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Sumnary 

The c h a r a c t e r i s t i c s  o f  f a u l t  and shear zones to depths o f  2.5km a re  we l l  
documented i n  deep mines i n  North America. The c h a r a c t e r i s t i c s  can be 
s u m r i z e d  as fo l lows:  

* Fau l t  zones genera l ly  a re  i r r e g u l a r ,  commonly branching and anasto- 
mosing ra ther  than simple and p lanar.  

* 
i n  a ma t r i x  o f  sheared and f o l i a t e d  rock bordered by h i g h l y  f rac tu red  
rock. 

* 
displacement. 
occurred tend to be one hundred or more meters wide; whereas those on 
which on ly  a few hundreds o f  meters displacement has occurred a re  on ly  a 
few meters or less  wide. 

* Some zones represent shear d i s t r i b u t e d  across hundreds o f  meters 
r a t h e r  than concentrated i n  a narrow zone. 

* 
f a u l t s  over  the  v e r t i c a l  range o f  2.5km. 

* Fau l t  zones a re  i n v a r i a b l y  wet below the  water tab le ,  and water 
moves along them a t  var ious rates,  b u t  f a u l t  zones may a l s o  serve as 
dams, ponding ground water several hundred meters h igher  on one s ide  
then on the  o ther .  

Fau l t s  a r e  genera l ly  cons t i t ued  of one or more c l a y - l i k e  gouge zones 

The wid th  o f  f a u l t  zones tend t o  be greater  on f a u l t s  having greater  
Fau l t  zone on which k i lometers  o f  displacement have 

No s t r i k i n g  d i f f e r e n c e  i s  documented for the  c h a r a c t e r i s t i c s  of 
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Faul ts  and shear zones in  the Coeur d'Alene mining d i s t r i c t  i n  Idaho. 

The Coeur d'Alene mining d i s t r i c t  i n  nor thern  Idaho, l i e s  i n  an in tense ly  
f a u l t e d  and sheared s t r u c t u r a l  knot  ( f i g .  l), an important s t r u c t u r a l  
element o f  which i s  the Osburn f a u l t .  The Osburn f a u l t  has 26km o r  r i g h t -  
l a t e r a l  s t r i k e  s l i p  (Wallace and others,  1960, Hobbs and others,  19651, 
la rge enough to  be s i m i l a r  to  displacement on the San Andreas f a u l t  i n  
C a l i f o r n i a .  I n  the process of recover ing b i l l i o n s  o f  d o l l a r s  worth of 
o re  from the d i s t r i c t ,  the region has been c u t  by mine g a l l e r i e s ,  a d i t s  
and shaf ts  t o t a l l i n g  several tens of km i n  length. Furthermore, o re  
has been mined over a v e r t i c a l  range o f  m r e  than 2.2km so t h a t  f a u l t s  
and shear zones have a l s o  been exposed over t h a t  v e r t i c a l  ex tent .  A t  
few places i n  the wor ld  i s  there a s e t  of f a u l t s  as w e l l  exposed both 
i n  l a t e r a l  and v e r t i c a l  ex ten t  as i n  the Coeur d 'Alcne and the s i m i l a r i t y  
of the Osburn f a u l t  to  the  San Andreas f a u l t  warrants spec ia l  a t t e n t i o n .  
A l l  types of f a u l t s  are grouped and discussed together  i n  t h i s  paper. No 
noteworthy c h a r a c t e r i s t i c s  t h a t  are d i f f e r e n t  on normal, reverse o r  s t r i k e -  
s l i p  f a u l t s  o r  on f a u l t s  o f  d i f f e r e n t  ages seem obvious from the present 
analys is .  

A t  present,  f a u l t s  a re  exposed a t  the  sur face a t  e levat ions  above 2000 
meters to  depths more than 300 meters below sea l e v e l .  How deep the 
f a u l t s  were bur ied  a t  t h e i r  t ime o f  format ion i s  unknown. bu t  Fryklund 
(19641, from a study o f  the  environment o f  o r e  formation, ,suggests t h a t  
5km may be a l i k e l y  depth f o r  the  deepest o r e  bodies. Inasmuch as some 
o f  the f a u l t s  are exposed more than 2 km v e r t i c a l l y  below a regional  up- 
land eros ion  surface, i t  seems reasonable to  assume t h a t  some f a u l t s  
represent f a u l t i n g  a t  l e a s t  t h a t  deep. 

Country rocks involved i n  the  f a u l t i n g  o f  the  Coeur d'Alene d i s t r i c t  
described here a re  of Precambrian age and range from f i n e  gra ined 
a r g i l l i t e s  and r i l t i t e s  (quar t z i t es  having s i l t - s i z e  gra ins)  t o  f a i r l y  
coarse gra ined q u a r t z i t e s .  Low grade metamorphism i s  c o m n .  Beds a r e  
from a few cm to  meters t h i c k ,  formations a r e  hundreds to  thousands o f  
meters thick, and the t o t a l  sedimentary p i l e  exposed i s  more than 15km 
t h i c k .  
km, so t h a t  from the h ighest  u n i t  on the  c r e s t  of the l a rges t  a n t i c l i n e  
to  the  lowest u n i t  i n  the trough o f  the  l a rges t  sync l i ne  cou ld  represent 
several times 15km. Whether or not  any o f  the  f a u l t  c h a r a c t e r i s t i c s  
described t y p i f y  c h a r a c t e r i s t i c s  of f a u l t s  a t  depths o f  30 or m r e  km i s  
quest ionable, b u t  itsseems possib le.  

The beds have been warped i n t o  fo lds  having amplitudes o f  several 
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Cont inu i t y  of f a u l t s  i n  depth and l a t e r a l l y  

Fau l ts  i n  the Coeur d'Alene d i s t r i c t  c h a r a c t e r i s t i c a l l y  a re  complex both 
i n  t h e i r  c o n t i n u i t y  l a t e r a l l y  and i n  depth. A p a t t e r n  o f  branching and 
anastomosing shears describes f a u l t  pa t te rns  both i n  v e r t i c a l  sec t i on  
and in  map plan, and a t  scales ranging from f a u l t s  k i lometers  long t o  
f a u l t l e t s  and shears a few meters o r  tens o f  meters long. Fau l ts  a re  
seldom planar. 

Larger f a u l t s ,  such as the  Dsburn, Placer  Creek f a u l t s  and branching 
f a u l t s  such as the  Alhambra and P o l a r i s  form a complex zone of shearing 
from 4 to  6km wide ( f i g u r e  1). 
f a u l t s  and shears i n  cross sec t i on  i n  the  Coeur d'Alene mine, over a 
depth range o f  m r e  than a k i lometer .  Where mine workings i n t e r s e c t  
the f a u l t  zone a t  200 f o o t  i n t e r v a l s  v e r t i c a l l y ,  the p a t t e r n  i s  demon- 
s t r a t e d  t o  be complex. To the  n o r t h  and south l i e  the P o l a r i s  and 
Sa in t  Elmo f a u l t s ,  known near t h i s  cross sec t i on  on ly  a t  the  sur face 
and i n  one or  t w o  crosscuts a t  depth. I n  such s i t u a t i o n s  where good 
exposures a re  absent, the complexi t ies can not  be demonstrated and 
f a u l t s  a re  i n te rp re ted  d i a g r a m t i c a l l y  as r e l a t i v e l y  uncomplicated 
planes. 
complexi t ies i n  bo th  f a u l t  and v e i n  zones, e x p l o r a t i o n  i n  the  Coeur 
d'Alene d i s t r i c t  has depended i n  l a rge  measure on extensive shaf t  
s ink ing ,  c rosscut t ing ,  and d r i f t i n g .  D r i l l i n g  and core ing  a re  he lp fu l  
i n  e x p l o r a t i o n  to distances o f  a r e l a t i v e l y  few hundred meters, b u t  
incomplete recovery o f  core and complexi t ies o f  the  f a u l t  and ve in  
zones where cut have lead to the p r a c t i c e  o f  ob ta in ing  the  l a rge r  
sample and m r e  complete record a f fo rded by mine d r i f t s  and crosscuts.  

The complexi t ies o f  f a u l t  zones i n  d e t a i l  a re  i l l u s t r a t e d  on mine maps 
a t  o r i g i n a l  scales of 1 inch to  50 f e e t  and la rger .  A d e t a i l  from the 
Coeur d'Alene mines i s  shown i n  f i g u r e  3 .  Note e s p e c i a l l y  the d i f fe rences 
i n  the  f a u l t  a t  p o i n t s  A, B, C, and D. The f a u l t  changes i n  s t r i k e  and 
w id th  over s h o r t  d is tances i n  number o f  strands, and i n  the  d i p  o f  
i n d i v i d u a l  s t rands o f  the  f a u l t  i n  the same exposure o f  t h e  f a u l t  zone. 
P r o j e c t i o n  o f  such a f a u l t  to m r e  than a few hundred meters, thus i s  
d i f f i c u l t .  

I n  sumnary, a t  a l l  scales i n d i v i d u a l  f a u l t s  a re  complex and undulat ing,  
not planar, and a t  a l l  scales a network o f  f rac tu res  i s  c h a r a c t e r i s t i c  
r a t h e r  than a s i n g l e  rup ture  surface. 

Many s t r i k e - s l i p  f a u l t s  a r e  i n  r e a l i t y  t e a r  f a u l t s  i n  the  upper p l a t e s  
of low d ipp ing th rus ts .  I t 1s c o m n l y  assumed t h a t  such f a u l t s  term- 
inate  a t  the t h r u s t  plane a t  a steep angle; i n  many areas t h i s  i s  not 
the  case. 
the  ore-bearing Eureka standard t e a r  f a u l t  s t r i k e s  N. 45" E. and d ips  
about 55" NU. from the sur face to  the  1,400-foot l e v e l  o f  the Eureka 
Standard mine, where i t  has about 762 m (2,500 f t )  o f  r i g h t  l a t e r a l ,  
ho r i zon ta l  displacement. As t h i s  f a u l t  i s  fo l lowed eastward toward the  
concealed t race  o f  the n o r t h- s t r i k i n g ,  west-dipping East T i n t i c  t h r u s t  
the d i p  gradua l ly  decreases and the  s t r i k e  gradua l ly  tu rns  northward 
u n t i l  i t  merges impercept ib ly  w i t h  t he  t h r u s t  ( f i g .  4) .  
f a u l t s  i n  the  Burgin mine a l s o  merge i n t o  the  t h r u s t  i n  the  same manner, 
i n d i c a t i n g  d i f f e r e n t  amounts o f  t e c t o n i c  t ranspor t  on d i f f e r e n t  p a r t s  o f  
the  t h r u s t  p l a t e .  

F igure  2 shows a complex p a t t e r n  o f  

Because o f  such la rge  v e r t i c a l  and h o r i z o n t a l  dimensions and 

I n  the  Burgin mine o f  the  East T i n t i c  mining d i s t r i c t ,  Utah, 

Other tea r  
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Geometry o f  f a u l t  and shear zones 

Few f a u l t s  are t r u l y  p lanar  features.  
breaking, undulat ing, s t r i k e - s l i p  f a u l t s  i s  the  Lakeshore f a u l t  o f  the  
K i r k l a n d  Lake gold-mining d i s t r i c t  i n  Ontar io,  Canada ( f i g .  5). 
d i s t r i c t  conta ins the deepest mines i n  North America--the Lake Shore and 
Wright-Hargreaves mines--having reached depths o f  2,461 m (8,075 f t) and 
2,491 m (8,172 ) f e e t  respec t i ve l y  (Charlewood, 1964). In these mines 
the  N012'-25' E.- trending Lakeshore f a u l t  has been fo l lowed t o  a depth 
o f  2,332 m (7,650 f t) and according to  Hopkins (1948), shows no evidence 
of terminat ion,  or even o f  diminished throw. 
2,300-foot l e v e l  of the Wright-Hargreaves and adjacent mines the f a u l t  
d ips  east-southeast a t  about 80"; 
more or less v e r t i c a l  to  the  3,600-foot l eve l ,  where the f a u l t  becomes 
somewhat sinuous, b u t  r o l l s  over and assumes a d i p  o f  about 80" west- 
northwest; i n  the  lowest l e v e l s  of the  mine the f a u l t  i s  a c t u a l l y  no r th  
west o f  i t s  sur face p o s i t i o n .  Hor izonta l  displacement on the  Lakeshore 
f a u l t  i s  about 198 m (650 f t )  and v e r t i c a l  displacement i s  about 99 m 
(325 f t ) .  
s t r i a e  occur on the  f a u l t  plane. The f a u l t  zone i s  sharply def ined b u t  
conta ins on ly  1-5 cm of  c layey gouge. 

One o f  the best  documented deep- 

Th is  

From the sur face to  the 

a t  t h i s  l e v e l  the  d i p  steepens and i s  

The east  s i d e  has moved genera l ly  nor th,  and n o r t h  p lunging 

Even greater  v e r t i c a l  i r r e g u l a r i t i e s  are shown by the Beck and Centennial 
f a u l t s  o f  the  main T i n t i c  mining d i s t r i c t ,  Utah ( f i g s .  6 and 7) .  
o f  these f a u l t s  a re  exposed i n  mine workings t o  depths of 825 and 550 m 
where they cut the  v e r t i c a l  west l imb and near ly  f l a t  trough of the  T i n t i c  
sync l ine .  the d i p  o f  the Beck 
f a u l t  ranges from 60' NU. to  70" SE.. and o f  the  Centennial from 37" SE. 
t o  70" NW. The displacement on both  f a u l t s  i s  l e f t  l a t e r a l ,  and i s  about 
550 m on the Beck and 335 m on the  Centennial. Hor izonta l  mul l ions  about 
1-3 m deep on the Beck f a u l t  i n d i c a t e  v i r t u a l l y  no v e r t i c a l  component of 
displacement. 

F igure  8 shows i r r e g u l a r i t i e s  on the v e i n  of the  O'Brien go ld  mine, 
Quebec dep ic ted by s t r u c t u r a l  contours. The vein, formed along a f rac tu re ,  
i s  o f f s e t  by l a t e r  f a u l t s .  Ore has tended to  form i n  l i n e a r  zones along 
elongate r e l i e f  on the  o r i g i n a l  f rac tu re ,  probably i n  zones o f  tension. 
The i r r e g u l a r i t i e s  on t h i s  f r a c t u r e  sur face might represent the  types o f  
i r r e g u l a r i t i e s  or a s p e r i t i e s  t h a t  on a c t i v e  f a u l t s  account for micro-  
earthquakes. 

F a u l t  and shear zones comnonly have many forms o the r  than simple p lanar 
or curved surfaces. Displacement i s  not uncomnonly d i s t r i b u t e d  through 
a volume o f  rock t h a t  i s  wide compared t o  i t s  l a t e r a l  dimensions or i t s  
displacement. The term "shear zone" commonly i s  app l i ed  to  d i s t i n g u i s h  
these r e l a t i v e l y  broad brecc ia ted or sheeted zones from those on which 
displacement i s  concentrated in  a narrower zone. 

Both 

These f a u l t s  bo th  s t r i k e  nor theaster ly ;  
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Shear zones t h a t  d i sp lay  s t rong s c h i s t o s i t y  may develop i n  any of  a 
v a r i e t y  of rock types ranging from f ine- gra ined quar t z i t es ,  and s i l t i t e s  
t o  a r g i l l i t e s ,  b u t  genera l ly  a re  not as pronounced i n  coarse-grained, w e l l -  
indurated q u a r t z i t e s  or massive carbonate rocks. The p l a t e l y ,  micaceous 
minerals o f  a r g i l l i t e s  favor  the  development of f o l i a t e d  shear zones, and 
where smal ler  bodies o f  q u a r t z i t e  a re  surrounded by a r g i l l i t e ,  very t h i n  
t a b l e t s  and lenses o f  q u a r t z i t e  bounded by shear planes ( f i g .  9) may 
develop i n  response to  the  pervasive shearing through the a r g i l l i t e ,  which 
becomes p h y l l i t i c  under shearing. 

Many o r e  bodies d i s p l a y  a f o l i a t e d  s t r u c t u r e  i n d i c a t i n g  shearing, even i n  
massive galena. 
meters wide even though o f f s e t  o f  rock u n i t s  across the  zone demonstrate 
r e l a t i v e l y  l i t t l e  t o t a l  o f f s e t .  
a tensional  zone, which served as a host  for  m ine ra l i za t i on ,  but  which 
presented a zone o f  weakness t o  l a t e r  s t resses o f  s l i g h t l y  d i f f e r e n t  
o r i e n t a t i o n ,  thus i n v i t i n g  a moderate component o f  shear. 

Width o f  gouge, shear and brecc ia ted zones 

I n  the  Coeur d'Alene mining d i s t r i c t  o f  more than 60 f a u l t s  described by 
Hobbs and others (1965) e s s e n t i a l l y  a l l  a re  comprised o f  three elements, 
a d i s c r e t e  c l a y - l i k e  gouge zone, a zone o f  sheared rock, and a zone o f  
f rac tured rock. The gouge zone genera l ly  i s  a f r a c t i o n  o f  the  t o t a l  w i d t h  
of the f a u l t  zone. The f o l l o w i n g  t a b l e  ( tab le  1)  g ives representa t ive  
values. 
zone o f  d i s rup t ion .  To summarize, g iven k i lometers  o f  displacement, the  
w id th  o f  the  zone o f  f a u l t i n g  ranges between 100-300 m, o f  which a ten th  
i s  gouge. 
zone of f a u l t i n g  i s  several m and the  gouge zone ranges between 0.1 and 
1 m. The r a t i o  o f  the  w id th  o f  the t o t a l  f a u l t  zone t o  the w id th  of the  
gouge zone thus i s  on the  order  o f  10-1 through a range o f  f a u l t  d i s-  
placements and types of f a u l t i n g .  

This shearing has developed across bodies of o re  many 

l The model, thus, may be one of p r i m a r i l y  

I n  genera1,the l a rge r  the  f a u l t  displacement, the wider  i s  the 

Given several tenths o f  a km displacement the  w id th  o f  the 
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Fault - 
Osburn 

Dobson Pass 

O'Neill Gulch 

ComMnder 

Car l i l se  

White Ledge 

French Gulch 

Polaris 

Mineral Point 

Sonora 

Sonora 

National 

Blue Star 

Standard 

Frlrco 

TABLE 1 

Relation of displacement and width of f a u l t  zones i n  

the Coeur d'Alene mlning d i s t r i c t ,  Idaho 

Displacement, KM 

26 

5.6 

I* 

0.61 

0.6* 

0.31 

0.3* 

0.15-1.8* 

0.15* 

? 

? 

? 

? 

? 

1 

Gouge 

20-30 

25 

( 1* 

( 4-6 

0.1 

1 

0.1 

(0.6-1.5 

( 1-3 

0.3 

0.6 

0.3 

0.6 

0.3 

0.1 5- .45 

-Width of (m.) Fractured 
- Shear ~ rock 

100 1 

240 

1 
1 

1 

6 

0.3 12-16 

1 
1 

0.2-3 

3-7 

1 1-10 

0.6-6 

( 2.5 1 
I* 
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Rela t i ve  p o s i t i o n  of gouge w i t h i n  f a u l t  zone 

The gouge zone may l i e  near the center o f  the zone o f  shearing and 
brecc ia t ion,  a t  one margin o f  the zone o f  shearing and b recc ia t ion ,  
be i n  several d i sc re te  bands woven throughout the zone ( f i g .  i o ) .  

Garth Crosby (personal comnunication, February 1979) repor ts  tha t  i,, 
the Coeur d'Alene mining d i s t r i c t  many gouge zones have developed a t  
the margins o f  f a u l t  zones. and appear t o  be invading the unbroken wa l l  
rock. According t o  Crosby a gradat ion can be seen from unbroken w a l l  
rock t o  wa l l  rock conta in ing t h i n ,  i n c i p i e n t  shear planes. t o  h i gh l y  
sheared and broken rock. Ind iv idua l  blocks, broken o f f  the w a l l  rock 
block, r e t a i n  t h e i r  i n t e g r i t y  even though surrounded by comminuted gouge- 

i k e  mater ia l .  
ccord i ng t o  C rosby . Eventual ly  the blocks become completely cominuted 

Wi th in  the Osburn Fau l t  zone, as shown i n  f i g u r e  I I ,  the p r i n c i p a l  gouge 
zone, several tens of  meters wide, tends t o  be more o r  less centered 
w i t h i n  the f a u l t  zone, which i s  a few hundred meters wide, although small 
shear and gouge zones splay o f f  i n t o  the wa l l  rock on e i t h e r  side. 

Very commonly gouge zones form an anastomosing pa t t e rn  throughout the 
f a u l t  zone as described i n  the f o l l ow ing  (Hobbs. and others  1965). On 



Permeabi l i ty o f  f a u l t  and shear zones 

Fau l ts  and shear zones c o m n l y  a r e  cohduits for vadose and moving ground 
waters, and range from s t ruc tu res  t h a t  a re  t i g h t  and dry  t o  wide premeable 
zones t ha t  may con ta in  large volumes o f  water. I n  the Coeur d'Alene 
d i s t r i c t  the f a u l t s  and shear zones a re  almost i nva r i ab l y  wet where exposed 
I n  the mine workings. The gouge mater ia l  commonly i s  saturated w i t h  water 
and p l a s t i c ,  resembling model l ing c lay.  Mine workings requ i re  t imbering 
to  support the moist ,  h i g h l y  f rac tu red  and sheared rock. Most such zones 
"make" water, t h a t  i s ,  water percolates along the f a u l t ,  i n  some places 
slowly,  so t h a t  on ly  a few gal lons an hour d ra in  out of the rock. whereas 
o ther  zones produce many ga l lons a minute. 
r e l a t i v e l y  impermeable, ponding ground water to  a greater  ex ten t  on one 
s ide  than on the other.  
channels t h a t  a re  i n  what seems to be on ly  moderately f ractured rock, and 
ye t  the f rac tu res  are obv ious ly  h i g h l y  permeable. The nearest la rge  shear 
zones, perhaps hundreds of meters away, produce water a t  on ly  a small 
f r a c t i o n  o f  the r a t e  produced by the moderately f rac tu red  rock. 
coarser grained qua r t z i t es  of the Coeur d'Alene d i s t r i c t  appear to  be ab le  
to  support open f r ac tu res  t h a t  make channels o f  h i gh  permeabi l i ty .  

S im i la r  condi t ions p r e v a i l  i n  the T i n t i c  d i s t r i c t ,  where mining was 
terminated because o f  the  h igh  pumping costs requi red t o  dewater the 
ore-bearing areas. I n  the  Gemini and Chief  No. 1 mines i t  was discovered 
t ha t  caverns developed i n  carbonate rocks along f a u l t  and shear zones near 
the o r i g i n a l  water tab les a t  the  1.500-foot l eve l  could be used for  the  
disposal o f  la rge  volumes o f  water pumped from the 3,100-foot l eve l  and 
workings above it. Obviously the caverns and f a u l t  zones provided sealed 
conduits which extended to  water- f ree areas hyd ro log i ca l l y  lower than the 
apparent ly perched water t ab le  i n  the mining d i s t r i c t .  
d i s t r i c t ,  as i n l t h e  Coeur d'Alene d i s t r i c t ,  some f a u l t  zones are e f f e c t i v e  
dams f o r  ground water. An example i s  the Eureka L i l l y  i n  the North L i l y  
mine, northwest o f  which the ground water stands almost 50 m higher than i t  
i s  on the southwest s lde ,a l thoughthe  f a u l t  cu t s  normally permeable q u a r t z i t e  
i n  t h i s  area. 

In both the T i n t i c  and Coeur d'Alene d i s t r i c t s  many f a u l t s  appear to  have 
provided access for hydrothermal so lu t ions .  An example i s  shown I n  f i g .  12. 
tn  some places the hydrothermal a l t e r a t i o n  i s  confined to  on ly  one s ide o f  
a f au l t .  i nd i ca t i ng  ponding and d ivers ion  of the so lu t lons .  

I n  sumary, f a u l t s  c o m n l y  a re  conduits for  water and i n  the past have 
served as channelways for hydrothermal so lu t ions.  However, i n  many mining 
d i s t r i c t s ,  they may not  be the on ly  permeable zones and even may be f a r  
less permeable than l ess  conspicuous f r ac tu res  and pervasive j o i n t  systems 
having l i t t l e  displacement. 

Some zones a re  t i g h t  and 

Not u n c o m n l y  some mine g a l l e r i e s  i n te r sec t  water 

The 

I n  the T i n t i c  
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Fau l t i ng  vs. F o l i a t i o n  

Fo l i a ted  rocks such as p h y l l i t e s  and sch is ts  a re  commOn i n  the Coeur 
d'Alene d i s t r i c t  and, c e r t a i n l y ,  some have an o r i g i n  re l a ted  t o  shearing 
and f a u l t i n g .  
where have a schistose s t ruc tu re .  F igure 13 i l l u s t r a t e s  a shear zone, 
the Deadman Shear zone, i n  which a zone of f o l i a t e d  rocks i s  several 
hundred meters wide. The body o f  f o l i a t e d  rocks i t s e l f  i s  be l ieved t o  
represent large-scale, s t r i k e- s l i p  shear d i s t r i b u t e d  r e l a t i v e l y  un i fo rmi ty  
across a broad zone. 
represented by concentrated zones o f  gouge a few cm across. has taken 
place. I n  add i t i on  k i n k  banding has developed i n  the h i g h l y  f o l i a t e d  body. 
The planes of kink banding d i p  a t  var ious low angles, and the  in te rsec t ions  
of kink-band planes a re  subhor izontal  suggesting predominately v e r t i c a l  
displacement as the l a s t  displacement w i t h i n  the zone produced o r i g i n a l l y  
by s t r i k e  s l i p .  

D i s t r i bu ted  shear i s  a l s o  ind ica ted  in  the steep f lanks  o f  la rge  a n t i -  
c l ines ,  t h a t  is ,  those having amplitudes and wavelengths o f  a k i lometer  
or more. F igure 9 i l l u s t r a t e s  how beds of q u a r t z i t e  a re  i n  places 
separated by c l ose l y  spaced shear zones i n t o  t h i n  t ab le t s  a t  most a few 
cm across, although the e n t i r e  bed may not be o f f s e t  appreciably. A 
c o m n  e r r o r  i n  geologic mapping has been to  consider the v e r t i c a l  shear 
planes as bedding because i n  d e t a i l  they a re  l i t h o l o g i c  boundaries. The 
t r u e  bedding planes (see dark u n i t )  cross the f o l i a t i o n  or shear planes 
a t  an angle. 

Sheared a r g i l l i t e s  i n  and near f a u l t  zones almost every- 

But l a t e r  d i s rup t i on  o f  the f o l i a t e d  body by shear, 
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F i g .  1 .  The Osburn f a u l t  i n  nor thern  Idaho displays 26km r i g h t - l a t e r a l  s t r i k e  s l i p  and the  Thompson Pass f a u l t  displays 
approximately 5km r i g h t - l a t e r a l  s t r i k e  s l i p .  A t  both l a r g e  and small scales the f a u l t  p a t t e r n  i s  complex. 
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F i g .  2. Cross section through the Coeur d'Alene mine showing complex anastomosing 
f a u l t  p a t t e r n  exposed a t  ZOO-foot i n t e r v a l s  i n  workings (short  dashes). 
I n  contrast  note s i m p l i s t i c ,  p lanar  i n t e r p r e t a t i o n  o f  S t .  Elmo and P o l a r i s  
f a u l t s  exposed only a t  the surface and a t  a depth o f  2800 f e e t .  
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Fig. 3. Charac te r i s t i c  i r r e g u l a r  pa t te rn  o f  f a u l t s  exposed i n  mine workings of  the Coeur d'Alene mine. Note 
change i.n s t r i k e  and d i p  over sho r t  distances and branching hab i t ,  near A d ips range from 60" t o  78" 
over a s t r i k e  length o f  100 f ee t ;  
between B and D the width o f  gouge ranges from IO inches t o  4 fee t .  

near C strands w i t h i n  the f a u l t  zone range i n  d i p  from 72' t o  80"; 
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F i g .  5. Cross sect ion 
d ' s t r i c t ,  Ont, 
b lock t h a t  movea r e r a r i v e i y  cowara viewer; "H" indicate! 
re1,at ively  away from viewer.  

o f  Lakeshore f a u l t ,  Wright-Hargreaves mine, K i rk land  
a r i o ,  showing curving nature  o f  f a u l t  plane. "T" ind , . .  . .  . .. 
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Fig.  7. Cross sec t ion  o f  Centennial f a u l t  i n  southern p a r t  of Chief Mo. 1 
mine, T i n t i c  mining d i s t r i c t ,  Utah showing curv ing  nature o f  the 
f a u l t  plane. 
viewer , "A" re  1 a t  i ve l  y away. 

"T" ind ica tes  block t h a t  moved r e l a t i v e l y  toward 
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F i g .  9. Co l ia ted  rock d isp lay ing  shear.  Beds a r e  disassembled by amounts 
of  a few cm t o  a few m along c l o s e l y  spaced shear planes. 
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F ig .  10. Diagrams to show d i ? ' e r e n t  pos i t ions  o f  gouge w i t h i n  f a u l t  zone. 
A .  Gouge zone near center  of  f a u l t  zone. B. Gouge l o c a l i z e d  a t  
one boundary o f  f a u l t  zone. C .  Thin gouge seams forming 
anastomosing p a t t e r n  through f a u l t  zone. 
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Fig .  12. Fau l ts  and f o l i a t i o n  may p a r a l l e l  one another or f a u l t s  may 
crosscut f o l i a t i o n  warping and crenu la t ing  i t .  Hydrothermal 
so lu t ions  (see bleached rock) i n  some places a re  channelled 
along f a u l t s  and elsewhere f a u l t s  present a b a r r i e r  to  the 
f l u i d s .  

NWth 
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Fig.  13.  The Deadman shear zone i s  comprised of w e l l  f o l i a t e d  rocks, 
h igh l y  sheared, and folded. Folds range f r o m  tens o f  meters 
across t o  k i n k  bands a few cm across representing planar shears 
o f  a few cm displacement. 
secondary deformat ion. 

The folds and k i n k  bands represent 
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