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Introduction

Paleogene sediments form a considerable part
of Slovakia. They emerge to the surface in the
Eastern as well as Inner Carpathians. In the Inner
Carpathians they are described as the Inner Car-
pathian Paleogene - the Subtatric Group. GROSS et
al. (1984) distinguished here four Formations.

The base is formed of the Borové Formation,
lying transgressively on the pre-Tertiary basement
consisting mostly of Triassic limestones and
dolomites. It consists of breccias, conglomerates,
sandy limestones, passing towards the overlier into
clayey limestones. Breccias and conglomerates are
developed in two lithologic types. The first type
consists of homogeneous breccias and conglom-
erates, the material of which comes from Triassic
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carbonates, and they are cemented with carbona-
ceous cement. The second type consists of hetero-
geneous breccias and conglomerates with polymic-
tic material, formed mostly of non-carbonate rocks
with clayey cement. Their age is estimated as
Middle Eocene.

Above the Borové Formation is lying the Huty
formation. It is formed of a thick and quite monoto-
nous complex of calcareous claystones with sand-
stone beds. The ratio of sandstones vs. claystones
is1:4to1: 10, sporadically even more. As far as
its age is concerned, the formation belongs to the
Upper Eocene.

The Zuberec Formation develops gradually from
the Huty formation, the sandstone beds increasing
and claystones decreasing in quantity, until it
passes into a flysch development, with reguiarly
alternating sandstones and claystones. According
to its age it belongs to the mlddle part of the Upper
Eocene.

The youngest formation of the Inner Carpathian
Paleogene is the Biely Potok Formation, character-
ised by the development of heavy-bedded sand-
stones with sporadic non-calcareous claystone
layers. The age of the formation is Lower Eocene.

Sediments of the Inner Carpathian Paleogene
have been affected by germanotype tectonics. They
are horizontal, or subhorizontal, only at the margin
of basements the position is steeper.

The subject of the presented paper is regional
evaluation of hydraulic properties of the subsurface
zone of Inner Carpathian Paleogene sediments in
Eastern Slovakia. The studied territory includes two
regions — the Levo&ské vrchy Hills and Sari§ska
vrchovina Hills (Fig. 1), formed predominantly of the
Biely Potok Formation. Other formations occur in
their marginal parts (ZAKovIC, 1980 a,b)
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Fig. I Situation of the studied territory ~ H U

Methods of data processing

The evaluation of hydraulic properties of sedi-
ments in the above lithostratigraphic units was
based on the processing of comparative hydro-
geologic parameters - the transmissivity index -Y-,
permeability index -Z- - according to the method of
regional evaluation of hydraulic rock parameters
elaborated by JETEL (1985 a, b). The basic step was
determining the transmissivity index -Y- and per-
meability index -Z- from values of specific yield -g-,
derived from data provided by pumping hydrody-
namic tests.

The values of hydraulic parameters — transmis-
sivity coefficient -T- and hydraulic conductivity
coefficient -k- are derived from the values of com-
parative parameters Y and Z with the help of loga-
rithmic calculation difference -d- (JETEL, 1985 a)
defined by the formula d = logT - logg, which, after
its estimation or analytical derivation, is substituted
into the calculation formulae (JETEL, 1985 a, b):

T (m?%s) = antilog (Y +d - 9) = 107 *¢"? -
k (m/s) = antilog (Z+d -9) = 10@*9-9 o

The degree of transmissivity and permeability in
the studied lithostratigraphic units is expressed as
medians Md(Y) and Md(Z) and arithmetic means
M(Z) and M(Y). After substituting the estimations of
calculation difference -d- into the formulae (1) and
(2), we obtain respective estimations correspond-
ing to the characteristics of middle level of trans-
missivity coefficient T and coefficient of hydraulic
conductivity -k-, i.e. the medians Md(T) and Md(k)
and the geometric means G(T) and G(k). As shown
by the formulae (1) and (2), the comparative pa-
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rameters Y and Z represent certain logarithmic
transformations of the transmissivity coefficient -T-
and permeability coefficient -k-. According to these
relations, the arithmetic mean M of the values Y and
Z corresponds to the geometric mean G of the
values T and k:

G(T) = antilog M(Y +d - 9) = 1QMY *4-9) &)
G(k) = antilog M(Z + d - 9) = 10M&*4-9) @

Normal distribution of the vaiues Y or Z indicates
then lognormal distribution of the values -T- or -k-
(JETEL, 1985 a,b).

As indicators of transmissivity and permeability
variability in various lithostratigraphic units are used
the values sy and sz, representing estimations of
the standard deviation of the values Y and Z in the
basic set.

The level of transmissivity is evaluated using the
classification proposed by KRASNY (1986), for the
level of permeability we use its eight-degree
classification (JETEL, 1982).

Hydraulic parameters of lithostratigraphic units

Borové Formation

It is the lowermost lithostratigraphic unit of the
Inner Carpathian Paleogene. Its hydraulic properties
are characterised on the basis of data obtained
from hydrogeologic drillhoies. Trasmissivity and
permeability of this formation is depending on its
lithologic composition and tectonic reworking.

Higher transmissivity and permeability classes are
displayed by homogeneous breccias and con-
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glomerates composed of Triassic limestone and
dolomite pebbles, in contrast to heterogeneous
conglomerates and breccias the pebble material of
which consist besides Triassic carbonates of non-
carbonate rocks, often cemented by clayey cement.

The characteristics of the distribution of trans-
missivity index Y, permeability index Z as well as
estimations of transmissivity coefficients T and
permeability coefficients -k- of the Borové Forma-
tion are presented in Tabs. 1, 2, 3, and Figs. 2, 3.

The transmissivity index in homogeneous con-
glomerates and breccias is lying in the range 4.7 -
6.8, about the median Md(Y) = 5.6 and arithmetic
mean M(Y) = 5.7. The transmissivity coefficient T
varies between 1.23x107 - 1.44x10% m%s, with a
median of 8.51x10* m?s and geometric mean G(T)
= 1.26x10° m%s.

According to the classfication of transmissivity,
this formation is classed as a highly transmissive
aquifer, with great variability of transmissivity (class
in.

The values of permeability index in the Borové
Formation vary in the range Z = 4.2 - 5.9, about the
median Md(Z) = 5.1 and arithmetic mean M(Z) =
5.0. This range of Z values corresponds to esti-
mates of coefficient of hydraulic conductivity G(k) =
2.51x107 m/s, the M(Z) value corresponds to an
estimate of geometric mean of the coefficient of
hydraulic conductivity G(k) = 2.51x10* mis. Ac-
cording to permeability, homogeneous breccias and
conglomerates are classified as permeability class
Il - relatively strongly permeable, with great
variability of permeability (ZAkovIC et al., 1993).

In contrast to this, the Borové Formation formed
of heterogeneous breccias and conglomerates, or
tectonically unaffected homogeneous conglomer-
ates, displays one class lower transmissivity and
permeability. For example, JETEL — VRANOVSKA
(1990) mentioned for the Borové Formation in the
Hornadska Basin transmissivity coefficients in the
range 1.1x10° - 9.0x10° m%s, about the median
3.7x10* m%s and permeability coefficient in the
range 1.2x107 - 3x10™ m/s, with the geometric
mean 9.5x10° m/s. This corresponds to the trans-
missivity class four (medium transmissivity).

Flysch formation

Above the Borové Formation there are flysch
sediments — the Huty, Zuberec and Biely Potok
Formations.
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Groundwater forms in flysch sediments either by
infiltration of precipitation, or by surface water
penetrating into the rock environment. The principal
hydrogeologic aquifer is the near-surface zone. The
predominant part of the infiltrated precipitation water
is flowing off more or less conformably with the
surface terrain, in small depth below the surface.
On more steep slopes, the near-surface zone,
especially in its most permeable section, after inter-
rupted influx of precipitation, it is very rapidly
drained off and the table of the first groundwater
body descends into less permeable parts of the
rock environment. The movement of water table in
the near-surface zone, with permeability and
transmissivity decreasing with depth, is the reason
for considerable variability of drainage from the
territory. The greatest part of the groundwater
flowing off in the near-surface zone passes into
surface drainage by the way of disseminated tran-
sition into Quarternary alluvia and surface streams,
and only a small part reaches the surface in the
form of springs. Average yield of springs flowing off
the flysch sediments is relatively low. Relatively
abundant are springs with Q up to 0.51 I/s. An ex-
ception are springs at tectonic zones fed from the
above- or underlying lithostratigraphic members, or
springs occurring in the closure of valleys filled with
a thicker cover of debris.

A smaller part of groundwater descends into
greater depth in the direction of inclination of aquifer
rocks as well as along vertical fault zones and it
participates in the formation of springs flowing off
on these faults or reached by hydrogeologic drilling.

Huty Formation

It is formed by grey, dark-grey claystones with
varying calcareousness, with layers of sandstones.
lts hydraulic properties are characterized on the
basis of results obtained from hydrogeologic drili-
holes.

The characteristics of the distribution of trans-
missivity index -Y-, permeability index values -Z-,
transmissivity coefficients T and permeability coef-
ficients -k- are presented in Tabs. 1, 2, 3 and on
Figs. 2, 3. The transmissivity of the Huty Formation
is characterised by the range of transmissivity index
values Y = 4.3 - 5.2 with Md(Y) = 4.7, M(Y) = 4.7
and standard deviation sy = 0.50. This corresponds
to estimates of the range of transmissivity coef-
ficients T = 3.3x10° m%s and G(T) = 7.5x10” m%s.



2RDGR-=1 O



7 81 2as — suoypuvydxy “spun aydviSypysoyn) paipnis ayy 1of (7) xapui Kiprqpawiad ayp fo ydp.id auong) : ¢ 81y

SERAHAGAIIE




D F(202+ &8I P QA9,1¢&

7DE & KDUDRMUAR RI WH GMUIEXVIRQ RIADOVP DMMYMWWLQEH < DQG SHWB HDEIMIVLQGH = YDOXHVLQ \WH VWXGHG
OWKRAND\Y UDSKLF XQW

Q QXPEHWRIGDW 0G< 0G= PHAEDQVRIWHYDEHV< DQG= 0 < DQGO =  DWKP HI¥ P HDQV RIWH YDOXHV =
DQG< W V] \ARQEDE GHYIDIRQ HVIR? DAR/ R 1 \WH EDVIF VHWRUKH YDBHV < DQG =

7DE ' DMNEXWRQ RI HAIP DWWV R1WDQVP MYV FRHIILAHW  GHUYHG IRRP WDQWP DMMMWWLQGH <

Q XPEHWRIGDWI 5 7  WQIHRI'ADQWP MAYMWVFRHILAHOWDOHY * 7 JHRP HWF P HDQ RIWDQWP MMV FRHILHHOW

7DE ' MIEXVRQ RI K\ GUIXTF FRQGXPIMVMMY FRHILAHOWIR DWWV GHWYHG ILRP - SHWP HDELOMQGH] =

Q XPEHWRIGDW 5 N WDQIH RI FRHILAHQRI K\ GUDXOF FRQGXKPMMWYDXHY * N JHRP HWUF P HDQ RI FRHILAHQARI
K\ GUIXIE FRQGXRIYINY
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7KH YDOHV RI SHWP FDEDWQGH YD KHWILQ \KH
WDQIH = DERXVMH P HADQ 0 G =
DQG DWWP HVF P HDQ ZI\W DQ HWN DW RI
VARQGDUE GHYIDVRQ RI \WH EDMF VHW] 7K
WDQIH RI = YDOHV FRUBVSRQGY \R HVAIIP DWWV RI \WH
FRHILAHQVRI K\ GUOX@F FRQGXFMMVN [

[ PV WHYDAHRIO = FRUMVSRQGV \R \WH
HWR DW Rl JHRP HWF P HDQ RI FRHILAHQARI K\
GUXTF FROGGXPIMW* N [ PV

$SFFREIQI W WH HIKVEUWH SHW® HDEIQW
FOWLLFDRQ RI - HWNMO DYHIJ H SHW® HDEDNV
RI WH QHDUVXUDFH ] RQH 1Q \WWH +XW ) R DMRQ
FRUBVSRQGV \R FIDW 9 UHIDWWHY Z HDN SHWB HDELQWY
DQGWDQWP DAMYW 9 GRZ WDQWP MYV

=XEHUF ) RB DIRQ

7KH =XEHUIF ) R DIRQ FROMMWRI J WA ZHDND

FDEDWIRXYV FID VWRQHV DQG FI\H VIGMRQHY  ZLW/

DHY Rl JDCMRQ EHEGHG VDQOARQHY  ZKIFK
VRP HN® HV IHDFK D \WIENQHW RI - RUP R P H\WY

+\ GUIXTE SDWP HWLY RI \WH =XEHWIF ) R DIRQ
DWH HYDXDWAG RQ \WH EDVV Rl GD\Y REIQHG IWRP
K\ G HRBJ LF GUIBRBN 7KH WDQWP MAYWIQEH LV
LQWH DDQIH < ZI\W/D P HGDQRI 0 G<

DUKP HIF PHDQ 0 < DVWWADCDIGB
GHYIDMRQ A 7KLV FRUBVSRQGY R HVU D\RK/
RI WDQUP YWV FRHIILAHQW [ P VDW®G
* 7 [ P V $FFREQ \R WHH YDOHV
\WH =XEHWIF ) R DMRQ |V FKDURRUWWHG DV DTXLHU
ZIWAIRZ \WDQWP YW FDW, 9

9DEHV RI SHWP HDELOWLQ WH QHDUVXUDFH ] ROH
RI \WH =XEHWIF ) RI® DR YDWLQ \KH IDQIH =
0G= DQG 0 = DWABRQGDG GH

YIDWRQ RI 7KLV DDQIH RI = YDOHV FRUBVSRQGV
\R HIP DWW/ RI FRHIILAHQVRI K\ GOX@F FRQGXPIMWVN

: PVDX* N : PV 7KH
QHDWVXUDFH ] ROH R1 \WH =XEHWIF ) R DIRQ LV \KXV
DFFRGIQJ \R DYHWJH SHW® HDEIMWV FOWLHG DV
UHIDWVHD ZHDND  SHW® HDE®! DTXUHUZLW/ 0RZ YDU
DEIOWRI SH® HDEIDN SHW HDELDXWFIDW 9

%HO 3RAN) RIB DHRQ

7KH \ RXQJ HWIRW® DVRQ R1 WH , QQHUS. DISD\RIDQ
3 DBRJ HQHLV \WH %HD 3 RAN) RWP DIRQ W IR HG
SWIGRP ICDQW RI VDQGRQHY  ZIW/ P IQRU RFFXU
HQFHV Rl FI\ V\RQHV DQG P IFIRFRQIGP HIDWY | Q
WH VWKEHG \WMIWARW [\VIVIQV WH J BIDWMADWDOH]
WHOW

+\GUX@F SBSHUHV Rl WLV IRW DWQ PD. EH
FKDUDPMUHG RQ WH EDVUVRI  GDAY REBIQHG 1URP
K\ GBI HRRJ IE GUEBRBN 7KH FKDUFWUNRY R1 \KH
GMREXWRQ RI WDQVWP DMLYV SHIB® HDEDW.QGH DQG
WDQUP MMYIW DQG SHWP HDELOW FRHILAHQWYDOHV
DB SWIVHOWG LQ 7DEV DQG RQ ) UV
=$. 2 9LFHAZD

7KH WDQWP DMYW [QGH Rl WH %HD 3R\ARN
) R DWRQ KDV D IDQIH RI 0G<
0 < DWMBOEDIE GHMDVRQ RI 7KH
WDQVP YWVFRHILAHOVP D EH HI? DWWG IRP \KH
DERYH YDOHV 7 [ [ P V*7

[ A $SFRGEQ R WIQWP MAYIWYDOHY \WH

%HD 3 R\RN) RWP DVRQ P D\ EH FIDWLLHG DV P HAXP
WDQUP DAYIWVDTXLHU QP DAYWFDW, ,

7KH SHW® HDEDWRI \WH WKGHG VHRRQV RI \KH
%HY 3RRN) R DURQ LV FKDDRWWHG E\ YDOHV R
SHP HDEDW LQGH = 7DE 7TKH %HD 3RRN
) R DMRQ KDV D SHI® HDEIDIWIQGH RI =
0G= 0= DQG ARQGDIE GHYLDVRQ \]

7KHVH YDXHV FRUBVSRQG \R HIIP DWWV RI N

[ : * N : 7KH QHDU
VXUDFH ] RQH RI WH %HY 3RRN ) R DVRQ LV FDV
VIIHG DFAFRWGIQ) \R DYHWJH SHW® HDEQIV DV P H
GIXP SHWP HDE® DTXUHU DDQNHG ZLW/ SHWB HDELOW
FDW, 9

6XP P DWUFRP SDWRQRI QWP MLYLWWDQG SHU
P HHEONVRI Q\KRANDIYWISKIE P HP EHWV R \WH

, QQHLE DISDKIDR 3 DBRIHH

$V IQAFDWG E\ 7DEV JINAY SIBRVIGQ]
DQ RYHUIHZ RI \KH FKDUDRMUWRY GHWIR IOHGLQ WH

QHDWVXUDFH | RQH RI \WH V\RGEHG P HP EHY DYHWJH
SHP HOEIOAY DQG WDQWP MMV GHWWD IOHG  IRU
\KHVH P HP EHWY RQ \WH EDMY RI SXP SIQJ WMWY GLITHU
HOWWHY 0NgH IIRP HDRK RWHU 7KH  KLUKHWV
WDQVP MMYIWLY GIVSO\ HG B\ WH %RWIRYH ) R DUWQ

WRRQFD®@ DIHRAAG KRP RITHHRXYV EWIFADV DQG

FR@P HDWY FROWIY R1 7 UDWIF (P HMRQH DQG
GRBP W SHEEBN 7KH EHBRQ R FDW ,, KUK

WDQWP DY) L

7KH %HD 3REN ) R DIRQ) EHBRQV [QW/ WDQV
P MAYWFDW WWH P HGXP WDQWP MMW 7
[ A [ PV

7KH +XW DQG =XEHWIF ) R DVRQV EHRQ) LQW/
WDQUP DMWY FIDW IRXU 0RZ WDQWP MW 7
[ [ APV

7KH %RBYH ) RP DIRY [RP HG Rl KHWERI HH
RXV EWIFADV DQG FRQIGBP HIDWWY LV RQ \WH ERXQG
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DW RI FIDWHV IRXUDQG ILYH GRZ \R YHW (RZ \WDQV
P DALYINV

6P DO ZH FDQ FKDWDAMWH WH KRV
WD WDSKIE XQUWY/ DFFRWEQ) \R SHIB HDELDW ) L)
7KH KLKHWDYHDIH SHB HDEIDWVLY GIVSID\ HG E\
\WH \WRRQIED® DIHRARG %RBRYH ) RP DIRQ WV
FIOWLLHG LQ \WH SHW HDELOWFIDW \KWH  HDWVHD
WRQ

7KH %HD 3RWRN ) R DIRQ EHRQV LQW \KH
SHW® HDEKDWFDW IRXU P HAXP SHW® HDEDW N
[ [ P 1

7KH %RERYH ) R DR IR HG R1 KHWBI HQHRXV
EWFADV DQG FRUGP HOWY LV ALY RQ WH
ERXQGDW RI FIDWHV IRXLDQG ILYH

7KH +XWDQG =XEHWF ) R DIRQV EHRQY LQW/
WH SHW® HDEIQW FDW ILYH  UHDAYHD ZHDN N
[ [ P 1

&RCFOMRQ

© KHQ DSSOLQU \WH GHALP LOHG FKDDRRUE RI
WDQWP MMMWVDQG SHIB HDELOW R1, QQHUE DISDWIDQ
3DBRIHQH (MRADW DSKIE XQMW/ R SWAIH  ZH
P XVWIBNH LQW FRMGHIDVRQ \WH IDPWKDWGXH R
VSDVEIO QRQ XQURW W Rl WH QHDUVXUDFH ] ROH
WHH FKDIDPMUOAR FRUBVSRQG R QHDUVXUDFH
] ROH 1Q GHSWIMMRQV RI WH WUMW  YDEBA V DQG
(RZ HUSD WJRI VBSHV 7KH P DVRUIVRI K\ GBJ HR® IE
GUEBRBV ZKLFK SBRYCGHG GDY IRUGHMP IQIQ) \WH
K\ GIOXTE SDDP HALY [V VWAD\AG SWIGRP IQDOW 1Q
YD@\ V' DQG KXV \WH \ IHTELQIRW DMRQ DERYH DIRQ
WBQWP MMMV YDOHV RI WH YDEBAV - H\WO
SRIQWG RXVKDWO WH P DIRUWRI WUDIQV IR HG RI
VK VHEP HOW  IRXU TXDQUBVHO  GLIHWQW
WDQWP YWY FDWIRUHV P XVWEH  GMIQI XVKHG
HOWWH R \WH SRVNRQ RI WH VWAGHG SD LRI WH
\MULVRW LQ \MH WHTHI R1\KH VXUDFH L H WDQVP DAYV
RI \KH QHDUVXUDFH ] RQHLQ \WH ERWP RI YD@B\ DQG
DWRRWRI KI@® VESH WDQWP MW Rl WH QHDU
VXUDFH ]RQH [Q VE&SHY WDQWP MMM Rl GHHSHU

SD WRI WH WRFN P DAL H FHSWOWXW ] RQHV  DQG

WDQWP MAYMVRI IMVXWH ] ROHV \RRRQIEDED DIIHRRG
JROHV  WH GLIHBIQFHY EHEHHQ WH WDQUP LYW
RI WHVH FDWWIRUHV P D\ UHDFK HYHQ VHYHUDORWGHWY
LQ WWH VDP H HQYLLRQP HQWWZ KHBHIRWI L\VIA/ QHRHWDUW
\R EHDUQ P 1QG \KDVMH QHDUVX UDFH ] RQHLQ VBSHV
ZI@KDYH (RZHUDYHWI H WDQVP MYV \WDQ DERYH
SWVHQNG VXAV IRP K\ GRJ HRIRJ IE GUIBRBN

5 HHUEH

*52663 . 2K@Y 6P XHO 1HZ OMKR
WWDMIUSKE GYIMRD Rl WH  QHJ &DSDMO)
3DRIHH * HRO 3WFH 6SOM YDMNIYD 2

(7(1 " HAP LCDIFRQ R1 K\ GUIXQF SOUIP HAY RI
LRANV XMQJ K\ GRG QP LF WMWLQERBKRBY 8 WAV
JHRO 3UKD S

(7(/ D 0 HKRG/ Rl WILRYID HYOXDIRY RI
K\ GUIXQF SOUIP HAMY R1URANV 0 HRG 3UP H 8 VUXWV
JHRO 3UKD S

- HNAD E $ SSOFDIRY RI WH UHIDIRQKLS EHEHD
VSHALLF  FOSCAMV DQG WBQWP WYY FRHIILAHQWILQ
K\ GRIHRIILF FOBXA@IRY * HRO SN 3UKD
S

(7 3WRAVDHIHAWRI VSDABDLQLIRID LMV
RI WH WIQWP MAYLWWRI GHOUNKUDRH | RHLQ DK\ G
JHRIILFP DXLl * HO SN 3UKD S A

"HNAD 9 UBRAWND $ +\ GRIFRIILF W3
RIWH+ RQDGY%DIQ 0 DOARUSW * HRIRQGYADNIYD

S Ve &@ALLFDNRQR 1 WID\P XEYL\VDQGLW
XH * HHOSP]N 3UKD S

=DNRY& 0 D +\ QRIFRRILF FROG\NRY/ RI \KH
/ HYRANH YUK\ + L@V 30BRIHH =0806 . DISDW 6HJ
+\ARIHOLG JHO %DNDD S

=D\RY& 0 E / D FDURKIMTXH GH (D SHB H
CHOW G VHEP HQW 30RIHH GH (D 6@RYDIXH
&KDIAKL DNRY RI WH SHB HEEOW Rl 30RIHH
VEPHQW Rl 6GRMIND =0S06 . DSDW 6HJ
F\ARHOLQ JHO %WDNDD S

SDNRYZ 0 %REV ' DR
([ STRDIRY/ VR \WH K\ GRIHRIRILF P [8
60L\AD YWKRYCD + QY * HRIRQG %DMNDD S



