJy pV D EHQW UHNHG\MOWY VWH @Q\LVpJt
PD[LPXPRW DNiUGVRN @ ARWENBOiU -QpO pV
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560 m-QpO LV MHOHQW V HPB OWNEGRM ® XWRIRW N R YRW AL y
ban YDJ\LV D OHMWpVYLV]RQ\RUNONGPBJIYIHOSRQNR® V
J\eOHPEALHWWH a AHOIHGHbejiUDWD P ibhen beomlott,
H]pabBUODQJ OpJN|U]pNHS RAEJMUWED DR DOAWR]YyGRWW  $
KDWDOPBGYR[LEQ W|PHJUH LVPpWHOWHQRDRBWV]tQL Op
KDWiVW DQQDN SDUFLiIOLV Q\R/MDIWLVHRRAB O N H HNR\WW F
PHO\ VIRURVY NRUUHOiIFLYW PXWDWRWW

13.iEUD $] HGGLJ PpUW -GH RA DG DNPEEH QW Qi A kyX QRIS Q \RHOQ QW E P
Fig. 13. The highest measured carbon dioxide concentration in the daily catiese
"% X]R Ji(@20m).

2014 MD QX iUM i Edla@sony PppWW ANHNHW pV]OHOW+sQN PHO
is IWV]|U|KRH@DGyY DN NRUIEEL pYWL]JHGHNEHQ UJ|J]JtWHWW
megegyeztek a 2013 DQXIiUMIEDQ U |J]JtWBWWUROWKDNWNMNNHO $
hogy a 26 X]RJiQ(BR2OMQpO U|J]tVCHWRMW O/ WRQFHQWUIiIFLY p
WpNHL MyO NRUUHOIOQDNODVRHIOYDROL YRJIQW PIPpI PLQC
]liuYD YMDaitds-Azifon FVDN D WpOL LQWHQI]JtY IHOV]tQL OH"
pV D WRY iddXL GV pHM XWiVIiQDN DKLHD\D\-ORHPWOWMIYW V]pQ
GLR[LG W|PHJHW

$ QDI\RQ PHOHJ Q\iUL QD SRW|D W N\pLW gpY iHQ W DOYfd V 1 W
iUDPOIiIV WDSD M| SDeMBNAD B RQ\ yuiQ EHO«O W|EEV]]|!
YiOW (15 QB DE] LUIQ\YIiOWIiV\WwtN> K @rWyRBNOp
Q\RPRWOWR]iV EHEIRPANRROMODV]IDND D IHOV]tQL K PpUVpN
DOi FVINNHQ PHJIJLQGXO D EDUVID@DIGPEB¥HABONIDUWEDPOI
MIiUDWRQGDRM]IGQQ|YHNHGHRYW B NRHFPYY pNEMHW
RNR]]D D] LUIQ\YIiOWiIiVW D OplPHRENQPFBEQ\XIJROWPW KH
OHQ pV PHUHGHNHQ HPHONHG NHIM@HOMWORBQNRPIV Pp.
GtWMD D OpJiUDPOIiIV LUIQ\IiIWHpVEBEHHUDP®XWDD RFHOVRQL
EHMiUDWL] p@xid ¥gndenti FLYMiW FV|NNHQWL $ QDS WRYIEE
EHQ D fiISGHABOHYWOHYHJ K PpUVpNOHW®\ RNR]]D D O
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QDSQ\XJWiLJ EHIHOp iUDP Gagor8anQBI® WH B ] Li @HXSRWY p
D EHOV MiUDWU pVHNU VAR RN R QFW QVWUiFLYMD W
YiEEUD LV PDJDV PDUDG
PIMXVAEBNPI PHJEt]iViUD BLRIR X$. lesz-
YDW W\ ~YWET-t&r¢mAY L] p W Mavgitizs-Azifonft YDODPOQW HOWiY
It WRWWD D] RP)BIVIHEK JFMMDUAWIEYO (MOVA-FILN 3iOWyO
ALPIN Kft) tudiuk V]yEHOL N|]OpV Margitics-Bzionkmari
GROJR]YN HU V IHMIiMiVUD URVVAXO®WYWUWMLSDRWDI\E]ELR C
PV]OHOWp ¥ HUPP®HRQEDQ QpKiQ\ yUiQ EHOBO/MURQIDW|OW
LVPpWHOWHQ HOJiUyGRWW
6]iPtWiVDLQN VJHULQW D NP RRNVBHMI~ iWODJIR)\
iban” Q\iUL LG VIDNEDQ P pWHLUWOR bibdry,Bitkh WHKIW
NRQFHQWUiIFLY HVHW-SQ RJEG KD ®B RJ)pAYitottIHO PHO\HW
EHMiUDWRNRQ NHUH\KpVBOONM K MOp WI\R JIPWEWDPRW [HO W
OH]YH LV OHJDOIEE  yUD NHE O HPEHOWRY R DtWiViKR] )
IHOKDOPR]YGRRYWGVWI®HJIpQHN N HBattwint ast HK HWHW O H Q
KRJ\ D] iWiUDPOy OHYHJ QHP FWDNDVMBEREQVNRJH® Y pQ\ C
lekedni pV B HA i SolH M i Waamint aXpSFVEMMi WDMW WL NE
km-HV WiY R4/ i JREAD @§LDODN X Gos PDFPPYOLY OpJiUDPODW
LV OHIJDPUBDEHOWHOWpPYHO pUNH]LN PHJ/iBKHI\LN SRQW
Wy KRJ\ LGHIiOLV iOODSRWRW M/|E\E pO\CHRHY | W] iW DWW P |
WHQIJtY VIHOO JWHWpPV HVHW QUK i QH WWW W N Ji MDD WP\R O-Y D/
DODWW QHP WHOMHV*sOKHWHWW
% HUF]LKNOYAAALPIN Kit) PHJHU VIWHWWH V]yEHOL NJ]
2015), hogy a) HO IHEIHIQP pUW NH]GHWL Op EBHDP@IN  yUiIQ
HI\HQOtW G AWAW OOHEEHPW Dp & FVE M Mi UIND MIVETV
PPWHUHY VILQWN-O|QEVpJ NpRpQQKDNLPVMIMKIOMHMWN V H E
OiVIW QHP WHV]L OHKHW ¥pS FAE 6 NMQU DMMBDE\RWEO Q D A
f&RV K PpUVpPpNOHWN 130 QNEV KJ OV HRWIQ ORP PpUKHW
aPLQHN FVDN HO HOQDPOIL NN [ 1B GHRQ0%a a A -
iban” N[JOHNHGLN NHYHVHEE PLQW O &P WQpM®POIVL VHE
PUH]KHW D IHOV]tQW PHJN]|]HGtWQ WHIV t YM OLbD WRON OOV
KD DJRQEDQ D NpW SRQW N|[]|W\GHU-VOU X R/JIPIR OXYMK J D N
H]W D] XWDW W|EE PLQW  yJUADHDDDW W RpMAHU FBRY WD J
iWODJRVINRQFMHQWUIFLRMWPpPUIRJIDW ~ NJ W|PHJ& V]p
GLR[LG UpWHJHW yUD D O DWW RW HADHDO MyHMWQ @ H WK D LI €
WHOH]]*N KRJ\ D] iWiUDPOy OHBBYYy F VBNV DI Upi W DRADW] H C
QiOMD pV D EDUODQJ Qipdiw®H p EMXWREHE B MUpHGPpQ\HI
DJRQEDQ H]W PHJFiIROMiN YDBGUR/LE |p\D D]DEDGODY LV ]
YLV]RQ\RN PHJKDODGMiN D MHUOHBDWHWWPUJRODW pW/D R
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WpPpNRQ\ViJiW-GIR[PL ¥ ]NRQFHQWUIFLY FV|MNHQpPVpPEHQ p
iV QHP W [SJMRAM N PpUpVesQNUH M~QLXVIiEDQ NHU-OV
ORPPDO D IHOV]tQHQ WDUWYVDFQDSP\GWINRY LE&MI|ViVV]
YROW WDSDV]WDERYW® {MNRWEDDODQJ N|]|[WWL NLV K
NeO|QEVpPJQHN N |VF[fE@XKHWEW@ YD IAYDO HOW &NtWHWW V]
Q\HQ PpU SHUHP EHLNWDWiVDJPH®OMWNL RV DWLQ K Q NO V

$ YpJV G|QWpV PHIKR]DWDOD

1LQFV DGDWXQN UgZpdb HOR WW RPHOVH&angkiOW D %pNH
PiMD GH D]W N|YHW HQ QLW WL W R OMrldiyv)W OO HG H |
V]pdipxid PLYHO UHQGHONR]pIRKNFEDYQMMWN MHOHQOPWPW Q
HU VIWHWY4$N PRNJ]|WW D ED-GQBQRLIGE WP@JIJpUWpPNH WpC
1000 ppm (0,1 tf%), Q\i UBOQ ppm (0,3 1%) N|]|WW PR]JJRWW pUWPNH
IHOV]tQL K PpUVPpNOHWWHO p$ KD PO MP\WNRGEHWW P ® D RUHIH
WAQHGYHVVpJ DGDWRNEDQ D] HOIODVORiVWYEHQ QHP Ppl

2013 WyO D ED Udbkid@d U WiHRiBm-Q p\® p GODQ ppm
(1 tf. %), Q\i UFO@Oppm (3tf%) N|U«O PR]RJ pUWPNMH D IHOV]tQL |
VPNOHWWHO pV D OpJQ\RPINRDOHBVON 7 O\L R BUW PNEHDC
beszZLYiUJiIiV PHQQ\LVpJH MHOHQW WH QHRVRMMGHRQVW \E|iHQ]L
dioxid tartalma pedigHOV VRUEDQ D WDODMUpWHJ PLNURELRO
leJAmely VIRURYV |VV]HI«JIJpVW PXWDW BON |BEDHMHWL K Pp
DP~J\ LV OHFV|INNHQW EHV]LYi®diox¥d ptCbePpJ NHYHVHEE
OHKXOORWW FVDSDGpN PHQQ\DWJH EDROBDWY INRV]IPKOI |
GLR[LG NRQFHQWRSFMy MWW GBI $WEUAQHAWOiVD pV D
N JTHOHSHGpVHN N|]|WWL O pdthbzH kbgy D/ FORH BNMJ N BIH Q G
V]pQLR[LG PHQQ\LVpIJpW D EHOVHWMHDWUpPV]JHNE O NLV]

PpPWHUKH] NpSHVW P p WieXii@ap@or® EDUODQJL

PHIJGXSOi]yGLN YDJ\LV D EDURSINQ GEHYV I | U HMW W] ViIiNNpC
HOP~OW pYEHQ D V]LIRQ N|UWQNpWHW VW\H Pi VW | N N'HHQWH @
QpKiQ\ yuiQ EHO+*O YLVV]IDW|ORUG|WWt|HBX\HW IV p.RIP Gy
vonalaWDUWyYyVDQ OHV]&N<OW

%ROGRJK 6iQGRU $13, WiMpNR]JWDMIRWW EHQQ-*C
2015), hogy aMHOHQW VHQ PHJIGQLRHNG GIRVQWHBRIWQ i FLYy
IHGHJ) HOJiUyGIN|QBDWNH]WpEHQ D EDUODQJ W|EE SRQW
SRSXOiFLy HJ\HGV]iPD D WL)H®pHBHEFVINNHQW pV D A
SXV]WXOW HJ\HG W HBWH®HRQ VI\&MRNWR WHEAENMHRUOIWR]QL
EDUODQJ OiIWRJDWIiVIW DPL pW HQ WEC WL EW iW]ip EDQMD D)
ODQJ J\yJ\WHUPHL MHOHQ iOODGQ@RWN FPLQ GHHO MM WHBQKD®
QRVtWiVUD KLV]JHQ D NRUIEEDH)Y NL P RWBAWRVMEWI WKy J\KD

147



WROQL D Yt] DODWW OpY VALARIRQEG@ed\§IJ\WHUPHNEH
cmHV Yt]JEHQ NHOO MIKBJXe@h HRXDIi DyJGRWW D N+sOYLOiJW
$ YLOODPRV EHUHQGH]pVHN AMBOMWXORV DU BV H S\BJNR Bl O
] GpV IRO\DPDWD PLYHO D N ]W\WMQtR/MW WD GRyGG DWN W b
dioxLG OHDGyYy NpSHVVpJH LV OHFYGNDNHD QW\ DR Y B B tRVOHG
D PiU NLUDNYGRWW FVHS&SNS\HEFBPHIQWHNHUIWODWDLQN
D] ROGDWEDQ P-DWBKh2SBIRIVFRXPHNHGpVpW PXWDWMiIiN
QHP YiOLN NL D FVHSSN NpS] GRW PSR U3Q D #H LORMARIS SHQ
LV MHOHQW V V]pQVDYDW WD UWDRWPDYOWI\FUHSBEM YH
GHJUDGIFLYEDQ PHO\ QpKiQ\ BYVWLA pi@\ DEPDHWWYD EDU O
VIDROGYGiViKR] YH]JHW KDVR QO P HIHDJH QA BWIHWP RIVI\H O
)JOGYiUL-dMbgBay $ WHUISLIV WHYpNHQ\VpP ~MUDLQGtWi
UeOPPQ\HN NJ|]|WW OH K W b @/EDMHXE D QNWIRRDIN DW~Ui]iV
YHV]RO\H

iIEUD $ QDJ\ PHQQ\LVpJ& KRUGDOpPNRW pVHWPBRGHIR R P O tIMGHLE OHIGIDW \DLEDSI ¥ O
NLpStWpVpYHO Np]JL HU YHO W|UWDPWQYH PR]JDWiVVDO MXWWDWWIiN D I}
Fig. 14. Arge amounts of sediment and rock material released fromedgidg have been brought to the surface
by the construction of a temporary shingle, manually moved

OLYHO D] iOODPRW IGIMQVDAMO YhogyidsBRA/i YiOW
P&V]DNL EHDYDWN R ]ibare@Jd tNVGKtHPWWM DQ Bod NdHH O\U HiO O tW i V-
$] $13, PLQW YDJ\RQNH]HO D WHUHIyVYNWYDPGHW@PL pU
EDUODQILR[LG PHQWHVtWpVpUH N|]EMV@HU]pVL HOMIU
lyet 2017-ben 3 BSZTRAMOS .RQ]RUMyEK&. $] (XUySDL 8QLyV
SiO\i]DWL KEMQPIY D %0 KHO\HN pV IDMRNYWHUPpPV]HWY
JHWPpQHN MDYtWiVD D WHUP pAAVHDWY ¥ GLHDO B D VWY B © W~ i
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QDN IHMOHOKNEFWH NHUHWpPEHQ WM HRUE W QOVH Kt i B Y DJ
WDUWyY QDJ\ V]DEiV~ PXQNiODWRRDWRRNQ QO HBVYBI$RWUNI
a MargiticsV]LIRQ YL]pW PHJWLV]WtWRWViX] D RQyMWHUPH
Q\HOPHV HOpUpVH pUGHNpPEHQ KIDW phEBitd- i OWDO N|QQ
JXWDW pStWHW-WHIN MR Py ®MVDIRIY W L]HE U D

$ V}ISQR[LG ODVV~ WiYR]iVD D EDUODQJEYO

6]iPtWiVDLQN )VJHEDQWE D A NJGYR[QG KDOPR]JYGRWW I[HC

PHO\HW Q\LWRWW EHMiUDWR R QR BIBWHM BR®/ | HORDD WA

YH LV OHJDOIEE yUD NHO® i®p EHO WpYRODRVWR QEIRQ D LIHF

KDOPR]yGRGMW[IM3p @ |PHIpQHN NH]GHWL WJMKHWHWOHQ\

KRJ\ D] iWiUDPOy OHYHJ QHPyYFVID\W DV}iEEDQVMI B ONY pQ\ L

lekedni, D] LG WDUWDP MHOHQW tVM QVPW.JQWpHINWH GRKVHDW Q H
KyQDS NHOOHWW DBGLHRGUE O\HF R H VEWR] | p Q

iEUD WDYDV]iLJ DVYHUPNHRUY tJ\DO\DDWW iOOWDN QHP WRQWIiRpPDIPR]JiIV ESULOL
VILIRQW pV PHIJLQGXOW D] iWV]HOO ]pV I$WpURBMNDCGRWYWRY IKRgDDERPMRVPOH B MW Jp B W
NHW UHJLV]WUIOWXQN
Fig. 15. Until spring 2018, the former spa facilities were under watih no air movement. From April, the
siphon was pumped out and the venting started. At the measurement poimtitewentinuous air supply, high
values were recorded for months.
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4.gVV]HIRJODOIV

A 2013-WyO YpJ]HWW UHQGV]HUHV YaLWDPLR@ yYLPLI i DWD
UpVHLQN DODSMiQ MHOHQW W YiFOWER]QV DNoPYHHYWWHN H &2V W
WDUWDOPIQDN W HNELDQUOHMVOFEMRWIE HONHGH]pV NRUL
LOO D MHOHQOHJL | EHMiWDOWp PNHLQPMY i MDO BWRQVR NBERP N
(QQHN NpW RND LV YROW -b@laBgFele-EHRPORWW D
GHJJIQDNEHMiUDWD PDMG IHEUXiUWYSRBOW [P G|WW
VILIRQMD tJ\' D LVPHUW EHMiDD\EHWMOURWRQMXViLJ FV
UHV]We+OOW]RVUPQWRP -$J)HOIWOGMDV]iQ W|UWpQW NLWDN
ViW N|YHW HQ pU]pNHOKHW KX )\DWW il HEOHE>\® PHJIWPD M C
WpQW D ONJIQ|8EMHI NLHIVHQOtW GpVHHMWWEI GKXO]DW OH
JHOIHEHMiUDW pVEB MpSHEW-NegJiFEFRVUUDW N|]HO D]JRQRYV
tengersznti HOHWWL PDJDVViJiUD QHP WXGRWVOWRPNLDODNXC
PHO\ D EDUODQJRW iWV]HOO |VWIOWEMi §RODPOI,WIREBDOF
GHOOHNHW NpV]JtWHWW+QN P LJQ-6V DE HMJ LHIGAHR plV PXHW QQ L
WiViw N|YHW pV D V]LIRQ HO®\ }PH®/HN OX WP N BW DQINX
szerintD K PpU YV pN CGHWRLWDWMWINHRPD] HOP~OM  pYEHQ QF
WR]JWDN D]RQEDQ D EHV}GLR[LG VD OV ]EHRMX YD W] P QG p V
XWiQ PiU QHP WXGRWW NLV]H®OiRLlyNDEBYMIDRBEYDi N
WR]iVW PXWDWRWW V]RUR VD @ \NRIDUFHMNi BHID Q\LNPY]tQ
YHO PLYHO D EHVGLWRIWLE WOUWP@PD KDWiUR]JWD PHJ |
PpUWpPNPW $ NRQFHEDNEHFHY D KDODGYD FRO\DPDWRVD
NHGHWW pV PHJKDODGWD D NRUIEELGHUMHPNHN Wt]
SXV]WXOiVRNDW GHQHYpU SRPXOiBLF\GHEBWWPSXV FV
GpV IRO\DPDWiQDN OHODVVXOIiMRW VX GiWH\E S\ @H EDD G i
ODQJ OiIWRJDWIiViQDN YDOD P LW i VyQIDIN ]B RUOFW® i \Ki B\
HUHGPpPQ\H]JWH OLYHO D V]LIR®Q@ W O\W P LGPW HW P \B'y N DD
ELJRQ\XOW tJ\ D] $JIJWHOHNL 1WRMONLIEHNY,DWNDW Yy
JiIVRNDW KDMWRWW YpJUH NHOHWHCH D YED QODQ UHWPp W
5y]VDMYPQDJiWDN IRO\RVy il IUNDIWHDRLYHBO [ QW |[WW MiUD
V]iUD]JUD NHU*OWHN OHJLQGXCOH\D\DDENROIEED QWRIi]BI 0O
OHtUWDNDW LJD]JROYD LJHQ-OMWBPOUNQ@HW®L pOrOXE RW
NXWDWyN PLQGNpW ROGDOUy®&WW JW]|] HOQ W HYWW N EBHQ |
IHOPpUWpPN D EDUODQJL NOtPD ONRXIDUWYBGB] BV pW
Q\tOWDN NRUIEEDQ HOJ]iUW KDYBDEHNAN YWD WRJOGDHQD)
EH $ EDUODQJ WDOIiQ HGGLJ QWRPQORWRW W IR H WIpAK&D N
( iEUBHO\ ~M iVYiQ\NLYiOiVRN PHIMHOHQpPVpPW HUH
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16 iEUD $ UWMWXDNMJIQWZDN IRO\RVYMD PLQGNpW LUIQ\BYOUMMIHRDWDWODQ $ N
SUYEIONR]WXQN VLNHUWHOHQ-O
Fig. 16. The corridor of pink tuffs is impassable in both directiom¢he picture we tried from the Giant's Hall,
unsuccessfully.

iEUD $ VIHU] N D NAWLILRDED Q5 X@RMN -pQ PiUFLXV
Fig. 17. The authors sit in the dried-out "Rumos siphon" on March 19, 2019
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18 iEUD PIUFLXViFD\OHEWLIMBHWIEEDO iOO D] XQ AN~WEDQ " DKRO NRUIEE
Yt] IHOHWW NHOOHW iWNHOQL pYHNHQ iW
Fig. 18.,Q 0DUFK -y]VHI 6 WLHEHU VW D QdBed. i lavwiell"Kuhdre ey hadl td wodsQ W KH VR
the breast water before, for years.

$ P N|[UsOL VILNODJiIW [|HO U REHEDQMDI WDD QWY p V[
PDJIiIWyO OHFVDSROYGLN D WyLP9OV MR QWS DWRNUO®IM W\HWN
nem biztos, hogy teljesen le tudja vezetni a tavatJ X OiV LWW PiVNRU PiU D
W|UWpEBONMNNEH® IRUGXIOKD\WERMEY\tWMD KRJ\ D] HJp
IJULIWHUHPEHQ PHQQ\H]JHWLJ NJ|JHO V]WWw&RDUHYV PDJDV\
V]tY YDVWDJ Y|U|V DJ\RO EIRWiIWMDPD DVHUHVPRUL pV KR
WDUWYy Yt]]JHO YDOy IHOW,|QW [Z3pW UL obH 8 CpE/ENMO
OHV]tYiVD XW i3 DDNVDRP @ yMQ\HO Mp R HMNH WIKR]LL\W W tWiVD
YLVIRQW OHKHW KRJ\ W HBKI§Zony@:LnerD thd@ K p] IHODGDW
O\HQ PpO\HQ WD O'W] @\|WXDN ¥MO\XQN WpYH D] ~MDEE pV -
HOW|P G péménHatjuk megY pJOHJHVHQ D] ~M V]LIRQ IHOV]iP
majd D] HUHGHWL iOODSRWEMNYYRHMNOBJXNHW iBMAUJD FVHUH (
VD D EDUCED®RJLGIGPRO YDOy LVPpWHOW HPW|OW GpVH
YLVIRQW OHKHWHWOHQQYLYWIVIDNODWHMIPH]HWW WHUISL

$ PRVW PHIMHOHQWHWHWW HUHEGYHP@\IHWNOHI\EHQ O
OpVL VRUR]DWRW |VV]HIRJODWQDp H RHIWINDHY pi\UPYHHN QI
szerzett tapasztalatainkat
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THE APPLICATION OF DEFINITE INTEGRAL FOR THE
DETERMINATION OF CAVE VOLUME

7$562/< 3e74% (.. TEO0(S

| E X GHpyetem$ OED 5HJILDK&r& V]DNL
Geoinformatikai, QW p]HW
6]pNHVIHKpUY iU -33 lats8ygeter@bmikuni-obuda.hu

Abstract: The small-size caves disposed also with a specific and unique rnmatecl which differs from the

climate of the surrounding environment. The microclimate parametehe afmall-size caves linked strongly from
the changes of the outer climate. The relationship between the cave aedvihenment can be understand
through the volume of the cave and the air flow between the cave and ttenmewt. The knowing of these
parameters are very important for modelling in different dates thgpéeature and humidity of a cave, and the
ventilation between the cave and the environment. When there are urdgsesection characterized parts of the
caves, than based on the method of orthogonal surveying, the shape of the cavepare modelled with

polynoms. Using the definite integral the area of the cross-sectiohecaalculate, and knowing the length of the
unique cross-section characterized parts of the caves the volume adetdveinate. In our investigation we

determinate the volume of two wool-sack caves, the quantity ofetitdation between the caves and the
environment in summer and winter season, too, and the duration of the commiitation. Based on the

investigation between 2010 and 2016, we modified the bio- and microclimatologidel of the wool-sack caves
in the Fodor and Gressel cave climatological systems.

Keywords:definite integral, cave, volume, chimney-effect

BHYH]JHWpV

7DOiIQ D EDUODQJNOLPDWROYJLD QDW HH3IOHWMOH QD RO\
VISHOHROYJLIQDN DPHO\U O |W®WH FREEIRIJO yV W]DINON [Q\Y |
WROOIEEMQ PpJLV HOPRQGKDWY KRJIJWWHUMPQ\V]HUE&V
D] HJ\LN OHJIJNHYpVEp LVPHUW BD]DNWHU-OMHWL .-0|Q]
QHPNDUV]WRV N JHWEHQ OpY EDWONHIRKHWDE PPEE\HN
O G W pV NXWDW§ ('BREPBIN,VIEMN 2002TARSOLY

2013. $ N|]pSKHJ\WpJHLQN NDUV]WRV N JRGWRPHIPpEHQ |
QDJ\ EDUODQJMDLQNEDQ KRVV]Y PEJIYW\H OROMQDN UH
PLNURNOtPD WpUNpPSH]pVpUH tPRER&AIDMOGEHOL pV IHOV
WiUR]iVIiUD $ NLVEDUODQJRN pV REDEDID ®IVDQUR REMH
UHQGHONH]KHWQHN VDMiWRYV \HXINH®IO PNNO RN QR YD O
QHPNDUV]WRV N JHWEHQ OpY NIO/EPGGDR PRN PHRNERN (
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QHP IRJODONR]JRWW EHKDWYEED ®WH \NHQREPHR @I RN E [
kuhat NL RO\DQ WXODMGRQViJRNNDOWI P@EBOMH] PLNUTF
50- PpWHU PpO\VpJ& EDUODQJEDRIWHOIHQ\HORHW G
NLVEDUO DApOHDIHI R HAN| UQ\H]HW W -G DHIDW p W H M B KMDH O
MHOOHPH]KHW N pV WXODMGRQWN{UBLN]HWIHYi DVORIN D
VRNNDO $ EDUODQJ pV N|U Q\B NHWRQ pIUNWNBIS\E VIRKDD WKID
PHJ WXGMXN KDWiURW)UROMDWD DRHEQ QglpIpW pV D O
iUDPOiV PpUWpNpW PHUW H SDBUDFpWHY ED ULYP @ URINV H
K PPUVPNOHWH pV SiUDWDUWRMPIQ DO pld BWH WHURRBH W
OH]pVH V]JHPSRQWMIEYyO .+O|®]|\3DQ MRHOHHUM N DY PHRUH
D] LGHJHQIRUJDOPLODJ YDJ\ JWy EDW|OVQ OON K D N ZWQRE\Ht(
$ EDUODQJRN WpUIRJDWIQDN P HJKB\R GpRLiEWRILD NOL
PHUW PYyGV]HUHN SO WUDSp] DOV]O+OKDWERN N@BO]pVF
SRQWRVViJJDO D EDUODQJMiWDW R M p/g DCE iND| WHDNONDHY N 8 L
2SWLPiOLV PHJROGIVW MHOHQWDD FOHYMU HEREH® HY D
HVHWEHQ D NHOHWNH] ' SRQWIRA8KKD\®iDRMPLWRJIDBW N
VINHQQHOpPV DJRQEDQ GUIiIJD pW PYDIN ENDRY O DM@ MOV V
haWy D VINHQQHUHN PpUHWH V pUUQ OHM MQ\ W@\ b V NELDHU O
SO ViU FVHSHJ Yt] VWE YDOPWWMERNEDPJIH PLDWW
JiGKW KRJ\ KRJ\DQ OHKHW HJ\V]HU &P PIIKOGWQPEDUODQJE|
VL PYGV]JHUHNE O V]iUPD]y PpU pl¥ LK Bl W HUGRR]RA WN UGIWDHO C
UiO VHItWVpJpYHO D EDUOD QJRNO WipW ER piiy Wi RO IVH WKRDYW
Ei D NDSRWW HUHGPpQ\HN LVPHQ@MHRWpERMR D J\DSM~
PLNURNOLPDWROyJLDL PRGHOOMPpPQHN ILQRPtWiVD

A KDWIiUR]JRWW LQWHJUIO IRJDOPD pWEDQDOPD]iVD D W

Legyen adott ay=f(x) [«JJYpQ\ DPHONHIW LQWHUWDOOXPEDQ PL
GHQWW pUWHGPIHJEWHWEDRI YHWW KDWiIUR]JRWW LQWH
QDN D] DOIEEL V]i BEWLESIY)H]]*N
IsBT,@T Z<eeys Ad 0B @ T (1)
a

ahol G[az[a,b] ]I UW LQWidkrD®WX@WHUYDOAXYRZQDN KRVV]D
i-HGLN LQWHUYDOOXP WHWV] OHI\pHVY VB IRNQ WiV | K\RV ] MID U W
KDWiUpUWpNpW NHOO NpSH]Q QW HROAD QOIRRKR MR ¥ PNy SRR
MDLQDN D V]iPiW ~J\ Q|]YHOM W HKR D ORODQRG K R\ W] J A L
OiKR] WDUWVRQ +D D IHOtUW=KD Willplp\@e ND OpWH]LN L
WpaAJ WHUMHG ]JiUW LQWHUYDOOXWED QQWHNHJIO i OKD V
Newton-LeibnitzlpOH IRUPXOiYDO N|QQ\HQ V]iPtWKDWy

igB:T;@I(:>;F(::;L>(:T?8 (2)
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ahol F(x) azf(x) 1+JJYpQ\ EiUPHO\ SULPLWtY [+JJdYpQ\H pV D V°
MHOEHQ OpY HKHOPOQQHUMWW KHO\HWWHVtWpVL pUWpN
aza KHO\HQ YHWW KHO\HWW H VtMIIMD tNLW pilPp Wi VI KVD KK IV
NpW IHODGDWEYO iOO D] LQWHIYP@\@RW N PEDRHO\ SUI

VPVH PDMG D IHOV pV DOVy NODWQE \KpHIQ QHNWNH\S I WAL |
$] LQWHJUIO JHRPHWULDL pUWHKIONHR](p @ p\E ROV N | Y HW !

PV LQWHJIUsKD@W HYDOOK PR Gkkop ¥z IKB:T,@ T

DQQDN D VtNLGRP WHU-+O H \palyét £ BrafikoMd, W MHOHQWL
x=a pwk=b HIVHQHVHN WWQIHO\ KDWiUROQDN IHOWpY
f(x) "0 (x ?[a, b]), akkor #(x) = pV H{TSABINA2010):

isFBT.@T FigBT.@R ra=ViBT,@M 3)

EJ\ D WHU+<OHW PpU V]iPiWw D] DQWE QWIDNDEV]RO~W
szerese ada $ KDWIiUR]JRWW LQWHJUIO OMHX HW] W DPDIHW Q\~MV
WHU+OHWHN PHJKDWIiUR]iViUD RN WJUSRGRWIBDW RY D I
KDWiUR]iVD V]HEBRIQWNWIEYD x=ax=biOWDO EH]iUW
W H U » G(t) Wg (xK B 0(CSABINA 2010):

6LIgBT.@FIsCT@TIsBTFC:T@T (4)

(] D NpSOHW DN N R t(x)Lilétve g()pi]\ @ WK YDOOXPRQ QHJD\
PUWPNHNHW LV IHOYHV]

9L]VJiODWL DQ\DJ pV PyGV]HU

$ KDWiUR]JRWW LQWHJIUIO WpUDREKDWY M RJtrWi WEpDAQ EYID Oy
langon, illetve DUODQJV]HU& R E ik & VelrReQH YLV VIEM Q

$ =VLYoa@ang (4510- pV D *NPEEDUODQJMDD 3iNR]GL
,QJYN|YHN 7HUPPV]HWYpGHOPL 7HU\® HWHO WD@LOKDW
SRUItUEDQ WDOIOKDWYy J\DSM#}[ViHNE P UMW Jp WBHBIEKUW] D
GiV KDWi@DNXOWDN NL D QDJ\PpUHW& ONHHNHUHNtW HW
JUIQLWN W |PE[B=R(5"EWI4b, 2006;TARSOLY 2013). A

IHOPpUpV VRUIQ GHUPpPNV]|J& NRRWAGaRhgYaNPpUpVW DON
HON-O}QDWHWWRQRY NHUHV]WV]HOYpQQ\BIW MWOOHPHI]KI
PHJKDWi HRHW KRVV]iW DPHO\ D WpUIRYBWAHW]iPtWiVED ¢
PDJDVViIJD MHOHQW PHJ $ NHUGEDWV]IGEYPQOHENH N|]pS
NpSSHQ D PpUpVHN YpJUHKDMWOW|BIBN DH @ HHMp @t HO P H \
szZinWHV KHO\JHW& PptUQW.LYIREDODWQMH\p|\® IDOD N|]|WW
UpVL YRQDODW IL]JLNDLODJ HJIA]LFGMMW]L® p W BVUHHW R VIW N
PHJ $ PpUpVL YRQDO OpQ\HJpER® UHGI\ G WOWHRWBWINV W
KDWiUR]JRWW PHJ DPHO\QHN RUDROYM ¥ R \EDDOPKIP ED C
YRQDO YpJSRQWMD SHGLJ D WMREHDRPGW @NHIND @ HH K\D W]
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UR]iViQiO FVDN SRILWtY pUWpNHN VI RWEGLQWDD pHON p B E\
VHItWVpIpYH® EDHUBIFWPBIQQ\H]HWpQH& pV D MiUyV]
UHV]WV]HOYpQ\ DONRWIiV V]HPSRDWMEYMHGIMHBIEPYSF
SRQWRN SRILWtY RUGLQIWiW S BGMIUQWLIMWHN QRO BY Q B/Ri
NDSWDN %RQ\ROXOW NHUHV]W&M ORI\ EDN NHHWUHHW p E H Q
VIHOYpQ\W HJ\ YDJ\ W|EE I|LONW{Ei& ¥4k QQWHV YRQDOO
UpV]HQN p QUW PKDIWD UNR]JMO Y pQ\HN DOMiW pW-WHWHMpW O
EHQ D] HVHWEHQ D UpV]HN HWARNY P WDWNAA bl H YOW W] Hp U \
YpQ\ WHU<OHWpPW LOOHWYH Q@DMW HINRIDWpVH XMW N R\C
csak V]iPtWKDWy $PHQQ\LEHQ QHP VIRWHN#IMAVI EDUOD (
VIHOYPQQ\HO MHOOHPH]KHW GW &N DD/ JMi U/ Nils Q Y\Q tWIDH Q IC
PHQQ\H]HW OHMWpVH PLDWWD V- RNDN ]G ¥ UBIHMWY VR
UH V PHJKR 8gydHR JWN H U H VW V] H OdKpE) \Wi U B WRX pWR WA

IRIDWiW D NLVHEE pV D QDJ\R]&¥D N.NU DMK/ NHIOSYHI @A U H
D NHWW Ne<O|QEVpJpW $ NubhQEabp keredzBpeYy HO MD YtW R
YPQ\E O V]iPtWRWW WpUIRJDW |RUKBHEWDW MM W]W pD] pU"
legHV WpUIRJDWWOHDAK QIHNTH] $PHQQ\LEHQ P OHMW V V]D
GHN ~J\ PLQGH] D J\ADNRUODW W H R §]RIQWWi & WO MPHI H Q\
DPLW D FVRQNDJ~OD W pU IR Uik W& (ADKS 0OBB:R]YD EL]RQ\tW

8 Lm ; (6)

ahoom D FVRQNDJ~ODO PP DDOWD\G ODtSS WEIU» DHWKE ODS WHU
OHWH $ EDUODQJMIUDW WpUIRIWWKD W pfRHKIDWKHQPHYR C(
aholT a nagyobbikf pedigakVHEELN NHUHV]J]WV]HOYpQ\ WHU*OHWp

$ODSWpPIJLVNpQWK PHN IRRDOBPHMWWHGHWL pV D NHUH®
YPQ\HNE O-WHHIOQGIIND VHItWVpIJpYHO V]JIGHWPRWW WpUIR
OHKHW QDJ\REE PLQW $ YLOWI i GXIRMARBEYD OB SMiQ NLC
V]IiIQDN FVRQNDJ~OD PDJDVVIJD DQW®BYR\HD RVARW WHOW KU
VpUH DPHQUDDUERY @HP KDODIGNMD WHNHWN $] HI\HG-<OL
NRUOIWR]y WpQ\H] WHKIW D NIWNEHQNpEM HIIREHEWN QN
DUIQ\D 7HUHSHQ D NHUHV]WV]IMRN pWQINRNVE G U « GHH pPWURAL W
DUIQ\XNUD LV FVDN N|YHWNH]WHWGEBLXBXXVQRDIPRHQQ\
ELN NHUHVI]WV]JHOYpQ\EHQ D PphUpQ\D YCRAQDDWOW DN P WRIUGS L
1:1.6 DUIQ\QDN ~J\ D IHQW HHFK@QXMNDNVWD OHEB)Q PHJIHOHO
OtWpVW DG

$ IHOPpUW GHUPpPNV]|J& NRRUGLWRWUNDNDNOOMHOOHP
E|] IRNV]iP~ SROLQRPRNDWUDPDME | W HPWM Y QOM]IHWHW pV
MiUyVILQWHW OHtUy SROLQRBRNUR[|RWWLLQWWH JQHWO PO
PtW R W WMathCad ProfessionalSURJUDPFVRPDJ VHItWVpIpYHO
UHV]WV]JHOYpQ\ WHU*OHWpPW V]RRWR]WROW MilEDWIOBRW\]

158



HJ\HV V]DNDV]DLQDN WpUIRJDWPV PDHOG [B WHDNHW] FEND |
ODQJ WpUIRJDWD

08 Y=-15539%+454,64%- 514,924+ 284,83%- 79,778 + 10,612 -
0.7 0,0004

y3812 91%- 378, AG4—20056% + 62,646%- 9,663X - 0,0008
-0.7 Zo A i1UBB60O
1 iEUBWL Yba@lang I-DV NHUHV]WV]HOYpPQ\H YD VWDMWREQ RO~ DR GIWUH LOOH)
PRN V]DJIJDWRWW YRQDO WRDiBGEHWHSROQQRPRINLNNEBEHWH HQV

FIG.1. The third cross HFW L RQ R I-ca/& (thick \irie) thg Yitted six-degree polynom (brok
line), the equation of the polynom and the determinaédficient

$ EDUODQJ pV D IHOV]tQ N|]|WWD O pEIEdY HWW] V]iPtWi\
l+JJpVHN H WK OL\OSDNTV2010):

3L -®#®"t®C%%—%é®D%P6Q

3L-®#K80COcBaD: MG (5)

ahol
Q OpJiU Dri¥shav,
A D EHMiUDWR®eNHO*OHWH
K ITHOV]tQL OpJQ\RPiV HI\eWWKDWyMD iOWDOIEDQ
g QHKp]VpJL J\RthEXOiV
"KYHUWLNiOLMpNdWHUMHGpV
Ti iIWODJRV EH O WKelitn Boghdry pN O HW
To NeOV OpJK Reinfgkham H W
pV GHFHPEHUNURNWMW DWROY btitktonPpUpVHNHW [
PPpUPVHNHW |[YYJHMH@ MK pW J\DSMARSONY2DI3OD QJQiO
OLYHO D J\DSM~]WilNEPDpUWOIN@EMNDP Y\ W|EE Q\tOiVRQ
NHUHV]W+<O NDSFVRODWEDQ YBNH® N HUKNMWIOiNJPYXH H
OHQ NDSFVRODWEDQ YDQQDN R]PRPW RN WLNKVUDPJQ\
OiVL YLV]JRQ\RNNDO LV WHKIQ FCHJIKD W LWDRE|M @D MHOW] V ] i E
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QHO W|UWpQ OHYHJ FVHUH RI\D MMHOBGOKMMWLY OpJiuD
NpSOHW V]iPtWiViKR] V]*NVpJHOND K i WODJRNO B WEOIW NV |
O|QEVpPJIpQHN LVPHKB®BSMILQVIiOKWQDSUD V]iPtWRWW
f& J\DSM~]ViNEDUODA@SRN2MLS)HW pEH Q

$] HUHGPpPQ\HN pUWpNHOpVH

$ *|PEN EDUODQJMD HVHWPEHQ N pM CKMONHQYMIQ@QHW W
HJHN HJ\EHQ D EDUODQJ EHMiUWWDIRNY SR O LEHRFARDW L
LOOHV]WHWW+QN D] LOOHV]W BV FPLHYI IGVD WiQ LV N RpHV | PRV
pUWPpNH OHWW $ PHOOpN E HRIPBRBWLUDO H Y\ W B W R SORIN
GHWHUPLQIiOWViJL NR-HUIDL BIGHYGWR Vi BHATENGSEE Y i Q\
WpPEHQ Q\ROF NHUHV]WV]HO YHh\@WN N IENOpONHEWON YGHHO! L Q PilDa
NHW |W|GIRN~ SROLQRPPDO WX\GMXRDNWRRRGI RN OHRQ D
QRPRW LOOHV]WHWW+QN $ GHWWORQQHWVMWIHHNRHIILF
DGYGRWW PtJ D W|EEL] W WEHY GRWW. OHV]WpV D
V]IYEDQ IRUJY]EEMMWIDMDQViJiEyO DGYGR&®W OHJROGIV
D NHUHV]WV]HOYpQ\ VIDNDV]R®D/®I RNV VYSODQHR QND@ W
QRPRN LOOHV]WpVH GH PLYHRHN ISRIOV\JR P Ypp/QD N\ p|@AW
PHU OHJHV HOWpUpV VHKRO VWP HKDO DHWIDWP HPWD D F \EH
O\HEE PHJEt]JKDWyViJ~ SROLQRPRW LV HOIRJDGWXN

Azl WIiEQRDOWDOMD |VV]H D EDUODQJRNUD V]iPtWRW
MiUDWWPpUIRJDW OpJiUDPOiV pEWQENBNVMWP WO KRIV Q\i
iWODJRV WpOL pV Q\iUL K PpUBDPpNOBIQIEDE DDIHO VIHQHQ
UXiUMIEDQ pV M~Q-INXVEPD@ DR JMPED-arladgbBn =V LYiQ\
PpUW pUWpNHNTFARSORY D GW XIN MI@DWRN iWODJRV PDJDV\

NHUHV]WV]JHOYpQ\HNEHQ PpUWDRUQYIHQUWPBNPpUWPpPNHN iW(
1 WIiEOi]DW
Table I.
$ *|Pl EDUODQJMiUEEpPY ®DOVILDIQARQDWNR]Y WHU-OH\?VeWpUIRJDW pV OpJiUDPOI\
$UH YROXPH DQG YHQWLODWQRBQNRBMD RI WKH =VLYiQ\

1pY %HMiIUD -iUDWHR /pJiUDP Teljes /IpJiUDP Teljes
WHU<GHY WpUIRJD [ms] OpJFVH [m¥s] OpJFVH
T>Tg W P To>T; Q \iVU
*1PEN 2.2615 2.507767 0.270308 9 0.259343 10
barlangja ) ' ) )
b_ VL Y¥iQ\ 3.9488 8.081553 0.350731 23 0.336503 24
arlang

Azl WIiEOD)®DWDLW HOHPH]YH HOPRQGKDWMXN K
J\DSM~]VINEDUODQJRN D FVHNIDW RR\D\J HiWIW /D ¥\i LEBIM
UDWL IHO*OHWWHO UHQGHONHUFRN L& WH@|tFLD A MDYO
NJUQ\HIJHWWHO W|UWpPQ OpJFWHUHVPINVUD/HXHI § LW VRILU p
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GpV LG WDUWDPD N|]|[WW QLQF¥| PENPREDWBD QBMD|QE V¢
HVHWpPEHQ HJ\ SHUF DODW W URN QLI \-Dartid YMPAV O p J FV
HVHWpPEHQ SHGLJ NHWW $ IHQWL DIGDMWEAN YOO i WiPDV]\
JHWW YL]VJIiODWRNUD DODSR]RWPV P LINBBVMG [WIINEDUO
WROyJLDL PRGHOOMpPYHO NDSHNRAYDWEBDO]WiMIiOODStW
EDUODQJRN HOV GOHJHVHQ K&YHVpUHNWSHNU INKEXW i WE D |
YL]VJiOYD YDQ D EDUODQJRN QD kit @ KOrfotk RVV]DEE LG
pPUIHWHW DGy EDUODQJRN N|]pUQHKGINE ENHW VEBINRD @ O
EIUPHO\ Q\iUL KyQDSEDQ D J\DSMHWWHEQUODQJR
PHOHJpU]JHWHW NHOW ED U O DHUDRNHN| ] | YADG) WR [Q]DN  p
EDQ EiUPHO\ WpO g KyKLIESEIDQ]HBHHGMNNHOW EDUODQJR
A FODOR (1981) iOWDO PHJKDWiUR]JRWW N®LPDWLNXV E|

GHOOHN N|]p FVDN UpV]EHQ O HK H\D KoH O\BIS @Il ] \( ENEEHDQU D
UHQGV]HUEHQ D J\DSM~]VIiNEDUGDQDRNN-K &EDVPDIH W H
WtSXVRN N|]p WD UWRDOR N W] R QEEHDI® ®RWW SDUDPpWH L
J\DSM~]VIiNEDUODQJRN HVHW-pEH® |PY\\GR VpW FOVWDP D
RV pYEHQ YpJ]HWW YIL]WiBD\WRMN DODSMiQ

I WiIEOiI]DW

Table II.

*\DSM~]ViN E Rinaikug dédnllje
The climate model of the wool-sack caves

OLPDWLNXV EKG&®PQUYHIKHW:NHOW EDU(Q

Bradtke
A barlang
IpOH 5HOD Te|jes
o PRUIRVWU| /pJK PpUV OHGYH 9t]J 1Q\RF
PV OpJiUD pYHV [WO [mba] OpJF
PYHY [%] [s]

UHQGVI]HUI
iwonp Q ]

x=1.1-12.0 -
Xe

B~2.1 dinamikus X,=60-80 t<30s
1>1.5 1>1.0

*\DSM~]VIiNEDYU

*5(66(/ EHVRUROiIVL UHQGW]BOPBMQQDDNXWDW
J\DSM~]VINEDUGRQDPNNXV EDUODQJRN N|]p WDUWR]C
J\DSM~]VINEDUODQJRN NpW YD DS FEVR QDD EDRIQ YNDHRUDHDV
D N*eOYLOiJJDO H]pUW H]HN H g ROHWHED @ 0D IQ|Q D HIWID] HI)
PRV]IPULNXV OpJQ\RPiV K PpUWRNNDW BRI W DPOiVL YL
pY PLQGHQ V]DNDV]iE DQORHIX®MO UWRJYWPQ OHYHJ FVHL
D J\DSM~]ViNEDUDHD@RIRN <OL IHOPHOHIMW]IGYNMHRW O HOW
GLQDPLNXV EDUODQJN pQWsihky HQNHBQ HN| R Q HD QW+
HOWHNLQWYH D V]pOV V-filid Mg M 1LHiVW QDBRUWOD/@JIRN
YLVHONHGpPVPEHQ VWDWLNXV HOHBHEHRéEDWRARQN G|C
UHV]W+O V]HOO JLN LV PHJILJ\HOKHW N
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gVV]HIRJODOIV

$ NLVEDUODQJRN pV EDUODQJVI]GIHN REMIHNNRWX AHRINHWGH Q
PLNURNOtPiYDO $ NLVEDUODOQORMRDDUB PPONHUHHWW HID H O
MHOOHPH]KHW N pV WXODMGRQNiINDDN HN| WGI\GI |HWILH I
YIOWR]JIVRNNDO $ EDUODQJ pVFNPUIN\IHNNW P QHNWV K B @/F \
PHJ KD PHJ WXGMXN KD W URR@MMWYDB EDPHIDR IEPDPW pV C
OpJiUDPOiIV PpUWpNpW PHUW HRIDWBRWYMWH WHEDUWMPIHU H
JRN K PpUVPpNOHWH pV SiUDWDIUWPWOWPDQ DORIEVHNHI B\
GHOOH]pVH VIHPSRQWMIiEYyO . XWWHMRi ¥ BaRlag/ RUIQ PHJiOO
EDQ DPHQQ\LEHQ OHKHWVpPJHV MDHROR Y H{-KHW V [MiW]H O Y
VIDNDV]RN HON<O|QtWpVH DNNRIlpVAHU DNOVD $R] YNDR RU G
MIiUDWRN PRGHOOH]KHW N N<O|WQH|[HNENG IR LR RRNN
LQWHJUIO IHOKDV]QiOiViYDO DLWPHUFIOW PE HI) MIHGEW BR
WpUIRJDW OHYH]J]HWKHW , VP HULYNU RN O\IDFSIMA RO WH W O
SDUDPpWHUHLW PHJK®D W EDRJMDPJ WD *ligand =VLYiQ\
HVHWpPEHQ D WpOL pV Q\iUL LGiV]PpERNEWOQBP] Op.
WHOMHYV OpJFVHUPpPKH] V]*NVpJHWY|]IW W DpP&/ PRW $
PYEHQ YpJIHWW YL]VJIiODWRN D®NM-SWiQ ERYWEIRD/QWRNV/DD
PHIJKDWiUR]RWWLEURNOLPDWROYJLDL PRGHOOW D]D]
barlangokat elhelyeztem a Fodor-9 GresselpOH EDUODQJNOLPDWROVY.
rendszerekben.
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NEMKARSZTOS BARLANGJAIBAN

DRAWINGS AND WRITINGS IN THE NON-KARST CAVES
OF HUNGARY

ESZTERHEG6 ,679E1
,VIWLPpU .|]WiUVDViJ X
eszterhas.istvan@gmail.com.

Abstract The oldest graphic arts are the petroglyphs. These are appearing not oty sarface rocks, but they
are to be found also on the cave walls. The technique of their shapingratehisg- carving, drawing and
painting with soot and charcoal. In Hungary about in 30 non-karst caves occur pgtisghVe think the oldest
LV D FDUYHG WH[W RQ WKH-2DXONT RQ WVKKHH \WAK-Diide @Rl XIjendmHixad lefters
can be observed, which are belonging to different writings. The solutidreiofmieaning remained unsuccessful
to date. Recently mainly the monograms of the visitors are eyrgio the caves, but sometimes are occurring
drawing graffiti on the walls. The most artistic are some rebéfthe human head.

Key words: Petroglyph, carving , chisellingf, relief, monograsymbol
%HYH]HWDpV

$ VLPD IHO*OHWHN PLQGLJ FVIEWJRWWDMUD U(MBRMN YDO
csak alHOV]tQHQ OHY V]LNODIHO OB VEBDNKDE YFRRQDWNR]LN
WDOIOKDWY IDODNUD LV ( N IQHODHNUN &(RH)Y &HWiVW UD
V]yYDO SHWURJOLIINQDN $ NpB WRNYLEQAVHOM W i JID N ] | O
gebbinek. Sziklarajzok, barlangrajzokitd D PYYHO HJHO WWL LG NE ¢
LV LVPHUWHN $ EDUODQJL SWEHDRBOORQIIRWIBEEQALWPH D
Q\HIHWpQ WDOIOKDWYN PLYHQEH @D ¥ GIrHPININU Y DMORAD N
EDUODQJRNEDQ LV WDOIOXQN HPMHWHBE HW S RIWDW KR O W
k JHWHN EDUODQJMDL DONDOPDMWD/N OHHKWHW 0liU ARN BWD
NpV]JtWHQL YOO |W] KRPRNN EDUODQJRN IDOIUD O0DJ\DU
PLQW QHPNDUV]WRY EDUODRJ\:-EBRUMD QiGXQWN]<O F
SHWURJOLIINDW ( UDM]RN IHOUNDONPRQ\ QGH\RER QWDHN |H
VIpSHQ WHUYH]HWW JRQGRY¥DQ NLYLWHOH]HWW DONRYV

$ SHWURJOLIIN NpV]tWpVL WHFKQLNIL

$ODSYHW HQ KiURP NLYLWHOH]pVL PyG LVPHUW
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NDUFRN pV YpVHWHN
2. NRURPPDO IDV]pQQHO YDOy UDM]ROIV
3. IHVWpNNHO YDOyY iEUi]JROIV

1 iEUD .DUFRN D Vbardmgban% HW\iU
Figure 1: Carvings inWKH 2XWODZ &DYH QHDU 6iJYiU YLOODJH

$ OHIJHJ\V]HU&EE MdyUdgiRo 2a\WBoNYIDIN |pP V]H
V]iPPDO NpV]*OWHN pV FVDNEDBO ] EEp @0 D™OYH H DDJ OHD@JO
is ismert, am®©\EHQ NDUFRN YDQQDN (JHNHWEW|EEQ\LUH O
NpV]JtWHWWDPNO\HQ W|EE PiV PHOOHBRDNW @MDY YpPWLDY%HW\
% ~-Nky (6=7(5+E6 $ YPVHWHN NpV]JtWpVH PiU W|EE PXQN
KLVIHQ QpKiQ\ FHQWLPpWHUW PpPpOWOQWNVDHHBWNHDW ]
PLQW D NDUFRN OiU QHPFVWDONHWHMNMERQ\NQV|t(RNE W p
KDQHP YXONiIQL D Q\D JE DWIN/H W D Vh@egsiyik J® SLOLVV]HC(
EHMiUDWDIMKJBAMWWE& N EHYpVHWH

)DV]IpQQHO pV NRURPPDO LV NpVDOWHNDUDMM]RN [|H
rom a barlangokban adott N«O|Q|VHQ D]J]RNEDQ D] LG NEHQ DPLT
QHP D] HOHNWURPRY YLOiIiJtWROND MP VF HWVIHNO )N BUIW D
YDO pV NDUELGOIiIPSiYDO LV EH(QGHKMNWW NRHFKR)IONI @D ND
NpW PHIMHOHQpPVPW WDSD V]AMDHOMOGNH WEW iprdg-\Ww YWH CD DJ DNl
JRV V]tQ& N JHWIHO*OHWUH HMR~N QHURCHND WH O$ |0\H R HMVI \Y L
IRUGtWRWW PyGV]HUW LV J\D NUDEH Q H KNHOW i W5 D v JW D ¢
VIHUYHV W|UPHOpPNNHO EHNRUHRARYDYUN DOIW INe @ H \VMEHIWWN P\
(jiowbo D V|WpW [IHO*OHWHQ YLBDWYIRM aUDM]RN OHV
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ERUVRGQIiGD \+@aiti-ODHE LW QW XVEDQ YDJ\- D ViJYiUL
barlangban.

2. iEUD %HNRUPR]JRWW IDOUD YDOy MNDti-RBRrDiMbat RUVRGQiIGDVGL 7THPHW
JLIXUH 6FUDWFKLQJ RQ WKH VRRW\ ZDOO IRQ WRHVREQUGOWE WRQADWK WK

ODJ\DURUV]iJ EDUODQJMDLEDQ VMRKW HIW NVMXYXMNW i
IHVWpNHN PHIMHOHQpPVH XWiQVW HWUHHHENMPEKOV DE/RM M HDO
NpSH]pVL SRQWRNDW GH D NWWQEBXIOWNNDBIMHEPVOH PWYJ
felkeresett barlangokat. A Tokaf-HJ\VpJ QpKiQ\ EDUODQJMiIW QDJ\EL
YLGtWpVHNNHO (MHC5OBgpadN. PHJ PLQW D]-Ae3)8’
VILNOD+*UH@83p&sSDNADHUHV]RW-EDUDDAJ HVHWPpPEHQ $
Sopron meDHWW(1& ~ pV A2771 ~ QHYH LV IHVWYH YDQ D E
felett (6=7(5+E®6 $ 5HIJpFL YiU UHVWDXUiOiVD HO WW Pp.
OHKHWHWW MXWQL D 5HJpFL WU EBDNMIEDVIMIEOO DKRC
AANCSOL GYULA 1929, HRABAWSZKY, GY, SZKkatokat lehetett
oOiwQL NLFVLYHO ,RGPEES7SHGLGS*S " /B&,
J\|QJ\|VVRO\PRVL -(-D/ORRNRNHWOiIiUD IHKp8 IpQ\YLVV]D
WpNNHO NHQWHN REV]FpQ UDM]RHNMHW mH YM|IIQM\ & ]H (
((6=7(5+E6 $ SRPi]L +RORBNIKFEDUODQJMIEDQ ViUJD pV
SLURV ITHVWWRODGOVIQBEYOXPRW IHVWHWWHN D] <UHJ
mennyezetre D YpPJSR@AW G WWLOL]IiOW PDGEUd-YDQ Y|U|VVHC
ra.
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$ SHWURJOLIIN WpPilL

IEUDVi®\L /P OHNWSHE=7(5+E6
JLIXUH  6XUYH\ Rl WKH 6RXO=FRIOHEDW 60\ YLOODJH

4 iEUD 5LROLWWUDBD ¥ V@WK MMSOHHAINE H Q
Figure4 &DUYHG WH[W LQ UK\ROLWH WXII lvilag¢/ KH VKDIW RI WKH 6RXO +R
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5 iEUD $ VIHQWAD-WADRHRHMWBOIQ V&U&Q YDQQDN D PRQRJUDPRN
Figure5 /DUJH QXPEHU Rl PRQRJUDPY DUH WR EEHYMMHIHRQ B KIQWROW Rl WKH A
settlement

6. iEUD ERUVRGQiG D-#a@ti- OMHEPLHML QW XV QpKiQ\ KHO\pQ VRN D IHOLUDW
Figure 6: Many writings are to be found at some places of the LabyrimtbaBe the Cemetery in
Borsodnadasd town
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7 IEUDVISYiUL %BDWODQJ OHJUpJHEKO NBQAYW DWD
Figure7 7KH ROGHVW ZULWLQJ LV IURP WKHOBDW&IRYH Q HOQU VB KH iAD ©®IOORIDWHKH 2

JHIJIJ\DNUDEEDQ EHW&NNHO U|YN® \VEPKbEIBIQINHO WDOi
(JHN NURQROYJLDL VRUUHQ G E H@HB\ X\N YNBMMHM P $ ViO\
DOXOUWD PpWHUHV P D 3Di\EsivaE BxQa kb. 10 b& E O
iOOy V]|[YHJ DPLW PpJ QH P4 VLENHDS OMD IPUHD WHRAW B Q K
Q\DQ OHPiVROWIN GH D PiQROIREERNHRMWMWWVHN NEBD QI
FVDN D KDUPDGLN QHJ\HGLNapovio$ielK GalaMemyiO EHWE& W
PIWODWRQ 7|EEHQ NtVPpUHOWpPN PBJ-WHOUHPH]QL H]JHNHYV
EHQ ~J\ Q\LBARVALBIRWW *\XOiQDN DKRPVHWHN D
SIUWKXV SpQ]HN IHOLUDWDthtkdR] 1§ PVR®WDH\ D GIRWR W
1892EHQ tYWDFHUy EHW&N|Q NEYHW & O FRUGXDNtWPW DEF
EHW&LKH] KDVRQOtW GH YD@&NMQDIHKAMBpID HWUXV]
193:EHQ ~J\ YpOWH -IORINLDNARUOMHNIHOLUDWD HU VHQ K
ODGUIEDQ OHY HJ\LN VILNOD EDWRDQIMi|BEDI EHWWE N U i
N|]p ERWJUGNiUMHOHNHW YpVHN $] $PHULNIEDQ pO :D
1975EHQ D] YROW D YpOHPpQ\yuk f¢lRald al8-® BEW RUL /pOHN
JDGEDQ LW@APNHOQ NP HWQLNXPIEDQ pV Q\HOYpPEHQ L\
V]OiY QpSHWYWPIWLN $ V]|YHJ Q\HOYH pVHEHW&L LV NH
N[]JW H] RNR]]D D PHJIHMRITAMISOI9K [ b7 P WE 6
+DVRQOYDQ UpJL V]KUBSERARAPPA R O W ak H
+ROGYIURIN AYtNHURVYpBINPQ QDJ\RQ VRN KHO\HQ NRUDEH(C
IHOLUD WARRJ DW MiNEZdKAPHOWHKHW HQ D] p¥WV]i]DGRV HUYy
WP@DELUL K PpUVpNCGRINR]QYDD GRIIOHWL PiOGiV N|]YHWNH]V
UD OHSXV]WXOWDN KRJ\ pUWHRGDPHW [ DEADO DWNQ HP O
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Q~QNOWDBEWD OdyBz YKI~ Yt]HOpWWL <UHJ IDODLQ URYiV
YDJ\ PiV LVPHUHWOHQ MH OAZNY-\W{raMahyOad b WD OiOKDW
HOiJD]iV I|O/WW D | WH N|]JHSHQ BIPEHWMEHWGNNLYHW|Up
WXVPRQRJUDP 6M@IPKDWEVHUiIipN NXWBWIGDWWD HOW
HIJHN DRWINXW LGHMpQ LV DOLJ NLYHK®WOtMWOMN HUR
DJRNDW tJ\ QHP FVDN ROYDVK\DWHIQMODIQRN GH IHOLVP

8 IEUD 6]tY DODN~ NRQW~UED O\ pWBDW DUF D NLVKDUW\iQL
Figure 8: In a heart-shaped contour carved face in the Stone Hole near Kisi@artY LOODJH

1pKiQ\ EDUODQJEDQ UHQJHWHJ RRDQ RJUHIPN M-DWLO KD
Remete-barlangoks5( iEUDD ViJYiU@QL®%~@MySpWHUYuViuDL 1DJ\ /\
kas-N EDUODQJMD D NLVKDUW\IQL HROHaKiti- D ERUVRGC
labirintus@ IEUD( EDUODQJRN YpJeO LV VIDEID ®RQ OiWRJIDW
LGHIJHQIRUJDOPXN ORQRJUDPRN BHWHQQAPRWRUHIW FV
OptUW pYV]iP VHItWVpJpYHOHVX\E VWXN | PREINOW PEEWD QL
ben fontRVDN WXGQDN OHQQL PHUW >OWDIOGHOMNp DHEDBU OD Q
ViJYiUL 2eBWODQJ 9,, V]J]REIMIEDQ YDQ HIDWRQGRVDQ
amely jelzi, hogy 1876eDQ &ViQN , RWW MiUW WHIKiW D EDUOD C
tottvolt 7 IEUDS VIHQWNUBR\DLU OOHWED Q D- ERpWVBNW HX Wi Q
FVXSiQ HJ\ GIiIWXP YDPRGEHDPUHEORONDQWpPpQ DUUD XWDO
DNNRU Q\LWYD YROW EXKHHMpPpUDOHJIP DHIOFDEREHDLQ OHY |
ODQJMD D}NERPVWOD@J (QQHN N+OV pV EEHOV IDODLQ
hatalmasFLULO QUEVHWRQ -84, 60DV pYHNEHQ D KHJ\VpJ QDJ\
UpV]H VIRYMHW NDWRQDL J\PiIQRDOY WhStH@RWOIW $ VRS
N|[]JSRQWL UpV]pEH PD LV VRND® LENMYJQPW IpW WHNNWG
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MHOV]IDYDNDW IHVWHQHN $ W|EEND Gd&xD D QJ QyJUi
WDUQDO HCH\W O B Y NE D O D WAIROWNDHNQ HEKHKBLD FUWDVWALI BLNW R U W

*UHJHN PRQRJUDPMDLQDN HJ\HQW WiHJQILkQ F\WVDNRO|Q|VH
kal itt nem is foglalkozom.

9 iIEUD )HMHW IiEUiI]JROy UHOLHIKBBnEDODWRQNHQHVHL 7DWiU
Figure 9: Relief of a human head in the 2nd Tatar Hole in Balatonkenese town

SHOLHIHN LV HO IRUGXOQDN D KWWL IBHDUO®QJL SH
KRPRNN sUHJHLEHQ IHOW&QQHNN VDU ¥ RNO I NHQNRRW ~ U E
YXPRN MHOHQWpPVpW PpJ QHP \WOXGI\YXW|PEHKHMWNQEVY] S
WLN XJ\DQDUUD D VpPiUD 6]tYENKIUWRQW . DUXRDQY D (
(8 iIEUDD VIHQWN-EWUGHEPHBRNEDQ D]JWiQ HiJ\ IHOV]tQL V]
VRQ D EiWRQ\WHM\KXQ\HL]HDYEBEY 9DQ NRQW-~U QpONe(
. O\XNEDQ DPL LQNIiEE HJ\ NRSRQWRD MHR@®WNHIWHW $
W-@LN WHUPpQENREE RMGDOL O|V]IDORQ HJ\ LIpQ\HVH
NE FP PDJDVViJ~9plElUDHM YDQ

gVV]HI]pV
-HOHQ PXQNIiPEDQ HJ\ |VV]HIJ]p\LWQNPWNQ WDV RG EID D K

ODQJRNEDQ HO IRUGXOy SHWURJIWPMNUYBFKQIRNiWpOi
NLLQGXOiVL DODSRW DGYD DNRPNEH® P MHJ\DURUY]NX WL
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EDUODQJRNEDQ WDOIOKDWY iEWNRON RNOREONVE W HIWN p
LQNIEE DEEyO DGYyGLN KRJ\ NIUNR @BYOsyBdl®LODJ SRQWR
JRNKR] NDSFVROYyGyYy HVHPpQ\W
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