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AB STRACT 

The r e s u l t s  of a d e t a i l e d  s t a t i s t i c a l  survey of the  k a r s t i c  f e a t u r e s  i n  
t h e  Olkusz region a r e  descr ibed.  The da ta  has been obtained from 
sur face  boreholes and mine g a l l e r i e s .  Although t h e  k a r s t i c  f e a t u r e s  
s tudied were v e r t i c a l ,  i t s  main development i s  from the  f i r s t  
200 metres. The main hydrogeological problems a r e  a l s o  descr ibed i n  
r e l a t i o n  t o  mining, emphasising t h a t  the  g r e a t e s t  danger of sudden 
inrushes  gf water a r e  in  r e l a t i o n  t o  the  contact  zones between lime- 
s tones  and dolomites.  

INTRODUCTION 

Some l ead  and z inc  o re  bodies,  occur wi th in  l imestones and dolomites 
from the  Middle and Lower Tr ia s  i n  the  Ncrth-Western edge of the  Upper 
S i l e s i a n  Coal Basin. The t h r e e  mines which e x p l o i t  these  mineral beds 
have t h e  g r e a t e s t  inflow of ground water of a l l  Po l i sh  mines. The 
t o t a l  inf low of water t o  these  mines, which a r e  very c l o s e  t o  one 
another ,  i s  almost 5 m3/s, and a r e l a t i v e l y  s t a b l e ,  pumping depress ion 
a rea ,  was created seve ra l  years  ago. '  The ex i s t ence  of a k a r s t i c  
network i n  t h e  t r i a s s i c  rocks surrounding the  lead-zinc o r e s ,  i s  one of 
the  most important reasons f o r  t h e  quan t i ty  of t h e  water flow, 
together  with other  geological  f a c t o r s  and f a c t o r s  connected wi th  the  
permeabili ty of the  aqu i fe r .  These-associated k a r s t i c  shapes,  capable 
of ca r ry ing  l a r g e  q u a n t i t i e s  of ground prater, represent  a se r ious  
danger l to  the  main g a l l e r i e s .  On seve ra l  occasions during the  long 
h i s t o r y  of the  mining industry  i n  the  Olkusz region,  the  mine 
g a l l e r i e s  have run i n t o  k a r s t i c  channels and 
inrushes  have occurred [ 6 1 .  The flow r a t e s  have been i n  t h e  order  of 
0.3 t o  0.7 m3/s, with a maximum of 1.5 m3/s. 

Up t o  t h e  present  time e f f i c i e n t  methods f o r  f ind ing  k a r s t i c  formations,  
for a a m p l e  channels,  which may present  a p o t e n t i a l  t h r e a t  t o  t h e  mine 
g a l l e r i e s  excavated i n  the  sa tu ra ted  a rea ,  have been impossible t o  
determine. The app l i ca t ion  of such methods would allow more economic 
and s a f e r  mining i n  k a r s t i c  rock. I n  the  au thors '  view, it i s  necessary to 



determine ,  f i r s t  of  a l l ,  t he  geometr ica l  p r o p e r t i e s  ~f t h e  k a r s t i c  
f e a t u r e s  and t h e i r  loca t ior r  i n s i d e  t h e  rock mass. The paper  p r e s e n t s  
t h e  r e s u l t s  of t h e  r e s e a r c h  c a r r i e d  o u t  i n  t h i s  f i e l d .  

THE KARSTIC CAVITIES 

The ca rbona t e  rocks  from t h e  Middle and Lower T r i a s  sur rounding t h e  
mines i n  Olkusz,  a r e  100-150 m t h i c k  and form a  massif  which r e g u l a r l y  
d i p s  towards t he  North-East. The gene ra l  t r end  of f a u l t s  i n  two 
d i f f e r e n t  d i r e c t i o n s ,  NW-SE and SW-NE, 

The k a r s t i c  c a v i t i e s  have been s tud i ed  i n  bo reho le s ,  s u r f a c e  ou t c rops ,  
sma l l  open c u t s  and mine g a l l e r i e s .  I n  bo reho le s ,  the  dep th  of t h e  
c a v i t y  h a s  been measured, a s  w e l l  a s  i t s  dimensions w i th  r e f e r e n c e  t o  
t h e  a x i s  of t h e  ho l e .  I n  s u r f a c e  ou t c rops ,  open c u t s  and mine g a l l e r i e s ,  
t h e  a r e a  and l i n e a l  dimensions of t h e  e x t e r n a l  s e c t i o n s  of  t h e  
c a v i t i e s  have been measured. The d i r e c t i o n s  of t h e  k a r s t i c  channels  
have a l s o  been measured. 

I n  t h e  Olkusz r eg ion  s e v e r a l  thousands of bo reho le s  have been d r i l l e d ;  
i n  t h e s e  bo reho le s  more than  400 k a r s t i c  c a v i t i e s  have been i n t e r s e c t e d ,  
w i th  a  t h i c k n e s s  which v a r i e s  from 0.1 m t o  18 m. Almost h a l f  t h e  
d r i l l e d  c a v i t i e s  were l e s s  t han  1 m i n  t h i cknes s  and more than  36% were 
between 0.5 and 1 m  t h i c k .  The d i s t r i b u t i o n  of t h i c k n e s s  of t h e  
c a v i t i e s  i s  lognormal.  Although wi thout  drawing t h e  conc lus ion  t h a t  
t h e r e  i s  t h e r e f o r e ,  a r e l a t i o n  between cause  and e f f e c t ,  we emphasise 
t h a t  u n i t a r y  s p e c i f i c  y i e l d  of many k a r s t i c  a q u i f e r s  and even 
h y d r a u l i c  c o n d u c t i v i t y ,  w i t h i n  t h e  non-sa tura ted  zone,  f o l l o w  a 
lognormal d i s t r i b u t i o n  [ 8 , 4 1  

F i g u r e  1 .  D i s t r i bu t . i on  of t h i c k n e s s e s  (h) of k a r s t i c  c a v i t i e s  inber-  
s e c t e d  by bo reho le s .  (A) accumulated f r equenc i e s  in Poga- 
r i t h m i c  a b c i s s e s )  and d e n s i t i e s  of p r o b a b i l i t i e s  (in 
o r d i n a t e s ) ,  (E) hi .stoeram, 



Figure 2.  Frequencies of k a r s t i c  c a v i t i e s  in t e r sec ted  i n  boreholes .  
(A) regarding height  (H), (b) regarding l i m i t s  between beds 
of l imestones and dolomites.  1 .  Curve showing the  pos i t ion  
of the  holes  regarding the  l i m i t  between dolomites from the  
Lower Tr ia s  and limestones from the  Middle Tr ia s  (hr  : 
d i s t ance  from t h i s  l i m i t  t o  a  hole ;  + : above the  l i m i t ;  
- : below the  l i m i t ) .  2 .  As curve 1 but with r e fe rence  t o  
the  l i m i t  between limestones and dolomites from the  Middle 
Tr ia s  (hr  : d i s t ance  between t h i s  l i m i t  and a  c a v i t y ) .  

The sequence from the  Middle and Lower Tr ia s  i s  e s s e n t i a l l y  made up bf 
dolomites,  with l imestones,  marl and calcareous  marl i n t e r c a l a t i o n s .  
It has been v e r i f i e d  t h a t  33% of the  in te r sec ted  c a v i t i e s  in  boreholes 
a r e  immediately located i n  the  con tac t  between dolomites and limestones 
(Figure  2(B)).  I t  has a l s o  been not iced t h a t  t h e  c a v i t i e s  a r e  
between a  few metres and 320 m i n  depth (Figure 2(A)),  and 98.5% of 
them a r e  l e s s  than 200 m deep. 

I n  the  case  of surface  outcrops ,  small  open c u t s  and mine g a l l e r i e s ,  i n  
add i t ion  t o  a rea  and l i n e a l  d iametres ,  r e g u l a r i t y  in  t h e  s e c t i o n  has 
a l s o  been noted. As a  measure of t h i s  r e g u l a r i t y ,  t he  r a t i o  has  been 
taken of t h e  lengths  of t h e  hor i zon ta l  semi-axis (x) and the  v e r t i c a l  
semi-axis of t h e  equivalent  e l l i p s e  of t h e  same a rea .  These measures 
have been taken i n  181 k a r s t i c  channels .  



Figure  3 .  Dis t r ibu t ion  of t h e  a reas  of t h e  t r ansve r sa l  sec t ions  (Fk) of 
the c a v i t i e s  seen in  the  open c u t s  and su r face  outcrops of 
the  t r i a s s i c  rocks and i n  mine g a l l e r i e s .  

The a r e a  of the  sec t ions  of t h e  c a v i t i e s  i s  between 0.0013 and 8.4 m 
2 

and only 5.5% a r e  over 1 rn2 (Figure 3 ) .  It has been not iced t h a t  t h e  
d i s t r i b u t i o n  of t h e  semi-axis of the equivalent  e l l i p s e  of the t rans-  
v e r s a l  sec t ion  of the  k a r s t i c  channels,  has values which vary from 
0.055 t o  10.6. 16% of the  holes  have regu la r  sec t ions  (0.8 < x/y 5 1 .25) ;  
37% have an x/y  r e l a t i o n s h i p  lower than 0.8 and 46% higher  than 1.25.  
It has  been not iced t h a t  t h e  c a v i t i e s  with sec t iona l  a reas  higher  than 
1- m2 a r e  r egu la r  o r  hor i zon ta l ly  glongated. 

Such c a v i t i e s  develop along bedding j o i n t s ,  e spec ia l ly  i n  con tac t  zones 
between limestones and dolomites.  Other l a r g e  c a v i t i e s  a r e  found i n  
t h e  surrounding zones of v a s t  a reas  of b recc ia ,  having, i n  t h i s  case ,  
t h e  tops  i n  t h e  shape of an equi l ibr ium a rch  (Figure 5 ) .  The small  and 
medium c a v i t i e s  genera l ly  belong t o  formations f i r s t l y  developed along 
a  bedding plane, o r  alofig v e r t i c a l  f i s s u r e s  o r  i n t e r s e c t i o n s  of 
seve ra l  of them. 

With r e spec t  t o  t h e  d i r e c t i o n s  of the  k a r s t i c  channels,  t he re  can vary 
even i n  t h e  same mine; however i t  can be  observed t h a t  some d i r e c t i o n s  
a r e  more f requent .  I n  t h e  Bolestaw mine the  channels of d i r e c t i o n  
140-160" and 40-60° predominate, but  i n  t h e  Olkusz mine t h e  d i r e c t i o n  



Figure 4 .  Rela t ionship  between the  a r e a  of the  t r ansve r sa l  sec t ions  of 
the  holes  (Fk) and the  r a t i o  between the  semi-axis of t h e  
equivalent  e l l i p s e .  x : hor izon ta l  semi-axis; y : v e r t i c a l  
semi-axis. 

Figure  5. Example of a  hole  with equi l ibr ium arch. 1 : blocks  of 
dolomites;  2 , :b recc ia  cemented by s u l f a t e s  of lead and zinc; 
3 : f i s s u r e d  limestones.  



60-80" predominates, and in  t h e  Pomorzany, 20-40". I n  t.he l a t t e r  ca.se 
t h e  d i r e c t i o n  120-160' has a peak frequency l e s s  pronounced than i n  
t h e  former (Figure 6 ) .  It has a l s o  been not iced t h a t  t h e  predominant 
d i r e c t i o n s  of the  k a r s t i c  channels and the  d i r e c t i o n s  of the  predominant 
f i s s u r e s  i n  the  carbonate massif i n  the  Olkusz region coincide.  This 
is a f a c t  which has been v e r i f i e d  in  many other  a r e a s  [ 3 ]  even i n  
k a r s t  i n  evapor i t e s  rocks [ 7 ] .  

BOLESLAW MINE OLKUSZ MINE 

E 

S S S 

Figure 6. Direct ions  of k a r s t i c  channels seen i n  mine g a l l e r i e s  and 
in  t h e  surface  of the  ground i n  the  region of Olkusz. 

FILLED KARSTIC FORMATIONS 

F i l l e d  k a r s t i c  formations have been found along the  whole of the  
t r i a s s i c  sequence. Two types of f i l l e d  formation were found in  the  
a r e a  : small funne l s ,  and those running along t h e  bedding j o i n t s .  I n  
boreholes f i l l e d  formations of 320 n? i n  depth have been found. 37% of 
these  a r e  found i n  the  f i r s t  200 m, s i m i l a r  t o  the  k a r s t i c  c a v i t i e s .  
It has a l s o  been not iced,  very f r equen t ly ,  t h a t  the  f i l l e d  formations 
a r e  found very c l o s e  t o  t h e  contact  zones between dolomites and 
limestones (Figure 7 )  . 
The formations which have been found i n  boreholes can be divided i n t o  
t h r e e  d i f f e r e n t  groups. The f i r s t  group c o n s i s t s  of those  developed 
a long the  boundaries between l a y e r s .  These can reach some hundreds of 
metres  i n  length and seve ra l  metres i n  he igh t  (Figure 8 ( A ) ) .  The 
second group includes  the  formations running v e r t i c a l l y  i n  a funnel  o r  
ho le  shape. They have v e r t i c a l  dimensions of about t en  metres and 
h o r i z o n t a l  dimensions of seve ra l  metres (Figure 8 ( B ) ) .  Formations 
wi th  l a r g e  hor i zon ta l  and v e r t i c a l  dimensions belong t o  the  t h i r d  
group (Figure  8 ( C ) ) .  The smal l e s t  of these  a r e  probably k a r s t i c  
funnels  f i l l e d  i n  subsequently by depos i t s  of aZlochthones o r  of 
r e s i d u a l  o r i g i n ,  The l a r g e s t  fomati.cms probably come from paleoval leys  
f i l l e d  a f t e r  the  a c t i o n  of important karsefc  processes .  



Figure 7. Frequencies of filled karstic forms found in borcl~olcs. 
A : showing height ( H ) ,  B : showing the limits between beds 
of dolomites and limestones. 
1. Curve which shows the situation of forms regarding the 
limits between limestones and dolomites from the Middle 
Trias (hw : distance from this limit to a shape). 
2. As curve 1 ,  but showing the limit between dolomites from 
the Lower Trias and the limestones from the Middle Trias 
(hr : distance between this limit to a formation). 

UNDERGROUND AND SURFACE HAZARDS 
IN RELATION TO KARSTIC FORMATIONS 

There are three main types of dangers in relation to karstic formations 
in the Olkusz region : (1)  Inrushes of ground water into the mine 
galleries, suddenly and unexpectedly, and even catastrophically. 
(2) Raising of the artificial funnels up to the surface of the ground 
as a consequence of the collapse of the ceiling of the galleries in 
the most abundant and therefore weaker karstic areas [ l o ] .  
( 3 )  Easy pollution of the ground water running towards mines, due to 
industrial and farming activities. 



Figure  8 .  Examples of f i l l e d  k a r s t i c  formations found in  boreholes.  
A : Formation developed a long the l i m i t  between beds of 
dolomites and limestones.  B : Kars t i c  funnel .  C : Formation 
of l a rge  dimensions. Middle Tr ia s  : 1 .  Limestones, 
2 .  Dolomites, 3 .  Breccia.  Upper T r i a s  : 4 .  Clay, 
5.  Sand Clay. Lower J u r a s s i c  : 6.  Clays,  7 .  Conglomerates, 
8. Sandstones. Quaternary period : 9.  Sands, 10. Boreholes. 

I n  k a r s t i c  rocks most of t h e  water runs through channels ( u n i t s  of 
t ransmiss ion;  [1 ,2 ,5 ]  and due t o  the dimensions of these  and t o  t h e  
p ressu re  of water i t  can reach a  high speed and heavy flows. This is 
why when a  mine g a l l e r y  i n t e r s e c t s  a  k a r s t i c  channel wi th  heavy flow 
of water the re  i s  danger of f looding the  g a l l e r y  o r  even the  whole 
mine. This has happened seve ra l  times i n  the Olkusz region.  The 
flow through these  channels i s  very of ten  0.5-1.0 m3/s. This  maximum 
Elow has a t  times been kep t  up f o r  approximately t en  hours ,  and a s  a 
consequence the  t o t a l  flow of water was above 5 m3/s, thus t h e  flow 
i s  g r e a t e r  than the  pumping capaci ty .  The excess water was d ive r t ed  
i n t o  a  system of s p e c i a l  sump holes  designed f o r  such cases  of ca ta s -  
t roph ic  inrushes .  This type of t h r e a t  e x i s t s  e s p e c i a l l y  c l o s e  t o  
the  non- f i l l ed  k a r s t i c  channels,  a l though i t  can a l s o  happen in  
f i l l e d  k a r s t i c  formations,  when mate r i a l  i s  c a r r i e d  by t h e  water ,  
i nc reas ing  the  inflow up t o  t en  times. 

The e s s e n t i a l  problem posed i n  mining i n  sa tu ra ted  k a r s t i c  rocks i s  t o  
fo resee  t h e  place  where a  mine g a l l e r y  may i n t e r s e c t  a k a r s t i c  
channel containing water under p ressu re  and t o  e s t ima te  the  flow of 
the  inrush.  Up t o  the  p resen t  t ime, a  method of f o r e c a s t i n g  i n  
Olkusz has not  been found. It has a l s o  been no t i ced  t h a t  t h e  h ighes t  
p r o b a b i l i t y  of inrushes  of water can be found c l o s e  t o  t h e  boundaries 
of l imestones and dolomites,  o r  a t  t he  boundary i t s e l f ,  where most of 
the  channels and f i l l e d  k a r s t i c  formations of l a r g e  dimensions can be 
found. 



Figure 9. Example of a filled karstic form found in a mine gallery. 
1. Limestones, 2. Marl limestones of small thickness, 
3. Sandy clays, 4. Pudding breccia. 

Figure to. Example of a zone of breccia cemented with calcite. 
1. Dolomites, 2. Calcite with fragments of dolomites. 



I t  has a l s o  been seen t h a t  the  a r e a s  of k a r s t i f i c a t i o n  weaken the  
r e s i s t a n c e  of the  rocky massi f .  I n  Olkusz, the  hor i zon ta l  dimensions 
of these  a r e a s  reach seve ra l  hundres of metres 191. I n  i t s  surroundings 
t h e r e  a r e ,  very o f t e n ,  depos i t s  of lead and z inc ,  so t h a t  mine g a l l e r i e s  
have t o  be excavated. Within the  f i l l e d  formations t h e  mechanical 
r e s i s t a n c e  i s  low i n  r e l a t i o n  t o  l imestones and sound dolomites.  This 
impl ies  t h a t  the  g a l l e r y  has t o  be l ined  and so the  t o t a l  c o s t  i s  
increased.  I t  may happen t h a t  the  l i n i n g  i s  not  s u f f i c i e n t  and the  
c e i l i n g  of the  g a l l e r y  may s ink  with t h e  load of t h e  ma te r i a l ;  t h i s  may 
even a f f e c t  the  surface .  Sink-holes appear ou t s ide .  The biggest  i s  
more than 100 m i n  diameter and almost 30 m i n  depth. Smaller sink- 
ho les  a l s o  form ou t s ide  t h e  mining a rea  a s  a  consequence of e ros ion  of 
t h e  ma te r i a l  which f i l l s  t h e  k a r s t i c  formations provoking i t s  co l l apse .  

The ex i s t ence  of k a r s t i c  channels through which water runs a t  a  h igh 
speed f a c i l i t a t e s  the  inflow and migration of p o l l u t a n t s  i n t o  the  
a q u i f e r .  In  Olkusz the re  i s  a  f ac to ry  of c e l l u l o s e  and paper which has 
been working f o r  many years  and which i s  located 7 km away from one of 
t h e  lead-zinc mines. Since i t s  opening, t h i s  f ac to ry  has  been 
discharging p o l l u t i n g  substances ( l ignino-sulfonide ac ids )  over sands 
which cover t r i a s s i c  carbonate rocks. As a  consequence of dewatering 
due t o  mining, the  water t a b l e  of the  a rea  has been depressed and so 
the  water from the  sands feeds  the  t r i a s s i c  carbonate rocks; 1.5 years  
l a t e r  po l lu ted  water can be found in  t h e  mine g a l l e r i e s .  70% of 
water previously  used a s  d r ink ing  water ,  i s  po l lu ted ;  the  a t tempt  t o  
sepa ra te  the  non-polluted water from the  po l lu ted  would requ i re  e x t r a  
and extremely expensive mining work. I n  add i t ion  t o  which, wi thin  
t h e  p a r t i a l l y  drained k a r s t i c  c a v i t i e s ,  a  dense b a c t e r i a l  fauna 
develops and metabolizes the  p o l l u t i n g  agents .  As a  r e s u l t  of t h i s  
metabolism and p u t r e f a c t i o n  of these  b a c t e r i a ,  l a r g e  q u a n t i t i e s  of 
methane have been c rea ted .  This gas can e a s i l y  reach the  mine 
g a l l e r i e s ,  through the  k a r s t i c  channels and f i s s u r e s ,  and i s  a l s o  
c a r r i e d  by the  ground water.  As a  consequence t h i s  has  caused 
explosions  with f a t a l  c a s u a l t i e s .  This has required e x t r a  s a f e t y  
measures and, consequently,  the  cos t  of mining has  increased.  

CONCLUSIONS 

From a d e t a i l e d  s t a t i s t i c a l  study of the  k a r s t i c  c a v i t i e s  i n  t h e  
Olkusz r eg ion  i t  has been shown t h a t  both t h e  th ickness  of t h e  c a v i t i e s  
and t h e  a r e a  of t h e i r  t r ansve r sa l  sec t ions  have log-normal a 

d i s t r i b u t i o n s .  The maximum development of k a r s t i c  c a v i t i e s  and f i l l e d  
format ions  a r e  found i n  t h e  f i r s t  200 m below ground, although the  
maximum depth t o  which k a r s t i c  phenomena can be observed i s  g r e a t e r .  

The c o n t r o l  of these  formations and the r e s u l t i n g  incidence i n  mining 
dangers by t h e  presence of water a r e  no t  we l l  understood, although from 
t h e  s tudy of t h e  formations we may conclude t h a t  the  contact  zones 
between limestones and dolomites,  a s  wel l  a s  f r a c t u r e s ,  represent  
probable  places  f o r  the  development of channels.  
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