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Abstract : Groundwaters  in  the  Precambr ian  basement  a re  no t  used  in  la rge  quant i t i es  in  Québec ,  even  
though  the  basement  under l i es  more  than  90% of  Quebec’s  sur face  a rea .  Never the less ,  mining  and 
hydroe lec t r ic  power  genera t ion  provide  va luable  da ta  and  s tudy  s i t es  on  hydrogeolog ica l ,  geomechanica l  
and  geochemica l  p rocesses ,  and  the i r  in te rac t ions ,  a round  underground excava t ions .  A decrease  in  
pe rmeabi l i ty  wi th  depth  and  the  occurrence  of  br ines  wi th  h igh  chlor ide  content  a re  a l so  f requent ly  
observed in  th i s  envi ronment .  
 
 

INTRODUCTION 
 
The  pr inc ipa l  in te rac t ion  be tween  groundwater  and 
human ac t iv i t i es  in  var ious  geologica l  
envi ronments ,  inc lud ing  the  Precambr ian  basement ,  
va r ie s  f rom one  region  of  the  World  to  the  o the r  
(Gus ta fson  and Krásný 1994) .  Mine  dra inage  
represen t s  a  charac ter i s t ic  hydrogeolog ica l  problem 
in  the  Canad ian  Shie ld ,  par t icular ly  in  Quebec  
(Charron  1967;  Brown 1970;  Rouleau  e t  a l .  
1999a&b) .  Radioac t ive  was te  d i sposa l  (Farvolden 
e t  a l .  1988)  and  hydroe lec t r ic  power  genera t ion  
have  a l so  mot iva ted  loca l  hydrogeolog ica l  s tud ies  
and obse rvat ions  in  the  bedrock of  th i s  region .   
 

Thi s  presenta t ion  i s  an  overv iew of  the  
hydrogeology  of  the  Precambrian  basement  in  
Quebec ,  desc r ib ing  a  number  of  hydro-mechanica l  
and  hydro-chemica l  phenomena  a f fec t ing  mine  
dra inage   
 
 

GEOLOGY,  HYDROLOGY AND CLIMATE 
 
The  Precambr ian  basement ,  which  under l ies  more  
than  90% of  Quebec  (Fig .1) ,  forms  par t  o f  the  
Canadian  Shie ld  which  i s  d iv ided  in to  geo logica l  
p rovinces  accord ing  to  de format ion  s ty le  and  age  
(S tockwel l  1962) .  
 

Tota l  annual  prec ip i ta t ion  ranges  f rom about  
1100 mm in  the  southe rn  pa r t  of  the  Precambrian  
Shie ld  to  about  400  mm in  the  nor thern  t ip  of  
Quebec  (Lapointe  1977;  Proulx  e t  a l .  1987) .  This  
dec rease  in  prec ip i t a t ion ,  combined  wi th  the  
p resence  of  more  or  l ess  d i scont inuous  permafros t  
over  much  of  the  a rea ,  r esul t s  in  considerab ly  
lower  groundwate r  recharge  a t  h igher  la t i tudes  
(Rouleau e t  a l .  1999b) .  
 

 
 

GROUNDWATER WITHDRAWAL 
 
Loca l  hydrogeologica l  da ta  a re  essent ia l ly  
res t r ic ted  to  the  most  popula ted  a reas  of  the  
Precambr ian  Shie ld  in  Quebec ,  which  a re  loca ted  in  
the  Grenvi l le  Province  (Rivers  e t  a l .  1989)  and in  
the  Abi t ib i  Subprovince  of  the  Super ior  Prov ince  
(Hock  1994) .  However ,  even  in  these  a reas  
g roundwater  i s  not  used  in  l a rge  quant i t i es  because  
of  the  wide  ava i lab i l i ty  of  sur face  wa ter  ( i .e .  l akes  
and  s t reams) .  The  groundwater  i s  essen t ia l ly  d rawn 
f rom permeable  g lac ia l  and  pro-g lac ia l  depos i t s ,  
and  i s  used  by  munic ipa l i t i es  and  indus t r ies .  Mine  
dra inage  cons t i tu tes  the  main  groundwater  



Groundwater in Fractured Rocks (2003) –, IAH, Prague, Czech Republic; Krásný-Hrkal-Bruthans (eds.)  
 

380

withdrawal  and  i s  re sponsib le  for  the  charac te r i s t ic  
hydrogeologica l  problem in  the  c rys ta l l ine  
basement  format ions  in  Quebec  (Rouleau  e t  a l .  
1999b) .  In  the  Abi t ib i  geologica l  Subprov ince  as  an  
example ,  which  covers  about  90  000 km2  of  the  
Precambr ian  Shie ld ,  the  to ta l  g roundwater  
wi thdrawn f rom the  35  mines  ( in  1993)  of  tha t  
region  amounts  to  about  57  000 m 3 /day  (MEFQ 
1993) .  This  i s  roughly  equiva lent  to  the  
g roundwater  wi thdrawn by  the  150  000  inhabi tant s  
o f  th i s  min ing  region fo r  a l l  o the r  usages ,  
inc luding  dr inking  water ,  p i sc icu l ture  and  o ther  
indus t r ies . 
 
 

HYDRO-MECHANICAL AND HYDRO-
GEOCHEMICAL PHENOMENA  

 
Minor  f rac tures  and  major  s t ruc tura l  
d i scont inui t i es ,  such as  faul t s  and shear  zones ,  
c lea r ly  cont ro l  g roundwater  inf low to  a  depth  of  
about  300  m in  the  mines  (Raven  and  Gale  1986) .  
At  g rea te r  depth ,  major  s t ruc tures  a lone  genera l ly  
const i tu te  the  groundwater  condui t s .  
 

Excava t ion  in  a  rock  mass  d i s tu rbs  the  
geomechanica l  s t re ss  f ie ld ,  which  in  tu rn 
p resumably  a f fec t s  the  hydrogeologica l  proper t ie s  
o f  the  rock mass .  However ,  f ie ld  da ta  on  rock  
pe rmeabi l i ty  a round excava t ions  sugges t  tha t  o ther  
p rocesses  may  a l so  a f fec t  the  hydrogeolog ica l  
p roper t i es  o f  a  rock mass  a round  dra ined  
excava t ions ,  such  as  g roundwater  degass ing  and 
d i ssolu t ion-prec ip i ta t ion  a long  f rac ture  p lanes  
(Rouleau e t  a l .  1999a) .  
 

Many  occur rences  o f  br ines  and  gases  have  
been  repor ted  in  the  Canadian  Shie ld  (Fr i tz  and  
Frape  1982;  Guha  and Kanwar  1987;  Sherwood e t  
a l .  1988) ,  inc luding in  the  mines  in  Quebec .  These  
br ines  a re  mos t ly  encounte red  a t  a  dep th  of  1000 m 
or  more ,  and  typica l ly  have  h igh chlor ide  content .  
 

Groundwater  d ra inage  in  mines  o f ten  produces  
an  impor tant  d rawdown cone.  The  p resence  o f  a i r  
in  th i s  enla rged  unsa tura ted  volume of  rock 
inc reases  geochemica l  reac t ions  a f fec t ing  
groundwater  (Rouleau e t  a l .  1999a ) .  
 
 

CONCLUSION 
 
Mine  dra inage  cons t i tu tes  the  main  groundwater  
wi thdrawal  and  p resen t s  a  charac ter i s t ic  
hydrogeolog ica l  p rob lem in  the  Precambrian  
basement  in  Quebec .  Mining and o the r  underground 
excava t ions  o f ten  have  s igni f icant  e f fec t  on  the  
hydrogeolog ica l  proper t i es  o f  a  rock  mass  as  we l l  
as  on  the  groundwater  qua l i ty  and  f low regime.  
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