5 298.

K(212% &S$/

5 HDIRQAKLS RI QQ-DUBP RWHHLQ) CDIYDQG\VSWIV
LOHSLP HIP RISKIE MASDER| RE BAN/

SHWO . X@LO XAHQFRYD

" IRQ ] 6L QUNRWRI * HRIRI\ 0 OQNDGRO
10P 0 5 6\MWDAND 6\XSDYD 6@RYIN 5 FSXEDN

$ EVAIRWV

, QWKHEDLQ RI WH( DAM® 6GRYDN WYH+ QOF \KHORFDIRD
R1 QDMUID J URXQEZ DMURXVORZ V' KDY EHHQ FRUMIDMG Z L\K/ \WH
FRXWH RI AGHP HOV LG-QIMHG RQ P XGNVGHAD IRR JUP
PHAMFSOQKBP DIFD)G  FP 6/ $5 WDEDUSLAXWY DG E
JHRBILF PSSQ) GHMPIGHS IDXOAYRQY 7KH BIDRQKLS
EHE/HHQ \WHAGHIP HQW DOGVSWQIV Z DVLQHAMIDMSG XMQ) \WH
JHRIUBKIFLQIRW DARQ VA AP | 5,6, FWDINY) HYHIRSH\XU
1DFHY DURXQG \WHOLGHIP HQW Z \NW/ERXQEDLH/ DMHAMEEFHRI
G P $IHZOGY/ PXP XIDAG \SWQ FOSDAW
LQUGH \WH HQYHIRSH \XUDFH RI AGHP HQWIRXSY AMMIXNKHS
RQSDOFKBP DIF P XWVSHAND WDEDUP DIHY Z D/ ARP SDBG DV
Z HDDVWHUQXP BHU ' LWRARQLQMYEDY RI AQHP HMMAYIGHG
IQR/  f ZHHIFRP SDHGLQWH VP HZ D,
VKDY BHHQ IRXQG \WDWALWABRY LQRYDDRI f DG
f KOB WH KLIKHAW BV YOXHY RI- FXP XODWG
FOSOAWVDQG VSUQ) QXP BHU KRZ HYHU DIMHUGYLMRD Z L\K/ \KH
HQYHIRSHOWD DP HG DARBEIQQ) WIDIWH YODHY AGHP HOW
RI WH GLBAVRD LQMYDY f DSSHOHG LQ IRBIRXQG
7KHHDW D/LVIBSHIY WHP RAVRSHD Z D V IRUKH FLIBXIDIRD
RI JURXQEZ DMU 7KHZ RINHDAELRAIRQ RI WHH ILRP K\ GR
JHRIRILF YLHZ SROQVZ HBORSHOHG ALGHTP HQW LV FROWKAQNZ L\K/
\WKH QLBRNRY SHSHOGRXUMR \WH DMUHILRID H WOLR) LHIG
FROQHARG Z L\K/ \WWH \XEGARQRI VKH [0 \FK EHVEDHP HQAXQ
GHUWH: HAM® &DSDMO) GAUQ) 8 SSHUSDP DI 30R
FHH

.H ZRW UWRWWHNMQ KGR\ JBXQZDMJ
VAUV IDXQY WBEDJ P XQGIVSHAD  SIFKIRP D P DKV

YLV 7IEV

, QUGAIRQ

: DAWULEHDUY) IDFWWIG (RAN HQYLLRGP HQWLV
IRP K\ GBRIHRIIIE YIHZ SRQWGXH \R LW GVFUNIRQ
DQVRMRS\  DQG KHVARIHQHW D FRP SIFD\WG W\ V
WP ) WDRXW W WRP V DQG WIPRQF SBIGVSRVNRQ
RI WDQWP DAYV ST DQ LP SRUBQWWARG! LQ P DALV
IRW HG RI RA\V DV Z HIZDVLQ \WH FDVH RI VHP LIRAN

3DRIHQH VHGP HQW 7HRRQIE SWIAVSRMRY RI

YUDIXNMYD

WDQUP YWY RIMQ HYHQ FRYHWY \WH GLIHWIQRHV LQ
K\GOXTF FROGXFIMW H[ SHAWG ZI\W WIDG \R

QRRRILE WSHY RI DTXUHY  Q WH ILWWAMI H RI RE
WIQQ) DQG FDSWARQ) JBXQGZDWUE\ GUEY \KH
IDX@J Rl WH P DWAI EHFRP HV D IDRRULQRBDMQ)
\WH UMN LQ VXFFHWIXOFDSWUWH RI \WWH VRXWBHV DQG
FRP STFDWY  (HSUWHVHQMNWYH FDEXOMRQV R LOWVIRY
FKDUDR\MUMIA/

5 HP RW VHOMQJ EHFDP HLQ \KH (IDW\GHFDGHY DQ
LP SRUDQVEDWARI \KH LQYHWAYDVIRQ RI [UDFWABG HQYL
IRQP HQWRQ WHJ IRCDOVFD®! 5 HFRWIQ) FRP SDRWH
JIRQV XMQJ YDURXV DSSDUDWV LQ GLIHWBIQVWSHPWIO
WDQJHV Rl HOIFWRP DI (HW IDADVRQ  SWBRIGHV  H
J IRQDOLQIRWP DVRQ RQ \WH SRVVKQ RI LP SRUDQVDXW
Hv DV ZHTDV DERXVWWH FKDIDRMURI \KH [UDRXU
Q) ) DFWABIG Z D\WUEHDUR) HQYLIBQP HQWKDV VR IDU
EHHQLQYHWAYD\WG E\ HP RW VHQMQJ HVSHADM® Z I\
\KH DIP \R RAOW K\ GBIHRRIIF H SRAMWRQ GUD
KRBV RUW HYDXDW WH HOURQWKLS EHEHHQ \WH
FDSDRWVRI H M) K\ LRI HR® LF GUIBRGV DQG \WH
IRFDWRQ QXP EHUDQG RUHODRQ R1 SKRRIDHDP HW/
lQ WHU PPHGDW VXURXQAQIV 6lG3TXL
3DWHN * HUWOEXK . WIFN DQG

0 RRWY 3DWJ 3ISSHU 7DWDQN
+5. %/

2 XUDWIP SWDWLQAQJ V\RRAMIFDO FRUHDWWQ UHD
WRQWKISV EHEHHQ QDWIDO J IRXQGZ DWU RXWIRZV 1Q
ZD\WUEHDUQ) IIDFPWABG HQYLLRQP HOWRI / RZHU3 DBR
] RF HSP HBP RIKIF D VK RAW DQG \WH SRUWRQ RI

SKRWRIQHDP HWAY P R RUHW DQLQYHWH \BWN

* HROJIABOFKDUDN\WODIRQRT WHWXAHS BOLROQ

7KH DWD Rl \WH 6 STVNRJIHP HWNH (XGRKRUH
0W ZIAD ZKIEK WH VWKGHG WHIIRQRI 9 RRYWNH
YUK\ + 1@ LV VOAKDWWG LV WH VRX\KHQP RAMIRRQLE
XQWRI WH ,QQHU : HAMQ &DISDKIDQV \W® H3



SLOVAKIIONE -

"gemericum”. This tectonic unit is lying in a nappe
position on the tectonic unit of the more to the north
lying veporicum. The thrust boundary corresponds
to the course of the Lubenik-Margecany line. Ge-
mericum consists of rock complexes from three
evolution cycles: Early Paleozoic, Late Paleozoic
and Mesozoic. Rock complexes of the Early Paleo-
zoic form almost all of the Hnilec drainage basin,
within which there are 510 km? of the studied terri-
tory. it is a flysch meso-rhythmic sedimentation of
sandstones and claystones, with alternating flysch
subformations, accompanied by synchronic acid, to
a lesser extent also basic volcanism. In the upper
part the sedimentation is more varied due to car-
bonates and Iydites. The age of the lower unit — the
Gelnica Group - has an estimated stratigraphic
span of Upper Cambrian to Lower Devonian
(BAJANIK — VOZAROVA 1982). The result of Her-
cynian regional epimetamorphism of the above rock
complexes are then alternating layers of phyllites
and quartzites, metarhyolites and metarhyolite tuffs,
in an estimated thickness of 4500 — 8000m.

The above lying Rakovec Group is then a vol-
canogenic formation characterised by extensively
developed subaquatic basic volcanism. Besides
phyllites and quartzites, there are mostly metabasalts
and metabasalt tuffs. The thickness of the Rakovec
Group is estimated in the range of 1500 to 2500 m.

Most important for the formaiton of fragile de-
formations in rocks of the epimetamorphic Paleo-
zoic of the Spissko-gemerské rudohorie Mts. was
the post-Paleogene stage of geological history of
the territory. The formation, course and importance
of rupture faults were however controlled by the
existence of a basic innhomogeneity - cleavage. The
direction of cleavage is almost in all of the territory
east-west, only in the area of Smolnik-Uhorna it
turns to NE-SW (SNoPKO, 1971). This marked, but
very isotropic inhomogeneity then determined the
character of fragile-deformation effects of later
stress fields. Regional deformation field rotated
from the Oligocene to the Sarmatian gradually in
clockwise direction, from stress direction NW-SE to
NE-SW (KovAC et al., 1992, NEMCOK et al., 1993).
The resulting extension directions - the direction of
pull-apart fractures - are parallel with stress direc-
tion and they may be thus assumed in the ranges
141-150°(or 151-160°) to 41-50°. However, this
rotation of stress field from NW-SE to NE-SW does
not end the evolution of tectonic stress in this terri-
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tory. In the period from the Sarmatian to the
Pliocene, the territory was affected by extension
forces related to the development of the Carpathian
arc - subduction of the flysch belt basement beneath
the Western Carpathian block (RATSCHBACHER, 1991,
RATSCHBACHER et al., 1991). The extension has the
direction NNE-SSW to NE-SW (20 to 40°), so that
open fracture system perpendicular to this system is
lying in the direction range 110-130°.

Circulation pathways of groundwater in the
studied territory

The ways of groundwater circulation in the hy-
drogeologic massif of epimetamorphic Paleozoic
rocks of the Volovské vrchy Hills is in its basic fea-
tures determined by the interrelation of water-bear-
ing Quaternary sediments (alluvia, elluvia and del-
luvial slope debris) and underlying rock basement.
While Quaternary sediments are generally ascribed
by an order higher transmissivity and pore perme-
ability, Paleozoic rocks are considerably less
transmissive with fracture type of permeability.
From the results of hydrogeologic survey carried out
in this region in 1986-1990 (P. MALIK — K. VRANA —
J. IVANICKA, 1990) it follows that lithologic differ-
ences in the basement rocks do not play an impor-
tant role in the way of groundwater circulation. The
generally accepted assumption of a circulation
pathway being predisposed by the interaction of
rock environment type and tectonic stress should
however reflect better the effects of the plasticity of
epimetamorphosed flyschoid sediments, especially
phyllites. These rocks should have, in comparison
with the more rigid quartzites, more packed fracture
systems and thus lower transmissivity. The results
of hydrological observations, hydrogeologic drilling
and evaluation of spring documentation however do
not indicate lower water-bearing capacity of phyllites
(maybe with the exception of graphitic phyllites), to
the contrary, they indicate 2-8 times higher trans-
missivity, determined in hydrogeologic drillholes
situated in phyllites.

1761 springs and mine waters were documented
in the drainage basin of Hnilec in the Volovské
vrchy Hills. It is interesting that quartzites, porphy-
roids as well as non-mine water of the metabasalts
have very similar distribution of spring numbers as
well as capacities between different spring types,
which would indicate relative similarity of circulation
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HDFK EDVIE P D\WILDO 7 KH AQHDP HOWP DSV ZHW! IXU
\WHUGMGHG VR REMQ P DSV IRUHDFK P HKRG RI
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ZIW SWIHWKHG ]RQHV WH \RBO QXP EHURI
VSUQIV Z RX@ EH GMIEX\AG P RW RUHW XQURW ®



5 298.

j* (212 &$

RQ WH ZKRM DWD Rl WH + QGF WYHUEDMQ LQ \KH
9 RIRYWVINH YUK\ + l@Y NP
L1 WH VSWQJ LWVUXHV ZHWB QRADWRADAG Z1\K/
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\R IDX@ 6P LOULV \WH FDVH R1 WH FRP SDUWWVRQ RI
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\WHVH VSUQIV OV UHSUWVHOW/ RI
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IRZIQY) RIl RQ W1V DWD ZI\&/ D \R\MOFDSDAWV RI
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GMAEXVRQ LV DQG 1Q WH FDVH RI VSUQ
FDSDRMAV LAV
0 X@VSHPDAP DIHV DB GXH \R \KH RBOHQ) W/
RI 0GQHDP HOWV/IGHQVIDE® IWRP \WHP  DQG B\ \KH
VXUDFH 0P WAG E\ P GMBOFH IRP WHP R
JHKHUZL\R/ IDGDUP DIHY \WH P RWAP SRUBQVRQHV
'Q FRMIDWAR (DGDUP DJHV  DQG RI FRXWH DOR
SDQFKBP DI LP DI HV DQG JHRBJIEDOP DS \WH GH
WP ICHG IDVRV RI H SHAMG DWQIRWP GMIEXVR)
DQG WHDOQXP EHURI VSWQIV DQG RI WH H[
SHAMG DQG UHDO FDSDAW DW KRZHYHU
VRP HZ KDWKLIKHUWDQ WHVH DRV DWIQHDP HW/
GHWWILR IQHG ILRP RWHUP DWIDY 2 Q D VXUDFH Rl

NP RI' WH LOQYHVWAVDWG DWID  WHWA
DW VS v RI' WHWR\ROOXP EHU ZI\K/D
\R\BOFDSDAWVRI ov RI \WH \R\RO

FDSDARNV

'Q \WH FDVH RI WDGDULP DIHV \WHVH DRV KDYH
WH YDBHV RI IRUWH QXP EHURI VSWQIV DQG
IRUWHUVRROFDSDAMY / LOHDP HOWLQVALS WKG
IRP \DGDULP DIHV KDYH WH DWD RI XS R~ P
GMBQFH IDUHWRI D@ NP RU EXW
\KH QXP EHURI VSWQI'V LV KHW D 08 (RZ HUWDQ DW
ACHDP HQW/ILRP P XQGINSHRWBCLP DI HV VSUQIV
LH DQG \KHLUVRROFDSDAWY 0V RU
LV RQD D QM4 KL KHU

© HPD WXV JHHDO® DK \KDWIRU VXUDFH
ERXQGDUHY DWKH GMBOFHRI P IURP QGHDP HQW/
LGHOWHG IRP  YDURXV P DWID® \KH DRV R \WH
UHDOQXP EHURI VSWQIV YV WH QXP EHURI VSUQIV
H[ SHANG DFFRWGIQ) \R \WH W] H RI DWD DWDWXP HG
XQURP VSU GMIEXWRQ RQ WH ZKRM VXUDFH Rl
\KH VAXGIHG \MUARWY |V DERXVAH GRXE®! 1Q DYHWDJIH

DQG WH WDVR R1 WH UHDORBOFDSDAMVRI \KWHVH

VSWQI V DQG \RIBOFDSDAWVH, SHRRG DFFRWEQ) R WH
VXUDFH M} H RI \WH DWD DVWHLXQURE  GMIEXVIR)
RQ \KH Z KRB VIKGIHG WULRY YDV DERXVAER DQG D
KDQ P XQS®1 LQ DYHWI H 7KWV LIQEFDWY WXV D
HDWQWKIS EHVEHHQ WH (RFDWRQ DQG FDSDAWV RI
WH VSWY WXHV DQG WH (RFDVRQ RI  \NH
OQHDP HOWY/ $ WILWFRP SDUVRQ RI WH VXFRHWIXO
QHW RI GLIHWIQVY HKRGY RUP DWLDY IRUKH LGHQ
\M FDVIRQ RI AQHDP HQWWVIRUWH DWDV RI XS\R P
IRP 0IQHDP HQW/ WH EHVDSSHDWY \R EH \KH HD
WRQWKIS \R AQHDP HOWLQWSWING | 8P P XAVSHRBO
P DIHV 7KH VR RI IHDODQG H[ SHAAG QXP EHLY RI
VSUQI RQ \KHVH DWDV LV DWKP HW® P HDQ RI
WH RWHUMWIH LGHWFDRQ P D\WILDY LV DQG
IRUWH FDSDRWRI WHVH VSUQIV RKHUWWH
P HKRGV

) P \WWH REBIQHG IHVXQAVLWP D\ EH LQIHUMG WDW
ZI\W/ LQRBIDVQ)  GMBQFH RI DWD ERXQEDUHV IRP
\{H (IQHDP HQW/\NH \RBOQXP EHURI VSWQIV DV ZH®D
DV \R\ROFDSDAMWV LQFUIDVHY  EXVA HOHDX®  QRADV
DSIG® DV WH VXUDFH RI \WH DWIDV ) BRP KLV LWIRO
(RZV WDWIKH DVRR FRP SDUQY (HDODQG H[ SHRRG
YDOHV Rl WHVH TXDQWNAN Z MK/ LQFDMQ) GMBORH
IRP WH 0IQHDP HQWIDX®VGHFBDVHY 7KLV P HDQV
WDW/SW IWXHY DB SUIREDE® P RAY HD\WG \R
QDURZ |RQHV ZKIEK FRXG EH LGHQWHG ZL\W/ HD
WHO KUK SWAMRQ ) RUWH FRP SDUVRQ RI VXF
FHWIXQHW RI HDFK 0QHDP HQWGHWFDRQ 1URP
GLIHWIQVP DWILDY \WHW Z HWI FRP SIBG \WWEBN  DQG

HOP LODMR) \WH GLIHWIQRHV LQ 0HQI WDQG WXV DOR
1Q WH VXUDFH RI DWDV DERXVVGHMAHG 0QHDP HOWY
E\ LQUWRGXAQI DYHWIH QXP EHURI VSWQIV DQG DY
HUIH VSWY FDSDAWVRQ NP RI WH DWD DERXW

\WHACHDP HQW/



/129%.

A (212% &$1

: KHQ FRP SDU DYHWIH QXP EHURI VSWIV DQG
DYHUIH VSWY FDSDAMWVRQ NP RI \WH DWD DERXW
IQHDP HQW IRP \DEGNV DQG  ZH PD DIDQ
REVHYH WH DERYH P HOMRQHG IDPWAKDWODYHUI H
QXP RHUDV ZHD DV FDSDAWRI VSUQIV GHRBDVHY
ZIW/LQFWDMQ) VI H RI WH DWD : H DWXP H \KDW
KV FROLW HG \WH FROWMAQFH RI \WH SDIRZ D\ V RI
SWIHWHG J IBXQGZ D\WUFLLBXOMRQ DQG IWXH ZL\W/WH
FRXWH R LGHVIHG 0GQHDP HOWV Z KI®! FROUGHDED

SWAMRQ RI WHUIRFDIVDVRQ KDV EHHQ VKRZQ DV
ZHD : KHQ FRP SDUQ WH FDSDAMV \R WHFRWG \KH
P RMRI J IBXQGZ DWULWXHV ZLW/ K LI KHVAAFDSDRWY
DAFRGIQ) \R \BEBN DQG  \WH EHVVDSSHDUR EH
DJDIQ AQHDP HOW/IRP P XGVSHRWDLLP DIHV 6 LOFH
IRP \WH DERYH VDIGLW D\ EHLQIHUKG \KDVWKH P RV
W QUUFDQWY \KH GMBQFH IDQIHRI XS\R P IRP
D AQHDP HQWQ WH IRGBZ Q) Z H VKDDDOR GHDOZL\K/
WH FRP SDUWVRQ RI YDOHV REDIQHG IRP  YDURXV

YU, QWM DARGDWDR IWH UWYHUF QLBF EDAQ SRMRQRIVXUDFHVABLP V \SUQIV 0NG

D DX®OH DFFRWEQ] VR IHRAILFDDP 5 1Q

\VFOB E QHP HQVGIUWYHGIRP  SHFKWBP DIE P DI/

F @HP HQYGIWHSIRP P X@QVSHRAADQP DH/ G GHP HQVGIWHGIRP WDAU 6/$5 1P OHY
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SERAHAGAINE

identification material for this range: total number of
spring on the surface of 1 km? of the area is for all
materials 7.34, for "multispectral lineaments" it is
8.70 and for lineaments from other materials 6.89.
Average spring capacity sum from 1 km? of the "50
m area" for lineaments of all materials is in average
415 I.s", for lineaments obtained by the interpretation
of multispectral images 4.56 .. and for other linea-
ments is the average 4.01 |.s™. Multispectral images,

or from them interpreted lineaments, do not display
length dominance (lineaments from radar images are
by almost 20% longer) nor preference of lineament
directions, which would be neglected by lineaments
from other materials (see previous part). Multispectral
lineaments are rather characterised by uniform distri-
bution of lineaments into direction ranges. We thus
assume that their relatively higher effectiveness is a
result especially of the precision of localisation of

b)

</

d)

er
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YU SBIHUEFYIQ GURIRQRI AHP HQW GIUYHG IRP D DX@AH DFRWEQ) \R JHRRJIEDLP [B 1Q

VOB E @HP HOV GIWHS IRP SOFKBP DKE 1P OH/ F QCHP HQV GIYHG IRP P XGNSHRMIDIP DHY G
OHP HONV GIWHG IR WG 6/$5 1P W/ H DHIHYDDHY R DOP HKRG |, QMYDCRI QQHP HOAGWRIRQY DU
QVIGIGIQ  IQMYDY  QRUK HDW  VRXK IIXWY D P B3 \R FRP SO UHDIYH YODHVR 1 PP XDNG
GRIWY RI AQHP HOW EHBQILQ) VR WSOUMW GUHRIRQ LOMYDY 6HP IELFE WEWMHQW DHUIIH YODH Z KIEK FOR EH
H SHAMGIQWHLRWBSIE FDH  HTXDCSWIHWIAHY/R | DDGWRIRQLOMYDY



6JRADTX OO

1QHDP HOWDQG RI QRARDGEQ) Rl \KH AQHDP HV@HE/RW
ZI\K/ 0QHDP HQW KDYIQU QW RUQR IHBYDQRH DV SWH
IHUBG J \BXQGZ D\WU AFXONRQ ZD\V ZKIEK SWREDE®
KDSSHQHGLQ \KH FDVH RI (DGDUP DI HV

5 HOMRDKLS EFNVVHD OHDP HONGAHFRD
CGRARXUWBHHOGFB R WNRI J \BXQG
Z DWWWAH/

© KHQ FRP SDUQJ \WH K\ GBI HRIRILF VLI QLLFDQRH
RSHQOHW IRUJ IBXQGZ DWURLLFXONRRY  RI GLIHUWHQW
GUIFRQ (DQJHV RI 0QHDP HOW GH\AP IQHG B\ \WH
LQWISWNDKERQ RI GLIHBIQWP DWID® ZH DOR XVHG
WH RWIQDO SWPMH Rl KRPRIHQHW  XQURWP
GMIEXVRQ RI WH QXP EHU Rl \R\BO FDSDAW [Q
UHBIYDQWWDWDV IRU DADIQHDP HQWGLIRIRY (DQ) HV
6IQFH GIHFIRY DQIHV ZHW GIYGHG DW  f \KH
UVSHRWH SHBHQWH RI QXP EHU RU FDSDAWV RI
VSUQIV DVWKHU XQURI  GMREXVRQ LQ D WDQIHV
ZRXG EH LH IRUHDFK WDQIH

6 1QFH VRBOVSUQ) FDSDANMMY DV ZHDDV QXP EHW
ZL\KIQ \KH DQG P DWDVIQJHHWIOIRGRZ
\KH UHIDVWH DWD VX UDFH Z L\ \WH WDQJ HV f\R

f lQ YHZ RI WH FROVGHDE® YDUDE®!
VXUDFH RI \WH DWDV [WZ DV QHFHAWDW  \R HYDODW
WH K\GBIHRRIIF VWQLIFDQAH LH \WH SUREDED
RSHQQHW RI YDURXV  (0QHDP HQW GLIRIRQY  IRU
J \BXQGZ DWUFLIBXOVRQ B\ IHDNWWH TXDQWMY DRV
RI WH SHBHQIWH RI WH VSWY QXPEHW RU
FDSDANMV DQG \WH SHBHQWI H RI \WH UHBIYDQUWDWD
VXUDFH

7KLV HYDODWRQ RI WH DVMR RI VSWY QXP EHU
SHUFHQWIH DQG HBVDQWOWID VXUDFH SHIBHQBRI H
\HBHG  TXMWW GUIHBIQWSBIHWIQRHY IRU GLIHWQW
GHAIRY) DQJHY WDQ WRWH WHRGEHG 1Q \WH
HYDODMRY RI DEVRXW QXPEHWY  7KH KUKHW/
YDXHV RI WWH DERYH DV DWi REDICHG ILRP (HD\VH
VSUQ  RAFXWHOFHV DERXWIDX@Y GHWP IQHG B\
JHRRIIFDO PDSSQ) 7DE  VKRZV \WDW WH
VXFFHVWRQ R ILWWWKHH GLBIRIRQ WDQJ HV LV FROABRQW
IRUDODWD W] HV f f

f f DG f

7KH YDOH Rl UHONMYH VSWQ) RAFXUBIQRH DWBAQV
KHW DQG \WH LWWAKWH (DQJIHY KDYH \WH
KL KHVWDYHUI H YDOHV ILRP - DOHYDODWAG GLLBIFIRQ
DQJ HV DVB@RQHDP HOW / LQHDP HQWKLGHQVYHG IIRP
SDQFKBP DV LP DIHV VKRZ LI QULFDQWFKDQIHV LQ

7DE  &RP SDU/RQ Rl WH QXP EHURI VSUWQJIVIQD NP DUD P MNG E\  YDURXV GMBQRHV IURP D 0QHDP HOQW

IDX@VIRUGL IHBQUEHQWFDVRQ P HKRGV RI AQHDP HOW

7DE  &RP SDUVRQ RI DYHI HVSUWY FDSDHWV RQ NP DWDIP DAG E\ YDURXV GMBQAHV IWRP D IQHDP HOW

IDX@VIRUGLIHBQWIGHDP HOWEHQFDVRQ P HKRGY



WH VXFFHWIRQ Rl GIBFRQ IDQIHV ZINW/ FKDQIIQ
DWID ERXQEDW GMBQRHV IRP \WH AQHDP HQW 7KH
0HDGIQ) SRVMRQ 1Q \WH VXFFHWRQ DFFRWEQ) \R \KH
UHDVWH RFFXWHQRH LV IHIDWHD FROWBOWZL\K/ GLIF
VIRQ LQWIVDY RI fivec f UHOWHO WQL
FDQWDW SHIMDSV DOR \WH WDQIHV DG

f

/ 1QHDP HOWLGHQWHG IRP P XGVSHRDALP DI HV
lQ HINVRQ \R \WH YDOH RI WHIDWYH VSWQI QXP EHU

RAFXWHOAH VKRZ FODUSWIHWIORH RI \KH GLIFRQ
WDQIH f 6HFRQG SOFH LV \KHQ RFFXSIHG E\
\KH GLLAFRQ f DQG RWHUSWIHWIQRHY DWH P RWA
RW (HW GVSHWHG RUNHW! DWH SWIHUBG VHFRQGDU
OWHWDQH/ DG f

7KH GUHIFRQ (DQH f IV FODQ 0HDGIQ
DOR LQ WH FDVH RI 0QHDP HQW/LGHWIHG IURP IDGDU
P DJHV $VD GMBORH WHQ IRTRZ V WH SWIHWIQRH RI
\WH GLUHIPRQ f DQG ZH PD\ DOR P HOUWQ
VHFRQGDY  SWIHWIQAHV RI GIUHRIRY WDQIHV

f f DQG f 7KH UHVXOY RI \KH
HYDODVRQ R1 WH VSUQ) RFFXWHQRH SHUFHQWDI H DQG
IHBIYDQVBWD VXUDFH SHEFHQ\M H IDVR DWI IMAG IRU
DE@IQHDP HQWWKSHVLQ 7DE

'QJHQHWDCOZH P D\ WXV HYDODWDV P RAVRFFX
SIHG B\ VSUQIV \WH GLHFRQ (DQIH fVBINQJ
WH LWWSDFH LQ P XQVSHAWO DV ZH®DV (DEDU
0LQHDP HQW/DQG KDYIQJ D 1L (HDGIQ) SRVMRQ DOR
DPRY WPRQE (QHV GHWIP IQHG B\ JHRRILEDO
PDSSIQ) : LK/ \WWH H[ FHS\IRQ RI 0IQHDP HQW GHUYHG
IRP SDQFKIBRP D\ LP DIHV WH GLHIFIRQ f
KDV DOR FROMGHWDE® FRP P RQ SWIHWOAH RWHU
DQIHV R1 GLHIFRQ GR QRAKDYH P DQ\ VIP XGBOHRXV
SBHIHWBIQFHV DWDLRXVIAGQHDP HOVWSHV

/1 ZH HYDGDW \WH DR RI VRBOVSW FDSDAW
SHWBHN H DQG HBYDQVIBWID VXUDFH SHIBHQRI H
lQ \WH DWDV RI XS WR DQG P DERXW
IDXQW/IURP  J HRBJ LEDOP DS DV Z H@DV AQHDP HOWY/
LGHOWIHG IRP SDQFKIBP DV LP DUHV ZH RENIQ 1Q
FRP SDWRQ ZI\W/ 0IQHDP HQW IRP P XGWSHAWDO
DQG IDEDUP DIHV KLIKHUQXP HWFDOYDOHV R1 \KILY
WDVR ) DX@NMQHV KDYH EHVIGHV WIV D F-DI GH
WP I0HG SWITHWIQUEO HOWRQ R VSHALLF GLBIFRQ
WD HV ZKIEK GRHV QRWAKDQIH HYHQ ZLNWLQFWDV
Q) DWD ,Q WH ILWSOFH WH DW IDX@ LQ WH
GLBIARQ DQI H f\NHQ f DQG WG LV
WH GLIFIRQ f 6HFRQEDW DWI SHIHBIQEO
RUHQWDHRQV 1Q GLHRRQ DQIHV f DQG

f VHHDOR) L]

[ 1QHDP HOW/ IWRP - SDOFKIBP DI LP DIHV KDYH ZLW/

IDXQMIQHY [Q FRPPRQ RQD WH SWIHWIQUED RU
HODARQ \R \KH GLIFIRY WDQIH f ERMGHV
Y SUWHIHUKG GLUIRIRQV DU f DQG f
I HW SBIHUBG LV \WH RUHQ\DIRQ LQ WH IDQIH

fDQG VP DWW DV LQ WH FDVH RI IDXONIQHY \KH
SHIHWQRH RI \WH GLIFIRQ f LV KHW 0HW
WIQUFDQW LWV RQH RI WH HZ  GLBIFIRY IDQIHV
ZKIEK  ZLW \WHU VI QUFDQW SWIHUBG DEVRX\AY
YDOHV RI VSWQ QXP EHWY DQG FDSDAMMY  GIG QRW
JHVRAMDP R VXE DYHIIH YDXHV DIMUNKH LQUE
GXPIRQ RI UHDWVH FDSDRNMYV

7KH YDOHV R1 UHO\WH WBOFDSDFNA RI VSUQIV
RFFXWQJ LQ HBYDQWDHIDV DERXVIIQHDP HOW/LQWAL
SWAG ILRP P XGVSHRAMOLP DJHV DQG \WHIU GLIHU
HOFHV DW 0RZHU WDQ LQ WWH DERYH P HMRQHG
DV $ VIQLFDQA SWIHWG DQIH LV f

IRGRZ HG E\ f &RP SHP HQWW \R \KH FGDI
SWIHUWAG GLHIFVRY f DB SWIHWQRHV RI \KH
DQI HV f DG f DRQ ZLW f

7KH P DIQ GUWIFRQ IDQIHV RI DEDWIQHDP HOW RQ
\KH VXUDFH RI ZKIFK \KHWH [V HOWHD  KLIKHAXR\BD

VS MXH FDSDAW D f DQG f
6 HARQEDUD SWHHUBIG DU \WHQ \KH GLBIPURQV f
DQG f 7KHVH IHVXOV FDQ EH IRXQGLQ 7DE

$RQY ZLW/\WH HYDODWRQ RI \KH IDUR Rl \R\ROVSUQ)
FDSDAMWVSHIFHQWDI H DQG IHIHYDQWXUDFH SHFHQR H
XVHIXO IRU WH GHMPIQDWRQ RI K\ GBIHRRILF
WIQUFDQAH RI GLIHBQWALIFRQ DQIHV P D EH DIVR
\WH YDOH RI PHIDQ IRUWH FDSDAW RI VSUQIV
RFFXWQY 1Q HBIYDQWDWD RI WH GLUIFIRQ DQUIH $
FRPPRQ HDWW RI WH HYDGDWRQ RI K\ GIBIHRRIIE
W QULFDQAH RI GUIHWQVELBIFRQ DQJ HY XMQJ P HIDQ
RI \KH FDSDAMVRI VSUQJIV RFFXWQY Z WD DBIDV XS R

DG P LV\KH FRP P RQ SWIHWIQFH RI WH

DQIH f(YHQ WRXIK KLV GLIFIRQ GRHV QRW
DZD\V DSSHDURQ HDGQ) SWIHWQMEO SDFHY LWL
QHYHUKHIW SBIVHOWQ SWIHWIQAHY Rl DOAQHDP HQW
WSHV DFFREQ) \R PDMUWDO IRP  ZKIFK WH  ZHW
IGHOWHG  %-MGHV WIV LW PD  EH WDRG \KDW
P XQVSHAWD DQG  SDQFKIBP DI AQHDP HQW/KDYH D
FRP P RQ IHDWKIY! LQ WHUSWIHWIQRH RI \WH (DQIH

f &ROMGHLY WDWNH P HADQ RI WH VHARI DD
GREXP HOWG VS LQ WH +QGF WYHU EDVQ 1Q \KH
IRRYWNH YUK\ + 1OV LV OV ZH PD DWW \KDW
VSLQIV HDAG R WH P RAVSUHIHUBIG GLLARIRQ LQRWYDY/
lQ 7DE WD LQAFDW WH SWMVHOFH RI P RW RSHQ
FLBXOVRQ Z D\ V RI J BXQGZ DU



SERACNAGAINE

Tab. 3 First 7 lineament direction ranges (identified by various methods) with greatest values of the ratio of
relative spring occurrence number percentage vs. area surface percentage at a distance of up to 50, 100 and
150 m from the lineament - first datum in the column shows the value of this ratio in the area of up to 50 (100,
150) m for the relevant direction range, the second datum shows the order of precedence of the range in the
relevant range (50, 100 or 150) of the area

Direction Faults from geological map Panchromatic images Multispectral im'ages Radca: images
ranges
of lineaments 50 m 100 m 150 m 50 m 100 m 150 m 50 m 100 m 150 m 50 m 100 m 150
m
o
1-10°
11-20° 1,059 1,091
7 5
21-30° 1,010 1,426 1,321 1,155 1,025
8 1 2 5 7
31-40° 1,078
7
41-50° 1,090 1,384 1,422 1,160 1,075 1,189 1,128
6 2 1 4 5 2 4
51-60° 1,146 1,225 1,170 1,059
8 3 3 7
61-70° 1,122 1,249 1,314 1,343
6 4 2 3
71-80° 1,049 1,029
7 7
81-90° 1,150 1,165 1,192
2 3 2
91-100° 1,854 1,515 1,552 1,269 1.223 1,279 1,129 1,137
1 1 1 3 4 1 4 3
101-110° 1,146 1,069 1,282 1,158 1,149
8 6 2 5 5
111-120° 1,618 1,467 1,517 1,191 1,206 1,180 1,088 1,009 H
2 2 2 4 5 2 4 5
1
121-130° 1,372 1,250 1,185 1,193 1,398 1,432 1,388 1,433 1,577 1,512
4 4 4 6 1 1 1 1 1 2
131-140° 1,203 1,208 1,189
5 3 4
141-150°
151-160° 1,160 1,141 1,131
5 7 7
161-170° 1,560 1,302 1,279 1,197 1,086 1,575
3 3 3 8 [} 1
171-180° 1,288 1,088 1,127 1,131 1,066 1,039 1,262 1,181 1,135
5 3 5} 6 3 4 ]
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7DE ) LWW 0GHDP HQVELIRIRQ IDQIHV IGHVIHG E\ YDURXV P KRGV Z1\K/J WDWMAYDGHY RI \WH IDVR RI

\RAROVSWQ FDSDAMYSHEFHQR H YV DD VXUDFH SHEHQBR HLQ \WWH DWID R XS \R DQG P IRP WH

AQHDP HOW LUWWBDWP 1Q WH FRXP Q VKRZ V \WH YDGH RI KLV IDVRLQ \WH DWD RI XS R P IRUKH

UHBIYDQVALBIFRQ DQIH WH VHFRQG GDWP  VKRZ V \WH RIGHURI SWIFHGHQRH R1\WH WDQJI HLQ \WH BHBNDQVDQIH
RU  RIWHDWD



e
N
(o]

7DE ) ILWW QQHDP HOQWELIHRRYQ IDQIHV IGHVIHG E\ YDURXV P HKRGV ZL\W/ J WDWMAP HAIDQ RI VSWQJ
FDSDAWQ \KH DWD RI XS \R DQG P IWRP \WH IQHDP HQW ILWWEDWP LQ WH FRXP Q VKRZ V \KH
YDOH RI WH VSWQ FDSDAMWP HADQ OV LQ \WH DWD RI XS \R P \KHVHRQG GDWP VKRZV \WH
RIGHLR| SWIFHGHQFH R1 \WH UDQJ HLQ WH IHBIYDQVADQI H RU  RIWHDWD



2RO QX&

&21&/ 86,21

. KHQ DYHWIIQ) \WH SHEHQMHV Rl HQW
SWIHBIQAHV RI QHDP HOW [GHQVHG IRP DO IRXU
P DWIDY ZH REBIQ D GRP IQDQFH R1 GLHRIRQ LQWU
YD f IXUKHUKH GLUIFRQV QRUK VR

f DQG f DQG WH WDQIH f)erP
DYHWDIH YDOHV Rl WH SHUFHQVRFFXSDVRQ RI VR\BO
CHQJ VAV LQ \WH GLIHBIQVELIRRQ (DQJ HV \WHW LV DOR
|QHUBG DQ DEVHQFH RI D JWDWU QXP EHURURI
ORI HUAQHDP HQWHRRQV LQ \WH GLHIFRQ IDQIHV

f + RZHYHU LWP X\MAEH VWIAWHG \KDVIQ DQ\
RI WH PDWLDY IRP ZKIFK \WH SRUNRQ RI \KH
OLQHDP HQWWZ DV GHAID LOHG \WHVH DWH QDURZ. GLUYIF
WRQ JROHV LQ ZKIEK WHW DWW AQHDP HQW Z KIBH
WHVH GUBIFRQ JROHV DB ZKHQ FRP SDWY \KH
VXP V RI \WH (HQI\RV RI LQ D GUBIFIRQ ] RQH SWVHOW
IQHDP HOW/ VKDIS® VHSDWDWG IURP  QHLKERX LG
GLHFRQ ] ROHV

7KH HOMRQWKIS RI WH SRVMRQ DQG FDSDRMMV RI
VSUQ [WXHV \R \WH SRVMRQ RI 0QHDP HOWV VXS
SRUNG E\ \WH IDFWKDWRU ERXQEDUHV Rl VAKGHG
DUDVRIXS\W P IRP AQHDP HQWKGHAHG IURP
YDURXV PDWIDY \WH WDMRV Rl WHDO QXP EHURI
VSWQIV YW QXP EHURI VSWQIV H[ SHANG DFFRUGIQ)
\R (HBIYDQWI] H RI DWID VXUDFH DWXP IQ) XQURD
GMIEXVRQ RI VSUQIV RQ WH ZKRBI VXUDFH RI \WH
VIXGHG \WUDRY YDUY DSSUWK] [P D\WO DERXVMH GRX
EG{ LQ DYHWDIH DQG WH DRV R1\WH UHDOR\RO
FDSDAMW RI WHVH VSWQIV DQG \R\RO FDSDAMY H
SHRNG DFFRWGEQI R \WH I} H RI UHBIDQWDWD VXU
IDFH DVAKH DWXP SURQ RI XQURP VSUR) GOMIEXRQ
RQ WH ZKR®! VXUDFH RI \WH VWKGHG \MUARY YD
DSSW[ P DN® DERX\WWARR DQGD KDA P X@BM  1Q
DYHWDIH

&RP DU WH VXFFHWIX@HW Rl GLIHBQW
P HWRGV RUP D\WLDY IRUWH |GHUWFDVIRQ R1 lQHD
PHQWLQ DBDVRIXS\R P IWRP QQHDP HQW/ \KH
P RWVILHTXHQWDSSHDY \R EH \WH HDMRQWKIS \R
SKR\WRIHDP HW/ [QWSWAG  IIRP P XAVSHRIDO
P DUHV ) RUWH QXP EHURI VSWQJIV [Q \WHVH DWIDV
WH DR RI UWDO DQG H SHARG YDOH LV
DWKP HMF P HDQ RI WH RWHU \WWH [GHOWFDRQ

P DIWUDY LV DQG IRUWH FDSDRWMV Rl WHWH
VSV LW RWHUWWH P HWRRGV
PXA8H : MWLIORBDMQI GMBOHH RI DBD ERXQED

UHV IURP \KH AQHDP HOWAKH \RRCXP EHLDV Z HTDV
\RBOFDSDAMVRI VSUQIV RFFXWRJ [QVIGH \KH DWDV
LQFBDVH  EXWVAQ JHQHWOQRVDV (DSIGD DV WH VXU
IDFH R1 \WH DWDV 7KH WDVR FRP SDUQ UHDODQG H[

SHANG YDOHV RI WHVH TXDQWMV Z 1\ LQFUDVQ)

GMBOFH IWRP \WH 0IQHDP HQW IDXQ@V GHFWDVHY
6SUY DWXHV DU WHWIRW SWBEDE® P RAY
HO\WG VR QDURZ | RQHV ZKIFK FRXG EH LGHOMHG
ZIW J WDWSWAMRQ GHSHQGIQI IRP  \WH XVHG
LP DJH P D\WDO 7KH P RAWXFFHW IXQQWLS WNDIRQ
PDWIDO P X@VSHRANO P DIHV  RU 0QHDP HOW
IQWISWAG IRP WHP  GR QRW\VKRZ (HUW
GRP IQDQAH  @QHDP HQW/ IWRP (DGDULP DIHV DM

D® RWH\ (RQIHU QRUSWHIHUHQPAH R1 0QHDP HOW
GUHFRQV ZKIEK ZRXG KDYH EHHQ QHIGIFRG E\

IQHDP HOWY IURP  RKHU P DWULD®  VHH  SWIYIRXV
SDWV 0 X@VSHRNPCILGHDP HOWY DWW IDWHURKDWDF
WWHG B\ XQURW W Rl \WH GMIEXWRQ RI 0QH
DP HQW/LQW/ GLBIFRQ IDQIHV :© H \KXV FRQFOGH
\KDVWHUHDMYHD KL KHUHIHRYWLY D HVXAORI
WH SWRAVIRQ RI AQHDP HOVERFDOVDMRQ DQG RI WH
1QHDP HQVQH\E/RUN QRVEHIQ) (RDGHG E\ 1QHDP HOWY/
ZKIFK KDYH OM@H RUQR VIJQULFDQRH DV SUHIHUBIG
J BRXQGZ DWUFLIBXOMIRQ SD\KZ D\ V

'Q WH FDVH RI P XQVSHADOLP DIHV \WWH LQWU
SWAMY GHRDWIG D QXP EHURI WRKQEFDOHURW \RR
KJK RSWWDOWAHSQHW  FROMIWW \RR KLJK RSVFDO
GHOMMV GDP DUH E\ FRRXU P DNQJ \WH LQWISWNY
\WRQ P RW GLILFX®@V Q VS\W RI W1V ZH YDGH P XGV
SHRWDQP DJHV DV P D\WWDOFDSDE®! RI SIRYIGIQ) WH
P RAFRP SWKHMYH DQG IIRP \WH K\ GBI HRRILF
YIHZ SRQVP RAWHIDEM LQIRI DVRQ RQ \WH FRXWH RI
0QHDP HOWWMQEEDW IDXQVRQHV R ZKLFK J BXQG
ZDWUIWXHY FRXG EH HDWG 7KLV P HDQV \KDW
\WHVH P DWIDY RUWLY P HKRG RI VADQQJ RI \WH
WUNRLY  XMQJ VXIBE®H DLUFDULHU DVWXIRE®! G
EXVRRQ RI DLUFRXWHV DQG \DNQJ LQWR/ FROMGHIDVRQ
DOWIFKQEDO IDX®X HVSHAD® LQ W DG R \WH TXDO
LW RI HFRGHG P D\WLDO LV \WH P RAMWXMBE®] IRU
VRYQ) HTXLYDBQVSWREGP V/

SHDMYH YDOHV RI \WH HYDODWRQ RI K\ G
JHRBIIF SWIHWORH RI GUIHBIQWGLHIAIRY DQIHV
IRWH QW EDFNJ IBRXQG WH GLUIFIRQV 1( 6:  1:

6( DVZHDDV 1 6 DQG EUQJ QW IRWIBXQG LQ
HQW RUDWD OMIH WHSWMVHOWG AQHDP HOWY RI
HDWZ HVWGLIAIRQ  HVSHAD® WH  IDQIHV

DG f HW f DQG f +RZ
HYHU HYHQ DVMBIOMVH YDOHY VRP H 1Q (HQI W/ P RWA
IHTXHOW UHSWVHQAG GUHRIRYY GR QRWIDDLQW
EDANJ BXQG LQ SWHIHWIQFHV DFFRWGIQ) \R \WH DR RI
\RROVSILQ) FDSDAWVSHEHDI H DQG IHBIYDQVBWD
VXUDFH SHIBHQW H DWIQHDP HOW LGHOWMG I RP
P X@VSHFWDODQG SDQRKBP DI LP DI HV WH QU HV

f DQG f DSSHDUDV Z HD, Q \KH HYDODRQ
RI 0.QHDP HQW/ DFFRWBIQ) \R P HEIDQ RI \WH FDSDAW
RI VSWV RAFXWQI (Q WHBDQWDWIDV DERXVAKH
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springs, there is a common, even though not the
most significant preference of the direction range
151-160° for all lineament types. The decreased
median value of water temperature for all lineament
types in this direction range indicates also deeper
circulation of groundwater in fault zones of this di-
rection.

We assume that the majority of other identified
lineaments has its geological-tectonic basis in
fragile stress strike-slip deformations. These are
connected with significant deformation faults,
manifested in the surroundings of faults and
"making visible" especially lineations of the
"Carpathian" NE-SW direction. Besides this, east-
west extension zone directions are not only parallel
with the air courses during scanning of the territory,
but they are parallel also with the general direction
of lithological boundaries in the epimetamorphic
massif. Therefore we assume that the determined
lineaments in the direction ranges of 101-120° (81-
100°) have not been exhaustively documented on
the studied territory and for their identification it
would be necessary to interpret images (especially
radar) obtained by scanning in several, preferably
perpendicular flying directions. These lineaments,
indicated by increased median of the capacity of
springs occurring in their immediate surroundings
as well as increased values of the ratio of total
spring capacity from relevant areas vs. surfaces of
these areas represent an important anisotropy and
groundwater circuiation direction. We may however
state that preferred west-east direction of open
groundwater circulation pathways is consistent with
pull-apart rupture faults, formed due to effect of
extension forces related to the development of the
Carpathian arc - subduction of the flysch belt
basement under the Western Carpathian block
(RATSCHBACHER 1991, RATSCHBACHER et al. 1991)
in the time of Sarmatian to Pliocene.

In the relevant Hnilec river basin in Volovské
vrchy Hills, built predominantly of epimetamorphic
Paleozoic rock with fracture permeability the identi-
fication of preferred lineament directions (fault and
fractures) with higher permeability is an important
piece of knowledge for the prospection for ground-
water bound to this rock environment. Situating
hydrogeologic drilling to the immediate surround-
ings of such zones results in increased probability
of obtaining higher exploitable quantities of ground-
water. It is also important to consider increased risk
of encountering a permeable tectonic fault with
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highly confined groundwater table of east-west
direction, or in the direction range 151-160° and
41-50° during mining and tunnelling works in this
region. To the contrary, when making underground
galleries with the aim of capturing the greatest pos-
sible quantity of groundwater for supplying drinking
water at lowest costs, is the optimum way to situate
the gallery perpendicuiarly to the identified linea-
ments of above mentioned directions.

The method applied in the presented work may
be used on any territory. As it is inferred by the
comparison of materiais for the interpretation of
photolineaments, the most suitable for the inter-
pretation of lineaments with hydrogeologic signifi-
cance appear to be multispectral images.
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