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ABSTRACT 

The present work contains the characteristics of the ef
!ectiTe porosity, specific yield, permeability and the pore-si
ze o! the upper Carboniferous sandstones of the SW part of the 
Upper Silesian Coal Basin. This characteristics was presented 
·oasing on the laboratory research carried out on 460 samples of 
rock drawn from 11 boreholes. The Tariabili ties of the discus
sed hydrogeological properties were presented depending on the 
stratygraphic position and the depth of sampling. The analysis 
of the Ta:riabili ties was carried out in three Tarianta taking 
into account: the depth from the surface of the area (Z 1), from 
the Carboniferous roof (Z 2 ) and the distance from the accepted 
correlation level (Z 3). Tne tendency to decrease the effective 
porosity, specific yleld and permeability of the examined sand
atones, together with depth has been obserTed, this dependency 
being clearest when taking into account the distance from the 
correlation level (Z 3). 

By means of the factor analysis (R method) an attempt 
has been made to establish the kind of factors and their role 
in shaping the observed Tariabilities. It has been observed 
that the differentiating of the total Tolumes of the open po
res and their size being the result of both the diagenetic 
and weathering process has the decisiTe influence. 

INTRODUCTION 

The ':luilding of new coal minee requires the knowledge 
of not only geological but also hydrogeological condi tiona of 
th~ mining areas. To solve such problems as the size of the 
expected inflows, defining the anticipated time of dewatering 
as well as its range, it is necessary, amcng others:, to know 
the hydrogeological properties of the reeks accompanyu.g coal 
beds. This specific need influenced big interest of the =ese-
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archers in the prcb.l.ems of hydrcgec.:.ogical pr-;per't::.ee :! ·n~ 
Carbo:c::.ferous rocks cf the Jpper Siles~SL Co~ Bae::.n, ?~rs•. 
the majcri ty of reeearch was concentrated in "the Eae->:err: part 
cf the Basin and, as a rula, covered the youngest complex ot 
sed::.ments, i.e. the so-called Crace~ sandstone compelx (Z.Wilk, 
1964, 1965, 1967; Z.VIilk and B.Szwabowicz, 1965; A.S.Ueczko
ttski and S.Witczak, 1967). In recent time there was, a necessi
ty to examine the SW part of the Basin in connection with the 
mining development of the coking coal. deposits. There are pra
c~ically no detailed studies concerning this part of the Basin. 
Gneral information in this field was, among others, presented 
in the work by Kleczkowski and others ( 1968) and .R6zkot1ski and 
Wagner ( 1986). These facts influenced the interest i:c the SW 
part of the Basin and the problems of the hydrogeological pro
perties of the upper Carboniferous rocks occurring there. 

THE GENERAL GEOlOGICAL AND HYDROGEOLOGICAL CBARACTERISTICS 

The research covered the area situated in the SSW part 
of Basl.n wi thi!c the range of the so-called Main Syncline 
(.Fig. 1). 
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In the examined geological profile o! the area there are Car
boniferous, Tertiary and Quarternary formations. The producti
ve Carboniferous .formations consist of three li thos-tratygra
phic series: the paralic complex - Namurian A (A.Kotas anc! 
W .Ma.l.czyk, 1972a), the Upper Silesian sandstone complex - Namu
rian B and C (A.Kotas and w.Malczyk, 1972b), the mudstone com
plex - WestfaliM A and the lower part of Westfa.l.ian B (J .:to
rzycJ:ti. 1972). The productive Carboriiferous :formations are sha
ped in the form of sandstones and mudstones with numerous coal 
beds. In the profile th~ quantitative relationships be~wee:c pa
rticula: l.i thclogical types of rocks are varied. Generally, 
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'Ill. tUn the scope c f :te ']pJ>er :3il es.:.an sa:nas"t:cne ser.les macro
clastic ~ormatione C:omu:.ate, 

~he ;;:;.rbo:1::.::erous waterbearing et~e consists ot a num
ber of water acm.!ers connected with the strata of sandstones 
.:.sc:atec frc~ each ether by intercalations of non-permeable mu
istones. :Ooce.l.ly, in the zones of the lithological wedgings out 
and tector..ic disturbances there is a hydraulic tie between the 
aquifers.Carboniferous aquifers are of the porous-fissured type 
w.lth changeable hydrogeological parameters. 

~HE SCOFE ~'~ RESULTS OF THE RESEARCH 

In order to obtain detailed data concer.ning the hydrogeo
logical properties of the Opper Carboniferous sandstones of the 
discussed region 460 samples were examined drawn from 11 bore
holes (Fig. 2). The carried out research covered the marking of 
effective porosity,. specific yield, permeability anci the pore
size. 

!o mark the effective porosity the method of saturating 
rock samples with liquid in vacuum has been used (A.Kleczkowski 
and St.Mularz, 1964). As a saturating liquid, however, not ke
rosene was used but brine 0.5%. To mark the specific yield the 
method of capillary drainage has been applied (T.Bromek, 1977) 
as well as the centrifuging method (J.Motyka and others, 1971). 
Rock permeability was marked by means of the gas permeameter 
constructed in the Main Mining Institute in Katowice (M .Rog6z, 
1975}. The pore-size measurements was carried out on 12 sam
ples by means of the Quantachrome mercuric porosimeter in the 
Hydrogeological Laboratory of the British Geological Survey 
in Wallingford (Great Britain). The remaining markings were 
carried out in the Hydrogeological Laboratory of the Earth 
Sciences Department of the University of Silesia in Sosnowiec. 

Ef:teotiYe porosity 

The values of the effective porosity coefficients of the exa
mined sandstones vary from 0.86% to 23.18% with the mean value 
o:f' 8.01% and modal Yalue of 4.52%. Over 50% of all samples has 
low effective porosity varying from 2% to 6%. 

Analysing the obtained results depending on the 1i tho
stratygraphic complex one can observe certain regularities. 
The mudstone complex sandstones are characterized by the big
gest effective porosity with their simultaneous highest varia
bility (Tab. 1). The sandstones of the ~emaining twc complexee 
generally have lower effective porosity and 1 ts smaller varia
bility (Tab. 1). 

Specific yield 

The specific yield of the discussed rocks is also varied from 
0.32% to 22.83% with the average vaJ.ue of 5.97% and modal va
:ue of 2.50% (Tab. 1). About 50% of all samplee. is characteri
zed bv ver lew ap€cifj.c vi.eld not exceedinr; 4%. Only ~ 1 ou:; 
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of 460 samples had specific yield over 1~. The latter can be 
considered as extreme and accidental. 

The mudstone complex sandstones are characterized by the 
biggest specific yield and its biggest differentiation. The ob
tained values cover the wide interval of 0.43% - 22.83%. The 
lowest specific yield have the paralic complex sandstones (Tab. 
1). 

Generally, one can say that the general features of the 
specific yield variability considered depending on the age of 
the lithostratygraphic complex, are the exact reflection of the 
observed variability of the effective porosity. 
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'::he obtained pe=eabili.'t'y x-esU.::.~<- \-~Yi va::-;' Yi--·~-:: ~r:;r __ ,v,:;.~;-: 
to '.31C.47 CIL, sc the~e ar~ rocks f::-::: ;=a:--:i-:.~1..:..:..~~· ::-.. ·",:~--:_,;.,;rr:e3.·.::_.:. ~ 
to weaklj penreable (acco:..·:J.:.ng tc ::..: azt.::c, ~s-~,. ·:e::; e·O';, 
all the examined samples had pemerioil.: 1:y be::.::w ·r_ ~:. 

Cn the basJ.E cf :~:~a-'1 values of the effectiVE pc:..·osi 'tJ', 
specific yield and perme?~ility (Tab. ~) one can observe a cl!
ar tendency to decrease these values towards the stratygraphl
oally olde~ complexes. Big iispr0portion of the mean values of 
particular hydrogeo.:ogical parar->.e:ters of the exa:n.:..neci sandsto
nes between the mudstone ccreplex and the remaining complexes 
is to be observed. It is part.:..cularly seen with permeabiH ty 
where the mear. value for tne muQstone complex is 22.67~ mD ar.~ 
for the remaining complexe J.S about "wo orders cf magnJ.tude 
smaller. 't!i thin the mud.ston.e complex we observe the bigges't di
fferent1on of the magnitudes of all the discussed hydrogeolcg.:..
cal properties. It is connected, first of al~, ~ith t~e widely 
understood weathering beth mechanical and chemical. JV.echanical 
weathering was mair~y connected with the deconsolidation pro
cess, in other words, mechanical expansion of the mass rock 
due to lightening in the course of long-lasting denudation pro
cesses. Chemical weathering, on the other hand, could lead to 
the decompositio~ of both matrix and the baeic components o! 
rocks, such as feldspars and micas, the leaching of the decom
posed substances and later their repeated falling out. 

Characteristics of the pore space structure 

On the basi• of the carried out microsections and photographs 
from the electron microscope very varied shape and size of the 
pores in the examined sandstones have been observed. The sha
pe of the pores changes from almost round to very oblong. They 
are often filled with the aggregates of the clay minerals. 
The size of the pores ranges from the thousandth parts of )J. m 
to the order of 200-500 ,u.m. The fuller characterization of the 
pores with the diameters smaller than about 100 ).Lm was carried 
out basing on the results obtained from the research on the 
mercuric porosimeter. The research was carried out on 9 sam
ples of sandstones and additionally on ; samples of mudsto
nes drawn from different depths of a single borehole (A.\'li
tkowski, 1986). The results of the research were set up in 
table 2. Pore-size distribution curves were also drawn (Fig. 3). 

Analysing the course of the curves one can generylly 
distinguish their three characteristic types. 

The first type is represented by curves 1. 2, 3, 5 ~~d £. 
They characterize the homogeneous mudstone complex s~dstc•
nes with effective porosity of the order of 11-14%. The sane
stones are characterized by the biggest homogeneity of th~ 
size of pores. The medians of pores diameters vary from 0.25 
LLlll to 2 .u.m. 

The second tvoe is represented bv the c~ee characte=~
zing saa~les 7, 8 and 12. ~hey are characterized by the big
gest non-homogeneity o! the size of pores and refer to the sa
ndstones of the Upper SilesiaL sandstone complex and the ;ara-

l!!J. 
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liC ser~es. These sanastones nave lo~ o~fect1ve porosity of the 
order of 3-5%. The median of pores diameters is limited from 
17 .o )J.m to 28.0 ,~.tm. 

no ot lithostrat::r- litholoa vc sw d d50 
sam- graphic com- of samples 

0113/g m2/cm2 
pl• plex ,u.m )A-ll 

1 mudstone sandstone 
complex 0.0609 0.0612 9.17 2.000 

2 - b - -. - 0.0463 0.0816 5.37 0.350 
3 -. - -.- 0.0515 0.0462 10.60 0.250 
4 -"- mudstone 0.0134 0.0886 1.57 0.027 
5 - b - sandstone 0.0474 0.2720 1.61 0.300 
6 -. - - n - 0.0470 0.0626 7.12 0.450 
7 Upper Sile-

sian sandsto - • -
ne complex 0.0227 0.0104 22.66 20.000 

8 -. - - " - 0.0264 0.0154 17.43 17.000 
9 paralic com. mudstone 0.0143 0.0208 7.16 0.030 

10 -. - -. - 0.0071 0.0102 7.48 0.037 
11 -. - sandstone 0.0160 0.0518 3.16 0.077 
12 -. - - II - 0.0185 0.0076 25.35 28.000 

~able 2. Compilation of the results of pore-size measurements 
of Upper Carboniferous sandstones and mudstones. 
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The ·c.L.:...!"d 'ty-pe l. s re}·reee: ""::e.. ·· ~ .-
;:;.f!lv refer t.c· th€ m'.x!J.S tones -.. 4, -~~ l -: ;~ ~ _, ~: ~·. :-_-:-~c-~.:::.: ... I!!~ e:.:: ~·-

sa...~C stones ~S!!lir:.e:t:e-d wi -::.h rr:l4~:t("·ti. ~E ~t.c' ~&- z :.~...... • :.::.. :. ~.2:~e.:·
t:Lve porosity ·:::: ~hes!' r-::;;..·.r:z is .:c\<1 a.."'!.:- "73..::·.:.e~~- ~~:--:· -::- .... ~-~ ~ ':l:.H.:·~-~ 
rocKs are characteriz ~d ':y 'tht.' .:..r:.C.:ir&c t :.:..;n-l·l()~;.·.;·~~::_ ~J. ·-::? o: 't'-f...e

sl.ze of peres ar .. d very lo,,- valaes -.:.: the :nedi.Es :::f ;: .. ·~re:e: c.;_:_::. ... 
me'ters: frGrt v.oz·-:- ..A.m to 0 • .J7'~/ j)...:t. 

'rhe problem o: the ::m:f.::.uenca o:::: the depth of occu.::retLce 
of the eeaimentary rock for their nyar0geolcgical rrcyert~~s , 
w&.s diacusse:i ·ry many re!H~?-~n~re, among others: l..:F..Hhy ( :S30~o 
J.Fatt (1958), il.i¥.Hall ~1953), t..;;. Krumbe!.n ~-i942) ani :>t~~r6, 
::heae authors observe tne ph'!!lomeno!: of tee decrease of poro
si~y and permeabi~lty rocKs -1~ depth. 

ln Poland this prcbiem was toucned upon mainly by ~e 
researchers !rom Academy of Mining and Metallurgy in Craco~:. 
?a:ticular attet~tior;. should be pB.l.d ~o the pioneer works o! 
:.w1lk (1960, 1965) and Wilk w~tn Szwabowicz \1965). These aut
nora observe the gei!eral decrease of the total an~ ef.fective 
porosity as well as the Carboni!erous sandstones permeability 
w:!. th depth. This variability is clearly connected with a.bsolu
~e depths calculated !rom the Carboniferous root (Z.W~lk and 
B.Szwabowicz, 1965; A.Kleczkowsk~ and others, 1976) 

In the present work the sandstones of the older co~ple
::res of the Opper Carboniferous were analysed. The observed te..x
ture differentiation ~f the discussed sandstcnee having influ
ence on their hydrogeological properties, caused the necessity 
to isolate the so-called homogeneous sandstones lroD.' the whole 
set of sandstones samples. To this subset belong sandatone6 
with the homogeneous graining 1:. which mei tner the gradual 
~nanges cf fractions nor laminas nor inclusions of the coali
fied organic matter is obee-~ed. 

The analysis was carried out in three variants examlng 
the variability of a given hydrogeological property in the 
!unction of: 

a{ depth from the surface of the area (Z~) 
bJ depth from the Carboniferous roo! (Z.,; 
c) distance from the correlation levu which is the co~ 

bed described by means of number 405 (Z~). 

The dependencies were approximated usir!g polyncmia.l.~; c-:· 
va!"! :;~::: ~"" -~·., ,: ,·. - :.:;.e c:e;~1enc~es was best described by the sE>
~,;nd degree :polynomials. As ~ resul:t of calculations the nonli
near r~gressl.on equations wer' obtained of the general. form: 
: & ax' + b::r + o. The correlat~on coeff~oients \El we=e also 
caJ.culated (table :5). · 

In order ~o dl.splay the s:ape of curvee and the l.iispe:-
sio~ cf points the diagrams c: 1e v~iaeilitv of e~fective o~
rosi ty of homogeneous san:istc:H c in the: !'unction of deptne frcrr 
the Carboniferous roof ( Z •. ·: ar.- ':le distance :-ron: the correla
:9~ 
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f -.:.he w!:c.:. ~! ::c;mc~a:~t·-i -:=:.e w~r::.:_~ e ~ hO!.' c,_;"·e- ;t:l·::; ·~'rD.o._ e t~.c::: ::'2--
~.;:.;Ju . .l.a- : );..:;.S 3.-:tr..~-1 ;.cpt:..l~ , :"'eOk.S ::IOUul~· iLt:O ._. 

~ ::.cr S~·~nes ; "':'len : S¢1!.~2-r . .:.-t-tiOn ; e-ar~ 
\I , :tee. ;::;.ec, 

-.:!"6;~ -C;. 780 -0,6611 -:...sooj -o. 32'5 i-V~4U. I 
l 

I I 

-C.62S -c. "'3~~ -C.65C 7~ l -c. )Oj -c. 36+ I (; -·'· . ,_ .• ·4:·: _j 

IN•Jmber 
!cf ;nar-1 
lKingf' I 

C.6'71 

460 

0.327 I 

?OS 

c.6eo o.t:3£.! 
l 
I 

&6;:: 309 

C.42'7 I 8.)24 \ 
i 

l 
114 I 76 

l 

Table 3. Setting up the lu:.ear correlaticn c~e.fficier.to. (a) 
between the effect~ve pcr~sity, s~ecific y~eld =nc 
pe~eabili~y ~f the Car~oni~er~~s sandstones ani ~e
pths from the surface of ar&a (Z 1), fro~ ~e Carbo~i
ferous roof (Z~j and the distar,ce from the c~rrela
tion level {Z:5J. 

From the analysis cf data in table 3 it results that the 
size ot all the discussed. hydrogeological properties of the 
Carboniferous sa~dctor.es is to a large degree dep9nden+. en the 
location of t~e s~ple in the deptn pro~ile. ~hese dep~den
cies are particularly cbeerva~le for the isolated subse~ of 
homogeneous sandstones. 

The atove ~enticr.ed Qependencies eY~st for all three con
sidered variants (in ,;he function of z1• z2 and Z3). It is, how
ever, the b~gg~sc in ~ase considering tne location of samples 
1r. referetlce to the correlation level (:.,), anci the smallest 
when co~side::;ing depths from the Carboniferous roof \Z2)• These 
facto maY.e it possi~le to assume that ~he biggest influence on 
the varj Clbili ty of the hydrogeological properties of the discu
ssed rocks is exerted by t~eir location in the etratygraph!c 
profile, 'l'he lowe::; cor::;elation coefficients obtained fer the 
de;:ths from the Carbcniferotis roof are caused by very big di
::f.~rentiation of the described 1'o::TJatic:'l re:ief. The pro::sen-t 
shc.ping c: tile Caroonife:-cus sur~ace ~$ the effect of tectcn;..o 
prooass, and, first of ar:, eroeisfi. ~he mudstone cocple% un
:ierw'!I:."t particularly ertrcng erosion. 'i:he eifsct of th~s iE con
s.i.derabl e differentiation of the thic:mesa of this cc:cple:x 
',~'ig. 2). '!:·&.:> boreholes - no. & ar.d no. 2 are exemplific,ltlcn 
c: this. In the bore!iOl'! nc. 3 t!lickness of :nud.sto!le ccrn~)Jex 
lS as !!!UCh as ~24C rr.; when in the !)crehole nc. 2, abcut '~.5 :~ 
d.ls~s.r~t :f!"oiT~ the rrevioue, c!'le, ~hic:mest 0f tr.:z complex : .. :s-.::: 
:-?c·_.._cec tn "'-4.";' r: ~:?ig. 2) ~ .:i.;.t;hl:y ~.l..::erer:1:.!.a1;ed iG al.:;c t:..e 
~Je~:·-:.;: of -::h·:: l.ucc.tior cf 0ar!.:cr~.::"e::-ctj_S rc<:J:· ',vtic.r 7a,r::_~z :~rc:: 

:: .:~ .. 2 
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The observed decrease of eftective porosi t1 and of speci
fic 1ield of sandstones with depth cansee also the decrease of 
the draining degree in this direction understood aa a relation 
of the specific J"ield coefficient to the effective porosity coe
- ~icient. The decrease of the draining degree value is a prove 
of the relative participation of bound waters increase in the 
general budget of waters occurring in the discussed rocks. 

The presented differentation of the hydrogeological pro
perties of the examined sandstones has been shaped under the 
influence of man1 factors, mainll" of geological character. An 
attempt to define these factors and to establish their role in 
~be shaping of the variabilitl" of the hydrogeological proper
ties of the considered rocks was made basing on the so-called 
factor anal1s1s. The analysis was carried out by means of Hot
teling's method of principal axes- method R (J.Okon, 1964). 
A collection of 614 samples of Carboniferous rocks defined by 
means of 16 changeable fearures underwent the analysis (A.Wit-

r c. 
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:_-.::.::::,::.:..;,: . ..,..; __ 2 ?.t..:.:: ~.:-:~ :·~c- ·.~tcr.~: ~:-.~:.::.cne~. -..:'J.cl: :.:.1a.r:.g~G..: . .:..~ ieatu-
::::'~€ .=:~r~ \,::0-':yg-::c..CLJ"'1 ::."':..:ole€::~ ~l:e r..:t:-... ~ c~ :-.:a.:-::.::-:.:{1" :ex-:~:;,"·!' 

~-~~~-!~ ~.:-: ~~-·;;.~~~l~>~:.~~-~:::: :t~~~~;;~g ~:r~;i~~e~~.:>~~s~c~~;~~~i;~u-
.::.:_;:-~~s'r z.I··e o'f. ear::1::i~~s ~:~·.en :c.T a...-:::U.yeis, the octa:ned i::..yd.:rc
c.; ct.. ... c.~·..:.-::"(..::. prop~rti es :.f rvct:s :~""'!c their 7cl umetric der1si ty we
::~ ~so --:;a.::c:~ into accourJ.t. 

Gn t:he. basis of the obtained results one can observe that 
:ne €l;;t.:isi7e :.r ... fluence on the 7ariabili ty of the hyd.rogeologi
~a: prop~rties of s~~dstcnes and Carbvniferou~ mudstones is ex
~r-t;ed by +.he dif.ferenti<ltion of the total volume of the open 
p?rea and their size. T~is dif!eren~iation is the resulc of 
0rJadly understood iiagenetic processes, first of all, of eedi
~a~'s oo~paction and recrystallization p~o~esses as well as we
ai:Lerir:g pro~eszes. ::'he latter are to be best observed within 
-:.te rr:c·et highly located mudstone complex. The reflection of the 
~~:iuen~e of these processes is the variability of the discus
se~ properties in the 11 thcstratygraphic profile of the Carbo
ni:'er·:-us :crmaticns. The secor"d essential factor deciding on 
the d.if:erentiation of the hyd.rogeologlcal properties is the 
content ":J.f the emallest fractions of" grains in the considered 
reeks. ~hiF factor is closely connected with the structure of 
s~nd~~ones and m~dstones. The growth of the content of smaller 
fractions causes the general decrease of the size of the consi
dered hydrogeological properties. The third factor playing a 
certain role, though still not well examined, is the kind of 
matrix. 
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