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Aks i rac i - -A new Iype tbl diagram depwls urienlal ton data lot planar s l ruclules  Iound m dnll eme  Slnke and dip 
ol ha t lu res  mlersecled by a botehole are plolled ,ndependenllV, side by aide, as a Iunclton o[ boreht_de length 
These compamon plois shaw vana l nms  m dts lnbul i tm and unenlalto, n ol h 'aclules The dmgqam ,s used to 
eslabl,sh boundaries between hac lure  domains  and to mlerpret  a sequence ol I raclunng based on Ihe spahal  
relahcmship belween dnmams  compns lng  difletenl Iraclule pal lerns 

INTRODUCTION 

AN *mportant aspect ol geosctence research conducted 
by AECL Research is delermmat , )n  and analysis ol 
orientations ol hactures wh*ch are intersected by bore 
holes drilled to depths ol up to about I km (Whltaker 
1987). Good recovery ol undisturbed and oriented core 
is routinely obtained using tnple lube drilling tech 
tuques and Craehus core onenlators  (Goodman 1976) 
Apparenl orientations ol fractures are then measured 
relative to a reference line painted along the entire 
length ol the core and recorded m a computer database 
together with other Iracture charactensttcs including the 
type of filling matenal.  Following a gyroscopic survey of 
the borehole to determine fls onental ion and traleclory, 
fracture onental ions are converted Io strike and dip 
using a modified version ol a computer program written 
by Lau (198'3). 'The data obtained from core ts supple 
merited by observing fractures m the borehole with a 
borehole television camera and a borehole acoushc 
televiewer. I.Ismg these techmques many hundreds of 
Iracture onental ions are obtained for a given borehole,  
excluding small zones where the c~re recovery is too 
poor 

Hemisphencal  pro lec ,ons  , Rose trequency diagrams, 
and strike and dip histograms are commonly used to 
display fracture onental ion data (Hobbs et al 1076, 
Pnest 1985, Ramsay & Huber 1987). Spatial varmtion m 
o n e n t a t . m  or in distribution, ol planar structures occur 
nng at surface, can be shown by a map decorated with 
these diagrams. Stmdarly, orientation and dislnbution 
ol fractures intersected at depth by horeholes have been 
displayed using bar diagrams and contoured equal-area 
nets on a vertical section (McEwen & H.Ilary 1985). In 
Ihis instance, bars are extended perpendicularly from 
the borehole sectional trace so the length of each bar 
represents the number  ol tractures intersected per 
metre. The resulting diagram appears like a histogram 
and provides a visual impresmon ol the dlstnbut..m of 
fractures down the borehole Fractures from certain 
segments ol the borehole are g . )uped  and plotted on 

equal area nets ananged along the borehole trace A 
single diagram ,s thus constructed showing both fre- 
quency and orientations ol groups ol fractures inter- 
sected by a borehole (e.g. Fig. I) 

'This approach requires considerable familiarization 
with the data so that boundaries between intervals 
characterized by different fracture patterns can be cor- 
rectly defined, and thereby the fractures grouped to 
produce significant equal area plots There was a need 
lot a method ol displaying the spatial dtstnbution ol 
fracture onenlat ions before grouping. The Iollowing 
illustrates the application of a new diagram to present 
fracture data Irom borehole WAI dnlled in the Lac du 
Bonnel batholith in southeastern Mamtoba,  Canada 

ANALYSIS OF FRACTURE ORIENTATIONS 

Borehole WAI ,  which plunges 06 '~ WNW, was drilled 
to a length ol 1200 m mlo massive and weakly schlieric to 
gnelsslc granite In correspondence with haclures the 
gramte is altered to a greyish pink colour, otherwise the 
pnstme gramte is grey The only significant vanation in 
hthology occurs below 1070 m where tonalile xenohths 
are prominent.  The b4~rehole mlersected 22(11) unevenly 
distributed Iractures, wflh higher concentrations for a 
downhole length of 0-305 m and b0(I-73~ m Two faull 
zones characterized by closely spaced low dip fractures 
extend trom 307 to "~65 m and from 722 Io 7'35 m. The 
upper laull 'zone includes a 10 m intersection of severely 
argdlized cataclastite cenlered at 34'~ m. Cataelastlte m 
the lower fault zone occurs over 0.5 m at 720 m. Interpo 
lahon between fault intersections, in boreholes collared 
between 3f) and 500 m Irom W A I ,  shows thai the upper 
zone has an orientation of strike 20S/dip 23" NW Llse oi 
slip surfaces to represent overall lault orientation 
(Kammeni et a/ 1988) indicates Ihat the lower fault is a 
shallow dip slructure, similar to the upper laull and 
other faults I'uund in the batholilh (Stone & Kammem 
Iq88a,h, Stone et al. 198q). 

The distribution and orientation of the intersected 
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A diagram h)r planar tealure,~ in L'~r,: I(IN'7 

fractures i ~, shmvn h~r Ihr rnlire h,~rehole I w the Iracl,ure 
,,,~,.'aller d i a g r a m  (Fig 2) 'T'hts d i a g r a m  c(~nsi.,,;l,.',; ¢~1 lw*~ 

ph~l,'~ Iraclure '~l,rike ~,~ h,~reh~_de lenglh, and dip vs 
bureh,)le lengl,h Each Iraclure i'~ l.hus repre.'~enl,ed hy a 
Dunl ~n holh ph.)Is 'The' ~e,~ulllng scalier dmagram pr,~ 
vlde.5 a melhud h~r rapld vi'.;ual in,.,pecll~n ¢~I lhe laclure 
dal,ah)rtheentlrehurehMe i l tsapparenl, l ,haI l raclurcs 
are much more ahundanl in lhe ( l -3(-)5 m a n d  h( ) ( ) - '735  m 
mtewal,~ lhan elsewhere 

(.'crl,ain =nle~al~ .~h~w clusler~, ¢~I dala p,~=nl.s, whmch 
mdtcalc lhe prel'erred orienlal,~ms ul Iraclures. Inl,er 
vals characlertzed hy ccm.',;t~[enl Iraclurt' pal,l,erns 
h.)gcl,her wil,h ~.',~mmon 51hng mal,ertals (Fig ~,) and 
ewdence ul laullmg, pmvndes a ha.~,s h~r ~denl,ilymg 
Iracl,ure domam.~, whu.'h are uselul Io the apphcal,t(m ,~I 
L)thcr analvhc l,echn,que,~ or I,D geolog=c =nl,erprel,atu:m 

F'raclure+~ in E),m~ain I ab~we lhe upper laull z~nc 
(Fmg 2) arc mamlv.~lc'eply dlpDng(grt 'al ,er than'7()"). 
For this interval, lhere in .'.,~me Vtslhle cluslermg(fl slrmke 
dmrecll,~n al ab~ul '~() and lll(r'. T'he mal,~rtly ~I Iraelure,,, 
arc unhlled or ~.'~nlamn calc=le E'h~mam 2 cunsm.slH ~l 
predumlnanl,ly ,.,halh'~w dip Iraclure.'.,, in cunl,rasl Io lhe 
,~ubverllcal Iraclures ahuve In addmlm~m l,,~calaclasl,leally 
deh~rmed laull, rocks, l,h=,s dumam ms alsu dlHllnguished 
hy L'hh)rll,e and hemalll.e Iraclure lillmng E),~mains ~, and 
(-~ are rec,)gnmzed mamnlv by .'.,~.'ar~.',l,v ,~I Iraclures o[ any 
type F'racl,ures mn E')c~mamn 4, abuve the h~wer laull zone, 
have m,~re .,,halh)w d=pH Wll,h mcrea.smng dlsl,ance Irum 
the l 'ault  zune and l,here ts a cc~rre,,,pundlng shmll mn slrlke 
Ir,~m approxmmalely 271r' !h~ appr,~xlmal.ely IH(r'. In Flg 
I, ~n lhe equal area nel, ,  a glrdle depmcl,ing l,he shlll In 

~ n e n l a l l ~ n  t'~ a p p a r e n t ,  h ~ w e v e r  l h e  c h a n g e  wml,h dl,',; 
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DECREASING TEMPERATURE ANO AGE 

Fig t D=slnbuhun ul haclures and hraelure hlling mineral,,, along Ihe lenglh t~l b.rehole shown as number .I i~.currence,,. 
per metre Mineral.,, are unanged m m'der ol decreasing age accurdmg Io paragenesis alice ,Slone & Kammem (Ig82) 

eslablished by cry,.;lallizahlm lempelalure and e ras , . ,  ClJIIin~, relul.mship,., 

lance Iron= the laull is not shown. Some discrele zones m 
Domain 4 are predominated by chlorite and hematile 
fracture filhng bul overall filling proporl=ons are similar 
to those m Doma=n I. Finally, Domain 5 contains very 
abundant low-dip I'raelures and also represents a lault 
zone s~milar Io Domain 2 above 

RELATIVE AGE OF DOMAINS 

Fractures =n Domain I are oriented s,milar to ortho 
gonal NNE and ESE vertical joints I'ound at surface near 
borehole WA I 'The latter set, which =s significantly less 
p rommenl  (McCrank 1985), is relatively under 
represented in Ihe borehole,  due Io prelerential  inter 
secllon ol the NNE, which is sel oriented al a higher angle 
Io Ihe borehole However ,  fracture density, orlenlallon 
and Iracture filling mineralogy are shown by the bore 
hole dala lu bc generally consislenl throughout the 
domain.  Evidently, the dominantly subvertical fractures 
extend Irom surface down to, but not below, Ihe first 
shallow-dip fault 

'The s teeper  fraclures in both Domains I and 4 extend 
over true depths o1' more than 300 and IIXI m (Fig. 2) bul 
l e rmmale  9 and 12 m, respectively, above shallow dip 
hactures  m Domains  2 and 5. This implies thai the slress 
conditions thai caused fractunng were al vanance across 
Ihe faults 'The m sire stress state has also been shown to 

change in magnilude and direction across similar I'aulls 
intersected by a 4,.13 re.deep shah in another area ol Ihe 
bathohth (Mart in I~,~q). 

'Tlle distr ibul inn ol fraclure filhngs ( Fig. 3), and hence 
poss=bly the age (~1 Iraclures, change Irom one domain to 
the next as well• Fractures m Domains I and 4 conlam 
proportionately more talc=re filhng or are barren, 
whereas those of Domains 2 and 5 are nch =n chlorite and 
hemal=re. These data indicate thai the low-dip faults in 
Domains 2 and .~ had formed early and were succeeded, 
possibly under cooler lemperalures, by the steeper I'rac 
lures =n Doma,ns I and 4 'The laulls show ev,dence of 
post chlorite-hemal=re rejuvenahon when calcile and 
clay fillings were depos=ted 

DISCUSSION 

' l~ere are several applications of the Iraclure.scatler 
dtagrams Io dala c~llecled from boreholes. When all 
Iraclures are onented the plol serves as a composde 
d ls lnbul ion and onenlal lon diagram and can provide a 
rapid visual impress.in of a large amounl ol data The 
plot can be used Ior establishing boundaries between 
fracture doma,ns. II Ihe cluslering o1 data ,s good, mean 
orienlal=ons may be eshmaled by inspeclion For seal- 
lered onenlal lons,  Ihe plol =lluslrales the variation. 
'l.'rends in change of slrike and/or dip w]lh deplh can be 



A d~a[ . I ram h~r p l a n a r  l e a l u r c ' ,  in c ~ r c  It.)Xq 

'~ccn In lh¢ p rec~dm.~  ca .~ ,  ~r i l¢rval,~ we're.' d ¢ I t ' r m m e d  

for  szx I r a c l u r ¢  d(.)ma[n~, u s ~ l u l  h~ 9,~'(~lo~,IC m t c r p r ¢ '  

l a l m n ,  and  a c c ~ r d i n g  I~ w h i c h  I r a c l u r e s  a rc  g r u u p ~ d  t,~ 

pr ,~duc~ .~ ign i f icanl  ar id  ~ e p r u , . ; c n l a l w c  ¢,qual  a r e a  ph~l,~ 

Such a d i a g r a m  d lu~ I ra l cs  l h c  s p a l , a l  v a r ~ a l l o n  a n d  

a,'s,~oclallon u l  tra~.'lur¢, d~ma in .~ ,  pruwd,ng a hasl.N, l i f t  

i n l c r r l n g  ag~' r~lalu~rlshil:).~ wh~ 'n  t r a c l u r l n g  in one' 

d o m a i n  appc 'a r~  I~ haw:  be'on t r u n c a t e d  hv  t rac lurc, ' , ;  m 

a n u l h e r .  T h e  d i a g r a m  =,,.; a s u p p l c m e n !  l u  o thc ' r  I~'ch 

mque,~ lor ana l ys i s  o l  b*~rch~)le ur i~nta t i~_m d a l a .  
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