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FOREWORD 

While minor e a r t h  t remors  have been noted  f r e q u e n t l y  

i n  t h e  southwest  of  Western A u s t r a l i a  s i n c e  European 

s e t t l e m e n t ,  t h e r e  have been s i n c e  1 9 6 8  t h r e e  ear thquakes  

which have caused major loss  of  p rope r ty ,  a l though,  

f o r t u n a t e l y  no l o s s  o f . l i f e .  

w i th  t h e  l a t e s t  of t h e s e ,  t h e  Cadoux Earthquake of 2 June 

1 9 7 9 ,  which had a magnitude of  6 .2  and caused damage t o  

p rope r ty  of a t  l eas t  $3.7 m i l l i o n .  The Meckering and 
C a l i n g i r i  Earthquakes o f  1 9 6 8  and 1 9 7 1  have been desc r ibed  
i n  B u l l e t i n  1 2 6  of t h e  Geological  Survey. 

Th i s  r e p o r t  i s  concerned 

The ex tens ive  s u r f a c e  f a u l t i n g  and p rope r ty  damage 
which accompanied t h e  Cadoux Earthquake are recorded and 

desc r ibed  i n  t h i s  r e p o r t ,  t o g e t h e r  wi th  an account  of  

ground d i s t o r t i o n  which preceded t h e  e v e n t ,  and t h e  
seismic h i s t o r y  and r e g i o n a l  s e t t i n g  of t h e  a f f e c t e d  area. 
The d a t a  used have been ga the red  as a r e s u l t  of a 

co-opera t ive  e f f o r t  by S t a t e  and Commonwealth bod ies ,  a 
co-operat ion which w i l l  cont inue  i n  o r d e r  t o  assess t h e  

se i smic  r i s k  of t h e  most populous p o r t i o n  of  t h e  S ta te  

The popular  concept  of t h e  r e l a t i v e  s t a b i l i t y  of  

ou r  a n c i e n t  c r u s t a l  rocks has  been upse t  by t h e  r e c u r r i n g  

even t s  of t h e  p a s t  decade, and i t  now appears  t h a t  
damaging ear thquakes are a more p r e v a l e n t  phenomenon i n  

Western A u s t r a l i a  than  w a s  Once thought .  This  r e p o r t  

w i l l  be of va lue  t o  r e s e a r c h e r s  i n  t h i s  f i e l d ,  as w e l l  
as t o  a l l  concerned wi th  o r  a f f e c t e d  by t h e  des ign  and 
c o n s t r u c t i o n  of  domest ic ,  p u b l i c ,  and i n d u s t r i a l  

b u i l d i n g s  i n  southwestern A u s t r a l i a .  

June 1 9 8 1  

A F Trenda l l  
D i rec to r  
Geological  Survey 
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ABSTRACT 

The Cadoux Earthquake occurred a t  1748 hours l o c a l  t i m e  on 2 June 
1979, and r e g i s t e r e d  a l o c a l  magnitude (5) of 6 . 2  on t h e  R ich te r  s c a l e ,  
Considerable damage was caused i n  the  Cadoux area and se i smic  shaking was 
f e l t  over  a l a r g e  p a r t  of t h e  southwest of Western A u s t r a l i a ,  

ove r ly ing  Archaean g r a n i t i c  bedrock, w i th  dykes of  q u a r t z  and d o l e r i t e .  
The o v e r a l l  s t r u c t u r e  i s  obscure.  Phys iographica l ly  the  a rea  f o r m s  t h e  
watershed between e a s t -  and west-flowing dra inage  systems. 

Cadoux l i es  wi th in  t h e  South West Seismic Zone, and the  a r e a  
exper ienced  numerous tremors and minor ear thquakes  p r i o r  t o  t h e  event  of 
2 June 1979. 

The geology of t h e  a rea  i s  dominated by a veneer  of Quaternary depos i t s  

The se i smologica l  d e t a i l s  of t h e  ear thquake  are: 

Or ig in  t i m e  : 2 June 1979, a t  09 h 48 min 01.1 s 

Magnitude : % 6 . 2 ,  MS 6 . 4 ,  n+, 6 . 3  

Epicen t r e  : Lat .  3Oo49'48"S, Long.117°09'OO"E 

Depth : 15 km. 

A complex p a t t e r n  of su r face  f a u l t i n g  developed around Cadoux, and 
d e t a i l e d  mapping revea led  t h a t  about 28 km of s u r f a c e  f a u l t  t r a c e s  were 
p r e s e n t  i n  a zone some 3 kmwide s t r e t c h i n g  over 15 km i n  a north-south 
d i r e c t i o n .  
major westward-dipping r i g h t - l a t e r a l  t h r u s t  f a u l t  about 10 km long and 
t r end ing  nor th-nor theas t .  
0.68  m (heave) and 0.65 m ( l a t e r a l  displacement) were measured nea r  t h e  
c e n t r a l  po r t ion  of  t h i s  f a u l t .  
on a conjugate  s e t  of r eve r se  s t r i k e - s l i p  f a u l t s  w i th  both r i g h t -  and 
l e f t - l a t e r a l  displacements,  t r end ing  both nor thwes t  and n o r t h e a s t .  

t r a c t  o f  country t o  t h e  e a s t  and south of  Cadoux had been u p l i f t e d  by up 
t o  0.36 m. Cadas t r a l  surveys on east-west fence- l ines  showed t h a t  i n  t h e  
v i c i n i t y  of t h e  f a u l t s  t h e r e  had been a southward s t r a i n  p r i o r  t o  t h e  
ear thquake .  
compression and t h e  f a u l t i n g  took p l ace  on t h e  wes tern  margin of t h e  
deformed a r e a .  

Universal  T i m e  (U.T.) 

To the  south  and e a s t  o f  Cadoux f a u l t i n g  took p l ace  on a 

Maximum s u r f a c e  displacements of 1.4 m ( throw) ,  

To the  no r th  of Cadoux f a u l t i n g  occurred  

Leve l l ing  t r a v e r s e s  on water-supply p i p e l i n e s  showed t h a t  a l a r g e  

The r eg iona l  deformation was probably caused by east-west 

Earthquake damage t o  t h e  va lue  of a t  l e a s t  $ 3 . 8  m i l l i o n  was r epor t ed ,  
nea r ly  h a l f  of t h i s  w i th in  about 15 km of Cadoux township. Most damage 
w a s  s u s t a i n e d  by domestic dwel l ings ,  where markedly d i f f e r e n t  responses 
t o  t h e  se i smic  shaking  were apparent  amongst bu i ld ings  of d i f f e r i n g  
c o n s t r u c t i o n .  Ser ious  damage was a l s o  caused t o  t h e  road ,  ra i lway,  
e l e c t r i c i t y ,  water-supply and te lephone  networks i n  the  a r e a .  Outside 
the  e p i c e n t r a l  reg ion  only minor damage r e s u l t e d ,  mainly the  c racking  of 
w a l l s  and p l a s t e r .  

were examined t o  determine i f  any precursory  t r a i t s  could be recognized. 
The r e s u l t s  were nega t ive ,  only a few bores  record ing  the  earthquake a s  
a ' s p i k e '  on the  hydrograph. 

Meckering (1968)  and C a l i n g i r i  (1970) shows a number of s i m i l a r i t i e s  and 
d i f f e r e n c e s .  Each f a u l t  system i s  confined t o  a shallow block and i s  
be l i eved  t o  be  a r e f l e c t i o n  of  displacements on unseen deep under ly ing  
f a u l t s .  The su r face  f a u l t i n g  i s  predominantly t h r u s t i n g  and i e s u l t s  from 

Hydrographs from a number of  bores  i n  t h e  southwest of  t h e  S t a t e  

A comparison of  t h e  Cadoux F a u l t  System and e a r l i e r  f a u l t i n g  a t  
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compressive s t r e s s e s  throughout t h e  South West Seismic Zone. A t  Cadoux 
and C a l i n g i r i  t he  su r face  f a u l t  p a t t e r n s  a r e  yery  s i m i l a r ,  b u t  t he  
Meckering F a u l t  i s  a l a r g e  a r c u a t e  s t r u c t u r e .  Seismic a c t i v i t y  sugges t s  
t h a t  t he  South West Seismic Zone i s  made up of a number of r e l a t i v e l y  
small  fault-bounded b locks .  
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THE CADOUX EARTHQUAKE, 2 J U N E  1 9 7 9  

INTRODUCTION 

GENERAL . 

The Cadoux Earthquake occurred a t  0948 hours  Un ive r sa l  

T i m e  (5.48 p.m. l o c a l  t i m e )  on Sa turday ,  2 June 1 9 7 9  and 

r e g i s t e r e d  a l o c a l  magnitude ( M L )  of 6 . 2  on t h e  R i c h t e r  scale.  
The e p i c e n t r e  w a s  a t  l a t i t u d e  30°49 48"s , l ong i tude  

1 1 7 ° 0 9 ' 0 0 " E ,  and t h e  depth  o f  focus w a s  1 5  km (Gregson and 

P a u l l ,  1 9 7 9 ) .  

A complex p a t t e r n  of  s u r f a c e  f a u l t s  developed around 
Cadoux, a s m a l l  town i n  t h e  c e n t r a l  whea tbe l t  some 2 2 0  km by 

road from P e r t h  (F ig .1)  , and t h e  shaking damaged o r  

des t royed  b u i l d i n g s  and o t h e r  s t r u c t u r e s  ove r  a l a r g e  area. 
Roads, r a i lways ,  p i p e l i n e s  and power l i n e s  w e r e  damaged 
d i r e c t l y  by f a u l t  movements. 

F i e l d  i n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  by t h e  Geologica l  
Survey of  Western A u s t r a l i a  over  a pe r iod  of  s i x  weeks 

fol lowing t h e  ear thquake .  The main o b j e c t i v e  w a s  t o  

determine t h e  f u l l  e x t e n t  of  s u r f a c e  f a u l t i n g  and t o  assess 
ear thquake- re la ted  damage i n  t h e  Cadoux area b e f o r e  such 

f e a t u r e s  w e r e  obscured o r  degraded by a g r i c u l t u r a l  p rocesses ,  

n a t u r a l  weather ing  and r e p a i r .  A d e t a i l e d  g e o l o g i c a l  map of 

t h e  area w a s  a l s o  prepared ,  i n  o r d e r  t o  assess any p o s s i b l e  

c o r r e l a t i o n  between l o c a l  geology and s e i s m i c i t y  ( P l a t e  1). 

The f a u l t - l i n e  mapping w a s  c a r r i e d  o u t  by J . A .  Bunting 
and N.A. Daetwyler a s s i s t e d  by J . D .  L e w i s .  Bunting w a s  a l s o  

r e s p o n s i b l e  f o r  t h e  g e o l o g i c a l  mapping of  t h e  area, and 
Daetwyler, w i t h  t h e  a s s i s t a n c e  of R .P .  Mather,  f o r  t h e  

damage r e p o r t i n g .  The seismic h i s t o r y  and ground d i s t o r t i o n  

of t h e  area w e r e  s t u d i e d  by J . D .  L e w i s ,  and J .S .  Moncrieff  
reviewed t h e  l i t e r a t u r e  and c a r r i e d  o u t  l o c a l  s t u d i e s  on 

ea r thquake - re l a t ed  groundwater- level  f l u c t u a t i o n s .  P a r t s  of 

t h e  t e x t  w e r e  d r a f t e d  by each of t h e  a u t h o r s ,  L e w i s  be ing  
r e spons ib l e  f o r  c o l l a t i n g  and f i n a l i z i n g  t h e  c o n t r i b u t i o n s .  
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Figure  1. Locat ion map 

Mapping of t h e  f a u l t  zone w a s  c a r r i e d  o u t  on low-level 

aer ia l  photography produced by t h e  Western A u s t r a l i a n  

Department of  Lands and Surveys.  That department ,  t o g e t h e r  

wi th  t h e  Western A u s t r a l i a n  d i v i s i o n  of t h e  A u s t r a l i a n  

Survey Off ice  (Survey and Dra f t ing  S e c t i o n ,  Commonwealth 

Department of  Adminis t ra t ive  S e r v i c e s ) ,  a l s o  resurveyed 

s e v e r a l  p rope r ty  boundar ies  a f f e c t e d  by t h e  f a u l t i n g ,  drew 

p r o f i l e s  of t h e  f a u l t  s c a r p  a t  s e l e c t e d  p o i n t s ,  and e s t a b l -  

i shed  two s t a t i o n s  t o  monitor  p o s s i b l e  f u t u r e  movements of 

t h e  f a u l t s .  

This  r e p o r t  d e s c r i b e s  t h e  s u r f a c e  f a u l t s  produced by 
t h e  ear thquake ,  and t h e  r e s u l t i n g  damage. Physiographic  and 

g e o l o g i c a l  f e a t u r e s  are b r i e f l y  desc r ibed ,  i n  o r d e r  t o  assess 
any p o s s i b l e  r e l a t i o n s h i p s  w i t h  se i smic  a c t i v i t y .  For a 

g e n e r a l  d i s c u s s i o n  of ear thquake  a c t i v i t y  i n  Western 

A u s t r a l i a ,  t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  B u l l e t i n  on t h e  
2 



Meckering and C a l i n g i r i  Earthquakes CGordon and L e w i s ,  1 9 8 0 ) .  
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REGIONAL GEOLOGY 

The CadouxEarthquake occurred  near  t h e  no r the rn  end of 

t h e  South West Seismic Zone, a well-known a c t i v e  s e i s m i c  
zone extending from Moora and Dalwal l inu i n  t h e  n o r t h  t o  

Katanning and Albany i n  t h e  sou th .  A c o n s i d e r a t i o n  of  t h e  

geology of t h i s  area w i l l  p rov ide  a b a s i s  f o r  comparison 

between t h e  major ear thquakes  t h a t  have occurred  i n  
southwest  A u s t r a l i a .  

GEOLOGY OF SOIJTHWEST AUSTRALIA 

Most of t h e  southwest o f  Western A u s t r a l i a  i s  u n d e r l a i n  

by g r a n i t o i d  rocks of t h e  Archaean Yi lga rn  Block. This  is  
te rmina ted  t o  t h e  w e s t  by t h e  Dar l ing  F a u l t ,  and t h e  c o a s t a l  
areas on t h e  downthrown s i d e  of  t h i s  f a u l t  are occupied by 

a t h i c k  sequence o f  P r o t e r o z o i c  t o  T e r t i a r y  sediments  

forming t h e  P e r t h  Basin.  Although t h e  Dar l ing  F a u l t ,  which 

has  a downthrow t o  t h e  w e s t  o f  up t o  1 5  km and is  over  1 0 0 0  

km long ,  i s  one of t h e  major t e c t o n i c  f e a t u r e s  of t h e  e a r t h ’ s  

c r u s t ,  it has  been i n a c t i v e  i n  h i s t o r i c  t i m e s  and se i smic  

a c t i v i t y  has  been confined t o  t h e  Archaean block (P layford  and 

o t h e r s ,  1 9 7 6 )  . 

The Southwestern Province  o f  t h e  Yi lga rn  Block ( W i l l i a m s ,  
1975) i s  a roughly t r i a n g u l a r  area from Carnamah i n  t h e  

n o r t h  t o  Ravensthorpe and Bridgetown i n  t h e  south .  A broad 
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b e l t  of s c h i s t ,  g n e i s s  and migmatite t r a v e r s e s  t h e  province  
from Daiwallinu t o  Xatanning and it i s  w i t h i n  t h i s  zone t h a t  

most ear thquake  e p i c e n t r e s  are loca ted .  To t h e  w e s t  a group 

of g r a n i t e  p iu tons  form t h e  Dar l ing  P l a t e a u  and t h e  wes tern  

edge of t h e  Archaean Block, whi le  t o  t h e  eas t  i s  a mixed 

g r a n i t e  and g n e i s s  t e r r a i n  wi th  s c a t t e r e d  enc laves  of  

g r a n u l i t e s .  The Cadoux area i s  l o c a t e d  on t h e  e a s t e r n  edge 

of t h e  be l '  of s c h i s t s  and g n e i s s e s .  

To t h e  S C L Z ~  of t h e  Yi lgarn  Block i s  t h e  east-west 
s t r i k i n g  Albany-Fraser Province ,  a b e l t  of  P r o t e r o z o i c  

sediments ,  g r a n i t i c  p l u t o n s ,  and Archaean g n e i s s e s .  

GEOLOGY O F  THE CADOUX AREA 

Physiography and  superfCeiaZ d e p o s i t s  

The area has  very  low r e l i e f ,  e l e v a t i o n s  ranging  from 

300  m t o  4 2 0  m. A major d ra inage  d i v i d e  (F ig .  2 )  s e p a r a t e s  

t h e  west-flowing Mortlock R i v e r  system t o  t h e  w e s t ,  and an 

eas t -d ra in ing  playa-lake system t o  t h e  eas t .  

Cainozoic l a t e r i t e  ( a  ha rd ,  buf f  t o  brown fe r rug inous  

d u r i c r u s t )  occurs  on h ighe r  ground marking t h e  o l d  p l a t e a u  
su r face .  Some i s  exposed as s m a l l  c l i f f s  and h i l l s  a few 

metres h igh ,  bu t  most of t h e  l a t e r i t e  s u r f a c e  i s  covered by 

r e s i d u a l  sandpla in .  Th i s  sand c o n s i s t s  of  yel low s i l t y  o r  

c layey sand con ta in ing  l a t e r i t i c  pebbles .  La te r i t e  and 

r e s i d u a l  sand a r e  each between 5 and 20 m t h i c k .  

Recent t r a n s p o r t e d  s o i l  (colluvium) forms a b l a n k e t  

d e p o s i t  up t o  3 0  m t h i c k  whick covers  bo th  t h e  r e s i d u a l  

sandpla in  and bedrock areas from which t h e  l a t e r i t e  cover  

has  been removed. 

The colluvium passes  downslope i n t o  brown, sandy c l a y  

d e p o s i t s  forming broad a l l u v i a l  f l a t s .  Along t h e  e a s t e r n  

margin of t h e  area (P la te  1) t h e  a l l u v i a l  f l a t s  t e rmina te  
i n  a major s a l i n e  dra inage  con ta in ing  s m a l l ,  b a r e  s a l t  
l a k e s  and a s s o c i a t e d  gypsum and q u a r t z  sand dunes.  
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0 10 km a Flat ,  alluvium-filled valley floors I I 

0 Old plateau surface, sandplain and laterite - Major drainage divide 

New erosional surface, rock a exposures and colluvium - Stream intermittent 

Figure  2 .  Major phys iographic  and dra inage  
f e a t u r e s  of t h e  Cadoux area 
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Archaean g r a n i t e  

Most of t h e  Archaean g r a n i t e  i s  r ep resen ted  by v a r i o u s  
t e x t u r a l  t ypes  of  adamel l i t e  con ta in ing  approximately equa l  

amounts of p l a g i o c l a s e  and mic roc l ine ,  and up t o  5 p e r  c e n t  
b i o t i t e .  

Pegmati te  s eg rega t ions ,  which can form up t o  60  p e r  c e n t  

of  t h e  t o t a l  rock ,  c o n s i s t  mainly of q u a r t z  and a l k a l i  
f e l d s p a r ,  wi th  minor muscovite and g a r n e t .  Compositional 
l a y e r i n g  i s  a common f e a t u r e .  Pegmati te-bear ing g r a n i t e  

forms a d i s t i n c t i v e  b e l t  t r end ing  southwest  from Kokardine. 

The no r the rn  h a l f  of t h e  f a u l t  system r e s u l t i n g  from t h e  

Cadoux Earthquake occurs  i n  t h i s  b e l t .  

Near t h e  western s i d e  of t h e  area of P l a t e  1, t h e  

a d a m e l l i t e  con ta ins  r a f t s  and x e n o l i t h s  of g n e i s s  and 

amphibol i te .  

D o l e r i t e  d y k e s  and q u a r t z  d y k e s  

D o l e r i t e  dykes of presumed P r o t e r o z o i c  age occur  i n  

two sets,  one t r end ing  w e s t ,  t h e  o t h e r  northwest .  The dykes 

range i n  width from a few metres t o  over  50 m. A d i s t i n c t i v e  
dyke con ta in ing  g r a n i t e  x e n o l i t h s  pas ses  j u s t  n o r t h  of  

Cadoux and can be  t r a c e d  i n t e r m i t t e n t l y  f o r  n e a r l y  2 0  km. 

A se t  of  q u a r t z  dykes  t r e n d s  080° , s l igh t ly  obl ique t o  t h e  

wes t - t rending  d o l e r i t e  dykes.  I n  a d d i t i o n ,  a north-northwest-  
t r end ing  q u a r t z  dyke passes  under t h e  Kokardine w a t e r  t ank .  

Most qua r t z  dykes probably r e p r e s e n t  i n f i l l i n g s  of  t e n s i o n a l  

f r a c t u r e s  r a t h e r  than  f a u l t s ,  a l though t h e  dyke which passes  

under t h e  Kokardine water  tank  appears  t o  fo l low a r i g h t -  

l a t e r a l  shea r  f a u l t .  I t  i s  l i k e l y  t h a t  t h i s  f a u l t  i s  of 

Precambrian age. 

S t r u c t u r e  

I n  some outcrops  t h e  g r a n i t e  shows a weak f o l i a t i o n  

man i fe s t  as e i t h e r  alignment of  phenocrys ts  o r  composi t ional  

l a y e r i n g  i n  pegmati te .  I n  g e n e r a l ,  t h i s  f o l i a t i o n  t r e n d s  
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nor thwes t  t o  north-northwest ;  however, i n  t h e  broad zone 

corresponding t o  t h e  pegmati te  rocks ,  which ex tends  south-  
w e s t  from Kokardine, t h e  f o l i a t i o n  t r e n d  swings from nor th-  

eas t  nea r  Kokardine t o  no r th -nor theas t  n e a r  Cadoux. 

Most of t h e  g r a n i t e  ou tcrops  d i s p l a y  t h e  widely spaced 

j o i n t s  t h a t  are t y p i c a l  of g r a n i t e  throughout  t h e  Yi lga rn  

Block. One a r e a  wi th  unusual ly  abundant j o i n t s  i s  t h e  a r e a  

of pegmat i t i c  g r a n i t e  immediately w e s t  of t h e  Kokardine 

w a t e r  t ank .  Two s e t s  are  p r e s e n t ,  both s u b v e r t i c a l ,  and 

wi th  t r e n d s  of 040-070°  (average 060°) and 300-340° (average  

3 1 5 O ) .  

as a r e s u l t  o f  t h e  ear thquake.  A t  one l o c a l i t y  immediately 

south  of  t h e  Tank F a u l t ,  550 m w e s t  o f  t h e  t a n k ,  a group of  

c l o s e l y  spaced p re -ex i s t ing  j o i n t s  t r e n d i n g  070° are 
connected by ear thquake-generated ob l ique  t e n s i o n  openings 

i n d i c a t i v e  of r i g h t - l a t e r a l  movement. Th i s  i s  t h e  same 
sense  of  movement as on t h e  a d j a c e n t  Tank F a u l t .  

Some of t h e s e  j o i n t s  were d i l a t e d  as much as 2 mm 

SEISMIC HISTORY OF THE CADOUX AREA 

S ince  t h e  Cadoux area w a s  s e t t l e d  i n  t h e  pe r iod  follow- 

i n g  t h e  F i r s t  World W a r  r e s i d e n t s  have f e l t  t h e  p e r i o d i c  

shaking of  l o c a l  t remors ,  and of l a r g e r  t remors  i n  o t h e r  

p a r t s  of  t h e  South West Seismic Zone. However, examination 

of newspaper r e p o r t s  and t h e  r eco rds  of t h e  P e r t h  Observatory 

from 1923-1960 (Everingham, 1 9 6 8 a ;  Everingham and T i lbu ry ,  

1 9 7 1 )  r e v e a l s  no ear thquake r e p o r t s  from t h e  immediate 

v i c i n i t y  o f  Cadoux. Seismic a c t i v i t y  w a s  recorded ,  however, 

i n  areas t o  t h e  south  and w e s t  of  Cadoux, p a r t i c u l a r l y  nea r  
Yerecoin,  C a l i n g i r i  and Goomalling, and many of  t h e s e  even t s  

would have been f e l t  i n  t h e  town, a l though they  appa ren t ly  

caused no damage. The absence of r e p o r t s  does n o t  prove 

t h a t  t h e  Cadoux area w a s  ase i smic  du r ing  t h i s  pe r iod .  The 
s m a l l  popu la t ion ,  and t h e  lack of an e s t a b l i s h e d  town could 
l e a d  t o  i s o l a t e d  r e p o r t s  being overlooked.  

With t h e  i n s t a l l a t i o n  of t h e  Benioff  Seismographs a t  
t h e  Mundaring Geophysical Observatory i n  1959 (McGregor, 

1 9 6 6 )  and subsequent  improvements o f  t h e  equipment,  i t  has  

7 



become possible  t o  locate a l l  b u t  t h e  smallest seismic 
events t h r o u g h o u t  t h e  s o u t h w e s t  of t h e  S t a t e .  De ta i l ed  

records f o r  t h e  period 1959-1965 h a v e  been  p u b l i s h e d  by 

Ever ingham ( 1 9 6 8 a ) ,  and  fo r  s u b s e q u e n t  y e a r s  h a v e  a p p e a r e d  

r e g u l a r l y  i n  t h e  Annual  R e p o r t  of t h e  Mundaring G e o p h y s i c a l  

O b s e r v a t o r y  (Ever ingham,  1968b;  Ever ingham and Gregson ,  

1969 ,  1 9 7 1 a ,  1971b;  Gregson ,  1 9 7 1 ,  1972 ,  1 9 7 7 ,  1980 ;  Gregson  

and  S m i t h ,  1 9 7 3 ,  1 9 7 4 ,  1 9 7 5 ,  19761.  T h e s e  reports h a v e  been 
abstracted t o  p r o d u c e  F i g u r e  3 and T a b l e  1 and are r e p r o -  

duced  i n  f u l l  i n  Appendix N o .  1. 

TABLE 1. EARTHQUAKES I N  THE CADOUX AREA, 1959-1978 

ML 
Y e a r  2.0-3.0 3.0-4.0 4.0-5.0 >5.0 T o t a l  

0 

1 
0 

23 

1 7  

0 

0 

1 5  

8 

9 

7 
2 

3 

1 

- - - - 1959-65 

1966 

196 7 

1968 11 1 0  2 

1 9 6 9  1 3  3 1 

1970 

1 9 7 1  

1972 1 2  3 

1973  8 

1974 5 3 1 

1975  5 2 

1976 2 

1977  3 

1978 

( A b s t r a c t e d  from: Mundaring G e o p h y s i c a l  O b s e r v a t o r y  Annual  

- - - 1 
- - - - 

- 
- 

- - - - 
- - - - 

- - 
- - I 

- 
- - 

- - - 
- - - 

- - 1 - 

R e p o r t s ,  1959-1978 

The a p p a r e n t l y  aseisnic n a t u r e  o f  t heCadoux  area p r i o r  

t o  1959  i s  c o n f i r m e d  by  t h e  r e p o r t s  of t h e  O b s e r v a t o r y  i n  
t h a t  o n l y  o n e  e v e n t ,  t h a t  of 3 October 1966(ML 3 .61 ,  w a s  
located w i t h i n  25 km of t h e  town be tween  1959 and 1968.  

S i n c e  1 9 6 8 ,  however ,  seismic a c t i v i t y  h a s  b e e n  e p i s o d i c  and  

a t  t i m e s  q u i t e  i n t e n s e .  
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Figure  3. Earthquake e p i c e n t r e s  ( f t L  >2.0)  

i n  t h e  Cadoux area, 1959-1978 

15121-3 
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I n  February 1968 a tremor of  ML 4 . 0  shook t h e  town and 

t h i s  w a s  fol lowed,  between 25 March and 1 8  A p r i l ,  by 20  

f u r t h e r  t remors ,  cu lmina t ing ,  on 8 A p r i l ,  i n  a shock of  ML 

4 . 4  which caused minor damage. These e v e n t s ,  however, w e r e  
e c l i p s e d  by t h e  major ear thquake a t  Meckering i n  October 

1 9 6 8 .  F u r t h e r  series of  t remors  occurred  i n  1 9 6 9 ,  1 9 7 2  and 
1 9 7 4 ,  ht i n  t h e  i n t e r v e n i n g  yea r s  t h e r e  w e r e  on ly  a few 

s m a l l  t remors ,  o r  none a t  a l l .  

S ince  1968, t h e r e f o r e ,  Cadoux had been e s t a b l i s h e d  as 
an a c t i v e  seismic area, b u t  a t  a l e v e l  no g r e a t e r  than  t h a t  

experienced a t  many o t h e r  c e n t r e s  w i th in  t h e  South W e s t  

Seismic Zone. 

THE CADOUX EARTHQUAKE O F  2 J U N E  1 9 7 9  

FORESHOCKS 

I n  1 9 7 8  only  one tremor w a s  recorded i n  t h e  Cadoux area, 
on 2 8  October ,  wi th  a magnitude of  ML 

1 3  and 1 5  March 1 9 7 9 ,  t h e r e  w e r e  f o u r  
decreas ing  from M 3.9 t o  ML 3 .1 ,  t h e  
were d i s t i n c t l y  f e l t  i n  t h e  town. I n  

L 

3.6. However, between 
t remors  wi th  magnitudes 

f i r s t  t h r e e  o f  which 
A p r i l  and May of  1 9 7 9  

t h e r e  w e r e  t h r e e  f u r t h e r  s m a l l  t remors  (Table  2 )  and a t  
5.54 a . m .  on 2 June  a l a r g e  tremor of M 5.2 was f e l t  i n  
Cadoux wi th  an i n t e n s i t y  of  MMVI on t h e  Modified Mercalli 
Sca le  (see Gordon and L e w i s ,  1980, p.218 f o r  d e t a i l s ) .  A 

f u r t h e r  f i v e  t remors  of ML 3.0-3.8 w e r e  recorded i n  t h e  

next  s i x  hours .  I n  r e t r o s p e c t ,  n o t  only t h e  t remors  of  t h e  

morning of 2 June bu t  t h e  whole of  t h e  inc reased  seismic 
a c t i v i t y  of  e a r l y  1 9 7 9 ,  a f t e r  an i n a c t i v e  pe r iod  between 

1975 and 1978, can b e  seen  as foreshocks t o  t h e  major 

ear thquake t h a t  fol lowed.  The e p i c e n t r e s  o f  t h e  foreshocks  

are p l o t t e d  on F igu re  5,  and it w i l l  be noted  t h a t  they  are 
s o u t h e a s t  of  Cadoux, i n  t h e  v i c i n i t y  of t h e  p o s t u l a t e d  main 

f a u l t .  

L 
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THE PRINCIPAL EARTHQUAKE 

The major shock of  t h e  Cadoux ear thquake  series occur red  

almost  p r e c i s e l y  twelve hours  a f t e r  t h e  l a r g e  foreshock o f  2 

June. The se i smolog ica l  d e t a i l s  (Gregson and P a u l l ,  1979) 

are as fol lows:  
Or ig in  t i m e :  2 June  1 9 7 9 ,  a t  09  h 4 8  min 01.1s U.T.  

Magnitude : M 6 . 2 ,  M 6 . 4 ,  mb 6.3 

Ep icen t r e  : L a t .  30°49 48"s , Long. 1 1 7 O 0 9  I O O " E  

Depth : 1 5  km. 

The p o s i t i o n  accuracy i s  approximately -5 km i n  dep th ,  

L S 

+ 
and f 2  km l a t e r a l l y .  
southwestern A u s t r a l i a  and w a s  recorded worldwide by a t  
least  1 2 0  s e i smolog ica l  s t a t i o n s .  The ear thquake  w a s  among 

t h e  l a r g e s t  recorded i n  A u s t r a l i a ,  and, a f t e r  t h e  Meckering 
Earthquake of  ML 6 . 9 ,  t h e  second l a r g e s t  i n  t h e  South W e s t  
Seismic Zone. 

The ear thquake  w a s  f e l t  over  most of  

A p re l imina ry  i s o s e i s m a l  map of t h e  ear thquake ,  

prepared by Gregson and P a u l l  ( 1 9 7 9 )  , is  p resen ted  as 
Figure  4 .  The lower l i m i t  f o r  major s t r u c t u r a l  damage i s  
t h e  MMVI i sose i sma l  and t h i s  enc loses  a roughly c i r c u l a r  

area, 65 km i n  d i ame te r ,  around t h e  e p i c e n t r e .  The 

i sose i sma l  a t  MMIV, t h e  i n t e n s i t y  a t  which almost  everyone 
recognizes  s e i s m i c  shaking ,  was approximately 775 km i n  

d iameter  and enc loses  most of t h e  p r i n c i p a l  popu la t ion  

c e n t r e s  i n  t h e  south  of  t h e  S t a t e .  A t  Cadoux i t s e l f  t h e  

d e s t r u c t i v e  e f f e c t s  of t h e  ear thquake i n d i c a t e  t h a t  an 
i n t e n s i t y  of  M M I X  w a s  reached.  A number o f  i n t e n s i t y  
r a t i n g s  i n  t h e  e p i c e n t r a l  r eg ion  are  p l o t t e d  on F igu re  33 

and sugges t  t h a t  t h e  h ighe r  i sose i sma l s  w e r e  e l l i p t i c a l  and 

e longated  p a r a l l e l  t o  t h e  f a u l t  zone. The h i g h e s t  
i n t e n s i t i e s ,  M M V I I I - I X ,  w e r e  a s s o c i a t e d  wi th  t h e  group o f  

conjugate  f a u l t s  n o r t h  of Cadoux and t h e  MMVII i s o s e i s m a l  
ex tends  nowhere more than  a few k i lome t re s  from t h e  f a u l t  

zone. 
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Figure  4 .  I sose i sma l  map of t h e  Cadoux Earthquake, 
2 June 1 9 7 9  ( a f t e r  Gregson and P a u l l ,  1 9 7 9 )  
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AFTERSHOCKS 

I n  t h e  month fol lowing t h e  main ear thquake  of  2 June 
t h e r e  w e r e  many a f t e r shocks ,  two of which, on 3 June and 7 

June,  r e g i s t e r e d  magnitudes g r e a t e r  than  5 and w e r e  widely 

f e l t  throughout  t h e  southwest  of  t h e  S t a t e .  Most of  t h e  
a f t e r shocks  w e r e  of  small  magnitude, b u t  4 2  a f t e r s h o c k s  

w e r e  of  ML g r e a t e r  than  3 . 0 .  There w a s  on ly  one t remor 
l a r g e r  t han  ML 3 . 0  i n  Ju ly  b u t  between August and December 

t h e r e  w e r e  a f u r t h e r  13 l a r g e  t remors ,  i n c l u d i n g  one of  
% 4.8 on 11 October.  
w e r e  a f u r t h e r  3 t remors  i n  t h e  Cadoux area of ML > 3 . 0 .  
a d d i t i o n  t o  t h e  l a r g e r  t remors ,  t h e  Mundaring Geophysical 
Observatory has  recorded 1 4 6  minor t remors  of ML < 2 . 9  i n  
t h e  d i s t r i c t  du r ing  1 9 7 9  (Gregson, 1980) .  

I n  t h e  f i r s t  s i x  months o f  1980 t h e r e  
I n  

Seismic a c t i v i t y  i n  t h e  Cadoux area f o r  t h e  pe r iod  
1 9 7 9  t o  June 1980 i s  summarized i n  T a b l e  2 and f u l l y  
t a b u l a t e d  i n  Appendix I .  The l a r g e r  shocks w i t h  determined 
e p i c e n t r e s  are p l o t t e d  on Figure  5. 

From Figure  5 it w i l l  b e  seen t h a t  t h e  a f t e r shock  
e p i c e n t r e s  a l l  p l o t  i n  a zone about  5 km wide and 5 km east  
of t h e  f a u l t e d  area, n o t  i n  a narrow zone t o  t h e  w e s t  o f  t h e  
f a u l t  as would b e  expected from t h e  p a t t e r n  of  s u r f a c e  
f a u l t i n g .  This  discrepancy i s  i n  p a r t  caused by t h e  
complexity o f  subsur face  f a u l t i n g  (Fig.  6 ) ,  b u t  i s  mainly 
t h e  e f f e c t  of inaccurac i e s  i n  t h e  in s t rumen ta l  method €or  
de te rmining  e p i c e n t r e s .  Greater accuracy is  n o t  p o s s i b l e  
wi thout  more d e t a i l e d  knowledge of  t h e  v e l o c i t y  of e a r t h -  
quake shock waves wi th in  t h e  e a r t h ' s  c r u s t .  

MECHANISM O F  THE EARTHQUAKE 

Earthquakes are caused by movements on f a u l t s ,  
movements which need n o t  be r e f l e c t e d  a c c u r a t e l y  by observed 

s u r f a c e  f a u l t i n g ,  o r  r e s u l t  i n  s u r f a c e  f a u l t i n g  a t  a l l .  The 
n a t u r e  of  t h e  f a u l t  upon which t h e  i n i t i a l  r u p t u r e  occurred  

can be determined from seismograph r e c o r d s  and t h i s  work has  

been c a r r i e d  o u t  f o r  t h e  Cadoux Earthquake by Everingham and 
Smith ( i n  p r e p . ) .  Two f a u l t - p l a n e  s o l u t i o n s  are p o s s i b l e ,  

13 



TABLE 2 .  SUMMARY OF EARTHQUAKES I N  THE CADOUX AREA, 
MARCH 1 9 7 9  TO J U N E  1980 

M 
Date 2 . 0 - 2 . 9  3 . 0 - 3 . 9  4 . 0 - 4 . 9  > 5 . 0  Total 

1 9 7 9  

Mar 

APr 
May 
Jun 
J u  1 

Aug 
Sep t  
O c t  

Nov 
D e c  

1 9 8 0  

J an 
Feb 
M a r  

APr 
May 
Jun 

5 
1 
- 

103  

1 2  

15  
5 
5 
7 

11 

7 

3 

1 
- 
8 
5 

4 

1 

1 

4 2  

1 

3 

2 
- 

9 

2 

1 

152 
1 3  

1 8  
7 
6 

7 
1 6  

(Abs t rac ted  from Gregson (1980)and unpubl ished 
d a t a  of t h e  Mundaring Geophysical Observatory)  

one t r e n d i n g  0 1 8 O  and d ipping  81°E and t h e  o t h e r  t r e n d i n g  
1 1 7 O  and d ipping  64OS. 

approximately north-south t h e  f i r s t  s o l u t i o n  i s  t h e  m o s t  
p robable ,  and displacement  on t h i s  p l ane  w a s  determined t o  
b e  p r i n c i p a l l y  r i g h t - l a t e r a l  s t r i k e - s l i p  wi th  a s m a l l  
reverse component. The d i f f i c u l t y  wi th  t h i s  s o l u t i o n  i s  
t h a t  t h e  observed f a u l t i n g  d i p s  t o  t h e  w e s t  and shows roughly 
equa l  r e v e r s e  and r i g h t - l a t e r a l  s t r i k e - s l i p  displacements .  

F u r t h e r  in format ion  on subsu r face  f a u l t i n g  can be  
ob ta ined  by p l o t t i n g  t h e  depths  o f  f o c i  of t h e  a f t e r s h o c k s .  
Th i s  has  been done f o r  an east-west s e c t i o n  a c r o s s  t h e  
Cadoux area (Fig .  6 )  and, a l though t h e  number of  a f t e r s h o c k s  
wi th  known depths  i s  n o t  g r e a t ,  it appears  t o  show a major  

14 
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Figure 5. Epicentres  of t h e  Cadoux Earthquake and 
assoc ia ted  foreshocks and af te rshocks  
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f a u l t  d ipping  s t e e p l y  t o  t h e  w e s t ,  i n t e r s e c t e d  by a less 
wel l -def ined  f a u l t  p lane  d ipping  east .  The d i p  on t h i s  

p o s t u l a t e d  secondary p lane  i s  

determined from f i r s t -mot ion  s t u d i e s ,  b u t  t h i s  may be  due t o  

i n h e r e n t  d i f f i c u l t i e s  i n  determining t h e  dep ths  of  s m a l l  
a f t e r shocks .  

much less than  t h e  81° 

F igu re  6 does ,  however, i l l u s t r a t e  t h e  r e l a t i o n s h i p  

between ins t rumen ta l ly  determined and observed f a u l t i n g .  

I n i t i a l  r u p t u r e  took p l ace  on an unobserved subsu r face  f a u l t ,  

whi le  s t r a i n  i n  t h e  ove r ly ing  rocks  w a s  r e l i e v e d  by f a u l t i n g  

on a conjugate  f r a c t u r e  which gave rise t o  s u r f a c e  f a u l t i n g .  

THE CADOUX FAULT SYSTEM 

The Cadoux Earthquake produced a complex set of f a u l t s  

and s u p e r f i c i a l  f r a c t u r e s  w i t h i n  a north-south zone approx- 

imate ly  1 5  km long and 3 km wide, cen t r ed  n e a r  Cadoux. The 

t o t a l  l e n g t h  of  t h e  f a u l t s  i s  about  28 km, d iv ided  between 

two groups of  f a u l t s .  To t h e  sou th  of  Cadoux is  a major ,  
no r th - t r end ing ,  r i g h t - l a t e r a l  t h r u s t  f a u l t  about  1 0  km long,  

wh i l e  t o  t h e  n o r t h  t h e r e  are a number of  smaller r e v e r s e  
f a u l t s  forming a conjugate  se t  o f  f r a c t u r e s  and t r e n d i n g  
approximately 060° ,  090° and 120°.  

The major f a u l t s  have been named a f t e r  t h e  landowners 

on whose p rope r ty  they  occur ,  o r  a f t e r  prominent l o c a l  

landmarks. The f a u l t s  are permanent f e a t u r e s  of t h e  local 
geology, b u t  t h e i r  s u r f a c e  expres s ion  w a s  ephemeral. 

Ploughing and r a i n  des t royed  many of  t h e  smal le r  f e a t u r e s  

wi th in  a few w e e k s ,  and most of t h e  l a r g e r  f e a t u r e s  w i l l  be  
degraded w i t h i n  a year  o r  so. 

FAULT TYPES 

F a u l t  movements are conven t iona l ly  r e so lved  i n t o  t h r e e  

components w i th  r e s p e c t  t o  t h e  f a u l t  t race,  t h e  l i n e  a long  

which t h e  f a u l t  c u t s  t h e  s u r f a c e .  Strike-sZip movement i s  
a displacement  p a r a l l e l  t o  t h e  f a u l t  t race and can be l e f t -  

l a t e r a l ,  when movement of  t h e  opposing b lock  i s  t o  t h e  l e f t ,  
1 6  
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Figure 6 .  Depths of f o c i  of the  Cadoux Earthquake and 
i t s  af te rshocks ,  on an east-west s e c t i o n  
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o r  r i g h t - l a t e r a l ,  when movement i s  t o  t h e  r i g h t .  The t h r o u  

of a f a u l t  i s  t h e  v e r t i c a l  d i f f e r e n c e i n  h e i g h t  between t h e  

b locks  on e i t h e r  s i d e  of  t h e  f a u l t ,  and t h e  heave  i s  t h e  

h o r i z o n t a l  component of displacement  i n  t h e  d i p  d i r e c t i o n  of  

t h e  f a u l t .  F a u l t  movements are r a r e l y  simple and u s u a l l y  
combine a l l  t h r e e  components. 

I n  t h e  Cadoux F a u l t  system a l l  f a u l t s  are compressional  
and have some component of  s t r i k e - s l i p  movement, p r i n c i p a l l y  

r i g h t - l a t e r a l  b u t  sometimes l e f t - l a t e r a l  (F ig .  7 ) .  Only i n  

a few minor f a u l t s  i s  t h i s  component t h e  major  movement. 

Most f a u l t s  combine s t r i k e - s l i p  and v e r t i c a l  movement, and 

can be grouped as t h r u s t  f a u l t s  where t h e  f a u l t  p l ane  d i p s  

a t  about  45O (Fig.  7 d ) ,  and high-angle reverse f a u l t s  where 

t h e  f a u l t  p l ane  d i p s  s t e e p l y ,  commonly a t  70°-80° (F ig .7b ) .  

For example, t h e  Robb F a u l t  i s  a r i g h t - l a t e r a l  t h r u s t  f a u l t ,  

combining low-angle t h r u s t i n g  wi th  a r i g h t - l a t e r a l  d i s p l a c e -  

ment, wh i l e  t h e  Lone Tree F a u l t  i s  a l e f t - l a t e r a l  high- 

angle  r e v e r s e  f a u l t  . 
Measurement of f a u l t  d i sp lacements  can b e  made on any 

f e a t u r e  t h a t  i s  c u t  by t h e  f a u l t ,  i nc lud ing  tree r o o t s ,  

plough furrows,  p i p e l i n e s  and fences .  A f a i r l y  a c c u r a t e  

measurement o f  s t r i k e - s l i p  can b e  ob ta ined ,  a l though 
allowance must b e  made f o r  t h e  angle  a t  which t h e  f e a t u r e  

c r o s s e s  t h e  f a u l t .  For  example, a s imple  t h r u s t  f a u l t  w i l l  
g ive  an appa ren t  r i g h t - l a t e r a l  o r  l e f t - l a t e r a l  s t r i k e - s l i p  

displacement  t o  a fence  l i n e  which t r a v e r s e s  it o b l i q u e l y  

(Fig.  8 ) .  

where t h e  compressive f o r c e  has  r a i s e d  a mound of  s o i l  
h igher  t h a n  t h e  t r u e  throw o f  t h e  f a u l t .  S i m i l a r l y ,  t h e  

c o l l a p s e  of t h e  u p t h r u s t  block o f t e n  obscures  f e a t u r e s  on 

which t h e  heave o f  a f a u l t  may be de te rmined ,  b u t  t h i s  

could sometimes be  e s t ima ted  by measuring t h e  s l a c k  

produced i n  f ence  w i r e .  Despi te  l i m i t a t i o n s  on t h e  accuracy 

wi th  which many displacements  could be  measured, it i s  
p o s s i b l e  a t  a number of p o i n t s  t o  c a l c u l a t e  f a i r l y  r e l i a b l e  

va lues  f o r  t h e  t o t a l  displacement  of  t h e  f a u l t s ,  and t h e s e  
have been used i n  t h e  o v e r a l l  s y n t h e s i s  o f  f a u l t  movements 

a t  Cadoux. 

The throw of a f a u l t  may a l s o  b e  exaggera ted  
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Figure  7 .  Block diagram of t h e  types  of  f a u l t s  p r e s e n t  i n  t h e  Cadoux 
area: (a )  s t r i k e - s l i p  f a u l t ,  (b) s t r i k e - s l i p  r e v e r s e  
f a u l t ,  ( c )  t h r u s t  f a u l t ,  (d )  l e f t - l a t e r a l  t h r u s t  f a u l t  
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F i g u r e  8. Diagrams showing t h e  e f f e c t  o f  t h r u s t i n g  on f e n c e s  of  v a r i o u s  o r i e n t a t i o n s :  
(a) p r e - t h r u s t  p o s i t i o n  o f  f e n c e s ,  (b)  a p p a r e n t  d i sp lacement  r e s u l t i n g  from 
s imple  t h r u s t  movement, ( c )  a p p a r e n t  d i s p l a c e m e n t  r e s u l t i n g  from a t h r u s t  
f a u l t  w i t h  a s t r i k e - s l i p  component 



ROBB FAULT 

The Robb F a u l t  i s  a r i g h t - l a t e r a l  t h r u s t ,  u p t h r u s t  from 

w e s t  t o  eas t ,  s t r i k i n g  a t  approximately 020° f o r  a d i s t a n c e  

of about  1 0  km (P la t e  2 ) .  A t  i t s  no r the rn  end t h e  f a u l t  

pas ses  i n t o  a s e t  of major conjugate  f a u l t s ,  wh i l e  a t  i t s  

southern  end t h e  f a u l t  d iminishes  t o  become a series of 

minor e n  echeZon t ens ion  f r a c t u r e s .  The d isp lacement  of  t h e  

f a u l t  i s  v a r i a b l e  b u t  i s  g e n e r a l l y  g r e a t e s t  i n  t h e  c e n t r a l  
p o r t i o n ,  d iminish ing  t o  ze ro  a t  each end of  t h e  f a u l t  t race.  
The maximum throw of  1 . 4  m w a s  measured 1 km n o r t h  of t h e  

Koorda road and t h e  m a x i m u m  heave and r i g h t - l a t e r a l  

d i sp lacement ,  each o f  about 0 . 7  m ,  were measured some 1 . 5  km 
south  of  t h e  Koorda road.  

A t  i t s  southern  end, s t r a d d l i n g  t h e  Cadoux-Dowerin road 
some 8 km south  o f  Cadoux, t h e  Robb F a u l t  w a s  expressed as a 
zone o f  s m a l l  d i scont inuous  c r a c k s  t h a t  i n d i c a t e d  r i g h t -  

l a te ra l  s t r i k e - s l i p  movement a long  t h e  f a u l t .  The c racks  
ranged i n  s t r i k e  from 020° t o  080°. 

cont inuous and l i n e a r  c racks  c l o s e l y  fol lowed t h e  o v e r a l l  

t r e n d  of  t h e  Robb F a u l t .  

The t r e n d s  of t h e  more 

About a k i lomet re  from i t s  southern  t e rmina t ion  t h e  
f a u l t  w a s  expressed as an i n d i s t i n c t  series of  hummocks and 

t e n s i o n  c racks  (F ig .91 ,  t o g e t h e r  wi th  a s i n g l e  s m a l l  s c a r p  

some 1 5 0  m long ,  w i th  a t r e n d  of 050° and a s m a l l  downthrow 

t o  t h e  sou theas t .  The s u r f a c e  expres s ion  o f  t h e  Robb F a u l t  

w a s  more conspicuous t o  t h e  n o r t h ,  and t h e  more usua l  t h r u s t e d  

n a t u r e  of t h e  f e a t u r e  became appa ren t  some 1 . 5  km n o r t h e a s t  of  

of  t h e  Cadoux-Dowerin road.  

A s  a cont inuous f e a t u r e  t h e  main s e c t i o n  of t h e  Robb 

F a u l t  began i n  a l a r g e  paddock, 1 . 5  km squa re ,  southwest  of 

t h e  Shankland farmhouse. Throughout t h e  paddock west-over- 

east t h r u s t  movement was dominant and t h e  s c a r p  form w a s  
u s u a l l y  t h a t  of a s u p r a t h r u s t  w i th  some l e n g t h s  o f  fo rmless  

compressional  r o l l  ( f o r  f a u l t - s c a r p  terminology see F i g . 1 2 ) .  

A t  t h e  southern  boundary of t h e  paddock t h e  v e r t i c a l  

displacement  of  t h e  f a u l t  w a s  about  0 . 5  m and t h e  r i g h t -  

l a t e r a l  movement, measured on f ence  p o s t s ,  w a s  about  0 . 1 2  m. 
The t h r u s t  f r o n t  degenerated on t h e  no r the rn  s i d e  of  t h e  

2 1  



Figure 9. Tension crack 1.2 km from the southern 
termination of the Robb Fault (GSWA 18739) 
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paddock and d isappeared  as it crossed  t h e  boundary f e n c e ,  

be ing  r ep laced  by another  t h r u s t  270  rn t o  t h e  east. Any 

smaller ear thquake-generated f e a t u r e s  which w e r e  p r e s e n t  t o  

t h e  n o r t h  had been obscured by ploughing a t  t h e  t i m e  of 

observa t ion .  

A f e a t u r e  of  t h i s  s e c t i o n  of  t h e  f a u l t  w a s  a series o f  

t ens ion  f r a c t u r e s  i n  t h e  no r the rn  h a l f  of t h e  paddock and 

t o  t h e  w e s t  of t h e  f a u l t .  Beginning j u s t  t o  t h e  w e s t  of  t h e  

f a u l t  s c a r p  on t h e  no r the rn  paddock boundary t h e  f r a c t u r e s  

formed an e n  echeZon series each t r end ing  223 .) I n  t h e  

c e n t r a l  s e c t i o n  o f  t h e  paddock t h e  f r a c t u r e s  t r ended  1 8 8 O  

and formed a l i n e a r  f e a t u r e .  One of  t h e  en  e c h e l o n  f r a c t u r e s  
c u t  an outcrop  o f  weathered g r a n i t e  (F ig .  1 0 ) .  The f r a c t u r e  
appeared t o  be  pure ly  t e n s i o n a l ,  w i th  no l a t e ra l  o r  v e r t i c a l  

displacement .  The l i n e  o f  t ens ion  f r a c t u r e s  p o s s i b l y  

r ep resen ted  a secondary f e a t u r e  formed by t h e  c o l l a p s e  of  a 

wedge-shaped p o r t i o n  of  t h e  u p l i f t e d  wes tern  b lock .  

0 

Figure  1 0 .  Tension crack i n  a g r a n i t i c  ou tc rop ,  
3 km from t h e  southern  t e rmina t ion  
of  t h e  Robb F a u l t  (GSWA 1 8 7 4 0 )  
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Figure  11. A branch of  t h e  Robb F a u l t  p a s s i n g  beneath 
a house on t h e  Shankland p rope r ty :  t h e  
r i g h t - l a t e r a l  t h r u s t  f a u l t  pas ses  between 
t h e  t h i r d  and f o u r t h  verandah p o l e s  and 
g ives  a s m a l l  apparent  l e f t - l a t e r a l  d i s -  
placement of t h e  s t o n e  w a l l  (GSFJA l e 7 4 1 )  

Some 270 m east  of  t h e  p o i n t  where t h e  main f a u l t  

s c a r p  d i e d  o u t  another  smaller t h r u s t  s c a r p  w a s  developed. 

This  s c a r p ,  t r end ing  approximately n o r t h e a s t ,  passed 

d i r e c t l y  through t h e  farmyard o f  t h e  Shankland p rope r ty  

(F ig .  ll), and diminished u n t i l  it d isappeared  i n  t h e  
driveway, some 1 6 0  m beyond t h e  house. The f a u l t  s c a r p ,  
450 m long b u t  r a r e l y  more than a few cen t ime t re s  h igh ,  
d i sp l ayed  west-over-east  displacement  and v a r i e d  from a 
s u p r a t h r u s t  t o  a s u b t h r u s t  s c a r p  (F ig .  1 2 ) .  

The major f a u l t  displacement  i n  t h i s  area w a s  accommo- 

da ted  by a t h r u s t  which t rended  145O and c u t  t h e  driveway 

t o  t h e  Shankland p rope r ty  some 3 0 0  m n o r t h  of  t h e  house. 

This  f a u l t  s c a r p  d i e d  o u t  400  m t o  t h e  s o u t h e a s t  b u t  a t  t h e  

driveway it turned  northward and became t h e  main f e a t u r e  of  
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t h e  Robb F a u l t ,  A t  t h e  sou the rn  end of  t h i s  f a u l t  an 

anomalous l e f t - l a t e r a l  displacement  was seen  (Fig.13a) , 
probably caused by t h e  145O s t r i k e  of t h i s  s e c t i o n  r e l a t ive  
t o  t h e  o v e r a l l  s t r i k e  o f  020°  f o r  t h e  Robb F a u l t ,  

s e c t i o n  of t h e  f a u l t  a l s o  provided t h e  only  exposure of  t h e  

p lane  o f  t h e  Robb F a u l t ;  about  1 0 0  m east  of t h e  Shankland 

house it w a s  exposed i n  cemented l a t e r i t e  g r a v e l  and dipped 

34O t o  t h e  southwest  wi th  a s t r i k e  of 1 2 2 O  (F ig .  1 3 b ) .  

This  

Along t h e  north-south driveway o f  t h e  Shankland 

p rope r ty  t h e  t h r u s t  f a u l t  w a s  l o b a t e  and t w i c e  i n t e r s e c t e d  

t h e  t r a c k  be fo re  resuming a l i n e a r  course ,  t r e n d i n g  028O, t o  

i n t e r s e c t  t h e  road along t h e  Dowerin/Wongan-Ballidu S h i r e  

boundary. An i r r e g u l a r  zone of  t e n s i o n  c racks  t r e n d i n g  

southwest  from t h e  driveway probably o u t l i n e d  a secondary 

f r a c t u r e  i n  t h e  u p l i f t e d  block and may have r ep resen ted  a 
con t inua t ion  o f  t h e  l i n e  of  t e n s i o n  c racks  mapped i n  t h e  

paddock t o  t h e  south .  

A t  t h e  s h i r e  boundary, r e p a i r s  t o  t h e  road and a 
p i p e l i n e  had o b l i t e r a t e d  t h e  f a u l t  s c a r p  a t  t h e  t i m e  of  
obse rva t ion ,  b u t  a r i g h t - l a t e r a l  displacement  of  0 . 2  m w a s  
measured on t h e  f ence - l ine .  Across t h e  road t h e  f a u l t  d i e d  

o u t  w i t h i n  a f e w  metres b u t  w a s  r ep laced ,  200  m t o  t h e  w e s t ,  
by another  t h r u s t  s ca rp .  The two s e c t i o n s  of  t h e  f a u l t  w e r e  
jo ined  by an e n  e c h e l o n  set  o f  t e n s i o n  gashes w i t h  an 

o v e r a l l  t r e n d  o f  120°.  

The Robb F a u l t  cont inued as a t h r u s t  t r e n d i n g  025O, and 

formed an e s s e n t i a l l y  l i n e a r  f e a t u r e  f o r  some 2.3 km t o  t h e  
n o r t h ,  as f a r  as t h e  Robb house. N e a r  t h e  sou the rn  end o f  
t h i s  p o r t i o n  and 4 0 0  m t o  t h e  east  a s m a l l  s u b s i d i a r y  t h r u s t  

s ca rp  r a n  p a r a l l e l  t o  t h e  main f a u l t  f o r  about  850 m. The 

maximum throw of t h i s  s u b s i d i a r y  t h r u s t  i n  i t s  c e n t r a l  

s e c t i o n  w a s  about  0 . 2  m. 

A s  f a r  as t h e  paddock south  o f  t h e  Robb farmhouse t h e  
f a u l t  s c a r p  o f  t h e  main Robb F a u l t  w a s  a s imple s u p r a t h r u s t  

wi th  t h e  w e s t  b lock  u p l i f t e d  0.3-0.5 m ,  b u t  i n  t h e  t h i c k  
sandy s o i l  sou th  o f  t h e  farmhouse t h e  f a u l t  trace w a s  v a r i e d  

and complex. A t  t h e  southern  end of t h e  paddock a m a x i m u m  
2 6  



Figure  13. The Robb F a u l t  n o r t h e a s t  of t h e  Shankland house: 
(a)  no te  apparent  l e f t - l a t e r a l  displacement  of o l d  wheel 
t r a c k s  and t e n s i o n  c racks  t o  t h e  rear of t h e  co l l apsed  
s c a r p ,  (b) 3n exposure of t h e  t h r u s t  p lane  d ipping  a t  34O 
towards 2 1 2  (GSWA 1 8 7 4 3 )  2 7  



heave of 0 . 6 8  m w a s  measured and t h e  f a u l t  s c a r p ,  about  
0.5 m h igh ,  w a s  formed by a s u b t h r u s t  from t h e  w e s t  (Fig.14a) 
Fur the r  no r th  t h e  f a u l t  trace became a series of  complex 
meandering compressional r o l l s  with t e n s i o n  gashes on t h e  
crest ( F i g . 1 4 ~ ) .  These r o l l s  w e r e  i n  some cases q u i t e  
formless ,  b u t  they  o f t e n  inc luded  s u p r a t h r u s t  f r o n t s  and a 
s u b t h r u s t  rear. Throughout t h i s  s e c t i o n  t h e  crest of t h e  
f a u l t  s c a r p  w a s  o f t e n  r a i s e d  above t h e  l eve l  of t h e  u p l i f t e d  
b lock ,  t hus  exaggera t ing  t h e  apparent  v e r t i c a l  displacement .  
Towards t h e  no r the rn  end of t h e  paddock t h e  p a t t e r n  of 
s u r f a c e  f r a c t u r e s  became m o r e  r e g u l a r ,  f i r s t l y  wi th  a series 
of e n  e c h e l o n  t h r u s t  s c a r p s  jo ined  by t ens ion  gashes and 
then  as a zig-zag p a t t e r n  of  a l t e r n a t e  t h r u s t  and wrench 
f a u l t s  each 30-40 m long (F ig .14b) .  The wrench f a u l t s  
t rended 075O, were p a r a l l e l  t o  t h e  r e s u l t a n t  movement of t h e  
western mobile b lock ,  and w e r e  simple s t r i k e - s l i p  f a u l t s  
wi th  a r i g h t - l a t e r a l  displacement  of about  0.3 m. The 
t h r u s t  s e c t i o n s  t rended  more n e a r l y  north-south and were 
pure ly  t h r u s t  f a u l t s .  

About 350 m south of t h e  Robb farmyard t h e  f a u l t  s p l i t  
and a s m a l l  t h r u s t  t rended  347O t o  t h e  northwest .  
had been ploughed be fo re  documentation of t h e  f a u l t s ,  b u t  
it appears  t h a t  t h i s  s m a l l  t h r u s t  l i nked  wi th  a s t r i k e - s l i p  
f a u l t  t r end ing  080° which w a s  t r a c e d  f o r  some 1.1 km w e s t  
of t h e  main f a u l t .  This  i s  one of a number of s m a l l  f a u l t s  
on t h i s  t r e n d  which occur  between t h e  Robb house and t h e  
nor thern  end of t h e  Robb F a u l t .  I t  may be t h e  southernmost 
express ion  of t h e  conjugate  set  of f a u l t s  no r th  of Cadoux. 

The area 

Between t h e  Robb house and t h e  Koorda road ,  ploughing 
had destroyed any earthquake-produced f e a t u r e s .  However, 
t h e  reappearance of t h e  f a u l t  s c a r p  on t h e  road sugges ts  
t h a t  t h e  f a u l t  trace o r i g i n a l l y  c rossed  t h e  ploughed area. 

Immediately no r th  of t h e  Koorda road t h e  trace of t h e  
main Robb F a u l t  d i sappeared  and degenerated i n t o  a s m a l l  
r i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t  t r end ing  075O. 

observed displacement  of  t h e  f a u l t  w a s  0 .03  m ,  and a t  i t s  
western end it degenerated i n t o  a series of t ens ion  c racks .  

The maximum 
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C 

F i g u r e  1 4 .  Complex f a u l t  p a t t e r n s  on t h e  Robb  F a u l t :  (a )  sub- 
t h r u s t  rear of t h e  f a u l t  t race 1 . 4 5  km south  of  t h e  Koorda 
road.  Note t h e  v e r t i c a l  d i sp lacement  o f  0.5 m on t h e  fence  
p o s t  and t h e  almost t o t a l  deg rada t ion  of t h e  f a u l t  t race t o  
t h e  sou th  of t h e  fence ,  caused by subsequent  ploughing,  ( b )  
a l t e r n a t e  t h r u s t  and wrench f a u l t s  1 . 2 5  km south  of t h e  Koorda 
road.  Shor t  t h r u s t  s e c t i o n s  are jo ined  by minor s t r i k e - s l i p  
Eaul t s  t r end in?  1 3 7 5 ~ ~  ( c )  meandering compressional  r o l l  s c a r p ,  
a l t e r n a t e l y  sub- and supra - th rus t ed ,  t o  t h e  n o r t h  of  1 4 ( b )  
(GSWA 1 8 7 4 4 )  29 



P a r a l l e l  t o  t h i s  f a u l t  and 400  m t o  t h e  n o r t h  w a s  a n o t h e r  

s m a l l  s t r i k e - s l i p  f a u l t  about  800 m l o n g ,  b u t  showing a 

l e f t - l a t e ra l  d isp lacement  of  0.15 m ,  A t  t h e i r  e a s t e r n  ends  

t h e  t w o  p a r a l l e l  f a u l t s  w e r e  j o i n e d  by a s m a l l  n o r t h - s o u t h  

t h r u s t  f a u l t  . 
From t h e  w e s t e r n  end  of  t h e  n o r t h e r n  s t r i k e - s l i p  f a u l t  

0 t h e  main t h r u s t  f a u l t  r e a p p e a r e d ,  t r e n d i n g  0 1 0  , and rose 
r a p i d l y  t o  a throw o f  about  0.8 m. I n i t i a l l y ,  i n  a v e r y  

sandy s o i l ,  t h e  s c a r p  w a s  a f o r m l e s s  slumped mass, backed 

by l a r g e  t e n s i o n  f r a c t u r e s  8-10 m t o  t h e  rear o f  t h e  s c a r p .  

For  several  hundred metres, however, t h e  f a u l t  s c a r p  w a s  
w e l l  d e f i n e d  and sugges ted  t h e  c o l l a p s e  o f  t h e  l i p  of  t h e  

o v e r t h r u s t  w e s t e r n  b lock .  A maximum throw o f  1 . 4  m w a s  
r e c o r d e d  i n  t h i s  s e c t i o n .  A t  t h e  l o c a t i o n  o f  F i g u r e  1 5 a  t h e  
forward  c o l l a p s e  o f  t h e  s c a r p  produced a t e n s i o n  f r a c t u r e  

open 0 . 2  m and downthrown 0 . 3  m t o  t h e  e a s t ,  and several  
s m a l l e r  f r a c t u r e s  w i t h i n  t h e  c o l l a p s e d  b l o c k  which produced 

a g r a b e n - l i k e  s t r u c t u r e .  A t  t h i s  p o i n t  t h e  toe of  t h e  

c o l l a p s e d  b l o c k  extended 2 2  m t o  t h e  e a s t  o f  t h e  t e n s i o n  

f r a c t u r e  and c o n t a i n e d  several v e r y  low-angle f o r e t h r u s t s .  

Although t h e  main f a u l t  p l a n e  w a s  n o t  exposed and t h e  t o t a l  
r i g h t - l a t e r a l  s t r i k e - s l i p  c o u l d  n o t  b e  measured,  t h e  s m a l l  
f o r e t h r u s t s  showed a p r o g r e s s i v e  s t r i k e - s l i p  movement, which 

s u g g e s t s  t h a t  t h e  major t h r u s t  movement preceded  t h e  s t r i k e -  

s l i p  movement. 

F u r t h e r  n o r t h ,  i n  t h e  paddock s o u t h  of  t h e  Hopkins '  

farmhouse,  a semi-coherent  g r a s s  m a t  had been r o l l e d  up by 
t h e  t h r u s t  movement and t h e r e  w e r e  minor t e n s i o n  f r a c t u r e s  

t o  t h e  r e a r  o f  t h e  s c a r p .  On t h e  s o u t h e r n  boundary of  t h e  

paddock t h e  throw w a s  0.68 m ( F i g . l 5 b ) ,  b u t  on t h e  Hopkins '  
e n t r y  t r a c k  t h e  s c a r p  w a s  o n l y  0.48 m h i g h ,  and i n  t h e  
paddock t o  t h e  n o r t h  o f  t h e  t r a c k  t h e  f a u l t  s c a r p  d i e d  away 

A c o n t i n u a t i o n  o f  t h e  Robb F a u l t  c o u l d ,  however, b e  
t r a c e d  f o r  a f u r t h e r  800 m. The f a u l t  changed i t s  

e s s e n t i a l l y  nor th-south  t r e n d  t o  t h e  295O t r e n d  of  t h e  

c o n j u g a t e  se t  of  f a u l t s  t o  t h e  n o r t h .  On t h e  w e s t  s i d e  of 
t h e  r a i l w a y  a throw o f  0.25 m ,  down t o  t h e  n o r t h ,  and an  

a p p a r e n t  l e f t - l a t e r a l  d i s p l a c e m e n t  o f  0 . 1  w e r e  measured, 
30  



Figure  15 .  The Robb F a u l t  n o r t h e a s t  of Cadoux go l f  course:  
(a )  c o l l a p s e  of t h e  u p t h r u s t  b lock .  Note t h e  major t ens ion  
f r a c t u r e  a t  t h e  crest  and t h e  graben-type s t r u c t u r e  i n  t h e  
co l l apsed  m a t e r i a l .  The throw of t h e  f a u l t  a t  t h i s  p o i n t  i s  
1 . 4  m ( b )  Throw of 0 . 6 8  m on fence  l i n e  0 .55  km no r th  of 
t h e  Koorda road.  (GSWA 18745) 
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b u t  beyond t h e  ra i lway t h e  f a u l t  cont inued f o r  a f u r t h e r  

500 m as a s m a l l ,  i n d i s t i n c t ,  monocl inal  warp. 

A minor f e a t u r e  w a s  mapped between Cadoux and t h e  

no r the rn  end of  t h e  Robb F a u l t .  I t  comprised a s e t  of 

t e n s i o n  gashes  t r end ing  115O, which swung t o  070° a t  t h e i r  
j unc t ion  w i t h  t h e  Robb Fau l t .  A s m a l l  s t r i k e - s l i p  f a u l t  

showing s i n i s t r a l  displacement  w a s  p r e s e n t  n e a r  t h e  e a s t e r n  

end of t h e  f e a t u r e .  

0 Small  d e x t r a l  t h r u s t s  t r end ing  005 w e r e  mapped 1 km 
east  of  t h e  main f a u l t  and s o u t h e a s t  of t h e  Hopkins' 

farmhouse. These f a u l t s  may be r e l a t e d  t o  t h e  s e c t i o n  of  

t h e  main f a u l t  which w a s  o f f s e t , n o r t h  o f  t h e  Koorda road ,  

by two p a r a l l e l  s t r i k e - s l i p  f a u l t s .  

FauZt disp Zacements  

A t  no p o i n t  w a s  t h e  f a u l t  p lane  of t h e  main Robb F a u l t  
exposed, Throughout i t s  e n t i r e  l eng th  t h e  f a u l t  w a s  
obscured by sandy o r  s i l t y  s o i l .  Thus, no d i r e c t  measure- 

ment could  be made of  t h e  displacement  of t h e  f a u l t .  

Neve r the l e s s ,  a t  a number of  p o i n t s  a long t h e  Robb F a u l t  it 
w a s  p o s s i b l e  t o  determine from fence  l i n e s  approximate va lues  
f o r  heave, throw and s t r i k e - s l i p .  The measurements apply 

only t o  t h e  immediate v i c i n i t y  of t h e  f a u l t  and do n o t  t a k e  

account  of d i s t o r t i o n s  which could be  spread  over  a zone 
many metres wide on e i t h e r  s i d e  of  t h e  f a u l t  s ca rp .  I n  

p a r t i c u l a r ,  t h e  throw of t h e  f a u l t  w a s  o f t e n  d i f f i c u l t  t o  

measure, as compression o f t e n  ex t ruded  a mound of s o i l  
which w a s  h ighe r  than t h e  throw of t h e  f a u l t .  

A t  s i x  p o i n t s  a long t h e  l e n g t h  of t h e  f a u l t  measurements 

of  t h e  displacement  of  fence l i n e s  w e r e  s u f f i c i e n t  t o  enab le  

a c a l c u l a t i o n  of t h e  n e t  displacements  of  t h e  f a u l t  and t h e  

d i p  of t h e  f a u l t  plane.  The f i e l d  obse rva t ions  must be 

c o r r e c t e d  f o r  t h e  angle  a t  which a fence  c r o s s e s  t h e  f a u l t ,  

and i n  Table  3 t h e  co r rec t ed  va lues  are  g iven;  t h e  observed 

va lues  are p l o t t e d  on P l a t e  2 w i t h  v e c t o r s  r e p r e s e n t i n g  t h e  

n e t  displacement .  
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TABLE 3. CALCULATED DISPLACEMENTS OF THE ROBB FAULT 

Kesu Z t a n t  
dip Zacement R i g h t -  D i p  o f  

Throw ZateraZ Heave f a u l t  
Im) s t r i k e - s Z i p  Iml pZane Net ~ ~ i ~ ~ t h  

Iml 
p o i n t  

( m  i 

1 0.50 0.22 0.13 7 so 0.56 063O 
2 0.50 0.46 0.29 6 Oo 0.74 056O 
3 0.70 0.70 0.78 42O 1.26 078O 

4 0.20 0.20 0.08 6 8O 0.29 065O 
5 0.68 0.28 0.36 62O 0.82 067O 
6 0.48 0.28 0.18 69O 0.58 033O 

From Table  3 it w i l l  be  seen  t h a t  t h e  maximum n e t  
displacement  o f  t h e  Robb F a u l t  w a s  1.26 m i n  i t s  c e n t r a l  
p o r t i o n s ,  d iminish ing  t o  about  0.5 m nea r  each end. More 
i n t e r e s t i n g ,  however, i s  t h e  c a l c u l a t e d  d i p  of  t h e  f a u l t  
plane.  Only i n  t h e  c e n t r a l  p o r t i o n ,  a t  p o i n t  3, i s  it a t  an 
ang le  commonly a s s o c i a t e d  wi th  t h r u s t  f a u l t i n g .  Elsewhere 
it d i p s  a t  between 60° and 75O and i s  a high-angle r e v e r s e  
f a u l t .  I t  is  p o s s i b l e  t h a t  t h e  s c a r p  form has  exaggera ted  

t h e  apparent  throw o f  t h e  f a u l t .  A l t e r n a t i v e l y ,  cons ide r ing  
t h a t  t h e  azimuth of t h e  r e s u l t a n t  displacement  is more 
n o r t h e r l y  than  t h e  075O d i r e c t i o n  commonly found i n  t h e  

f i e l d ,  it i s  p o s s i b l e  t h a t  t h e  heave has  been underes t imated .  
Both s o u r c e s i o f  e r r o r  would tend  t o  i n c r e a s e  t h e  c a l c u l a t e d  

d i p  of  t h e  f a u l t .  C a d a s t r a l l y  surveyed f ence  l i n e s  show 
t h a t  measurements taken  a t  t h e  f a u l t  s c a r p  tend  t o  under- 

estimate t h e  heave and s t r i k e - s l i p  displacement  of  t h e  
f a u l t .  However, a p l o t  of t h e  depth  of  focus  of t h e  
a f t e r shocks  (F ig .6)  p rov ides  s t r o n g  evidence f o r  cons ide r ing  
t h e  d i p  of t h e  Robb F a u l t  as r e l a t i v e l y  s t e e p .  Neve r the l e s s ,  
t h e  s c a r p  forms e x h i b i t e d  by t h e  Robb F a u l t  w e r e  
c h a r a c t e r i s t i c  of  a low-angle t h r u s t .  I t  seems probable  t h a t  
t h e s e  s c a r p  forms developed only  because t h e  d i p  of t h e  
f a u l t  p lane  w a s  sha l lower  i n  t h e  t h i c k  s o i l  hor izon  than  a t  

depth.  
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Minor fauZting between the Robb a n d  C u m m i n g  FauZ-ts 

Four d i s t i n c t  f a u l t s  have been mapped between t h e  Robb 

and Cumming F a u l t s .  A s m a l l  compressional r i d g e  t r e n d i n g  

090° crossed  t h e  road and ra i lway some 1 . 2  km nor th  of  Cadoux 

Pos t  Of f i ce .  This  f e a t u r e  could n o t  be t r a c e d  f o r  more than  

a few metres on e i t h e r  s i d e  of t h e  road and ra i lway reserve, 
and would probably n o t  have been obvious as an ear thquake-  

genera ted  f e a t u r e  b u t  f o r  t h e  minor d i s t u r b a n c e  caused t o  

t h e  road s u r f a c e .  

The second minor f a u l t  w a s  some 300 m n o r t h  of  t h e  f i r s t  

and comprised a south-over-north s u p r a t h r u s t  w e s t  of t h e  road 

and ra i lway,  Sub th rus t ing  w a s  dominant eas t  o f  t h e  r o a d ,  

a l though t h e  o v e r a l l  movement w a s  s t i l l  south-over-north.  

Tension cracks  ob l ique  t o  t h e  g e n e r a l  t r e n d  of  t h e  f e a t u r e  

suggested an o v e r a l l  r i g h t - l a t e r a l  displacement  on t h e  f a u l t  

p lane .  Although s u r f a c e  evidence of f a u l t i n g  d isappeared  

some 4 0 0  m east  of  t h e  roadF  a Telecom c a b l e  running nor th-  

south  some 650 m eas t  o f  t h e  road w a s  severed  du r ing  t h e  

ear thquake.  

J u s t  south  of t h e  Cumming F a u l t  a p a i r  of  s t r i k e - s l i p  

f a u i t s  w a s  mapped t h a t  d i sp l ayed  t r e n d s  t y p i c a l  of t h e  

conjugate  s e t  (F ig .16 ) .  The two f e a t u r e s  m e t  a t  t h e i r  

e a s t e r n  ends ,  i n  what appeared t o  be  a t h r u s t e d  "nose" ,  b u t  

t h e  paddock w a s  ploughed be fo re  mapping commenced and t h e  

evidence w a s ,  t h e r e f o r e ,  obscured.  The more s o u t h e r l y  of t h e  

two wrench f a u l t s  had a s t r i k e  of  070° ,  and a measured r i g h t -  

l a t e r a l  movement o f  0 . 0 4  m. The n o r t h e r l y  one,  which had a 
s t r i k e  of  llOo, had a l e f t - l a t e r a l  movement of up t o  0 . 2  m 
and could be  t r a c e d  w e s t  f o r  a d i s t a n c e  o f  1 . 6  km, where i t  

degenerated i n t o  a s e t  of t e n s i o n a l  gashes.  

CUMMING FAULT 

For i t s  f u l l  l e n g t h  of  3 . 2  km t h e  C m i n g  F a u l t  w a s  
i n v a r i a b l y  expressed  as a south-over-north s u p r a t h r u s t .  I t  

d isp layed  marked l i n e a r i t y ,  i n  c o n t r a s t  t o  t h e  wavy n a t u r e  

of t h e  o t h e r  t h r u s t s .  The maximum measured ve r t i ca l  d i s -  

placement on t h i s  f a u l t  w a s  approximately 0 . 2  m ,  measured 
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Figure 16. Collapse structure on a minor fault 
south of the Cumming Fault and 400 m 
south of the Cumming house (GSWA 18746) 
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some 500 m w e s t  of t h e  main road ,  No la te ra l  d isp lacement  
w a s  seen where t h e  f a u l t  c ros sed  a t rack 500 m south  o f  t h e  

Carter farmyard, a l though a s m a l l  apparent  l e f t - l a t e r a l  
displacement  w a s  ev iden t  over  t h e  e a s t e r n  s e c t i o n  of t h e  
f a u l t .  

Minor faulting b e t w e e n  t h e  Cumming and Lone T r e e  Faults 

A south-over-north t h r u s t  t r e n d i n g  looo r a n  w e s t  from 
t h e  ra i lway l i n e  about  350 m n o r t h  of t h e  Cumming F a u l t .  This  
f a u l t  swung a b r u p t l y  south  eas t  of t h e  r a i lway  l i n e ,  and 
connected wi th  t h e  Cumming F a u l t  through a complex series of  
supra- and s u b t h r u s t s ,  t e n s i o n  c racks  and s t r i k e - s l i p  f a u l t s ,  
which appeared t o  r e s o l v e  i n t o  a g e n e r a l  west-over-east  r e v e r s e  
movement. This  i s  compatible  wi th  a s m a l l  b u t  c o n s i s t e n t  
l e f t - l a t e r a l  movement on t h e  s e c t i o n  of t h e  f a u l t  t h a t  

t rended l o o o .  
n o r t h e a s t  of t h e  Carter farmyard w a s  probably a con t inua t ion  

of t h i s  f e a t u r e .  

A s m a l l  south-over-north s u b t h r u s t  immediately 

A l l  t h e  d isp lacements  on t h e  minor f a u l t s  i n  t h i s  
system w e r e  of  t h e  o r d e r  o f  0.01 t o  0 . 0 2  m.  

LONE TREE FAULT 

The Lone T r e e  F a u l t  i s  a l e f t - l a t e r a l  s t r i k e - s l i p  f a u l t  
w i th  a r e v e r s e  component. It i s  unusual  because t h e  r e v e r s e  
component i s  north-over-south,  c o n t r a r y  t o  t h e  main movements 
i n  the Cadoux area. The f a u l t  s t r i k e s  1 1 5 O  and i t s  s u r f a c e  
express ion  w a s  1 . 5  km long (F ig .17 ) .  

The m a x i m u m  measured throw w a s  0.53 m on a contour  bank 
700 m w e s t  of  t h e  ra i lway.  The throw decreased  t o  both  w e s t  
and eas t ,  being 0.25 m where t h e  f a u l t  c ros sed  a farm t r a c k  
nea r  i t s  western ex t r emi ty ,  and about  0 . 2  m where it c rossed  
t h e  t r a c k  immediately w e s t  o f  t h e  ra i lway.  Near i t s  e a s t e r n  
ex t remi ty  t h e  f a u l t  had a s l i g h t  downthrow t o  t h e  no r th .  

Unfortunately t h e  f a u l t  p l ane  w a s  n o t  exposed i n  t h i s  area,  
so it i s  n o t  c l e a r  whether t h e  f a u l t  changed from r e v e r s e  

t o  normal. 
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Figure  1 7 .  The Lone T r e e  F a u l t ,  looking  nor thwes t  from above 
t h e  Kalannie  road.  The scissors f a u l t  i n  t h e  
foreground i s  a l s o  shown i n  F igu re  1 9  (photo:  
W.A. Newspapers) (GSWA 18747) 

An apparent  l e f t - l a t e r a l  d i sp lacement  of  0.65 m w a s  
measured near  t h e  western end,  b u t  most measured d isp lacements  
w e r e  between 0 .3  and 0.55 m.  

The f a u l t  p l ane ,  which w a s  v i s i b l e  i n  s e v e r a l  p l a c e s ,  
dipped n o r t h  a t  between 7 0  and 85O. 
t h e  f a u l t  w a s  always s m a l l .  

Consequently,  heave on 

The f a u l t  w a s  expressed  a t  t h e  s u r f a c e  i n  two forms. 
The p a r t  w e s t  of t h e  " l o n e  tree" w a s  a s imple s c a r p  i n  c layey  
so i l .  Some c o l l a p s e  of t h e  s c a r p  had t aken  p l a c e ,  b u t  i n  
many p l a c e s  t h e  f a u l t - p l a n e  s u r f a c e  w a s  s t i l l  preserved  a t  t h e  
t i m e  of  t h i s  s tudy .  Shor t  t e n s i o n a l  gashes  up t o  2 m long ,  
and ob l ique  t o  t h e  main f a u l t  are compatible  wi th  t h e  l e f t -  
l a t e r a l  movement (Fig.  18a)  . 

The e a s t e r n  p a r t  of  t h e  f a u l t  w a s  complex and included 
numerous, long t e n s i o n a l  gashes a long  which much of t h e  
movement had taken  p l ace .  An unusual  f e a t u r e  which w a s  
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Figure  1 8 .  Reverse s t r i k e - s l i p  f a u l t  s c a r p s :  ( a ) t h e  Lone 
Tree F a u l t ,  400  m from i t s  wes tern  end,  showing a lef t -  
l a t e r a l  d isp lacement  of t h e  contour  bank, (b) t h e  Tank 
F a u l t ,  700 m w e s t  o f  Kokardine tank;  t h e  f a u l t  p l ane  i s  
exposed i n  weathered g r a n i t e  and t h e  southern  block i s  
u p t h r u s t  0 . 7  m (GSWA 1 8 7 4 8 )  
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developed i n  several  p l a c e s  w a s  t h e  presence  of  con juga te  

t h r u s t s  s e p a r a t e d  by a s c i s s o r s  f a u l t  ( F i g . 1 9 ) .  Th i s  w a s  due 

t o  deformation of  t h e  s o i l  cover  between en  echeZon t e n s i o n a l  

gashes.  A complex zone of t h r u s t i n g  and s h e a r i n g ,  o r ,  on a 

smaller scale,  dome-like s t r u c t u r e s  3 t o  4 m e t r e s  a c r o s s ,  

w e r e  produced. 

From measurements on t h e  f a u l t  t h e  n e t  d i sp lacement  has  
been c a l c u l a t e d  a t  two p o i n t s  and p l o t t e d  on P l a t e  2 .  N e a r  

t h e  wes tern  end o f  t h e  f a u l t  t h e  d isp lacement  w a s  0 . 5 7  m 
towards 278O and nea r  t h e  ra i lway 0.23 m towards 282O. 

CARTER THRUST ZONE 

The Car te r  Thrus t  Zone i s  a complex o f  predominantly 

low-angle t h r u s t s  which j o i n s  t h e  wes tern  t e rmina t ions  o f  

t h e  Tank and Lone Tree F a u l t s .  Together t h e s e  t h r e e  s t r u c t u r e s  

o u t l i n e  a f a u l t  block which moved upwards and westwards 

r e l a t i v e  t o  t h e  surrounding area. 

The t h r e e  main s t r u c t u r a l  e lements  of t h e  C a r t e r  Th rus t  
Zone are t h e  Car te r  Main Thrus t ,  t h e  Car t e r  Back Thrus t ,  and 
t h e  Link F a u l t  which j o i n s  t h e  two t h r u s t s  (F ig .  2 1 ) .  

Carter Main Thrust 

The Car te r  Main Thrus t  i s  1 . 3  km long and has  an o v e r a l l  

t r e n d  of  approximately 0 1 5 O .  

i r r e g u l a r ,  and o f f s e t  up t o  50 m i n  s e v e r a l  p l a c e s  by s m a l l  
s t r i k e - s l i p  f a u l t s .  The maximum throw and heave ( 0 . 5  and 

0 . 4  m ,  r e s p e c t i v e l y )  w a s  measured nea r  t h e  sou the rn  end of  

t h e  t h r u s t ,  dec reas ing  no r th  of  t h e  i n t e r s e c t i o n  wi th  t h e  

Link F a u l t .  La tera l  movement on t h e  t h r u s t  w a s  n e g l i g i b l e .  

The s u r f a c e  trace w a s  very 

The s u r f a c e  express ion  of  t h e  t h r u s t  took t h e  form of 

a l o b a t e  t h r u s t  f r o n t ,  behind which w a s  a l o w  ground bulge  
con ta in ing  t e n s i o n  cracks s u b p a r a l l e l  t o  t h e  f r o n t .  The 

t h r u s t  f r o n t  i t s e l f  w a s  u s u a l l y  between 0 . 0 5  and 0 . 2  m high.  

Near t h e  sou the rn  end o f  t h e  Carter Main T h r u s t ,  where t h e  

throw on t h e  f a u l t  i s  g r e a t e s t ,  t h e  t h r u s t  f r o n t  cons i s t ed  

of  up t o  f o u r  s m a l l  t h r u s t s  which gave a t e r r a c e d  e f f e c t  t o  
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Figure  1 9 .  A complex s t r u c t u r e  on t h e  Lone T r e e  F a u l t ,  2 0 0  m 
w e s t  of  t h e  rai lway:  ( a )  s c i s s o r s  f a u l t  w i th  a s soc ia t ed  
opposing t h r u s t s  (GSWA 1 8 7 4 9 )  , (b) diagrammatic r e p r e s e n t a t i o n  
of ( a )  (GSWA 18750) ,  ( c )  d e t a i l  o f  t h e  n o r t h e r l y  t h r u s t  f r o n t  
(GSWA 1 8 7 4 9 ) .  The t e n s i o n  c rack  i n  t h e  lower r i g h t  of t h e  
photograph has  been p a r t i a l l y  f i l l e d  by t h e  advancing t h r u s t  
f r o n t  4 0  



t h e  sca rp .  A t r e n c h ,  1 m deep,  was excavated ac ross  an 

apparent ly  s imple  t h r u s t  f r o n t  2 0 0  m no r th  of  t h e  j u n c t i o n  

wi th  t h e  Lone T r e e  F a u l t .  This  r evea led ,  i n  t h e  s o i l  p r o f i l e ,  

several  small f l a t  t h r u s t s  which s teepened and converged a t  
depth t o  a s i n g l e  t h r u s t  p lane  d ipping  20° eas t  i n  weathered 

bedrock (Fig.  20)  . 
I n  most cases t h e  Car te r  Main Thrus t  w a s  backed by 

t ens ion  c r a c k s ,  u s u a l l y  between 5 and 1 5  m from t h e  t h r u s t  

f r o n t .  These c revasse - s ty l e  c racks  were open as much as 
0 . 2  m ,  and i n  some cases  showed a downthrow (due t o  slumping) 

i n  t h e  d i r e c t i o n  of t h e  t h r u s t  f r o n t .  Large t e n s i o n a l  open- 

ings  w e r e  developed,  wi th  graben-col lapse  s t r u c t u r e s  up t o  

0 . 8  m ac ross  and 0 . 3  m deep. Other t e n s i o n a l  c r acks  formed 

perpendicular  t o  t h e  main t h r u s t .  Some of t h e s e  w e r e  
probably t e n s i o n a l  gashes a s s o c i a t e d  wi th  s m a l l  r i g h t -  and 

l e f t - l a t e r a l  f a u l t s  which o f f s e t  t h e  Carter Main Thrus t .  

Link Fault 

The Link F a u l t ,  so named because it l i n k s  t h e  Carter 

Main and Back T h r u s t s ,  has a l eng th  of 1 . 7  km. E a s t  of t h e  

Carter Back Thrus t ,  i t  appeared t o  be a s t e e p  r e v e r s e  f a u l t ,  
d ipping  n o r t h ,  w i t h  0 . 1  m of north-over-south throw and a 

+ + + + + +  
+ + + + +  

+ + + +  
+ + + + + +  

+ + + + + + Clayey weathered granite + + + 
+ + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

+ + + + + +  
0 lm + + + + + + + + + + + + + 
I I I I I I 

G S W A  1 8 7 5 1  

Figure  2 0 .  North w a l l  of  a t r ench  ac ross  t h e  Carter Main 
Thrus t ,  200  m n o r t h  o f  t h e  Lone Tree F a u l t  

15121-5 
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s l i g h t  r i g h t - l a t e r a l  displacement ,  Between t h e  Carter Main 

and Back T h r u s t s ,  t h e  Link F a u l t  w a s  expressed  as a series 
of small e n  e c h e Z o n  f r a c t u r e s  and i n  t h i s  e n  echeZon zone, 

t h e  throw of t h e  f a u l t  changed t o  south-block-up and t h e  

f a u l t  p l ane  dipped south .  H e r e  t h e  throw w a s  about  0.25 m 
and t h e r e  w a s  a r i g h t - l a t e r a l  displacement  o f  some 0 .10  m. 

The Link F a u l t  cont inued f o r  2 0 0  m t o  t h e  west-southwest,  
p a s t  t h e  i n t e r s e c t i o n  wi th  t h e  Car te r  Main Thrus t ,  b u t  wi th  
a much diminished throw. I t  turned  s h a r p l y  e a s t - s o u t h e a s t  
and r e j o i n e d  t h e  Car te r  Main Thrus t  by a series of s m a l l  
f r a c t u r e s  and t e n s i o n  c racks .  

C a r t e r  Back T h r u s t  

The Car te r  Back Thrus t  i s  700  m long,  t r e n d s  
approximately 350°, and has  a west-block-up movement. 
t h e  main t h r u s t ,  a l o b a t e  t h r u s t  f r o n t  w a s  developed,  backed 
by t e n s i o n  c racks .  M a x i m u m  measured throw w a s  0.15 m and 
heave 0 . 3  m.  P re s su re  r i d g i n g  w a s  a common f e a t u r e  a long 

t h e  sca rp .  

Like 

A t  t h e  no r the rn  and southern  e x t r e m i t i e s  of t h e  Carter 

Back Thrus t ,  t h e  amount o f  movement g r a d u a l l y  decreased ,  and 
t h e  t h r u s t  ended i n  a series of  wes t - t rending  t e n s i o n  
f r a c t u r e s .  These w e r e  more prominent i n  t h e  n o r t h  than  t h e  
south .  

A diagrammatic r e p r e s e n t a t i o n  o f  t h e  r e l a t i v e  block 
movements i s  g iven  i n  F igure  2 1 .  The s i z e  of t h e  arrows is 
approximately p r o p o r t i o n a l  t o  t h e  magnitude of t h e  r e l a t i v e  

movements. 

S e c o n d a r y  e f f e c t s  in t h e  C a r t e r  Thrust Zone 

A f e a t u r e  of t h e  Carter Thrus t  Zone w a s  t h e  presence  of 
c i r c u l a r  o r  e l l i p t i c a l  ho le s  up t o  1 m a c r o s s  and 1 m deep 
(F ig .22 ) .  They w e r e  u n r e l a t e d  t o  t e n s i o n  c racks ,  a l though 

they d i d  occur  i n  t h e  v i c i n i t y  of major t e n s i o n  cracks a few 

metres back from t h e  t h r u s t  s c a r p s .  The h o l e s ,  of  which t h r e e  
w e r e  found, w e r e  probably caused by t h e  c o l l a p s e  of a c y l i n d e r  
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Figure  2 1 .  Block movements i n  t h e  Carter Thrus t  Zone 

of poor ly  c o n s o l i d a t e d  s o i l  i n t o  a c a v i t y  formed by movement 

a long t h e  i r r e g u l a r  t h r u s t  p lane .  Such a c a v i t y  w a s  
p reserved  i n  a c reek  n e a r  t h e  mid p o i n t  of t h e  Car t e r  Main 

Thrus t ,  where t h e  t h r u s t  p l ane  had l e f t  a s u b h o r i z o n t a l  

c a v i t y  a t  l eas t  5 m x 2 m and 0 . 3  m deep. 

For a t  l eas t  2 km t o  t h e  w e s t  down t h e  same c r e e k ,  t h e  

creek banks,  which range  i n  h e i g h t  up t o  0 . 4  m ,  showed 

evidence of t e n s i o n a l  c r ack ing  p a r a l l e l  t o  t h e  channel  , and 

up t o  1 0  m from it. The c racks  w e r e  probably due t o  

i n c i p i e n t  c o l l a p s e  d u r i n g  shaking.  
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Figure  2 2 .  Col lapse s t r u c t u r e  0 . 6  m a c r o s s  behind 
t h e  Car te r  Main Thrus t  (GSWA 18753)  

TANK FAULT 

The Tank F a u l t  has  an average t r e n d  o f  070° and could 

be  fol lowed i n t e r m i t t e n t l y  f o r  3 .5  km. For most o f  i t s  
l eng th  t h e  f a u l t  c r o s s e s  shal low k a o l i n i z e d  g r a n i t e  bedrock 

wi th  t h i n  s o i l  cover .  A t  t h e  e a s t e r n  end o f  t h e  f a u l t  t h e  

weather ing p r o f i l e  i s  t h i c k e r ,  and t h e  f a u l t  c r o s s e s  

l a t e r i t e .  

Many g r a n i t i c  ou tcrops  showed secondary e f f e c t s  due t o  
t h e  shaking ,  such as c racking  o f  g r a n i t e  s l a b s ,  opening of 

j o i n t s ,  and s p a l l i n g  of  boulders .  

The f a u l t  i s  a s t r i k e - s l i p  f a u l t  w i t h  a r e v e r s e  
component, and a r i g h t - l a t e r a l  movement which reached a 
m a x i m u m  o f  0 . 4  m about  9 0 0  m w e s t  o f  t h e  tank .  A t  t h e  

western t e rmina t ion ,  where t h e  f a u l t  t u r n s  s h a r p l y  south  to 
become t h e  Carter Main Thrus t ,  t h e  l a t e r a l  d isp lacement  w a s  
0 . 2 2  m ,  and where t h e  f a u l t  c r o s s e s  t h e  r a i lway ,  t h e  l a t e r a l  
movement w a s  0 . 1 5  m. 
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The throw on t h e  f a u l t ,  which i s  always up t o  t h e  sou th  

reached 0 . 7  m a t  a p o i n t  w e s t  of  t h e  t ank ,  reducing t o  0 . 2  m 
a t  t h e  western t e rmina t ion  and 0 . 1  m a t  t h e  ra i lway.  The 
heave w a s  d i f f i c u l t  t o  determine i n  most cases, b u t  w a s  
probably about  0 . 1  m where t h e  o t h e r  components w e r e  g r e a t e s t .  

Tensional  openings on t h e  upthrown s i d e  o f  t h e  f a u l t  l e d  t o  

inaccurac i e s  i n  measuring t h e  heave. 

A s  t h e  f a u l t  p lane  w a s  w e l l  exposed a t  a number o f  
p o i n t s  and dipped a t  70° t o  80°, t h e  t o t a l  displacement  w a s  
e a s i l y  c a l c u l a t e d .  Three displacement  v e c t o r s  have been 

p l o t t e d  on P la te  2 ,  t h e  most wes te r ly  be ing  a t  a p o i n t  where 

t h e  f a u l t  c rossed  a contour  bank; he re  t h e  n e t  d i sp lacement  
w a s  0 . 4 8  m towards 264O.  

ment t h e  v e c t o r  w a s  0.83 m towards 260°,  and n e a r  t h e  t ank  

it w a s  0 . 4 0  m towards 260°. These r e s u l t s  are c o n s i s t e n t  

wi th  those  found on' t h e  Lone T r e e  F a u l t .  

A t  t h e  p o i n t  of maximum d i s p l a c e -  

The f a u l t  p lane  w a s  w e l l  exposed 700  m w e s t  of  t h e  t a n k ,  
where weathered g r a n i t e  bedrock gave r ise  t o  a s i n g l e  s c a r p  

0 . 7  m high (F igs  18b and 23a ) .  The p lane  dipped sou th  a t  
80°, al though t h i s  w a s  seen  t o  become sha l lower  some 1.5 t o  

2 m beneath t h e  s u r f a c e .  The exposed f a u l t  p lane  conta ined  
a l a y e r ,  1 m t h i c k ,  o f  f a u l t  gouge material ( i n  t h i s  case 
sheared k a o l i n )  wi th  s l i c k e n s i d e s .  M o s t  s l i c k e n s i d e s  

plunged between 5 5 O  and 80°E. 

w a s  i n d i c a t e d  by s l i c k e n s i d e s  plunging 30°E which w e r e  
superimposed on t h e  ear l ier  s l i c k e n s i d e s .  

A second phase of  movement 

More t y p i c a l  t han  t h e  s imple s c a r p  j u s t  d e s c r i b e d ,  w a s  
a complex s c a r p  i n  which a s t e e p l y  d ipping  main s c a r p ,  w i t h  
some f r o n t a l  c o l l a p s e ,  formed behind a low-angle t h r u s t  

(Fig.  23b).  The t h r u s t  s c a r p ,  which w a s  u s u a l l y  only  a few 

cent imet res  h igh ,  i s  thought  t o  have been a secondary 

f e a t u r e  produced by t h e  forward heave of  t h e  s t e e p  r e v e r s e  
f a u l t  when i t  reached t h e  unconsol ida ted  s o i l  hor izon .  I n  

p l a n ,  t h e  r e v e r s e  f a u l t  had a secondary t h r u s t  l obe  several 
metres i n  f r o n t  of  t h e  main sca rp .  

Immediately n o r t h  o f  t h e  t ank ,  t h e  f a u l t  c u t s  t h e  
qua r t z  dyke and weathered g r a n i t e  which forms t h e  r i d g e  on 

which t h e  tank s t ands .  The s c a r p  he re  w a s  between 0 . 1  and 
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Figure  2 3 .  Scarp  types  on t h e  Tank F a u l t  

0 .2  m high and f a i r l y  s imple  i n  morphology. A t r e n c h  dug 
ac ross  t h e  f a u l t ,  1 0 0  m nor thwes t  o f  t h e  tank  and 50 m from 
t h e  n e a r e s t  exposure o f  t h e  q u a r t z  dyke, r evea led  t h a t  t h e  
f a u l t  p lane  d i p s  a t  78OS and fo l lows  t h e  w a l l  of  a pre-  
e x i s t i n g  q u a r t z  v e i n ,  about  0 . 3  m t h i c k .  Th i s ,  a long wi th  
a f a i n t  photo-lineament which t h e  f a u l t  seems t o  fo l low,  
c o n s t i t u t e s  evidence t h a t  t h i s  p a r t  of t h e  Cadoux F a u l t  
system has been c o n t r o l l e d  by a p re -ex i s t ing  s t r u c t u r e .  

Small s p l a y  f a u l t s  w e r e  common along t h e  e n t i r e  f a u l t ,  

and i n  p l a c e s  t h e s e  had an e n  echeZon arrangement. I n  some 
areas of  s p l a y  f a u l t i n g ,  t h e  f a u l t  system degenera ted  i n t o  
a series o f  t ens ion  gashes and hummocky r i d g e s .  For  a 
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d i s t a n c e  of 600 m w e s t  of t h e  t ank ,  t h e r e  w a s  a zone of  
t e n s i o n  gashes behind and s u b p a r a l l e l  t o  t h e  main f a u l t .  

This  t e n s i o n  zone w a s  up t o  1 0 0  m wide. A major t e n s i o n  
gash extended eas twards ,  immediately south  of  t h e  t a n k ,  
where it had a very s m a l l  r i g h t - l a t e r a l  displacement  and 

has  been termed t h e  Tank Subs id i a ry  F a u l t .  

The eastward ex tens ion  of t h e  main Tank F a u l t  w a s  com- 
p l e t e l y  obscured due t o  e r o s i o n  by w a t e r  from t h e  damaged 
t ank .  Consequently it i s  n o t  clear whether t h a t  p a r t  o f  t h e  
f a u l t  t h a t  c u t s  t h e  ra i lway i s  connected t o  t h e  main Tank 
F a u l t  o r  t h e  Tank Subs id i a ry  F a u l t .  

K A L A J Z I C  FAULT 

Th i s  f a u l t  i s  of  p a r t i c u l a r  i n t e r e s t  because of i t s  
damage e f f e c t s  (Pub l i c  Works Department t a n k ,  p i p e l i n e ,  
r a i l w a y ,  road and farmhouse) , and by t h e  manner i n  which it 
i s  p a r t i a l l y  c o n t r o l l e d  by p r e - e x i s t i n g  s t r u c t u r e s .  The 
f a u l t  t r e n d s  3 0 5 O ,  and w a s  w e l l  exposed f o r  3 km. 
cracks w e r e  seen  around paddock boundaries  ( t h e  i n t e r v e n i n g  
areas having been ploughed) and t h e s e  i n d i c a t e  t h a t  i t s  
l e n g t h  w a s  a t  l eas t  5 km. The f a u l t  c rossed  an a r e a  o f  
shal low sandy colluvium wi th  rock fragments ,  ove r ly ing  t h i n  
r e s i d u a l  c l a y .  Weathered and f r e s h  bedrock occur  w i t h i n  a 
few metres o f  t h e  s u r f a c e ,  and i n  several p l a c e s  t h e  f a u l t  
pas ses  c l o s e  t o  f r e s h  g r a n i t e  ou tcrop .  Between 200 and 
300 m nor thwes t  of t h e  t a n k  t h e  f a u l t  fo l lows  a q u a r t z  dyke, 
and has  f r a c t u r e d  t h e  dyke. 

Tension 

The s u r f a c e  express ion  o f  t h e  f a u l t  w a s  a s imple sub- 
v e r t i c a l  s c a r p  showing downthrow t o  t h e  no r th .  Along much 
of i t s  l eng th  t h e  f a u l t  w a s  expressed  as a series of  ob l ique  
t ens ions  c racks  and a g e n t l e  warp i n  t h e  ground s u r f a c e .  
The K a l a j z i c  F a u l t  is  lef t - la teral  r e v e r s e  wi th  a maximum 
throw of  0 . 2  m and a l a t e ra l  displacement  of  about  0 . 3  m.  
The f a u l t  p lane  w a s  nowhere v i s i b l e  b u t  probably d i p s  s t e e p l y  

southwest.  
n e t  displacement  a t  two p o i n t s  has  been c a l c u l a t e d  and 
p l o t t e d  on P l a t e  2 .  A t  t h e  p i p e l i n e  600 m northwest  of  t h e  
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t ank  t h e  displacement  w a s  0 . 4 1  m towards 117O and a t  t h e  
ra i lway it w a s  0 . 2 7  m towards 1 1 0  . These v e c t o r s  are 
p a r a l l e l ,  b u t  i n  t h e  oppos i t e  d i r e c t i o n ,  t o  t h e  l o c a l  d i s -  
placement on t h e  Lone Tree F a u l t .  

0 

S U R E Y E D  DISPLACEMENTS I N  THE FAULT ZONE 

Immediately fo l lowing  t h e  Cadoux ear thquake  a number o f  
surveys w e r e  c a r r i e d  o u t  i n  t h e  area by t h e  Western 
A u s t r a l i a n  Department of  Lands and Surveys and t h e  
A u s t r a l i a n  Survey O f f i c e ,  wi th  t h e  o b j e c t  of ga in ing  some 
a p p r e c i a t i o n  o f  ground d i s t o r t i o n  t h a t  may have taken  p l a c e  
a t  a d i s t a n c e  from t h e  known f a u l t  traces. The Department 
of  Lands and Surveys w a s  mainly concerned w i t h  geode t i c  
surveying  and t h e  A u s t r a l i a n  Survey O f f i c e  wi th  c a d a s t r a l  
surveys and l e v e l l i n g .  

Unfor tuna te ly ,  no geode t i c  s t a t i o n s  had been e s t a b l i s h e d  
i n  t h e  area p r i o r  t o  t h e  ear thquake  and it i s  t h e r e f o r e  
imposs ib le  t o  assess any l a r g e - s c a l e  ground d i s t o r t i o n  i n  t h e  
Cadoux area. However, a complete g e o d e t i c  t r i a n g u l a t i o n  o f  
t h e  wes tern  h a l f  of  t h e  Bencubbin 1:250 000 s h e e t  area has  
now been e s t a b l i s h e d  and w i l l  be s u i t a b l e  f o r  moni tor ing  any 
f u r t h e r  d i s t o r t i o n  o f  t h e  area. I n  a d d i t i o n ,  a c l o s e r  
spaced second-order geode t i c  network has  been e s t a b l i s h e d  i n  
t h e  Cadoux area t o  monitor f u t u r e  l o c a l  d i s t o r t i o n s .  This  
network inc ludes  l e g s  which c r o s s  t h e  Robb F a u l t  and s m a l l  
t r i a n g u l a t i o n s  ac ross  t h e  Tank F a u l t .  

Cadas t r a l  surveys w e r e  c a r r i e d  o u t  by t h e  A u s t r a l i a n  
Survey Of f i ce  a long t h e  major roads  and ra i lway and on 
s e v e r a l  paddock boundaries .  These i n d i c a t e  only  h o r i z o n t a l  
d i s t o r t i o n .  A l e v e l  t r a v e r s e  of benchmarks along t h e  main 
water p i p e l i n e  g i v e s  some i n d i c a t i o n  o f  t h e  v e r t i c a l  d i s -  

t o r t i o n  i n  t h e  area. I n  t h i s  work t h e  A u s t r a l i a n  Survey 
Of f i ce  w a s  a s s i s t e d  by t h e  Department of Surveying,  Western 
Aus t r a l i an  I n s t i t u t e  of Technology. 
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SURVEY RESULTS 

L e v e l l i n g  t r a v e r s e  on wa ter - supp ly  p i p e l i n e  

The only t r a v e r s e  i n  t h e  Cadoux area f o r  which r e l i a b l e  

l e v e l s  w e r e  known p r i o r  t o  t h e  ear thquake  i s  a long  t h e  

P u b l i c  Works Department (PWD) water-supply p i p e l i n e  network. 

Benchmarks a t  1 . 6  km (I m i l e )  i n t e r v a l s  w e r e  r e l e v e l l e d  

along approximately 200  km of  t h i s  network between Cadoux 

and Koorda, and south  t o  Cunderdin. A few of  t h e  benchmarks 
could n o t  b e  r e l o c a t e d ,  and t h e  benchmark a t  Kokardine t ank  
had been damaged beyond use.  Diagrammatic r e p r e s e n t a t i o n  

of t h e  r e s u l t s  o f  t h i s  r e l e v e l l i n g  are shown i n  F igure  2 4  
and f u l l  d e t a i l s  are given i n  Appendix 11. 

From F igure  2 4  it w i l l  be  seen  t h a t  a l a r g e  block o f  
land  between Cadoux and Koorda has  been u p l i f t e d  by as much 

as 0.36 m; t h e  most dramat ic  u p l i f t  recorded ,  however, i s  
0.59 m a t  a benchmark 1 . 3  km e a s t - s o u t h e a s t  o f  Kokardine 

tank .  U p l i f t  i n  t h i s  area i s  t h e  d i r e c t  r e s u l t  of  movement 

on t h e  Tank F a u l t .  Displacement a c r o s s  t h e  f a u l t  i t s e l f  i n  

t h e  area of t h e  tank  measured 0 .7-0 .8  m .  A l i t t l e  over  3 km 

t o  t h e  w e s t  o f  t h e  Tank F a u l t  t h e  u p l i f t  reduces  t o  ze ro  

and f u r t h e r  t o  t h e  w e s t  l e v e l s  remain undis turbed .  Eastward, 

as seen  on t h e  s e c t i o n  between Cadoux and Koorda, t h e  

u p l i f t  rises f a i r l y  s t e a d i l y  t o  0.36 m a t  a p o i n t  about  1 7  km 

east  o f  Cadoux. Thus, over  a d i s t a n c e  o f  about  2 0  km t h e  

u p l i f t  of t h e  block has  a s l o p e  o f  1 . 8  c m  p e r  km and it w a s  
a long t h e  f o o t  o f  t h i s  s l o p e  t h a t  t h e  ear thquake ,  and 
f a u l t i n g ,  occur red .  The Cadoux F a u l t  zone probably marks 
t h e  wes tern  margin of  t h e  u p l i f t e d  b lock .  

The e a s t e r n  margin of  t h e  u p l i f t e d  block i s  n o t  known. 

A t r a v e r s e  n o r t h  from Koorda shows a c o n s i s t e n t  u p l i f t  o f  

0 . 1 6  t o  0 . 1 8  m ,  w i th  peaks up t o  0 .29m.Five  k i lome t re s  w e s t  
o f  Koorda t h e  u p l i f t  i s  0.35 m and 7 km east  o f  t h e  town it 

has f a l l e n  t o  0.15 m ,  a s i m i l a r  s l o p e  t o  t h a t  of  t h e  wes tern  

margin of t h e  b lock ,  sugges t ing  t h a t  t h e  e a s t e r n  margin of 

t h e  u p l i f t e d  block i s  about  1 5  km east of  Koorda. 

The no r the rn  margin o f  t h e  u p l i f t e d  area is  s i m i l a r l y  
i nde te rmina te ,  b u t  benchmarks 27  km n o r t h e a s t  o f  Cadoux 
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show no u p l i f t .  Westward from t h e  no r the rn  err3 of t h e  

traverse n o r t h  from Koorda t h e  u p l i f t  a l s o  d iminishes  t o  

ze ro  w i t h i n  about  5 km and it appears  t h a t  u p l i f t  d i d  n o t  

ex tend  f a r  t o  t h e  no r th  and n o r t h e a s t  o f  Cadoux. 

South from t h e  Cadoux-Koorda t r a v e r s e  u p l i f t  con t inues  
f o r  about  63  km t o  a p o i n t  about halfway between Cunderdin 
and t h e  main Dowerin-Wyalkatchem road.  The maximum u p l i f t  

i s  i n  t h e  o r d e r  of  0.16-0.18 m ,  and t h i s  reduces s t e a d i l y  t o  
ze ro  over  t h e  f u l l  d i s t a n c e  of  63 km, g i v i n g  a s l o p e  of  on ly  

2 . 6  nun p e r  1 km. 

A f e a t u r e  of  t h i s  traverse i s  t h a t  two groups of  s a l t  
l a k e s  are t r a v e r s e d ,  t h e  Cowcowing Lakes between Dowerin and 

Cadoux, and t h e  S a l t  River ,  a t r i b u t a r y  o f  t h e  Mortlock 
River ,  between Dowerin and Cunderdin. I n  both  i n s t a n c e s  t h e  

u p l i f t  is  g r e a t e r  t han  would be expected from t h e  g e n e r a l  

s l o p e  of t h e  ground d i s t o r t i o n .  Between benchmarks CK 48 

and CK 45 (Table  1 2 )  t h e  u p l i f t  i s  about 0 .18  m ,  wi th  va lues  

o f  0 .15  m and 0 . 1 0  m e i t h e r  s i d e  o f  t h e  anomaly; s i m i l a r l y ,  

a t  benchmark CK 23 (Table  13)  t h e  measured u p l i f t  i s  0 . 0 7  m ,  
w i t h  benchmarks e i t h e r  s i d e  u p l i f t e d  about  0 . 0 4  m. The 

p robab le  exp lana t ion  f o r  anomalously h igh  va lues  of u p l i f t  
be ing  found i n  topograph ica l ly  low areas i s  s o i l  c r eep ,  b u t  

t o  what e x t e n t  t h i s  w a s  a ided  o r  caused by seismic shaking 

i s  unknown. 

From t h e  l i m i t e d  informat ion  a v a i l a b l e  i t  i s  imposs ib le  
t o  determine t h e  shape,  o r  f u l l  e x t e n t ,  of  t h e  area of 

ground d i s t o r t i o n  a s s o c i a t e d  wi th  t h e  Cadoux Earthquake. 

However, t h e  area i s  a t  l ea s t  9 0  km long from n o r t h  t o  south  
and 45 km eas t  t o  w e s t .  This  l a r g e  block of count ry ,  a lmost  

e n t i r e l y  t o  t h e  east  o f  t h e  Cadoux F a u l t  system, has  been 

u p l i f t e d  by a t  least  0.36 m. 

The o t h e r  unknown f a c t o r  i s  t h e  f u l l  amount of t h e  

u p l i f t .  The o r i g i n a l  survey of  t h e  p i p e l i n e ,  w i th  which t h e  

post-ear thquake l e v e l l i n g  w a s  compared, w a s  made i n  1963-4, 

b u t  t h e  process  might have begun a t  any t i m e  be fo re  o r  a f t e r  

t h i s  d a t e .  Undoubtedly t h e  u p l i f t  had accumulated over  a 
p e r i o d  of  t i m e ,  i n  response t o  t h e  n e a r l y  east-west stress- 
f i e l d  p r e s e n t  i n  t h e  a r e a  (Denham and o t h e r s ,  1 9 7 9 ) ;  
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otherwise  t h e  i sose i sma l s  o f  t h e  ear thquake  (F ig .4)  would 

have been d i s t o r t e d  eas twards ,  and Koorda, which w a s  u p l i f t e d  

more than  Gadoux, would have been s e v e r e l y  damaged. The 

ear thquake  was a r e s u l t  of t h e  u p l i f t ,  n o t  i t s  cause ,  b u t  

t h e r e  i s  only  rndi - rec t  evidence f o r  t h e  l e n g t h  of t i m e  over  

which t h e  u p l i f t  may have been accumulating. P r i o r  t o  1968 

t h e  Cadoux a r e a  appears  t o  have been aseismic. The s w a r m  of  

s m a l l  t r e m o r s  recorded i n  t h a t  yea r  w a s  a lmost  c e r t a i n l y  

connected i t  t h e  u p l i f t  and may have marked i t s  beginning.  

I n  t h e  same y e a r ,  however, fo l lowing  t h e  Meckering ear thquake ,  

d i s t o r t i o n s  w e r e  noted i n  l e v e l l i n g  t r a v e r s e s  through Dowerin 

(Gordon and L e w i s ,  1 9 8 0 1 ,  which sugges t s  t h a t  t h e  u p l i f t  
might have begun somewhat ea r l i e r  than  1968. 

To  t h e  eas t  of Dowerin a number of  benchmarks surveyed 

a f t e r  t h e  Meckering Earthquake w e r e  re-occupied i n  1 9 8 1 .  I n  
1 9 6 8  t h e  d e v i a t i o n  of benchmarks CK 3 4  - C K  40  from t h e  

o r i g i n a l  survey o f  1963 w a s  on ly  - 0 . 0 2  m ,  whereas i n  1981 
a n e a r l y  uniform u p l i f t  of about 0 . 0 6  m w a s  measured (Table  

1 3 ) .  I n  t h e  ear l ier  survey d i s t o r t i o n s  of a s i m i l a r  
magnitude w e r e  found between Dowerin and Goomalling b u t  i t  
appears  t h a t  t o  t h e  eas t  of  Dowerin t h e  u p l i f t  began around 

1968. The r e l a t i o n s h i p  between t h e  ground d i s t o r t i o n  which 

preceded t h e  Meckering Earthquake and t h a t  which preceded 

t h e  Cadoux Earthquake remains unknown. A l l  t h a t  i s  c e r t a i n  

i s  t h a t  an u p l i f t  of 0.36 m has  occurred  i n  t h e  Cadoux area 
s i n c e  1 9 6 3 .  

+ 

CadastraZ s u r v e y s  

A number o f  east-west t r a v e r s e s  across t h e  f a u l t  zone 

w e r e  resurveyed (F ig .  2 5 ) .  These w e r e  p r i n c i p a l l y  a long 
road r e s e r v e s  and were c a r r i e d  o u t  by r e l o c a t i n g  boundary 

pegs,  o r i g i n a l l y  placed i n  1 9 1 1  a t  i n t e r v a l s  of 200 m (10 
c h a i n s ) .  I n  a d d i t i o n ,  t h e  A u s t r a l i a n  Survey Of f i ce  a l s o  

resurveyed t h e  road through Cadoux towns i t e  and t h e  nor th-  

south  ra i lway and road r e se rve  n o r t h  of Cadoux. The Lands 
and Surveys Department resurveyed t h e  boundaries  of b locks  

w i t h i n  t h e  Cadoux townsi te .  The d a t a  are summarized i n  
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Figure 2 5 .  Location of c a d a s t r a l  t r a v e r s e s  
i n  t h e  Cadoux Fau l t  zone 
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Figures  2 6 ,  27  and 2 8 ,  and f u l l  d e t a i l s  may b e  ob ta ined  

from t h e  A u s t r a l i a n  Survey O f f i c e ,  Commonwealth Department 

of Adminis t ra t ive  Se rv ices .  

A t o t a l  of f i v e  fence  l i n e s  w e r e  surveyed a c r o s s  t h e  

Robb F a u l t  (F igs  2 6  and 2 7 1 ,  t h e  most complete s e c t i o n s  be ing  

along both s i d e s  of  t h e  road a long  t h e  Wongan-Ballidu S h i r e  

boundary (Sec t ions  B & C )  and t h e  sou the rn  s i d e  of t h e  Koorda 
road  (Sec t ion  E ) .  Except f o r  t h e  Koorda road s e c t i o n  (F ig .  

2 7 )  a l l  t r a v e r s e s  showed h o r i z o n t a l  movement a t  t h e  f a u l t  

s ca rp .  The t r a v e r s e  a long t h e  Wongan-Ballidu S h i r e  boundary 
w a s  6.8 km long (F ig .  2 6 ,  Sec t ions  B & C )  and a t  t h e  f a u l t  

showed a r i g h t - l a t e r a l  t r a n s l a t i o n  of 0 . 2 0  m. A c r u s t a l  

sho r t en ing  of  about 0.8 m i s  a l s o  shown, most ly  i n  t h e  

immediate v i c i n i t y  of  t h e  f a u l t ,  b u t  i nc lud ing  0.3 m over  

a d i s t a n c e  of  400  m t o  t h e  eas t  o f  t h e  sca rp .  Away from 

t h e  s c a r p  s m a l l  i n c r e a s e s  o r  dec reases  o f  survey  l e n g t h  are 
mainly a s c r i b e d  t o  survey e r r o r s ,  b u t  o c c a s i o n a l  s y s t e m a t i c  

changes on bo th  s i d e s  o f  t h e  road ,  and bo th  eas t  and w e s t  of 

t h e  f a u l t ,  probably i n d i c a t e  l o c a l i z e d  t e n s i o n  o r  compression 

Excluding t h e  f a u l t  zone t h e  t r a v e r s e  showed an o v e r a l l  

sho r t en ing  o f  0 . 3 6  m ;  i nc lud ing  t h e  f a u l t  zone t h e  compres- 

s i o n  w a s  1 . 1 4  m.  

The survey confirms t h e  r i g h t - l a t e r a l  s t r i k e - s l i p  
c h a r a c t e r  of  t h e  Robb F a u l t ,  and a l lowing  t h a t  t h e  f a u l t  

p lane  d i p s  w e s t ,  t h e  s imple p i c t u r e  of ground movement i s  

t h a t  t h e  mobile w e s t  b lock moved n o r t h  r e l a t i v e  t o  t h e  eas t  
block.  However, t h e  survey a l s o  shows an apparent  southward 

movement of bo th  b locks ,  t h e  w e s t  b lock by about  0.05 m and 
t h e  eas t  b lock  by about 0.25 m ,  and t h a t  a s m a l l  angle  has  

developed between t h e  two s e c t i o n s .  Moreover, t h e r e  i s  
some c u r v a t u r e  i n  t h e  l i n e ,  appa ren t ly  d rag  induced,  

p a r t i c u l a r l y  on t h e  no r th  s i d e  of  t h e  road.  These f e a t u r e s  

could  b e  exp la ined  by r eg iona l  compressive f o r c e s  causing 

buckl ing  i n  t h e  survey l i n e  followed by f r a c t u r i n g  which 

r o t a t e d  t h e  east block an t i c lockwise ,  dragging t h e  w e s t  

b lock w i t h  it. But ,  remembering t h a t  t h e  r e g i o n a l  tilt 
recorded by l e v e l l i n g  on t h e  w a t e r  supply p i p e l i n e  w a s  
u n l i k e l y  t o  be  an in s t an taneous  e f f e c t  of t h e  ear thquake ,  
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it appears  more l i k e l y  t h a t  bo th  t h e  buckl ing  nea r  t h e  f a u l t  

t race and t h e  southward d i s t o r t i o n  of t h e  survey l i n e  accum- 
u l a t e d  over  a pe r iod  of  y e a r s ,  and t h a t  t h e  ear thquake  

r e l e a s e d  t h i s  s t r a i n  and allowed t h e  wes tern  h a l f  t o  n e a r l y  

recover  i t s  former p o s i t i o n .  

The angu la r  displacement  of  survey l i n e s  i s  w e l l  seen  

on t h e  southern  s i d e  of t h e  Koorda road (F ig .  2 7 ) .  On t h e  
no r the rn  s i d e  o f  t h e  road a s m a l l  r i g h t - l a t e r a l  d i sp lacement  

w a s  seen b u t  t h i s  w a s  n o t  apparent  on t h e  south  s i d e .  The 

resurvey confirms t h a t  a l though a shor t en ing  of  0.56 m took 
p l ace  t h e r e  w a s  no l a t e r a l  displacement .  I n s t e a d  t h e r e  i s  

a southward d i s t o r t i o n  of  t h e  survey l i n e  wi th  a maximum 
disp lacement  o f  about 0 . 4  m east  of t h e  f a u l t .  From P l a t e  2 

it w i l l  b e  seen  t h a t  a t  t h e  Koorda road t h e  main trace of  
t h e  Robb F a u l t  d i sappea r s  and i s  rep laced  by a r i g h t - l a t e r a l  

s t r i k e - s l i p  ‘ f au l t  t r end ing  about  070°.  

Figure  27 a l s o  shows a ground d i s t o r t i o n  w i t h i n  t h e  

Cadoux towns i t e  area. On t h e  ground t h i s  w a s  evidenced by 

s e v e r a l  s m a l l  f r a c t u r e s  i n  t h e  road s u r f a c e  nea r  t h e  schoo l  

and by very  minor f r a c t u r e s  t o  t h e  northwest  of  t h e  g r a i n  

s i l o .  The Department o f  Lands and Surveys at tempted t o  

resurvey p rope r ty  boundaries  w i t h i n  t h e  towns i t e  b u t  many 

markers w e r e  n o t  recoverable .  The f o u r  major co rne r  markers  

of t h e  towns i t e ,  however, showed e x c e l l e n t  agreement w i t h  t h e  

survey of 1 9 2 9  and it would appear t h a t  t h e  d i s t o r t i o n  noted 

wi th in  t h e  towns i t e  w a s  very l o c a l i z e d .  Beyond t h e  towns i t e  

towards Wongan H i l l s  t h e r e  appeared t o  be  no f u r t h e r  d i s t o r -  

t i o n  

North from Cadoux t h e  resurvey  of  t h e  e a s t e r n  boundary 
of t h e  road and r a i l  r e se rve  (F ig .  28 ,Sec t ion  G )  i n t e r s e c t s  

most of t h e  f r a c t u r e s  of t h e  conjugate  f a u l t s  which form t h e  

no r the rn  h a l f  of  t h e  Cadoux F a u l t  system. The s e c t i o n  ex tends  

from t h e  n o r t h e r n  boundary of Cadoux towns i t e  t o  a l i t t l e  
no r th  o f  Rokardine water t ank ,  a d i s t a n c e  of 6 . 2  km, which 

o v e r a l l  had s u f f e r e d  no change i n  l e n g t h ,  Within t h e  s e c t i o n ,  

however, t h e  l i n e  had been compressed, extended,  and o f f s e t  

by a number of  f a u l t s .  
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Where t h e  Robb F a u l t  c u t s  t h e  road it h a s  changed from 

a r i g h t - l a t e r a l  r e v e r s e  f a u l t  t r e n d i n g  020° t o  a small  l e f t -  

la teral  reverse f a u l t  t r end ing  295O. An ex tens ion  o f  0.28 m 
w a s  surveyed sou th  of  t h e  f a u l t  and a compression of  0 . 4 7  m 
n o r t h  o f  t h e  f a u l t .  I t  would appear  t h a t  most of t h e  

northward r i g h t - l a t e r a l  movement of t h e  Robb F a u l t  has  been 

absorbed i n  t h i s  area. N o  l e f t - l a t e r a l  s t e p  is seen a t  t h i s  

p o i n t ,  as t h e  d i r e c t i o n  o f  t h e  survey l i n e  co inc ided  wi th  

t h e  r e s u l t a n t  displacement .  
r e s u l t a n t  as c a l c u l a t e d  a l i t t l e  t o  t h e  east (Table  3 ,  

p o i n t  6 ) .  

The d i r e c t i o n  i s  033O, t h e  same 

The Cumming F a u l t  i s  seen t o  have an appa ren t  l e f t -  

la teral  displacement  of 0 . 2 9  m ,  much g r e a t e r  t han  w a s  
observed i n  t h e  f i e l d .  However, when al lowance i s  made f o r  

t h e  a n g l e  a t  which t h e  survey l i n e  c r o s s e s  t h e  f a u l t ,  and a 
shor t en ing  of 0 . 2 0  m i n  t h e  same area, t h e  displacement  

reduces t o  0.19 m. The survey ,  t o g e t h e r  w i t h  an observed 
throw of  0 . 2  m enab le s  t h e  displacement  o f  t h e  f a u l t  t o  be  

c a l c u l a t e d  and t h e  r e s u l t a n t  i s  a d isp lacement  of  0.32 m 

towards 033O on a f a u l t  p lane  d ipping  50° t o  t h e  south .  

Th i s  r e s u l t  i s  n o t  e a s i l y  r econc i l ed  wi th  t h e  d isp lacements  

of t h e  conjugate  f a u l t s  t o  t h e  n o r t h  o r  t h e  Robb F a u l t  t o  

t h e  south  and emphasizes t h e  d i s t i n c t i v e  c h a r a c t e r  of t h e  

Cumming F a u l t .  

A t  a l l  o t h e r  f a u l t  i n t e r s e c t i o n s  t h e r e  i s  an apparent  

ex tens ion  o f  t h e  survey l i n e  d e s p i t e  t h e  compressive n a t u r e  

of  t h e  f a u l t i n g .  This  i s  because t h e  survey w a s  roughly 

north-south and t h e  r e s u l t a n t  b lock  movement w a s  east-west. 
F a u l t  p l anes  are s t e e p  and t h e  e f f e c t i v e  nor th-south  compres- 

s i o n  i s  n e g l i g i b l e  compared wi th  t h e  east-west displacement .  
A t  t h e  Lone T r e e  F a u l t  a l e f t - l a t e r a l  o f f s e t  o f  0 . 4 9  m remains 

f o r  t h e  nex t  1 . 5  km u n t i l  t h e  Link F a u l t  i s  encountered.  

The Link F a u l t  d i d  n o t  reach  t h e  e a s t e r n  boundary of  t h e  

road as a s u r f a c e  f r a c t u r e  and does n o t  d i s t o r t  t h e  survey 

l i n e ,  b u t  beyond it t h e  o f f s e t  d e c r e a s e s  u n t i l  t h e  K a l a j z i c  

F a u l t  i s  i n t e r s e c t e d .  

F i n a l l y ,  t h e  s m a l l  wedge between t h e  e a s t e r n  ends of  t h e  

K a l a j z i c  and Tank Subs id i a ry  F a u l t s  i s  seens  t o  have moved 
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westward, g i y i n g  a l e f t - l a t e r a l  o f f s e t  of about  0.34 m on 
t h e  K a l a j z i c  F a u l t  and a r i g h t - l a t e r a l  o f f s e t  of 0.16 m on 
t h e  Tank Subs id i a ry  F a u l t .  

The survey  w e s t  o f  t h e  road and r a i l  r e s e r v e  (Fig.28,  
Sec t ion  H) shows many of  t h e  f e a t u r e s  desc r ibed  above except  
t h a t  t h e  westward displacement  of t h e  fence  between t h e  Lone 
T r e e  F a u l t  and t h e  Tank F a u l t  i s  up t o  0.83 m. The Link 

F a u l t  i s  aga in  shown t o  be  a minor f e a t u r e ,  causing only a 
s l i g h t  l o c a l  decrease  i n  t h e  westward movement of t h e  f a u l t  
block. The t e rmina t ion  of t h e  Robb F a u l t  and s e v e r a l  s m a l l  
f a u l t s  sou th  of  t h e  Cumming F a u l t ,  a l l  of which i n t e r s e c t e d  

t h e  survey l i n e ,  appear t o  have had l i t t l e  e f f e c t  w e s t  of 
t h e  rai lway.  

The east-west traverse n o r t h  of Kokardine tank  (Fig.26,  
Sec t ion  F) a l s o  c u t s  t h e  K a l a j z i c  and Tank F a u l t s .  I n  

response t o  east-west compression t h e  wedge between t h e  
two f a u l t s  has  moved r e l a t i v e l y  northwards and t h e  survey 
l i n e  between t h e  f a u l t s  has  been shor tened  by 0.55 m. 

REGIONAL DEFORMATION 

From a knowledge of  t h e  p a t t e r n  of f a u l t i n g ,  surveyed 
d isp lacements ,  and t h e  mechanism of f a u l t i n g ,  an i n t e g r a t e d  
p i c t u r e  of r eg iona l  deformation i n  t h e  Cadoux area can be 

b u i l t  up. 

The f a u l t  p a t t e r n ,  and c a l c u l a t e d  r e s u l t a n t  d i sp l ace -  
ment, shows t h a t  on t h e  Robb F a u l t  t h e  w e s t  b lock moved 
r e l a t i v e l y  northwards and eastwards over  t h e  eas t  b lock ,  i n  
t h e  g e n e r a l  d i r e c t i o n  of  about 065O, i n  c l o s e  agreement 
wi th  t h e  d i r e c t i o n  of  t h e  stress f i e l d  of 077O determined 

by Denham and o t h e r s  (1979)  and t h e  maximum pres su re  a x i s  
of 069O f o r  t h e  ear thquake determined by Everingham and 
Smith ( i n  p r e p . ) .  A t  t h e  no r the rn  end of  t h e  f a u l t  zone 
blocks w i t h i n  t h e  conjugate  f a u l t  set  moved r e l a t i v e l y  

east o r  w e s t  b u t  wi th  an o v e r a l l  s m a l l  d isplacement  of t h e  
east  block westward over  t h e  w e s t  b lock.  The Carter  Thrus t  
Zone i s  probably a response i n  t h e  upper l a y e r s  of rock t o  

t h i s  westward displacement .  The r e l a t i v e  northward movertent 
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of t h e  w e s t  b lock o f  t h e  Robb F a u l t  appears  t o  have been 

absorbed i n  small  f r a c t u r e s  between t h e  n o r t h e r n  end of  t h e  

f a u l t  and by t h e  east-west C w i n g  F a u l t .  

The foca l -p lane  s o l u t i o n  f o r  t h e  Cadoux Earthquake 

shows a s t e e p l y  eastward-dipping r i g h t - l a t e r a l  r e v e r s e  

f a u l t  on t h e  same t r e n d  as t h e  Robb F a u l t ,  sugges t ing  t h a t  

t h e  ea s t  block i s  e l e v a t e d  wi th  r e s p e c t  t o  t h e  w e s t .  Th i s  

i s  confirmed by t h e  l e v e l l i n g  t r a v e r s e  which shows a s l o p e  

of 1 . 8  c m  p e r  km extending s e v e r a l  k i lome t re s  east  of  t h e  

f a u l t  zone, and t h e  east  b lock ,  as f a r  as Koorda, e l e v a t e d  
by up t o  0.36 m.  I n  a d d i t i o n ,  t h e  c a d a s t r a l  surveys  a c r o s s  
t h e  Robb F a u l t  i n d i c a t e  t h a t  p r i o r  t o  f a u l t i n g  a southward 
d i s t o r t i o n  had t aken  p l ace .  A p l o t  o f  t h e  dep ths  of a f t e r -  

shocks (Fig.  6 )  shows t h a t  t h e  eas t -d ipp ing  r i g h t - l a t e r a l  

reverse f a u l t  is  te rmina ted  a t  several k i lome t re s  depth  by 

a west-dipping f a u l t  which i s  presumably t h e  f a u l t  seen  a t  

t h e  s u r f a c e .  

I t  i s  u n l i k e l y  t h a t  t h e  v e r t i c a l  and h o r i z o n t a l  ground 

d i s t o r t i o n s  w e r e  formed ins t an taneous ly  du r ing  t h e  e a r t h -  

quake. Most probably t h e  s t r a i n  b u i l t  up over  a number of  

yea r s  and t h e  ear thquake  occurred  when t h e  s t r e n g t h  of t h e  

rock w a s  exceeded and t h e  s t r a i n  w a s  r e l i e v e d  by f r a c t u r i n g .  

The p rocess  envisaged began wi th  t h e  bui ld-up of  t h e  

r e g i o n a l  stress f i e l d  which gave r ise t o  c reep  on a deep- 

s e a t e d  eas t -d ipp ing  r i g h t - l a t e r a l  r e v e r s e  f a u l t .  The p rocess  

p o s s i b l y  began i n  1968 and w a s  marked by t h e  occurrence  of 
numerous small  t remors .  A s  c r e e p  on t h e  deep-seated f a u l t  
cont inued  t h e  un f rac tu red  block above t h e  f a u l t  w a s  c a r r i e d  
southward by t h e  r i g h t - l a t e r a l  movement t o  g i v e  t h e  

d i s t o r t i o n s  found on t h e  Robb F a u l t  by t h e  c a d a s t r a l  su rveys ,  
and t h e  r e g i o n a l  eas t - to-wes t  tilt w a s  formed by t h e  r e v e r s e  

movement, Eventua l ly  t h e  s t r e n g t h  of t h e  s u r f a c e  rocks  w a s  
exceeded and t h e  s t r a i n  w a s  r e l i e v e d  by f r a c t u r i n g  along t h e  

Robb F a u l t .  

For  t h e  conjugate  f a u l t s  t h e  dominant i n f l u e n c e  appears  

t o  have been t h e  east-west p r e s s u r e  and t h e  r e g i o n a l  tilt. 

S t r a i n  i n  t h e  s u r f a c e  b lock  w a s  r e l i e v e d  by f r a c t u r i n g  along 

a number of s m a l l  f a u l t s  which form a conjugate  s e t  of  
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f r a c t u r e s ,  r e s u l t i n g  i n  a p a t t e r n  of s m a l l  i n t e r f i n g e r i n g  

f a u l t  b locks .  I n  response t o  t h e  r e g i o n a l  tilt t h e  e a s t e r n  

f a u l t  b locks  w e r e  e l eva ted  wi th  r e s p e c t  t o  t h e  wes tern  

b locks .  

A s i m p l i f i e d  p i c t u r e  of t h e  p rocess  would b e  t h a t  an 

a rch  or monocline w a s  formed by east-west p r e s s u r e  and 

sub jec t ed  t o  r i g h t - l a t e r a l  shea r  from a nor th-south  couple .  
The Cadoux Earthquake occurred  as t h e  a r c h  s h a t t e r e d ,  and 

t h e  f a u l t  p a t t e r n  produced depended on t h e  l o c a l l y  dominant 

f o r c e  and t h e  presence  or  absence of p r e - e x i s t i n g  l i n e s  o f  

weakness. 

I n  t h e  conjugate  f a u l t  set t h e r e  w e r e  i n d i c a t i o n s  t h a t  

f a u l t i n g  may have occurred p rev ious ly  on t h e  s a m e  f r a c t u r e s .  
The whole f a u l t  system l i e s  a long  a watershed and it appears  

probable  t h a t  t h e  process  of  u p l i f t  i n  t h e  Cadoux area 
impl ied  by t h e  scheme o u t l i n e d  above has  been o f  long 

cont inuance.  

EARTHQUAKE DAMAGE 

The f a u l t i n g  a s s o c i a t e d  wi th  t h e  Cadoux Earthquake 

damaged and d i s r u p t e d  a number of p u b l i c  f a c i l i t i e s  i n  t h e  

immediate v i c i n i t y  of t h e  town, i n  p a r t i c u l a r  t h e  water- 
supply ,  t e lephone  s e r v i c e s ,  roads  and r a i l w a y s .  Seismic 

shaking damaged b u i l d i n g s  over  a wider  area, t h e  damage 

vary ing  from minor cracks i n  w a l l s  and f l o o r s  t o  t o t a l  

c o l l a p s e .  It  i s  clear t h a t  t h e  type  of s t r u c t u r e  involved 

had a g r e a t e r  i n f luence  on t h e  damage s u s t a i n e d  than  d i d  

proximi ty  t o  f a u l t s .  I t  is  a l s o  apparent  t h a t  a l l  s t r u c t u r e s  

of a s imi la r  b a s i c  cons t ruc t ion  d i d  n o t  n e c e s s a r i l y  react i n  
e x a c t l y  t h e  same manner. For i n s t a n c e ,  t h e  foundat ion 

c o n s t r u c t i o n ,  type  of  b r i c k s  and mor t a r  used ,  q u a l i t y  of 

workmanship, and age,  a l l  had some i n f l u e n c e  on t h e  response 
of  unre inforced  b r i c k  b u i l d i n g s  i n  t h e  area t o  t h e  ear thquake 

shaking.  
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CADOUX TOWNSHIP 

The town of  Cadoux has  a r e s i d e n t  popu la t ion  of about  3 0  

and c o n s i s t s  l a r g e l y  of p u b l i c  b u i l d i n g s  s e r v i c i n g  t h e  

s c a t t e r e d  farming community of t h e  d i s t r i c t .  I n  a d d i t i o n  

t h e r e  are two g e n e r a l  s t o r e s ,  a f i l l i n g  s t a t i o n  and a s m a l l  
number of p r i v a t e  dwel l ings .  The major s t r u c t u r e  i n  t h e  
township i s  t h e  g ra in - s to rage  f a c i l i t y  ope ra t ed  by 

Co-operative Bulk Handling Limited.  The c o n s t r u c t i o n  
materials o f  t h e  major b u i l d i n g s  v a r i e d  from t h e  o l d e r  

a sbes tos  and conc re t e  b locks  of t h e  Town H a l l ,  t o  modern 
b r i ck -and- t i l e  s t r u c t u r e s  and t h e  r e in fo rced -conc re t e  g r a i n -  
s t o r a g e  f a c i l i t y .  A p re l imina ry  a p p r a i s a l  of  damage t o  
p u b l i c  b u i l d i n g s  w a s  made by t h e  A r c h i t e c t u r a l  D iv i s ion  of  
t h e  P u b l i c  Works Department (Naismith,  19791, and it w a s  noted 
t h a t  i n  a number of cases damage w a s  accentua ted  by poor 
workmanship. 

The e a s t e r n  s e c t i o n  of t h e  Cadoux Town H a l l  w a s  
cons t ruc t ed  of  a t imber  framework wi th  f i b r o u s  a sbes tos  

s h e e t i n g  and t h i s  p a r t  of t h e  s t r u c t u r e  w a s  n o t  e x t e n s i v e l y  
damaged by t h e  ear thquake  (F ig .  2 9 ) .  On t h e  o t h e r  hand 

t h e  wes tern  end of t h e  b u i l d i n g  c o n s i s t e d  of  t h e  roof 
supported by v e r t i c a l  steel p o l e s  along i t s  nor the rn  and 
sou the rn  s i d e s ,  and t h e  western gab le  end cons t ruc t ed  s o l e l y  

of  conc re t e  b locks  and mor ta r .  The no r the rn  and sou the rn  
w a l l s  w e r e  a l s o  o f  conc re t e  b locks ,  b u t  i n  c o n t r a s t  t o  t h e  

western w a l l ,  they  w e r e  n o t  load  bear ing .  A s  a r e s u l t  o f  
t h e  ear thquake ,  t h e  southern  w a l l  w a s  e x t e n s i v e l y  cracked 
and d i s t u r b e d ,  whi le  t h e  no r the rn  blockwork w a l l  co l l apsed  
outwards,  l eav ing  t h e  s t e e l  roof-support  s t i l l  s t and ing  

a lone .  The wes tern  w a l l  a l s o  c o l l a p s e d ,  and because t h i s  

w a l l  w a s  suppor t ing  t h e  r o o f ,  t h e  roof  i t s e l f  w a s  a l s o  

e x t e n s i v e l y  damaged. 

The Masonic Lodge w a s  cons t ruc t ed  of  un re in fo rced  
s i l i c a - b r i c k s  w i t h  a heavy t i l e  roof  (F ig .  3 0 ) .  The 

b u i l d i n g  s u f f e r e d  almost  t o t a l  c o l l a p s e .  
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Figure  29 .  Cadoux Town H a l l :  t h e  wes tern  w a l l  and t h e  
b lock  w a l l  on t h e  no r the rn  s i d e  have s u f f e r e d  t o t a l  c o l l a p s e .  
The frame s t r u c t u r e  a t  t h e  rear of  t h e  b u i l d i n g  remains 
i n t a c t  (GSWA 1 8 7 6 2 )  

The Cadoux Recreat ion Complex i s  s i t u a t e d  a t  t h e  

southern  end of  t h e  town and t h e  main c l ay -b r i ck  and 
cor ruga ted-shee t  roof s t r u c t u r e  w a s  s e v e r e l y  damaged (Fig.31) 

Cadoux School i s  of  framed c o n s t r u c t i o n ,  and d i d  n o t  
s u f f e r  major  damage. However, t h e  b r i c k  chimneys of  t h e  
b u i l d i n g  co l l apsed .  They toppled  i n  a n o r t h e r l y  d i r e c t i o n  
and f e l l  through t h e  cor ruga ted  a sbes tos  s h e e t  roo f ing  i n t o  

‘ t h e  classrooms.  I n t e r i o r  f i b r o u s  p l a s t e r  s h e e t i n g  t o  
c e i l i n g  and w a l l s  s u f f e r e d  minor damage and t h e r e  w a s  some 
movement of o u t s i d e  w a l l s  away from t h e  f l o o r .  
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Figure 30. Cadoux Masonic Lodge: t h e  western w a l l s  
col lapsed westward causing p a r t i a l  co l l apse  of t h e  roof 
(photo: W.A. Newspapers) (GSWA 18763) 

Figure 31. Cadoux Recreation Complex (GSWA 18764)  
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Co-opera t i ve  Bulk HandZing L i m i t e d  g r a i n  s t o r a g e  facility 

Damage t o  t h e  g ra in - s to rage  and loading  f a c i l i t y  a d j a c e n t  

t o  t h e  r a i lway  l i n e  i n  Cadoux ( P l a t e  2 )  w a s  i n s p e c t e d  by t h e  

consu l t ing  eng inee r s  t o  Co-operative Bulk Handling Limited,  

MacDonald, Wagner and P r i d d l e  P ty  Ltd.  The s t r u c t u r e s  sus-  

t a i n e d  minimal e x t e r n a l  damage, such as c rack ing  a long  

expansion j o i n t s  between t h e  conc re t e  w a l l  pane l s .  I n t e r n a l  

damage w a s  more s i g n i f i c a n t ,  a l though no c a t a s t r o p h i c  

f a i l u r e  occurred .  The major damage w a s  done t o  t h e  s t e e p  

roof t r u s s e s  of t h e  main s t o r a g e  area. These t r u s s e s  are 
a l igned  approximately east-west , and appear t o  have undergone 

compression ( F i g . 3 2 ) .  Other minor damage r e p o r t e d  a t  t h e  

f a c i l i t y  comprised break-up of mortar  pads a t  t h e  j u n c t i o n  

of t h e  f l e x i b l e  s tee l  members and t h e  r e l a t i v e l y  i n f l e x i b l e  

w a l l s ,  c r ack ing  of grouted  suppor ts  t o  s t r u c t u r a l  s tee l  
members, d i sp lacement  and loosening of conveyor b e l t  i d l e r s ,  

c racking  and s p a l l i n g  of some conc re t e  s u r f a c e s ,  and c rack ing  
and heaving o f  paved s u r f a c e s .  The seismic shaking  a l s o  d i s -  

p laced  a number of  man-hole covers  and l i f t e d  t h e  heavy 
steel p l a t fo rm o f  t h e  nearby weighbridge from i t s  bea r ings .  

F igure  32. D i s t o r t e d  roof t r u s s e s ,  Co-operat ive Bulk 
Handling g r a i n  s t o r a g e  f a c i l i t y  (GSWA 18765)  
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Earthquqke damage t o  the f a c i l i t y  h a s  been r e p a i r e d  

a t  a cost of $ 4 0  000.  

D O m  STI C DWELLINGS 

The d i s t r i b u t i o n  o f  houses  damaged by t h e  ear thquake  i s  
shown i n  F igu re  3 3  and t h e  r e l a t i o n s h i p  between type  of  

c o n s t r u c t i o n  and degree  of damage i s  shown i n  Table  4 .  The 

res i l ience of frame-type s t r u c t u r e s  t o  ear thquake  shock and 

t h e  s u s c e p t i b i l i t y  of un re in fo rced  b r i c k  (and c o n c r e t e / s t o n e  

b lock)  s t r u c t u r e s  t o  ear thquake  damage are w e l l  known, and 

i s  demonstrated aga in  by t h e  Cadoux Eathquake. Although t h e  

c a t e g o r i e s  used i n  Table  4 are broad it i s  s i g n i f i c a n t  t h a t  

o f  2 5  masonry dwe l l ings  in spec ted  2 1  s u f f e r e d  more than  minor 

damage, whereas o u t  of 29 non-masonry frame-type dwe l l ings  

only  4 s u f f e r e d  more than  minor damage. 

TABLE 4 .  DAMAGE TO PRIVATE DWELLINGS I N  THE CADOUX AREA 

No. of Iiio.demoZished,or No. with No. with No. with 
Ty'pe of buildings beyond economic extensive significant minor 
Construction surveyed repair damage damage damage 

Tota l  59 6 3 21 2 

Percentage 
of a l l  
dwellings 10.2 5.1 35.6 49.1 

(a): Includes one steel-framehouse and two timber-frame houses 
where minor associated masonry structures suffered extensive 
damage, 
Includes two steel-frame houses and four timber-frame houses 
where minor associated masonq structures suffered extensive 
damage, 
includes one house of brick veneer with timber frame. 

( b ) :  

(cl: 
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Figure  3 3 .  Damage t o  p r i v a t e  dwel l ings  i n  t h e  Cadoux area 
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The d i f f e r e n t  responses  are i l l u s t r a t e d  by comparison 

of t h e  s tee l - f rame t r a n s p o r t a b l e  home on t h e  proper ty  of 
W.K. Shankland (Fig.  11) and t h e  b r i c k - b u i l t  house on t h e  
p rope r ty  of T.E. K a l a j z i c .  A s m a l l  t h r u s t  f a u l t  passes  

d i r e c t l y  beneath t h e  Shankland house and, a l though t h e  frame 
i s  s l i g h t l y  warped, no c a t a s t r o p h i c  f a i l u r e  oocurred.  
Conversely,  t h e  n e a r e s t  f a u l t  i s  some 1 5 0  m from t h e  K a l a j z i c  
house,  and y e t  t h i s  unre inforced  b r i ck -and- t i l e  s t r u c t u r e  
w a s  completely demolished. It  w a s  i n  t h i s  house t h a t  t h e  

only s i g n i f i c a n t  i n j u r y  caused by t h e  ear thquake w a s  recorded 
a c h i l d  had an arm broken by f a l l i n g  masonry. 

The e f f e c t  of t he  ear thquake on a dwel l ing  of masonry 
cons t ruc t ion  wi th  a l i gh twe igh t  roof i s  i l l u s t r a t e d  (F ig .  3 4 )  
by t h e  house of M r .  E.W. Cumming, under which t h e  Cumming 
F a u l t  passes .  The verandah t imbers  suppor t  t h e  cor ruga ted  
i r o n  roof i n t a c t ,  i n  c o n t r a s t  w i th  t h e  brickwork which 
co l l apsed .  

F igure  34.  Damage t o  t h e  house of M r .  E.W. Cumming: br ick-  
work has co l lapsed  while  t h e  timber-framed verandah and roof  
have remained i n t a c t  (photo: W.A. Newspapers) (GSWA 18767) 
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The d i s t r i b u t i o n  of damaged p rope r ty  i l l u s t r a t e d  by 

Figure  33 shows t h a t  major damage, except  f o r  a few i s o l a t e d  

b r i c k  houses ,  w a s  confined t o  a s m a l l  area c l o s e  t o  t h e  

f a u l t i n g .  Fu r the r  t han  about 6 km from t h e  f a u l t s  damage 

w a s  minor o r  n e g l i g i b l e .  From t h e  Modified Mercalli 
i n t e n s i t y  r a t i n g s  f o r  t h e  seismic shaking ,  a l s o  p l o t t e d  on 

Figure  3 3 ,  it w i l l  be  seen t h a t  t h e  most damaging shaking ,  

of i n t e n s i t y  MMVIII - I X ,  w a s  confined t o  a s m a l l  area from 
Cadoux  northwards.  

PUBLIC WORKS DEPARTMENT FACILITIES 

K o k a r d i n e  t a n k  
3 

A P u b l i c  Works Department (PWD) w a t e r  t ank  of 9 0 0 0  m 
capac i ty  a t  Kokardine, some 6 km nor th  o f  Cadoux, w a s  s e v e r e l y  

damaged (Daetwyler,  1 9 7 9 ) .  The tank  c o n s i s t s  of a c i r c u l a r  

r e i n f o r c e d  conc re t e  w a l l  r e s t i n g  on a r e i n f o r c e d  conc re t e  

base.  T o  a l low f o r  d i f f e r e n t i a l  thermal  movement of t h e  w a l l ,  
t h e  b u t t  j o i n t  between w a l l  and base  w a s  s e a l e d  by a rubber  

w a t e r  s t op .  The tank  f a i l e d  due t o  l a t e r a l  movement of  t h e  

w a l l  as a whole, which sheared t h e  w a t e r  s t o p .  (F ig .35 ) .  

The t o t a l  movement w a s  0 . 4 2  m i n  a d i r e c t i o n  of  348O. 

The tank  has  been r e p a i r e d  by f i t t i n g  an i n t e r n a l  water 
seal  w i t h i n  t h e  t ank ,  a f t e r  i n v e s t i g a t i o n s  had determined 

t h a t  t h e  tank  foundat ions  had s u f f e r e d  no s i g n i f i c a n t  damage 

due t o  e i t h e r  t h e  ear thquake shock o r  t h e  sudden release of 

w a t e r .  

PWD p i p e l i n e s  

Earthquake-induced p i p e l i n e  damage has  been r e p o r t e d  by 

t h e  PWD (Gugich, 1 9 7 9 ) .  Damage inc luded  cracking  and d i s -  

placement of  t h e  r e i n f o r c e d  conc re t e  suppor t s ,  and 

d i s l o c a t i o n  of  t h e  p i p e  i t s e l f ,  r e s u l t i n g  i n  warping and 

t e l e s c o p i n g  under compression, and s e p a r a t i o n  of t h e  p i p e  

a t  welded j o i n t s  under t ens ion .  The l o c a t i o n  o f  t h e s e  

damaged areas i s  shown on Figure  36 .  
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F i g u r e  35. Damage t o  t h e  Kokardine water t a n k :  n o t e  t h e  * 

r u p t u r e d  neoprene r u b b e r  w a t e r  seal  ( p h o t o  : 
W.A. Newspapers) (GSWA 18768)  
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Figure  36. Location of damage t o  w a t e r  p i p e l i n e s ,  and of 
o b j e c t s  d i sp l aced  by t h e  ear thquake 
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Figure  37. Earthquake damage toPWD p i p e l i n e s  i n  t h e  
v i c i n i t y  of  Kokardine tank. R e l a t i v e  movements 
are shown assuming t h e  wedge between t h e  
K a l a j z i c  and Tank Fau l t s  has  remained s t a t i o n a r y  

The damage t o  t h e  pipework i n  t h e  v i c i n i t y  of  t h e  

Kokardine tank  w a s  complex, because of t h e  conjugate  f a u l t  
s e t  i n  t h e  area (Fig .  3 7 ) .  The p r i n c i p a l  damage w a s  due t o  

movement on t h e  K a l a j z i c  F a u l t ,  which i n t e r s e c t s  p i p e l i n e s  
i n  t w o  areas n o r t h  o f  t h e  tank .  The more w e s t e r l y  area 
showed compressive damage (F ig .  3 8 ) ,  as a r e s u l t  of t h e  
mechanism i l l u s t r a t e d  i n  F igure  39a. The more e a s t e r l y  
i n t e r s e c t i o n  r e s u l t e d  i n  a t e n s i l e  break i n  t h e  p i p e l i n e  , 
some d i s t a n c e  from t h e  a c t u a l  f a u l t  which caused t h e  damage. 

This  w a s  due t o  t h e  p ipe  f a i l i n g  a t  i t s  weakest p o i n t ,  

which i n  t h i s  case w a s  a factory-produced weld. Minor 

damage w a s  s u s t a i n e d  t o  p ipe  suppor t s  1 . 4  km s o u t h e a s t  of  

t h e  tank  where a probable  con t inua t ion  o f  t h e  K a l a j z i c  
F a u l t  aga in  i n t e r s e c t s  t h e  p i p e l i n e  (F ig .  3 6 ) .  Pipe-supports 

w e r e  a l s o  damaged where t h e  Tank F a u l t  and t h e  Tanksubs id ia ry  

F a u l t  i n t e r s e c t  t h e  p i p e l i n e  (F ig .  3 7 ) .  
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Figure  38. Damage t o  water  p i p e l i n e  where it c r o s s e s  t h e  
Kalaj  z i c  Fau l t :  t h e  p i p e l i n e  has  f a i l e d  through 
l e f t - l a t e r a l  movement and compression (see 
Fig .  39a) (GSWA 1 8 7 7 1 )  

P i p e l i n e  damage occurred  a t  t h r e e  o t h e r  l o c a t i o n s  south  

and eas t  of  Cadoux (Fig.  3 6 ) .  Two of  t h e s e  involved a 

b u r i e d  main running p a r a l l e l  t o  t h e  Koorda road;  t h e  more 

e a s t e r l y  w a s  a compressive b reak ,  a s s o c i a t e d  wi th  t h e  Robb 
F a u l t ,  b u t  t h e  more wes te r ly  break  w a s  n o t  seen t o  be 

d i r e c t l y  r e l a t e d  t o  any s p e c i f i c  f a u l t .  

The remaining break i n  a p i p e l i n e  occurred  i n  a 

bu r i ed  main running p a r a l l e l  t o  t h e  road marking t h e  
boundary between t h e  Wongan-Ballidu and Dowerin S h i r e s .  The 

f a i l u r e  w a s  aga in  d i r e c t l y  a s s o c i a t e d  wi th  t h e  Robb F a u l t  and 

took t h e  farm of  ' t e l e s c o p i n g '  of  t h e  p i p e s ,  and n e c e s s i t a t e d  

t h e  replacement  of 1 2 4  m of p i p e l i n e .  An es t imated  0.175 m 
of  l a t e r a l  compression occurred  over  t h i s  length .  One break 

occurred  on s t r i k e  w i t h ,  and t o  t h e  south  o f ,  t h e  minor 

f o r e t h r u s t  i n  t h e  paddock n o r t h  of t h e  road.  N o  s u r f a c e  

expres s ion  of  t h i s  f e a t u r e  w a s  seen  i n  t h e  v i c i n i t y  of  t h e  

p i p e  break.  
74  



Theoretical displacement of pipeline in 
compressive mode 

/ 

Observed displacement 

(a) COMPRESSION 

Theoretical displacement of pipeline 
in tensile mode ----------- 

(b)  TENSION G S W A  1 8 7 7 2  

Figure  39.  D i f f e r i n g  modes of f a i l u r e  f o r  a p i p e l i n e  
c r o s s i n g  a l e f t - l a t e r a l  s t r i k e - s l i p  f a u l t  

TELECOM FACILITIES 

Cadoux Exehange 

The l o c a t i o n  of  t h e  te lephone  exchange i s  shown on 

P la t e  2 .  The s t r u c t u r e  c o n s i s t s  of a s tee l - f ramed t r a n s p o r t -  

ab le  h u t  r e s t i n g  on f o u r  m e t a l  stumps such t h a t  t h e  f l o o r  
i s  some 0 . 3  m above ground l e v e l .  The ear thquake  moved t h e  
h u t  o f f  t h e  stumps, caus ing  damage t o  t h e  i n t e r n a l  equipment. 

The te lephone  system w a s  qu ick ly  r e s t o r e d  t o  working o rde r  

a f t e r  t h e  main ear thquake ,  b u t  w a s  d i s r u p t e d  a second t i m e  
by t h e  major a f t e r s h o c k  which occurred on Sunday 3rd  June. 

The exchange b u i l d i n g  w a s  r e -pos i t i oned  a few days a f t e r  

t h e  main even t  and w a s  found t o  have moved 0.77 m i n  a 
d i r e c t i o n  of  027O.  
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(Te Zephone cab  Zes 

~ l l  breaks  i n  the bur i ed  cables occurred  n o r t h  o f  Cadoux, 

and can be  r e l a t e d  t o  i n d i v i d u a l  s t r i k e - s l i p  f a u l t s .  A 

number of f a u l t s  i n t e r s e c t e d  cab le s  b u t  d i d  n o t  damage them 

(Fig.  4 0 ) .  Two cab le  breaks  w e r e  caused by t h e  K a l a j z i c  

F a u l t ,  confirming it as t h e  most d e s t r u c t i v e  f e a t u r e  of  t h e  

ear thquake.  A break i n  t h e  cab le  s e r v i n g  t h e  Cumming house 

appears  t o  have been caused by t h e  most n o r t h e r l y  of  t h e  

minor f a u l t s  between t h e  Robb and Cumming F a u l t s .  A f o u r t h  

cab le  break occurred  on t h e  l i n e  t o  t h e  Hopkins house,  and 

appears  t o  be  r e l a t e d  t o  t h e  s t r i k e - s l i p  f a u l t  which w a s  
mapped immediately w e s t  of t h e  break.  I t  i s  i n t e r e s t i n g  t o  

no te  t h a t  t h i s  f a u l t  f a i l e d  t o  break  a c a b l e  a t  a p o i n t  

where t h e  f a u l t  w a s  conspicuous,  y e t  it broke t h e  same 
cab le  where no s u r f a c e  express ion  of t h e  f a u l t  w a s  seen.  

The conjugate  f a u l t s  immediately n o r t h  o f  Cadoux 

i n t e r s e c t  a bu r i ed  c a b l e ,  and no c a b l e  damage has  been noted.  
Two t h r u s t  f a u l t s  c r o s s  bu r i ed  c a b l e s  sou th  of Cadoux 

wi thout  damaging them. The compressive n a t u r e  of t h e  
f a u l t i n g  probably allowed t h e  c a b l e  t o  f l e x ,  accommodating 

t h e  ground movement. 

ROAD AND RAILWAYS 

Damage w a s  sus t a ined  t o  t h e  main road and rai lway nor th  

of Cadoux, where t h e  two run p a r a l l e l .  Th i s  damage w a s  due 

t o  t h e  conjugate  r eve r se  s t r i k e - s l i p  f a u l t i n g  i n  t h e  area, 
which produced d i s l o c a t i o n s  of up t o  0 . 8  m l a t e r a l l y  and up 

t o  0 . 5  m v e r t i c a l l y .  

Roads  

A t o t a l  o f  20  d i s r u p t i o n s  of  t h e  s e a l e d  road around 

Cadoux were recorded ,  ranging  from major v e r t i c a l  s t e p s  t o  

minor t e n s i o n  c racking .  The l o c a t i o n s  o f  t h e  d i s t u r b e d  

s e c t i o n s  o f  road are shown on Figure  4 0 .  Breaks numbered 2 ,  

3 ,  5 ,  6 ,  7 ,  9, 10, 1 2 ,  1 4 ,  1 5  and 1 9  w e r e  a l l  d i r e c t l y  

r e l a t e d  t o  ear thquake f a u l t i n g .  
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Figure 40. Location of damage t o  roads and bur ied  
telephone cables  
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Figure  4 1 .  Road damage a t  t h e  s c a r p  of t h e  Cumming F a u l t  
(photo :  W.A. Newspapers) (GSWA 18774) 

Breaks 1, 4 ,  8 ,  11, 1 3 ,  1 6 ,  1 7 ,  1 8  and 20  could  n o t  be 
d i r e c t l y  r e l a t e d  t o  any obvious ear thquake  f e a t u r e s  i n  t h e i r  
immediate v i c i n i t y .  These breaks  c o n s i s t e d  of  s m a l l  t e n s i o n  

c racks  and t h e  p o s s i b i l i t y  of  some of  them p re -da t ing  t h e  

ear thquake  cannot  be  excluded.  Typ ica l  road  damage i s  shown 

i n  F igu re  4 1 .  

Rai Zways 

Considerable  d i s r u p t i o n  w a s  caused t o  t h e  Westrail 
t r a c k  which runs  n o r t h  of  Cadoux t o  Kalannie .  Re- leve l l ing  
and t r a c k  r e - l ay ing  w a s  necessary  i n  t h e  wake of t h e  

ear thquake .  Typ ica l  damage i s  shown i n  F igu re  4 2 .  

DISPLACEMENT OF STRUCTURES 

A number of s t r u c t u r e s  w e r e  d i s p l a c e d  as a r e s u l t -  o f  

t h e  ear thquake  and t h e i r  l o c a t i o n  and d i r e c t i o n  of  movement 
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Figure  4 2 .  Damage t o  t h e  ra i lway l i n e  n o r t h  o f  Cadoux: 
(a )  v e r t i c a l  and l e f t - l a t e r a l  displacement  a t  t h e  K a l a j z i c  
F a u l t ,  (b) compressional  damage about  1 . 3  km n o r t h  of  
Cadoux (GSWA 1 8 7 7 5 )  
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are recorded on Figure  3 6 ,  The d i r e c t i o n  of displacement  o f  

many s t r u c t u r e s  w a s  cons t r a ined  by t h e i r  cons t ruc t ion .  I n  
Cadoux township t h e  east  and w e s t  w a l l s  o f  t h e  Town H a l l  

c o l l a p s e d ,  l eav ing  t h e  n o r t h  and south  w a l l s  damaged b u t  

s t i l l  s tanding .  This  sugges t s  a s t r o n g  east-west component 

of  shaking ,  b u t  does n o t  g i v e  t h e  a c t u a l  d i r e c t i o n .  Chimneys 
were o f t e n  sheared  o f f  a t  t h e  roof  l i n e ,  probably due t o  
d i f f e r e n t i a l  movement between t h e  s t r u c t u r e  and t h e  chimney 
b r e a s t ;  t h e  d i r e c t i o n  of  f a l l  i s  t h e r e f o r e  probably n o t  
d i a g n o s t i c  of t h e  d i r e c t i o n  of seismic shaking.  A number 

of s t r u c t u r e s ,  however, w e r e  r e l a t i v e l y  f r ee - s t and ing  and 
t h e r e f o r e  g ive  some i n d i c a t i o n  o f  t h e  d i r e c t i o n  of shaking.  

Within t h e  conjugate  f a u l t s  no r th  of  Cadoux only  two 
s t r u c t u r e s  w e r e  d i sp l aced .  The PWD tank  a t  Kokardine ( p o i n t  
1, Fig .  3 6 )  w a s  d i sp l aced  0 . 4 2  m i n  t h e  d i r e c t i o n  of 348O; 

t h i s  shows no c o r r e l a t i o n  wi th  t h e  displacement  o f  t h e  f a u l t s  
i n  t h e  area, which w a s  approximately east-west. The 
p r e s e r v a t i o n ,  i n  p a r t ,  of t h e  o r i g i n a l  w a t e r  sea l  (F ig .  35) 
may i n d i c a t e  a v e r t i c a l  component i n  t h e  shaking.  Damage 
t o  a g r a i n  s i l o  on t h e  Cumming p rope r ty  ( p o i n t  2 ,  F ig .  36; 

and F ig .  43) may a l s o  i n d i c a t e  v e r t i c a l  motion. The conc re t e  
s l a b  on which t h e  s i l o  s t a n d s  w a s  badly damaged and t h e r e  
w a s  a l a t e r a l  displacement  of t h e  s i l o  o f  0.15 m t o  t h e  
sou theas t .  The movement on t h e  nearby Cumming F a u l t  w a s  
predominantly northwards.  

On t h e  u p t h r u s t  b lock  t o  t h e  w e s t  of  t h e  Robb F a u l t  

a f a i r l y  c o n s i s t e n t  displacement  d i r e c t i o n  t o  t h e  n o r t h e a s t  
i s  apparent ,  w i th  a few s t r u c t u r e s  moving northwards and 
westward. I n  Cadoux township ( p o i n t  3 ,  Fig .  3 6 )  t h e  Telecom 
exchange showed a d isp lacement  o f  0 .77  m i n  t h e  d i r e c t i o n  o f  

027O, and a t r a n s p o r t a b l e  house moved about  0 . 0 6  m westward 
on i t s  suppor ts .  I n  t h e  Robb farmyard, sou th  of  Cadoux, 

( p o i n t  4, Fig .  3 6 )  t h e  base  of  a wheat s i l o  moved i n  t h e  
d i r e c t i o n  of  OOlO, whi le  t h e  tower i t se l f  co l l apsed  i n  t h e  

d i r e c t i o n  of 047O (F ig .  4 4 ) .  Nearby, a t r u c k  r o l l e d  0.8 m 
backwards, i n  t h e  d i r e c t i o n  002O, whi le  i t s  load  w a s  l i f t e d  
o u t  of  t h e  t r a y  and d i s p l a c e d  0 . 2  m westwards. A f u e l  
bowser some 1 0 0  m s o u t h e a s t  o f  t h e  s i l o  w a s  found t o  have 
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Figure  4 3 .  Damage and displacement  of a wheat s i l o  on t h e  
p rope r ty  of E.W. Cuming: (a)  looking w e s t ,  t h e  concre te  
slab suppor t  has  been badly damaged, (b)  looking n o r t h e a s t ,  
t h e  s i l o  has  been d i sp laced  t o  t h e  r i g h t  of t h e  photograph 
(GSWA 18776)  
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Figure  4 4 .  The c o l l a p s e  of a wheat s i l o  on t h e  Robb 
proper ty :  t h e  s i l o  has  f a l l e n  t o  t h e  n o r t h e a s t  
( 0 4 7 O )  wh i l e  t h e  base  has  moved nor th  (001O) 
(GSWA 18777) 

been d i sp laced  a d i s t a n c e  of 0 . 2 1  m i n  t h e  d i r e c t i o n  of 

035' (F ig .  4 5 ) .  

d i sp l aced  0 . 1 6  m i n  t h e  d i r e c t i o n  of 100° ,  and r o t a t e d  

clockwise about  6O. About 1 km sou th  of  t h e  Robb farmyard 

a f u e l  bowser w a s  found t o  have f a l l e n  i n  t h e  d i r e c t i o n  of 
035O ( p o i n t  5 ,  F ig .  36; and F ig .  4 6 ) .  F i n a l l y ,  a 
t r a n s p o r t a b l e  house,  which s t r a d d l e d  a branch of t h e  Robb 

F a u l t  on t h e  Shankland p rope r ty  w a s  d i r e c t l y  d i sp l aced  a 
s m a l l  d i s t a n c e  eastward by t h e  f a u l t  movement (F ig .  11; and 

p o i n t  6 ,  F ig .  3 6 ) .  

I n  t h e  Robb farmhouse a gas  cooker had been 

The n o r t h e a s t e r l y  d isp lacements  on t h e  block w e s t  of 
t h e  Robb F a u l t  are c o n s i s t e n t  w i t h  t h e  s imple p i c t u r e  of  a 
r i g h t - l a t e r a l  t h r u s t  movement on t h e  f a u l t ,  b u t  t h e  

d i r e c t i o n  of 027O-047O i s  more n o r t h e r l y  than  t h e  r e s u l t a n t  

displacement  of t h e  f a u l t  which w a s  g e n e r a l l y  towards 075O. 

a 2  



Figure  45.  Movement of  a f u e l  bowser i n  t h e  Robb farmyard: 
a displacement  of 0 . 2 1  m i s  v i s i b l e  €o r  t h e  
f o o t  of t h e  s t r u c t u r e  (GSWA 18778) 

F igure  46.  Overturned f u e l  bowser on t h e  Robb p rope r ty ,  
looking n o r t h e a s t  (GSWA 18779) 
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The eas t  and wes t  displacement  of  t r a n s p o r t a b l e  houses  may 
i n d i c a t e  t h a t  t h e s e  s t r u c t u r e s  were cons t r a ined  i n  t h e i r  

d i r e c t i o n  of movement, bu t  t h e  n o r t h e r l y  movement o f  two 

s t r u c t u r e s  i n d i c a t e s  t h a t  t h e r e  was a s t r o n g e r  n o r t h e r l y  

component i n  t h e  i n i t i a l  seismic shaking than  i n  t h e  f i n a l  

r e s u l t a n t  movement of t h e  Robb F a u l t .  This  may b e  a 
r e f l e c t i o n  of  t h e  predominant s t r i k e - s l i p  movement of t h e  

unseen major f a u l t  which i s  be l i eved  t o  u n d e r l i e  t h e  Cadoux 

F a u l t  System. 

DAMAGE CAUSED BY AFTERSHOCKS 

Aftershocks  cont inued t o  shake t h e  Cadoux area, wi th  

dec reas ing  frequency,  f o r  s e v e r a l  weeks a f t e r  t h e  main 

ear thquake ,  Of t h e s e ,  on ly  one,  a t  about  2 . 5 0  pm on 7 

June,  i s  known t o  have produced damage and s u r f a c e  e f f e c t s .  

Farm b u i l d i n g s  6 km southwest of  Cadoux, on t h e  p r o p e r t i e s  

of W. Shankland and J. M a c N a m a r a ,  l o s t  b r i c k  chimneys; a 

s i l o  w a s  damaged; new cracks  appeared i n  w a l l s ,  and damage 
from t h e  main ear thquake  w a s  made worse. Minor damage w a s  
a l s o  r epor t ed  from a farm p rope r ty  1 0  km west-southwest o f  

Cadoux. 

M r  and M r s  Shankland r epor t ed  t h a t  south-southeas t -  

t r e n d i n g  cracks opened up i n  t h e i r  driveway ( 5  km south-  

southwest  of  Cadoux) , and bulges  appeared i n  a f i e l d  5 km 
southwest  of  Cadoux. Nei ther  of  t h e s e  e f f e c t s  w a s  v i s i b l e  
a few weeks l a t e r .  

Damage due t o  t h e  a f t e r shock  of 7 June  d e f i n e s  a 

l i n e a r  t r e n d ,  bea r ing  l o o o .  

DAMAGE OUTSIDE THE EPICENTRAL REGION 

No examination w a s  made of p r o p e r t i e s  o u t s i d e  t h e  
e p i c e n t r a l  reg ion  t h a t  r epor t ed  damage from t h e  Cadoux 

Earthquake. Beyond a r a d i u s  of  about  1 5  km from t h e  

e p i c e n t r e  damage w a s  s l i g h t ;  mainly s m a l l  c r acks  i n  w a l l s  
o r  p l a s t e r .  Even i n  t h e  P e r t h  me t ropo l i t an  area, 1 8 0  km 
from t h e  e p i c e n t r e ,  such damage w a s  commonly r epor t ed .  
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However, much o f  t h i s  damage r ep resen ted  t h e  reopening of 

c racks  t h a t  f i r s t  appeared du r ing  t h e  Meckering Earthquake 

of 1968. 

Many t a l l  b u i l d i n g s  i n  P e r t h  swayed du r ing  t h e  Cadoux 

Earthquake b u t  t h e  only damage r epor t ed  w a s  t h e  loss of 
mercury from t h e  R o t t n e s t  Lighthouse.  The l i g h t h o u s e  m i r r o r  

f l o a t s  i n  a b a t h  of oyer  200 kg of mercury and 5 6  kg s p i l l e d  

over  t h e  s i d e  i n  a w e s t e r l y  d i r e c t i o n .  

The most n o t a b l e  e f f e c t  of  t h e  Cadoux Earthquake i n  t h e  

P e r t h  me t ropo l i t an  area w a s  a widespread power b l ackou t  
caused by t h e  t r i p p i n g  of  mercury swi tches  i n  t r ans fo rmers .  

Some t r ans fo rmers  w e r e  a l s o  t r i p p e d  by t h e  major foreshock  

and a f t e r s h o c k s .  

COST OF DAMAGE 

No r e l i a b l e  estimate of  t h e  t o t a l  f i n a n c i a l  l o s s e s  

caused by t h e  Cadoux Earthquake can b e  made, b u t  some 

apprec ia t ion  of  i t s  magnitude can be gained from insu rance  

claims and t h e  estimates f o r  t h e  r e p a i r  of government 
f a c i l i t i e s .  The fo l lowing  t a b l e  of  insurance  payments has  

been provided by t h e  Insurance  Council  of  A u s t r a l i a  and i s  
a c c u r a t e  up t o  8 October 1 9 7 9 .  

TABLE 5, INSURANCE CLAIMS AS AT 8 OCTOBER 1 9 7 9  

Domes t i c  Commercial T o t a l  
No. of Amount No. of Amount No. o f  Amount 
Claims $ Claims $ Claims $ 

Metropolitan 2 774 1 511 078 76 95 377 2 850 1 606 455 

Country 705 1 392 298 113 435 610 818 1 827 899 

Totals 3 479 2 903 376 189 530 987 3 668 3 434 354 
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These f i g u r e s  by no means r e p r e s e n t  t h e  t o t a l  c o s t  of  

damage t o  i n s u r e d  p r o p e r t i e s ,  as most insurance  companies 

r e q u i r e  t h e  p o l i c y  ho lde r  t o  pay an i n i t i a l  sum towards c o s t s ,  

and no account  i s  taken  o f  underinsured and uninsured  damage. 

The only  o t h e r  estimates of  c o s t s  involved f o r  damage 

caused by t h e  Cadoux Earthquake comes from government depar t -  

ments and i n s t r u m e n t a l i t i e s  such as t h e  P u b l i c  Works Department, 

t h e  S t a t e  Energy Commission and Westrail. A f t e r  i n su rance  

had been p a i d ,  expendi ture  under t h e  Commonwealth/State 

Natura l  Disasters Agreement f o r  t h e  f i n a n c i a l  y e a r  1978/79 

amounted t o  $82 2 6 0 .  During 1979/80 a f u r t h e r  $186 6 8 1  w a s  
spen t  on t h e  r e s t o r a t i o n s  of p u b l i c  assets, and $20 0 0 0  

a l l o c a t e d  i n  loans  t o  r e - e s t a b l i s h  s m a l l  bus ines ses .  F u r t h e r  
work on t h e  Kokardine w a t e r  tank w i l l  b e  r e q u i r e d  i n  1980/81 

a t  an e s t ima ted  c o s t  of  $ 2 5  0 0 0 .  

EFFECTS OF TfZE CADOUX EARTHQUAKE ON 

GROUNDWATER LEVELS 

Earthquakes are  o f t e n  preceded by abnormal v a r i a t i o n s  i n  
a number of p h y s i c a l  phenomena, i nc lud ing  groundwater- level  

changes. I t  has  a l s o  been- long known t h a t  ear thquake  shock 
waves are recorded on hydrographs and t h e  w a t e r  l e v e l  i n  some 

bores  has  been shown t o  g ive  a hydrograph s i m i l a r  t o  a 
seismogram. Research i n  t h i s  f i e l d  culminated i n  t h e  f i r s t  

success fu l  p r e d i c t i o n  of a l a r g e  ear thquake ,  i n  China i n  

1975. 

I n  Western A u s t r a l i a  water - leve l  r eco rde r s  are i n s t a l l e d  
on s e v e r a l  bores  i n  both confined and unconfined a q u i f e r s  i n  

t h e  P e r t h  Bas in ,  t h e  n o r t h e a s t  Yi lgarn  Block and t h e  Nabberu 
Basin.  This  chap te r  reviews t h e  l i t e r a t u r e  r e l a t i n g  t o  

ear thquakes and groundwater- level  v a r i a t i o n s  and d i s c u s s e s  

t h e  f l u c t u a t i o n s  caused i n  Western A u s t r a l i a n  bo res  by t h e  

Cadoux Earthquake. 
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LITERATURE REVIEW 

Abnormal groundwater- level  f l u c t u a t i o n s  b e f o r e  an e a r t h -  

quake can b e  expected t o  r e s u l t  from changes i n  po re  p r e s s u r e  

caused by changes i n  stress of an a q u i f e r  (Kovach and o t h e r s ,  

1975; Kuo and o t h e r s ,  1 9 7 4 ;  Sadovsky and o t h e r s ,  1 9 7 2 ) ,  

b u t  t h e  main problem i n  recogniz ing  t h e s e  f l u c t u a t i o n s  i s  
t h a t  of f i l t e r i n g  o u t  e f f e c t s  due t o  o t h e r  causes  (Lamar 
and M e r r i f i e l d ,  1978) .  Before e leven  major ear thquakes  i n  
China it w a s  found t h a t  such pre-ear thquake f l u c t u a t i o n s  

mainly began less than  t h r e e  days b e f o r e  t h e  even t ,  a l though 
pe r iods  o f  more than t e n  days w e r e  a l s o  recorded (Table  6 ) .  

However, no c o r r e l a t i o n  could  be found between ear thquake  
magnitude and t h e  d u r a t i o n  of  t h e  preceding  f l u c t u a t i o n  
(R ik i t ake ,  1 9 7 6 ) .  Groundwater-level monitor ing i s  an 
important  t o o l  of ear thquake  p r e d i c t i o n  i n  China (Coe, 1 9 7 1 )  

and a f t e r  such o b s e r v a t i o n s ,  amongst o t h e r  p r e c u r s o r s ,  t h e  

1975 Kaicheng ear thquake ,  of  magnitude 7 . 4 ,  w a s  s u c c e s s f u l l y  

p red ic t ed  ( H m o n d ,  1 9 7 6 ) .  

A Western A u s t r a l i a n  example, however, p rovides  an 

i n s t a n c e  of t h e  d i f f i c u l t i e s  involved i n  u s i n g  changes i n  

water - leve l  f o r  ear thquake  p r e d i c t i o n .  The Meckering 

Earthquake of 1 9 6 8 ,  of  magnitude 6.9 and l o c a t e d  110 km east- 
n o r t h e a s t  of  P e r t h ,  a f f e c t e d  t h e  hydrographs on some sha l low 
bores  a t  Gnangara, 1 9  km n o r t h  of  P e r t h .  A sudden r i se  i n  

water l e v e l  which began 1 . 5  hours  be fo re  t h e  ear thquake  and 

reached a peak 5.5 hours  l a t e r  w a s  r epor t ed  by Gordon ( 1 9 7 0 )  

as a p o s s i b l e  ear thquake  p recu r so r .  However, on comparing 

t h e  complete hydrograph wi th  r a i n f a l l  records  Gregson and 

o t h e r s  ( 1 9 7 2 )  showed t h a t  t h e  r ise  i n  water  l e v e l  w a s  i n  
response t o  l o c a l  r a i n f a l l .  

Groundwater-level f l u c t u a t i o n s  du r ing  and a f t e r  e a r t h -  

quakes have been e x t e n s i v e l y  r epor t ed  (R ik i t ake ,  1 9 4 7 ;  

Parker  and S t r i n g f i e l d ,  1950; S t i r l i n g  and Smets, 1 9 7 1 ) .  

Usually an ear thquake  i s  recorded on t h e  hydrograph e i t h e r  

as a sharp  ‘ sp ike !  w i t h  about  t h e  same ampli tude above and 

below t h e  prev ious  water l e v e l ,  o r ,  less o f t e n ,  as a s t e p .  
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TABLE 6 .  PRECURSOR TIMES OF CHANGES I N  GROUNDWATER LEWLS 
I N  CHINA (KUO AND OTHERS, 1 9 7 4 ,  TRANSLATION I N  
RIKITAKE , 1 9  7 6 1 

Earthquake Year Magnitude Location Precursor 
(Lat, ,Long, I time 

Boundary be tween  
Hanfung Country,  Hopei  
P r o v i n c e ,  and  1856 
T s i n c h i a n g  Coun ty ,  
S z e chuan  P r o v i n  ce 

Ha iyuen ,  N i n g s i a  P rov .  1920 

1935  Ta ichung ,  S i n c h u ,  
Taiwan P r o v .  

1 9  35 Han lungch i ,  Taiwan 
P r o v .  

Luenyuen, Hopei  P rov .  1945  

1955  H a n g t i n g ,  Szechuan  
P rov .  

Tingchung,  Yunan P rov .  1 9 6 1  

H s i n g t a i ,  Hopei P rov .  1966 

T s u n g h a i ,  Yunan P rov .  1970 

S i c h i  , N i n g s i a  P rov .  1970  

Donan, T s i n g h a i  P r o v .  1 9 7 1  

6 .0  

8 .5  

7 .0  

6.0 

6 .3  

7 .5  

5 .8  

6 .8  

7 . 7  

5 .5  

6 . 3  

3 6 . 5 3  
105 .7  E 

24.5ON 
120.8OE 

24.3ON 
121.3OE 

39.7ON 
118.7OE 

30.  OZN 
1 0 1 . 8  E 

37.2ON 
114.8OE 

2 4 . 2 O N  
102.7OE 

3 6 . 0 3  
105 .8  E 

9 8 . 1  E 
3 3 . 5 3  

sever a1 
d a y s  

3 d a y s  

1 4  h o u r s  

1 4  h o u r s  

1 d a y  

2 d a y s  

1 d a y  

1 - 2  d a y s  
and  
5-10 d a y s  

a f e w  t o  
more t h a n  
1 0  d a y s  

1-5  d a y s  

more t h a n  
10 d a y s  

T h i s  i s  p r o b a b l y  caused by  v a r i a t i o n s  i n  f l u i d  p o r e  p r e s s u r e ,  

a n a l a g o u s  t o  t h o s e  wh ich  h a v e  b e e n  shown t o  occur d u r i n g  

f a u l t  creep on t h e  San  Andreas  F a u l t  ( J o h n s o n  and Kovach,  1973)  

Somet imes ,  i f  t h e  t i m e  scale is s u f f i c i e n t l y  expanded ,  a 
r e c o r d i n g  s i m i l a r  t o  a seismogram i s  o b t a i n e d  on  wh ich  t h e  

d i f f e r e n t  e a r t h q u a k e  waves c a n  be i d e n t i f i e d  ( B l a n c h a r d  and 
B y e r l y ,  1935 ;  Rexin  and o t h e r s ,  1 9 6 2 ) .  F l u c t u a t i o n s  of 
almost 4 m maximum a m p l i t u d e  which  c o n t i n u e d  fo r  n e a r l y  1 2  

h o u r s  were recorded b y  Rexin  and  o t h e r s  ( 1 9 6 2 ) .  The largest  
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f l u c t u a t i o n s ,  from normal depth  ear thquakes ,  are produced 
by s u r f a c e  wayes, p a r t i c u l a r l y  t h e  Rayleigh waves. Analys is  
of t h e  hydrographs may provide  informat ion  on a q u i f e r  

c h a r a c t e r i s t i c s ,  land-surface motions (Bredehoeft  and o t h e r s ,  

1965) and even ear thquake magnitudes (Eaton and Takasaki ,  
1959; Vorhis ,  19651. 

Changes between pre- and post-ear thquake w a t e r  l e v e l  i n  
a bo re  may b e  t h e  r e s u l t  o f  s e v e r a l  s e i s m i c a l l y  induced 
causes .  Among t h e s e  are t e c t o n i c  r a i s i n g  o r  lowering of t h e  
l and ,  changes i n  a q u i f e r  recharge  or  d i scha rge  and changes 
i n  t r a n s m i s s i v i t y  o r  p o r o s i t y  (Waller, 1966a and b ) .  
C o r r e l a t i o n s  have been suggested between t h e  sense  of  water- 
l e v e l  change and t e c t o n i c  s t r a i n  (Wakita, 1975) o r  t h e  
d i r e c t i o n  of f a u l t  c r eep  (Johnson and o t h e r s ,  1974) .  

HYDROGRAPHS FROM WESTERN AUSTRALIA 

Hydrographs from 22 monitor ing bores  w e r e  examined €or 
p o s s i b l e  e f f e c t s  of t h e  Cadoux Earthquake. The bores  are 
i n  t h e  P e r t h  Basin and t h e  east  Murchison d i s t r i c t  (Fig.  47) 
and r e l e v a n t  d a t a  are summarized i n  T a b l e  7. Eleven bores  
recorded t h e  ear thquake and t h e  e f f e c t s  are given i n  T a b l e  8. 

Records from s e v e r a l  bores  w e r e  cha rac t e r i zed  by s t ep -  
l i k e  water - leve l  changes,  apparent ly  caused by t h e  f l o a t  
jamming p e r i o d i c a l l y  a g a i n s t  t h e  bore  cas ing .  Large,  sudden 
f l u c t u a t i o n s  of  t h e  hydrograph from AM35 approximately 4 1  
hours  and 1 2  hours  be fo re  t h e  ear thquake w e r e  probably n o t  
r e l a t e d  t o  t h e  seismic a c t i v i t y  because of t h e  shape of  t h e  
f l u c t u a t i o n  and t h e  l eng th  of t i m e  be fo re  t h e  ear thquake.  
Bore E7B had a s t r a i g h t  hydrograph probably because t h e  
counterweight  on t h e  r eco rde r  w a s  t o o  l i g h t .  With t h e s e  
except ions  it i s  assumed t h a t  a l l  sudden f l u c t u a t i o n s  of 
t h e  hydrographs were caused by water-level changes caused 
by t h e  ear thquake.  I t  is  p o s s i b l e  t h a t  d i r e c t  shaking of 
t h e  r eco rde r s  by t h e  ear thquake may have produced s i m i l a r  

e f f e c t s  i n  some cases. 
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TABLE 7. HYDROGRAPHS EXAMINED FOR EARTHQUAKE-INDUCED WATER-LEVEL FLUCTUATIONS 

Bore name GSWA No. Aquifer 

Unconfined 

Wanneroo CMW 

Lake Thompson 90 

Gwelup CMW 

Baghdad W e l l  

Confined 

Ar te s i an  Monitoring 

Mirrabooka ( M )  55 

Artesian Monitoring 
(AM) 28 

Eneabba (E)  7 

ID (AM) 35 
0 

( E )  7B 

'I (E) 6B 

Quindalup (Q) 7A 

( Q )  7B ,, 

0-4 

0-11 

0-12 

2034-I-C-61 

2033-I-B-252 

2034-11-D-615 

2034-11-A- 395b 

2034-11-A-394~ 

2034-11-D-617a 

1938-11-D-17 

1938-11-D-19 

1938-11-D-26 

20 3 0- IV-B- 2 7 

2030-IV-3-28 

2032-I-B-83 

2032-I-B-90 

2032-I-B-91 

Kwinana Group 
1, , I  

Herschel l  Limestone 

Leede rv i l l e  Formation 
11 !, 

I, II 

Yarragadee Fornation 
I ,  ,t 

I1  , I  

11 ( I  

?Leedervi l le  Formation 

Cockleshel l  Gully Fm 

Leede rv i l l e  Formation 
1s 

East Murehison 

Bore name GSWA No. Aquifer  

Jnconf ined 

4 t  Keith Bore 3043-1-23 calcrete 
Yilgarn Block 

'aroo Bore 2845-11-23 c a l c r e t e  
Nabberu Basin 

lepot W e s t  Bore 2942-111-41 c a l c r e t e  
Yilgarn Block 

J i luna W e l l  2944-1-39 

> r iday  W e l l  2941-IV-36 

:herry W e l l  2941-IV-33 

Jest Albion 2943-11-40 

, I  8 

11 

11 ,I 

, I  

)owns Bore 

'hese bo res ,  f o r  convenience, a r e  named a f t e r  nearby 
) l aces  and gene ra l ly  are no t  a c t u a l l y  a t  t h a t  l o c a l i t y  



TABLE 8. SUMMARY OFWATER-LEVEL DISTURBANCES I N  BORES RESULTING FROM THE CADOUX EARTHQUAKE 
(Measurements a r e  taken from hydrographs t o  an accuracy of 5 i n  t h e  l a s t  f i g u r e  s t a t e d )  

TYP of Water-ZeveZ change (ml Max. anrpZitude o f  dis- aquifer  ; Time Apparent turbance from pre- 
earthquake water ZeveZ 

(mi  
Come n t s Bore con- o f  time o f  Water Water 

f ined(Ci  earth- d i s tur -  ZeveZ Zevel Zeve 2 
or uneon- quake bance before a f t e r  change 

fined(Ul 2/6/79 2/6/79 dis tur-  d i s tur -  (+ve Double 
bance up) r i s e  faZz mpZitude 

Wanneroo U 1748 1850 

Baghdad Well U 1748 1910 

Lake 

90 

Gwelup CMW U 1748 1755 

AM35 C 0554 0559 

t-' Thompson U 1748 1810 

AM2 8 C 0554 0558 

0-12 c 1748 1710 

M t  Keith Bore U ?1748 1445 

Cherry W e l l  U ?1748 1706 

Paroo Bore U ?1748 1220 

3.574 

0.982 

3.865 

17.259 

I. 390 

34.790 

12.7208 

3.2892 

4.002 

5.0930 

3.590 -0.016 

0.980 -0.002 

3.866 -0.001 

17.257 0.002 

1.386 0.004 

34.780 0.010 

12.720 0.000 

0.0 0.051 0.051 

0.13 0.015 0 

0.025 0,025 0 

028 

050 

0.003 0.0 0.002 

0,018 0.008 0.026 

0.012 0.001 0.013 

0,001 0.001 0.002 

3.2895 -0.00030 0.0020 0,0060 0.0080 

4.001 0.001 0.023 0.024 0.047 

5.0938 -0.00080 0.002 0.002 0.004 

Pre-earthquake t r end  
of f a l l i n g  water l e v e l  
took about 2 days t o  
become re-establ ished 

Water l e v e l  dis turbed 
by r a i n f a l l  

Water l e v e l  began f a l l -  
i ng  about 5 minutes 
before  main d i s tu rb -  
ance on the  hydrograph 

Water l e v e l  took about 
12 minutes t o  s t a b i l i z e  
a f t e r  t h e  dis turbance 

Recorder set  on s t i l ts  

Friday Well U ?1748 1936 3.006 3.007 -0.001 0.012 0.013 0.027 



llO0 

'- x 

- ,./' .-*- 
,n0' \\ NABBERU (-\,,BASIN 

\, P A R 0 0  I BORE '\ 
I 

N+-/x WILUNA ', 
\ 

WELL \ 

WEST ALBlON 
DOWNS BORE 

X MT KEITH 
BORE 

xDEPOT WEST BORE 
X F R I D A Y  WELL 
XCHERRY WELL 

*Leonor: 

YILGARN BLOCK 
E7.E7B \ 

Kalgoorlie 

*Southern Cross 

32'. 
Norseman 

/ 
/ 

0 

I 
GSWA 1878 

Figure  47. Bore l o c a t i o n s  

P e r t h  B a s i n  

Uncon f ined  a q u i f e r s :  Hydrographs from f o u r  bores  i n  

t h e  P e r t h  area w e r e  examined: Wanneroo CMW (cont inuous 
monitor ing w e l l ) ,  Baghdad W e l l ,  Lake Thompson 90 and Gwelup 
CMW (Figs  48 and 4 9 ) .  A l l  show a d i s t u r b a n c e  c l o s e  t o  t h e  

t i m e  of t h e  main ear thquake  of  ML 6 . 2  b u t  are una f fec t ed  by 

t h e  major foreshocks and a f t e r shocks .  I n  Gwelup CMW t h e  
ear thquake  may have f r e e d  t h e  f l o a t  from t h e  cas ing  t o  g i v e  
t h e  small  s t e p - l i k e  rise i n  t h e  hydrograph (F ig .  48c) .  

A rise i n  t h e  w a t e r  table i n  Lake Thompson 90 beginning 
about  seven hours  b e f o r e  t h e  ear thquake  is p a r t  of  a g e n e r a l  
s easona l  rise. Five  m i l l i m e t r e s  of r a i n  w e r e  recorded i n  

9 2  
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Figure 48.  Hydrographs from bores i n  unconfined a q u i f e r s ,  
Pe r th  Basin 

t h e  l a s t  twelve hours of 1 June a t  t h e  Bureau of Meteorology 

i n  Per th .  The earthquake i t s e l f  i s  recorded only as a 
sharp ' sp ike '  of 0.05 m double amplitude* (Fig.  48b). 

The hydrograph of Wanneroo CMW (Fig.48a) shows the  w a t e r  
l e v e l  f a l l i n g  before  t h e  earthquake and a sharp  drop of 0.051 
m due t o  t h e  shock. The water l e v e l  took about 2 days t o  
r e -e s t ab l i sh  t h e  previous t rend.  The reasons f o r  t h i s  

gradual  recovery are no t  known; t h e  hydrograph is  s imi l a r  
t o  t h a t  of a bore during recovery a f t e r  pumping. 
~ _ _ _ _  __ 
* I n  t h i s  r e p o r t  t h e  maximum double- amplitude r e f e r s  t o  t h e  
maximum d i s t a n c e  between ad jacent  crests and t roughs on t h e  
recording perpendicular  t o  the  t i m e  scale. 
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Figure  4 9 .  Hydrograph from Baghdad W e l l ,  R o t t n e s t  I s l a n d  

Baghdad W e l l ,  on Ro t tnes t  I s l a n d ,  i s  a very  shal low 
bore  and t h e  hydrograph (F ig .  4 9 )  i s  complicated by r a p i d  

response t o  spo rad ic  r a i n f a l l  which f e l l  throughout  t h e  

f o u r  days i l l u s t r a t e d .  The s m a l l  s t e p s  i n  t h e  hydrograph 

are caused by r a i n f a l l  and t h e  l a r g e  reversal  a t  1 8 0 0  h r s  

on 1 June  is  caused by t h e  automatic  reversal of  t h e  

r eco rde r  mechanism as t h e  pen reached i t s  l i m i t .  The main 

ear thquake  caused a l a r g e  s p i k e  of  double  ampli tude 0 . 0 2 8  m 
and t h e r e  is  a p o s s i b i l i t y  t h a t  a s m a l l  s t e p  twelve hours  
ear l ie r  might have been caused by t h e  major  foreshock.  

C o n f i n e d  a q u i f e r s :  Eleven hydrographs w e r e  examined 
b u t  t h e  w a t e r  l e v e l  i n  only t h r e e  o f  t h e s e  w a s  d i s t u r b e d  by 
t h e  ear thquake ,  two by t h e  major foreshock (AM35 and AM28, 

F ig .  5 0 )  and one by t h e  main shock ( 0 - 1 2 ,  F ig .  5 1 ) .  These 

bores  are a l l  open t o  t h e  L e e d e r v i l l e  Formation, b u t  no 
response w a s  noted from t h r e e  o t h e r  bores  i n t o  t h e  formation.  
The m a x i m u m  double  amplitude of t h e  d i s t u r b a n c e  w a s  0 .026  m 

i n  AM35; both  AM35 and AM28 w e r e  recover ing  from an a q u i f e r  

t es t  i n  a nearby bore.  

The hydrograph from AM35 (Fig.  50a) shows t h a t  t h e  

w a t e r  level  began f a l l i n g  about f i v e  minutes  be fo re  t h e  

' s p i k e '  caused by t h e  major foreshock.  Hydrographs wi th  

extended t i m e  scales show a s i m i l a r  e f f e c t  due t o  t h e  

9 4  



m
 

r. m
 

3
 

m
 

a 5 

c 
.rl 

3 m
 

r: 4.J k
 

a, 
14 

m k
 

a, 
w

 
-rl 
5
 . $
 

a
 a, c 

-4
 

4-1 
c 0
 

U
 

c 
.rl 

m a, 
k
 

0
 

a 8 k
 

w
 m 
r: 14 
rd k

 
tr 
0
 

k
 
a
 h 

';d
 

0
 

L
n

 

0) 
k

 
5
 tr 

.rl 
h

 



R.L. O F  
WATER 

12.80- 

12.78- 

12.76- 

12.74- 

12.72- 

12.70 - 
12.68 

0-12 

I 

31/5/79 1/6/79 2/6/79 3/6/79 4/6/79 5/6/79 6/6/79 7/6/79 
GSWA 18784 

Figure  51. Hydrograph of bo re  0-12 

d i f f e r i n g  a r r iva l  t i m e s  of t h e  va r ious  types  o f  seismic waves. 
However, t h e  d i f f e r e n c e  i n  v e l o c i t y  would account  f o r  on ly  
about 25 seconds i n  t h e  a r r i v a l  t i m e  from Cadoux and t h e  
d i s tu rbance  i s  n o t  thought  t o  be  due t o  t h i s  cause.  I t  may 
have r e s u l t e d  from stress changes be fo re  t h e  ear thquake ,  b u t  
t h e  s h o r t  d u r a t i o n  of  t h e  drop  makes t h i s  u n l i k e l y .  

B o r e  0-12 i s  a monitor ing bore  east  o f  P i n j a r r a ,  open i n  
t h e  L e e d e r v i l l e  Formation. The cause of  t h e  two-hourly 
f l u c t u a t i o n s  (Fig.  51) i s  t h e  au tomat i ca l ly  c o n t r o l l e d  
pumping of w a t e r  from t h e  under ly ing  Cock leshe l l  Gully 
Formation. 
response t o  r a i n f a l l .  

The longe r  term f l u c t u a t i o n s  w e r e  p robably  i n  

East Murehison district 

Hydrographs from seven bo res  were examined and f o u r  
recorded an ear thquake  on 2 June between 1 2 0 0  hours  and 
2 4 0 0  hours  (Fig.  52 ) .  Unfor tuna te ly ,  c lock  errors could  n o t  
be  c a l c u l a t e d  b u t  it i s  sugges ted  t h a t  t h e  main ear thquake  
w a s  r e spons ib l e  f o r  each d i s tu rbance .  The bo res  a f f e c t e d  
w e r e  Mount Kei th  B o r e ,  Cherry W e l l  and Fr iday  Well on t h e  
Yilgarn Block and Paroo Bore i n  t h e  Nabberu Basin.  Three 
bores  showed a s m a l l  drop i n  w a t e r  l e v e l  a f t e r  t h e  shock. 
The maximum double  ampli tude of t h e  d i s t u r b a n c e  w a s  0.047 m 

9 6  a t  Cherry W e l l .  
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A r ise  i n  water  l e v e l  i s  e v i d e n t  i n  bo res  a t  Mount Kei th  

and Cherry W e l l ,  beginning about f i v e  hours  and seven hour s ,  

r e s p e c t i v e l y ,  be fo re  t h e  ear thquake w a s  recorded.  The rises 
d i d  n o t  cont inue  up t o  t h e  t i m e  of  t h e  ear thquake ,  as would 
be expected i f  they  w e r e  caused by an i n c r e a s e  i n  stress on 

t h e  a q u i f e r s ,  and are probably n o t  r e l a t e d  t o  t h e  seismic 
a c t i v i t y .  F igure  52b shows t h a t  t h e  w a t e r  l e v e l  i n  Cherry 
W e l l  may have cont inued t o  f l u c t u a t e  f o r  about  f i f t e e n  

minutes a f t e r  t h e  main d i s tu rbance .  Both v e r t i c a l  and 

h o r i z o n t a l  scales on t h e  record  are t o o  s m a l l  t o  s u b s t a n t i a t e  

t h i s .  

CONCLUSIONS 

The w a t e r  l e v e l  i n  s e v e r a l  bores  i n  both  unconfined and 

confined a q u i f e r s  i n  t h e  P e r t h  Basin and t h e  east Murchison 

d i s t r i c t  w e r e  d i s t u r b e d  as a r e s u l t  of t h e  Cadoux Earthquake 

However, no hydrograph showed d i s t u r b a n c e s  r e s u l t i n g  from 
more than  one of  t h e  t remors .  Bores i n  unconfined a q u i f e r s  

responded only  t o  t h e  main ear thquake ,  whereas those  i n  

confined a q u i f e r s  responded e i t h e r  t o  t h e  major foreshock  o r  

t h e  main event .  Observat ions elsewhere have i n d i c a t e d  t h a t  
bores  d r i l l e d  i n t o  conf ined  a q u i f e r s  are a f f e c t e d  more 

s t r o n g l y  than  wa te r - t ab le  bores  (Eaton and Takasaki ,  1959) .  

This  w a s  n o t  borne o u t  i n  t h e  p r e s e n t  s tudy .  

The response  o f  w a t e r  l e v e l s  i n  bores  p e n e t r a t i n g  t h e  

same a q u i f e r  v a r i e d ;  f o r  example, two of t h e  f i v e  

L e e d e r v i l l e  Formation bores  w e r e  undis turbed  by t h e  e a r t h -  

quake. This  may be  due t o  d i f f e r e n c e s  i n  bore  c o n s t r u c t i o n  

o r  v a r i a t i o n s  i n  t h e  p h y s i c a l  p r o p e r t i e s  of t h e  a q u i f e r .  The 
l ack  of  response i n  any of  t h e  bores  t o  more than  one of t h e  

t remors  i s  d i f f i c u l t  t o  exp la in .  Elsewhere,  hydrographs 

which have recorded major ear thquakes  have a l s o  recorded 

a f t e r shocks  (Vorhis ,  1 9 6 7 ;  Cos ta ,  19631. I n  some bores  i n  

t h e  p r e s e n t  s tudy  t h e  foreshock o f  ML 5.2 induced w a t e r -  
l e v e l  f l u c t u a t i o n s  wh i l e  t h e  main ear thquake  o f  M 6 . 2  d i d  

not .  
L 

The advantage,  i n  most areas, of  u s ing  water bo res  f o r  
9 8  



t h e  s tudy  of changes induced by ear thquakes  and a t t empt s  t o  
f i n d  f e a t u r e s  which would a l low t h e  p r e d i c t i o n  of  major shocks 

l i es  i n  t h e i r  ready a v a i l a b i l i t y .  Hydrographs from moni tor ing  
bores  are a v a i l a b l e  f o r  long  pe r iods  and t h e  c o s t  o f  improved 

in s t rumen ta t ion  f o r  an e x i s t i n g  bore i s  minimal. However, any 

changes which could be used f o r  p r e d i c t i o n  w i l l  occur  only  
i n  a zone r e l a t i v e l y  c l o s e  t o  t h e  e p i c e n t r e .  Bores a t  a 
d i s t a n c e  from t h e  a r e a  under s t r a i n  may r e g i s t e r  t h e  e a r t h -  
quake i t s e l f  b u t  n o t  t h e  precursory  changes which might a l low 
o f  p r e d i c t i o n .  

I n  Western A u s t r a l i a  t h e  South W e s t  Seismic Zone l i es  
e n t i r e l y  i n  Archaean c r y s t a l l i n e  rocks wi th  poor large-scale 
groundwater p rospec t s  and a consequent l a c k  of s u i t a b l e  
monitor ing bores .  I n  a d d i t i o n  t h e  zone of  d i s t o r t i o n  f o r  t h e  

Cadoux Earthquake w a s  probably n o t  g r e a t e r  than about  50  km 
by 40  km and it would b e  economically imposs ib le  t o  cover  
even t h e  most s e i s m i c a l l y  a c t i v e  areas w i t h  s u i t a b l e  bo res  
b u i l t  f o r  t h e  purpose.  

E x i s t i n g  bores  i n  Western A u s t r a l i a  w i th  water-level 
monitor ing equipment a t t ached  are t o o  d i s t a n t  from any 

p o t e n t i a l  e p i c e n t r e  t o  r e g i s t e r  more than  a ' s p i k e '  due t o  

t h e  ear thquake ,  and t h i s  s tudy  has  shown t h a t  even t h i s  
l i m i t e d  response i s  n o t  always recorded.  Furthermore,  t h e  
t i m e  scale on hydrographs from a l l  bores  i s  t o o  compressed 
t o  show d e t a i l s  o f  t h e  f l u c t u a t i o n s  induced by ear thquakes .  
Earthquake p r e d i c t i o n ,  moreover, should be  based on c a r e f u l  
obse rva t ion  of  many phenomena, i nc lud ing  groundwater l e v e l s ,  
and a t  p r e s e n t  no bores  could  be  recommended f o r  equipping 
wi th  an extended time-scale r eco rde r ,  

REGIONAL SETTING OF THE 

CADOUX EARTHQUAKE 

Earthquakes g e n e r a l l y  occur  i n  d i s t i n c t  seismic zones,  

and i n  Western A u s t r a l i a  such zones a r e  l o c a t e d  on t h e  
no r the rn  margin of  t h e  Canning Bas in ,  i n  t h e  Gascoyne r eg ion  

and i n  t h e  southwest  of  t h e  S ta te .  A number of  major 
ear thquakes have occurred  i n  each  reg ion  b u t  on ly  i n  t h e  

9 9  



South W e s t  Seismic Zone has  s u r f a c e  f a u l t i n g  been observed 
wi th  ear thquakes  i n  h i s t o r i c  t i m e s ,  The South W e s t  Seismic 
Zone i s  a l s o  important  as it i s  t h e  only  s e i s m i c a l l y  a c t i v e  
area c l o s e  t o  dense ly  populated areas. 

THE SOUTH WEST SEISMIC ZONE 

A map of ear thquake  e p i c e n t r e s  i n  southwestern 

A u s t r a l i a  (F ig .  53) shows a number of areas of  r e l a t i v e l y  
i n t e n s e  seismic a c t i v i t y  concen t r a t ed  i n  a zone from 
Dalwall inu t o  Narrogin.  Th i s  zone, w i t h  ex tens ions  north-  
w e s t  t o  Moora and south  t o  Katanning and Albany t o  i n c l u d e  
minor s e i s m i c i t y  i n  t h e s e  areas, has  been named t h e  South 
West Seismic Zone by Doyle (19711 and i s  t h e  most a c t i v e  zone 
i n  A u s t r a l i a .  The western boundary of  t h e  seismic zone i s  

w e l l  marked a long  t h e  l i n e  o f  g r a n i t e  p l u t o n s  which form 
t h e  Dar l ing  P l a t e a u ,  b u t  t h e  e a s t e r n  margin i s  i n d i s t i n c t  
and a number of  t remors  have been recorded some d i s t a n c e  
t o  t h e  east  of t h e  main seismic zone. 

Geologica l ly  t h e  main p a r t  of t h e  seismic zone is  
co inc iden t  w i th  t h e  b e l t  o f  s c h i s t s  and g n e i s s e s  which runs  
p a r a l l e l  t o  t h e  g r a n i t e s  o f  t h e  Dar l ing  P l a t e a u .  Physio- 
g r a p h i c a l l y  t h e  g n e i s s e s  are downwarped wi th  r e s p e c t  t o  t h e  ' 

g r a n i t e s  t o  t h e  w e s t  and t h e  remainder of  t h e  Yi lgarn  Block 
t o  t h e  east. Other  g e o l o g i c a l  f e a t u r e s  which are s t r o n g l y  
c o r r e l a t e d  wi th  t h e  seismic zone are  g r a v i t y  anomalies and 
a change i n  c r u s t a l  t h i ckness .  Contours of g r a v i t y  anomalies 
t r end  p a r a l l e l  t o  t h e  seismic zone and change from between 
zero  and +20 m G a 1  on t h e  Dar l ing  P l a t e a u  t o  -40 t o  -60 m G a l  

i n  t h e  remainder of  t h e  Yi lga rn  Block. C r u s t a l  t h i c k n e s s  
a l s o  changes i n  t h e  v i c i n i t y  of t h e  seismic zone, i n c r e a s i n g  
from about 36 km i n  t h e  Archaean s h i e l d  t o  42  km i n  t h e  
seismic zone, and 46  km benea th  t h e  P e r t h  Bas in  (Everingham, 
19651. 

The g e o l o g i c a l  and s t r u c t u r a l  changes t h a t  occur  i n  

t h e  area are probably r e l a t e d  c a u s a l l y  t o  t h e  s e i s m i c i t y  of 
t h e  South West Seismic Zone, b u t  d e t a i l e d  knowledge of  t h e  
r e l a t i o n s h i p  i s  l ack ing .  However, any connect ion is probably 
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wi th  deep c r u s t a l  s t r u c t u r e s  r a t h e r  than s u p e r f i c i a l  

f e a t u r e s .  I t  i s  f o r  t h i s  reason  t h a t  it is  p o s s i b l e  t o  
extend t h e  South West Seismic Zone t o  inc lude  a number of 

shocks i n  t h e  Albany reg ion  and o f f shore  i n  t h e  Southern 

Ocean d e s p i t e  t h e  changes i n  geology. S i m i l a r l y ,  t o  t h e  

n o r t h ,  t h e  zone can poss ib ly  b e  extended t o  inc lude  t remors  

near  Dongara, and c o a s t l i n e  and sea-bed f e a t u r e s  of t h e  

Indian  Ocean. 

3oyle  ( 1 9 7 1 )  has  proposed t h a t  t h e  South West Seismic 

Zone m a r k s  t h e  boundary of a sub-p la te  w i t h i n  t h e  major 

Indian-Aust ra l ian  P l a t e .  On t h i s  model t h e  cause of 

s e i s m i c i t y  i n  t h e  South W e s t  Seismic Zone i s  t h e  stress 
produced by t h e  cont inuing  a c t i v i t y  of  c o n t i n e n t a l  d r i f t .  

Sykes ( 1 9 7 0 )  has  proposed a connect ion w i t h  a zone of 
s e i s m i c i t y  nea r  t h e  Cocos I s l a n d s  and t e n t a t i v e l y  sugges ted  

t h e  p o s s i b i l i t y  of a nascen t  i s l a n d  arc. However, S t e i n  

and Okal ( 1 9 7 8 )  have shown t h a t  t h i s  s e i s m i c i t y  i s  r e l a t e d  
t o  t h e  north-south- t rending Nine tyeas t  Ridge, wh i l e  Weissel 

and o t h e r s  (1980) have sugges ted  t h a t  t h e  h igh  l e v e l  of 
i n t r a - p l a t e  stress found i n  t h e  Indian-Aust ra l ian  P la t e  has  

a r i s e n  s i n c e  t h e  c o l l i s i o n  of I n d i a  wi th  A s i a  t o  form t h e  
Himalayas. 

A l t e r n a t i v e l y ,  it is  known t h a t  t h e r e  has been 
ex tens ive  u p l i f t  of  t h e  Dar l ing  P l a t e a u  du r ing  t h e  T e r t i a r y  

era (Cope, 1975) , and P lay fo rd  and o t h e r s  (1976) have 
suggested t h a t  t h e  s e i s m i c i t y  of t h e  area could  be  a response  

t o  l o c a l i z e d  stresses a s s o c i a t e d  wi th  t h i s  con t inu ing  

epe i rogen ic  upwarping. 

S t r e s s  i n  rocks  may b e  determined,  both i n  d i r e c t i o n  

and amount, e i t h e r  d i r e c t l y  by such methods as overcor ing ,  

o r  by c a l c u l a t i o n  from s u r f a c e  f a u l t i n g  and t h e  f o c a l  

mechanism of  ear thquakes .  

I n  t h e  overcor ing  technique  a number of  s t r a i n  gauges 

are bonded t o  t h e  w a l l  o f  a s m a l l  d iameter  borehole  d r i l l e d  

i n t o  sound rock. These gauges r e g i s t e r  a change i n  s t r a i n  
when t h e  s e c t i o n  o f  rock con ta in ing  t h e  borehole  i s  f r e e d  

from t h e  rock mass by overcor ing  wi th  a l a r g e  d iameter  c o r e  
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b a r r e l .  Th i s  change i n  s t r a i n  i s  a f u n c t i o n  of  t h e  i n  situ 
stress f i e l d  and t h e  e l a s t i c  c o n s t a n t s  of  t h e  rock ,  The 

e l a s t i c  c o n s t a n t s  are determined by l a b o r a t o r y  t e s t i n g ,  and 

hence t h e  in s i t u  stress f i e l d  may be determined.  

A bijmpilation of  a y a i l a b l e  d a t a  by Denham and o t h e r s  

( 1 9 7 9 )  shows t h a t  t h e  whole A u s t r a l i a n  c o n t i n e n t  i s  under 

n e a r l y  h o r i z o n t a l  compressive stress, b u t  t h a t  t h e  d i r e c t i o n  

of stress i s  n o t  c o n s i s t e n t  from region  t o  r eg ion .  Within 

t h e  South W e s t  Seismic Zone, however, more d e t a i l e d  work 
(Denham and o t h e r s ,  1980) has  shown t h a t  t h e  d i r e c t i o n s  of  

p r i n c i p a l  stress as determined from in situ measurements 

and from ear thquake f o c a l  mechanisms are i n  good agreement 
and t h a t  t h e  whole r eg ion  i s  under a major h o r i z o n t a l  east- 
w e s t  p r e s s u r e ,  equ iva len t  t o  an overburden p r e s s u r e  of  about  
one k i lomet re .  S t r e s s  measurements were made i n  1 9 7 6  a t  

seven s i t e s  i n  t h e  most a c t i v e  p a r t  of  t h e  seismic zone, 

from Manmanning (Fig.  33) i n  t h e  n o r t h  t o  Popanyinning (two 

s i tes ]  i n  t h e  south .  In t e rmed ia t e  s i tes  w e r e  l o c a t e d  n e a r  

Goomalling, Meckering, Qua jab in  Peak  and Brookton. The 
lowes t  va lue  of  maximum p r i n c i p a l  stress, 4 MPa, w a s  found 

n e a r  Meckering, t h e  s i t e  of  a major ear thquake  i n  1968. 

Towards each end of t h e  t r a v e r s e  t h e  stress inc reased ,  

reaching  23 MPa a t  Manmanning and 1 9  MPa a t  Popanyinning. 

The stress r e l e a s e d  by t h e  Meckering and C a l i n g i r i  Ear th-  

quakes i s  es t imated  t o  b e  about 1 0  MPa. I f  t h i s  i s  added 

t o  t h e  4 MPa measured a t  Meckering it would b r i n g  t h e  pre-  

1968 stress i n  t h e  area up t o  t h e  average l e v e l  of stress 
€or  t h e  zone. A t  Meckering, Qua jab in  Peak and Brookton, 

where t h e  p r i n c i p a l  stress w a s  r e l a t i v e l y  low, t h e  d i r e c t i o n  
of stress w a s  v a r i a b l e  b u t  a t  t h e  o t h e r  si tes t h e  stress 
d i r e c t i o n  ranged only  between 065O and 095O. This  compares 

w e l l  wi th  0 9 l o  €or  t h e  d i r e c t i o n  of m a x i m u m  p r e s s u r e  f o r  t h e  
Meckering Earthquake ( F i t c h  and o t h e r s ,  1973) , 069O f o r  t h e  

d i r e c t i o n  o f  maximum p r e s s u r e  f o r  t h e  Cadoux Earthquake 

(Everingham and Smith,  i n  p rep . )  I and 065O t o  095O f o r  t h e  

r e s u l t a n t  displacements  of  f a u l t s  a t  Cadoux. 

T h e  d i r e c t i o n  o f  t h e  stress f i e l d  a c t u a l l y  found i n  

t h e  South W e s t  Seismic Zone i s  n o t  c o n s i s t e n t  w i t h  t h e  
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simple p l a t e - t e c t o n i c  model which sugges t s  t h a t  t h e  nor th-  

ward motion of t h e  Indian-Aust ra l ian  P l a t e  should r e s u l t  i n  

a north-south p re s su re .  Denham and o t h e r s  (19801 sugges ted  
t h a t  a p o s s i b l e  source  of  t h e  east-west compressive f o r c e  
i s  t h e  g r a v i t a t i o n a l  s l i d i n g  of t h e  A u s t r a l i a n  c o n t i n e n t  
away from t h e  north-south- t rending mid-ocean r i d g e  which 
s e p a r a t e s  t h e  Ind ian  and Afr ican  p l a t e s .  

The age of  t h e  South West Seismic Zone, as a seismic 
zone, i s  n o t  known. The g e o l o g i c a l  f e a t u r e s  noted ear l ier  
d a t e  from t h e  Archaean, and it i s  p o s s i b l e  t h a t  changes i n  
c r u s t a l  t h i ckness  began i n  P r o t e r o z o i c  t i m e s .  A t e c t o n i c  
r e c o n s t r u c t i o n  by Veevers and H e i r t z l e r  ( 1 9 7 4 )  shows t h e  
seismic zone as t h e  con t inua t ion  of  a t ransform f a u l t  
i n i t i a t e d  a t  t h e  t i m e  t h a t  I n d i a  s e p a r a t e d  from A u s t r a l i a  
about 1 2 0  m i l l i o n  y e a r s  ago. However, if t h e  cause o f  t h e  
p r e s e n t  day stress i s  i n t r a - p l a t e  buckl ing  r e s u l t i n g  from 
t h e  c o l l i s i o n  of  I n d i a  and A s i a  (Weissel and o t h e r s ,  1 9 8 0 )  

then i t  i s  probable  t h a t  t h e  s e i s m i c i t y  d a t e s  only  from 
la te  Miocene t i m e s ,  about  5 t o  1 0  m i l l i o n  y e a r s  ago. This  

1 9 7 5 )  who 
i n g  
and has  

i n t e r p r e t a t i o n  i s  supported by t h e  work o f  Cope 
has  shown t h a t  t h e  epe i rogen ic  u p l i f t  o f  t h e  D a r  

P l a t e a u  d a t e s  from mid-Miocene t o  e a r l y  P l iocene  
cont inued t o  t h e  p r e s e n t .  

Thus, as a f e a t u r e  of t h e  e a r t h ' s  c r u s t  t h e  area of  
t h e  South West Seismic Zone has  long been d i s t i n c t i v e  and 
it i s  p o s s i b l e  t h a t  p r e s e n t  s e i s m i c i t y  r e p r e s e n t s  t h e  
release o f  r e s i d u a l  s t r a i n  i n  an o l d  f r a c t u r e  zone. On t h e  
o t h e r  hand, t h e  l ack  o f  l a r g e - s c a l e  f a u l t i n g  w i t h i n  t h e  
zone and t h e  present-day stress f i e l d  sugges t s  t h a t  i t s  
s e i s m i c i t y  i s  of  r e c e n t  o r i g i n .  

H i s t o r i c a l l y  t h e  area has  only  been s e t t l e d  and i t s  
s e i s m i c i t y  recorded f o r  a l i t t l e  over  one hundred y e a r s ,  and 
it i s  only wi th in  t h e  l a s t  decade t h a t  t h e  importance of  
t h e  South West Seismic Zone has  been recognized.  There i s  

evidence t h a t  t h e  Meckering F a u l t  w a s  a r e a c t i v a t e d  o l d e r  
f a u l t  (Gordon and L e w i s ,  1 9 8 0 )  b u t  t h e  o v e r a l l  e f f e c t  of  
f a u l t i n g  i n  t h e  area i s  minor. The h i s t o r i c a l  and 
geo log ica l  evidence sugges t s  t h a t  pe r iods  o f  i n t e n s e  seismic 
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a c t i v i t y  a l t e r n a t e  wi th  long pe r iods  of r e l a t i v e  i n a c t i v i t y ,  

b u t  it i s  s t i l l  probable  t h a t  t h e  s e i s m i c i t y  of t h e  zone i s  
g e o l o g i c a l l y  of r e c e n t  o r i g i n .  

The s t y l e  of  seismic a c t i v i t y  i n  t h e  South W e s t  Seismic 

Zone, i f  t h e  pe r iod  s i n c e  1959 (when d e t a i l e d  r eco rd ing  began) 

i s  t y p i c a l ,  i s  c h a r a c t e r i z e d  by a l a r g e  number of  s m a l l  
shal low ear thquakes ,  w i th  occas iona l  l a r g e r  e v e n t s ,  b u t  with-  

o u t  pe r iods  o f  quiescence.  R i c h t e r  ( 1 9 7 1 )  desc r ibed  t h i s  a s  

cont inuous seismic a c t i v i t y  and sugges t s  t h a t  it i s  caused 

by t h e  adjustment  of  r e l a t i v e l y  s m a l l  c r u s t a l  b locks  t o  

r e g i o n a l  stress. 

E R I N G  AND CADOUX COMPARED 

I n  r e c e n t  yea r s  t h r e e  l a r g e  ear thquakes  have produced 
s u r f a c e  f a u l t i n g  and widespread p rope r ty  damage i n  t h e  
southwest  of  Western A u s t r a l i a .  The Meckering Earthquake 

of October 1 9 6 8  (ML 6 . 9 )  and t h e  C a l i n g i r i  Earthquake of  

March 1 9 7 0  (ML 5.7) have been desc r ibed  by Gordon and L e w i s  

( 1 9 8 0 ) .  These two, t o g e t h e r  w i th  t h e  Cadoux Earthquake a l l  

occur red  i n  t h e  no r the rn  h a l f  of t h e  South West Seismic Zone, 

The u l t i m a t e  cause of each of  t h e  ear thquakes ,  and of 

t h e  g e n e r a l  s e i s m i c i t y  of  t h e  South W e s t  Seismic Zone, i s  

probably t h e  mechanism of  p l a t e - t e c t o n i c  movements i n  t h e  

Indian-Aust ra l ian  P l a t e .  More d i r e c t l y ,  p l a t e - t e c t o n i c  

motions and c r u s t a l  inhomogeneity have given r i se  t o  a n e a r l y  

east-west compressive stress throughout  t h e  se i smic  zone. 

A l l  t h e  ear thquakes and minor t remors  are a r e s u l t  of t h e s e  
compressive f o r c e s ;  t hus  t h e  Meckering, C a l i n g i r i  and 

Cadoux Earthquakes can b e  seen  as i n d i v i d u a l  man i fe s t a t ions  

of a s i n g l e  under ly ing  cause.  

Fu r the r  s imi l a r i t i e s  between t h e  ear thquakes come from 
t h e i r  mechanisms. I n  each case t h e  ear thquake  i s  be l i eved  

t o  have been t h e  r e s u l t  o f  movement on an unseen f a u l t  a t  
depth  which bore  l i t t l e  obvious r e l a t i o n s h i p  t o  t h e  s u r f a c e  

f a u l t i n g .  A t  Meckering an a r c u a t e  r i g h t - l a t e r a l  t h r u s t  

f a u l t  w a s  caused by movement on an under ly ing  l e f t - l a t e r a l  

r e v e r s e  f a u l t  t r end ing  3 3 2 O  and d ipp ing  68 0 eas t  ( F i t c h  and 
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o t h e r s ,  1 9 7 3 ) ;  a t  C a l i n g i r i  t h e  s u r f a c e  f a u l t  w a s  a l e f t -  
l a t e r a l  t h r u s t  t r end ing  008' produced by movement on a deep 

l e f t - l a t e r a l  reverse f a u l t  t r end ing  337O and d ipping  7 6 O  eas t  
A t  Cadow, as w e  have seen ,  t h e  deep f a u l t  i s  r i g h t - l a t e r a l  

r e v e r s e ,  tLending 018O and d ipping  81° eas t .  Although each 
ear thquake  i s  c l a s s e d  as sha l low,  it would appear t h a t  major 

d i sp lacements  occur  only a t  depth  and t h a t  s u r f a c e  f a u l t i n g  

is  conf ined  t o  a detached cap of rock ,  N o  major change i s  

known t o  occur  i n  t h e  c r u s t  a t  a depth o f  5-10 k m ,  b u t  such 
a change seems t o  be  r equ i r ed  by t h e  s t y l e  of  f a u l t i n g  i n  

t h e  seismic zone. Such a d i s c o n t i n u i t y  might a l s o  e x p l a i n  

t h e  l ack  of  any known l a r g e  t r a n s c u r r e n t  f a u l t s  i n  t h e  zone. 

A d i f f e r e n c e  between t h e  Cadoux and Meckering Earthquakes 

i s  t h e  d i r e c t i o n  and displacement  of  t h e  under ly ing  f a u l t .  
A t  Meckering and C a l i n g i r i  l e f t - l a t e r a l  f a u l t s  t r end  nor th-  

nor thwes t  wh i l e  a t  Cadoux a r i g h t - l a t e r a l  f a u l t  t r e n d s  north-  

n o r t h e a s t .  The two d i r e c t i o n s  form a conjugate  p a i r  and 

t end  t o  confirm t h a t  t h e  seismic zone i s  made up of a number 
of s m a l l  b locks ,  w i th  seismic a c t i v i t y  t h e  r e s u l t  of  

adjustments  between t h e  b locks .  The r e l a t i v e  independence 

of  t h e  b locks  i s  shown by t h e  seismic r eco rds  of t h e  Cadoux 

and Meckering areas. I n  1 9 6 8  Cadoux w a s  s e i s m i c a l l y  a c t i v e  
i n  March and A p r i l ,  whi le  Meckering remained q u i e t .  

Conversely,  no t remors  w e r e  recorded a t  Cadoux between 
October 1968 and May 1 9 6 9  dur ing  t h e  main pe r iod  of  a f t e r -  

shock a c t i v i t y  fo l lowing  t h e  Meckering Earthquake. Seismic 

a c t i v i t y  a t  C a l i n g i r i  tended t o  fo l low t h a t  a t  Meckering 
and t h e  C a l i n g i r i  Earthquake can be  regarded as a l a r g e  and 

d i s t a n t  a f t e r shock  of t h e  Meckering event .  

The s u r f a c e  f a u l t i n g  a t  Meckering and Cadoux w a s  s i m i l a r  

i n  t h a t  t h e  types  of  s u r f a c e  expres s ion  seen  a t  Meckering 

were repea ted  a t  Cadoux along t h e  Robb F a u l t ,  even though 

t h e  Meckering F a u l t  i s  a low-angle t h r u s t  wh i l e  t h e  Robb 

F a u l t  i s  much s t e e p e r .  Scarp forms would appear  t o  be  more 
r e l a t e d  t o  s o i l  and sub- so i l  c o n d i t i o n s  than  t o  t h e  d i p  of 

t h e  f a u l t  p l ane ,  However, i n  most o t h e r  r e s p e c t s  t h e  

f a u l t i n g  i s  q u i t e  d i f f e r e n t .  A t  Meckering an a r c u a t e  main 

f a u l t  i s  accompanied by s t r o n g  r a d i a l  and chorda l  f a u l t i n g  
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which are absen t  a t  Cadoux. Equal ly ,  t h e r e  i s  no e q u i v a l e n t  

a t  Meckering of  t h e  conjugate  f a u l t  s e t  a t  t h e  no r the rn  end 

of t h e  Cadoux F a u l t  System. F a u l t i n g  a t  Cadoux and C a l i n g i r i  

i s  q u i t e  s i m i l a r ;  t h e  main f a u l t s  are only  s l i g h t l y  a r c u a t e  

and t h e  C a l i n g i r i  Chordal F a u l t  i s  probably a r e p r e s e n t a t i v e  

of a p a r t i a l l y  developed conjugate  s e t , o f  t h e  type  t h a t  i s  
w e l l  developed a t  Cadoux. 

The long-term phys iographic  e f f e c t s  of f a u l t i n g  a t  

Meckering and Cadoux are s i m i l a r .  I n  bo th  areas t h e  e f f e c t  

w a s  t o  raise t h e  e a s t e r n  block of t h e  f a u l t .  I n  d e t a i l ,  

however, t h e  l o c a l  e f f e c t s  are d i f f e r e n t ;  a t  Meckering 
t h e  Mortlock River  has  been d i v e r t e d  around t h e  mobile cap 

of rock wh i l e  a t  Cadoux t h e  d i f f e r e n t  s t y l e  of deformation 
has  r a i s e d  t h e  watershed between two d r a i n a g e  systems.  

I n  summary, t h e  ear thquakes  a t  Meckering and Cadoux 
have t h e  same u l t i m a t e  cause ,  are s i m i l a r  i n  many major 

a s p e c t s  and, t o g e t h e r  wi th  smaller t remors  which caused 

no s u r f a c e  f a u l t i n g ,  are t h e  products  o f  t h e  same p rocesses .  

I n  d e t a i l ,  however, t h e r e  are f e a t u r e s  p a r t i c u l a r  t o  each 

even t  which depend on l o c a l  cond i t ions .  

THE FUTURE 

The South W e s t  Seismic Zone has  only  been recognized as 
an earthquake-prone area f o r  about  4 0  y e a r s ,  and adequate  

r eco rd ing  of  t h e  s e i s m i c i t y  i s  only  about  20  yea r s  o l d .  The 

area has  been s e t t l e d  f o r  about one hundred y e a r s  and i n  
t h i s  pe r iod  t h r e e  damaging ear thquakes  have occurred ,  a l l  i n  
t h e  l a s t  11 yea r s .  Our knowledge of t h e  p a s t  h i s t o r y  of t h e  

s e i s m i c  zone i s  very l i m i t e d ;  consequent ly  t h e  f u t u r e  of 
s e i s m i c i t y  i n  t h e  area is  n o t  p r e d i c t a b l e ,  o t h e r  than  t h a t  

f u r t h e r  ear thquakes  can be expected t o  occur .  Recent even t s  

have spur red  r e s e a r c h ,  b u t  t h i s  i s  a long-term p r o j e c t  and 

few r e s u l t s  can be  expected immediately.  

Apparent r e t u r n  pe r iods  f o r  ear thquakes  of a given 

magnitude have been c a l c u l a t e d  by Everingham and Gregson 

(1970), b u t  t h e  d a t a  base  was s m a l l  and it cannot  b e  known 

whether t h e  p r e s e n t  a c t i v i t y ,  which i s  t h e  most i n t e n s e  f o r  
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1 5 0  y e a r s ,  w i l l  cont inue .  For a magnitude 6 ear thquake ,  

u s ing  d a t a  ga thered  p r i o r  t o  t h e  Meckering Earthquake of 

1 9 6 8  and i t s  a f t e r shocks ,  t h e  r e t u r n  p e r i o d  is  c a l c u l a t e d  t o  

be  1 7 0  y e a r s ,  b u t  i nc lud ing  t h e  Meckering shocks it f a l l s  t o  

46  yea r s .  With t h e  C a l i n g i r i  and Gadoux Earthquakes inc luded  

t h e  apparent  r e t u r n  pe r iod  would become even s h o r t e r .  The 

assumption of  t h i s  method i s  t h a t  t h e  seismic a c t i v i t y  

monitored i n  t h e  p a s t  20 yea r s  i s  r e p r e s e n t a t i v e  of  a much 

longer  pe r iod  of t i m e .  Experience i n  t h e  l a s t  1 5 0  y e a r s  

sugges t s  t h a t  t h i s  assumption i s  n o t  c o r r e c t ,  b u t  even i f  
it w e r e  c o r r e c t  t h e  r e t u r n  pe r iod  only g i v e s  us an expect-  

a t i o n ,  it cannot  p r e d i c t  t h e  occurrence  of an ear thquake.  

Cont inuing work by t h e  Bureau of Mineral  Resources on 
t h e  r e g i o n a l  stress f i e l d  may e v e n t u a l l y  be a b l e  t o  d e f i n e  

a r e a s  o f  g r e a t e s t  r i s k .  S i m i l a r l y ,  surveying  might assist  
i n  d e f i n i n g  such areas, if t h e  model f o r  ground d i s t o r t i o n  
proposed i n  t h i s  r e p o r t  i s  c o r r e c t .  But w i th  no knowledge 
of t h e  long-term behaviour  of  t h e  stress f i e l d  i n  t h e  South 

W e s t  Seismic Zone it i s  imposs ib le ,  a t  p r e s e n t ,  t o  p r e d i c t  
r e l i a b l y  t h e  magnitude, l o c a t i o n  o r  t i m e  of a f u t u r e  
ear thquake.  Even when such informat ion  i s  a v a i l a b l e  t h e  

p r e c i s i o n  w i t h  which t h e  p r e d i c t e d  ear thquake  can be 

l o c a t e d  may be  i n s u f f i c i e n t  t o  avoid t h e  damaging consequences. 

I n  some areas of  t h e  world monitor ing of  water bores  

has  been used t o  assist  i n  ear thquake  p r e d i c t i o n ,  b u t  t h e  

l i m i t a t i o n s  of t h i s  method have a l r eady  been d i scussed ,  and 

it seems u n l i k e l y  t h a t  it can be  app l i ed  i n  t h e  South West 

Seismic Zone. 

For t h e  f u t u r e  it seems f e a s i b l e  t h a t  some e f f e c t i v e  

and r e l i a b l e  s y s t e m  of  ear thquake p r e d i c t i o n  w i l l  be devel-  
oped and t h a t  ear thquake r i s k  i n  southwestern A u s t r a l i a  w i l l  
become b e t t e r  def ined .  For t h e  p r e s e n t ,  t h e  community must 

assume t h a t  damaging ear thquakes  w i l l  cont inue  t o  occur  
wi th in  t h e  seismic zone a t  i r r e g u l a r  i n t e r v a l s  and s u i t a b l e  
p recau t ions  should be taken  when e r e c t i n g  commercial o r  

domestic bu i ld ings .  
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APPENDIX I 

LOCATION OF EARTHQUAKE EPICENTRES I N  THE 

CADOUX AREA, 1 9 5 9 - 1 9 8 0  

The fo l lowing  t a b l e s  have been a b s t r a c t e d  from t h e  

Annual Reports  of t h e  Mundaring Geophysical Observatory and 

are p resen ted  t o  complete t h e  p i c t u r e  of  t h e  o v e r a l l  

s e i s m i c i t y  o f  t h e  Cadoux area. The e p i c e n t r e s  have been 

p l o t t e d  on F igu res  3 and 5 ,  b u t  it should b e  remembered 

t h a t  t h e s e  l o c a t i o n s ,  a l though t h e  b e s t  a v a i l a b l e ,  have 

been in s t rumen ta l ly  determined and are only  a c c u r a t e  t o  a 
r a d i u s  of 5 km. This  a p p l i e s  p a r t i c u l a r l y  t o  t h e  smaller 
tremors of  ML 1 3 . 0 .  

be ing  c o n t i n u a l l y  updated,  bu t  p r i o r  t o  1 9 7 8  it was n o t  

p o s s i b l e  t o  a c c u r a t e l y  determine t h e  depth  of focus of  an 

ear thquake.  

The equipment a t  t h e  obse rva to ry  i s  
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TABLE 9 .  EARTHQUAKES I N  THE CADOUX AREA, 1 9 5 9  TO 1 9 7 8  
(ML > 2.0)  

Date Origin time Epicentre 
0 0 

ML (U. T. I Lat. S Long. B 

NOTE: Between 1959 and 1966 no tremors were recorded within a radius 
of 25 km of Cadoux. 

1966 

Oct 3 21 39 24 

1968 

Feb 22 

Mar 25 

25 

25 

25 

27 

27 

29 

29 

29 

31 

Apr 02 

05 

05 

05 

07 

08 

08 

08 

10 

18 

May 22 

27 

1969 

04 40 10.5 

02 50 31 

03 21 26 

03 22 45 

09 35 49 

03 57 28 

06 34 11 

06 40 08 

06 47 23.5 

15 51 58.8 

00 12 24 

18 53 46.4 

19 01 47.6 

19 48 24 

23 30 55 

06 54 18.7 

01 44 55.4 

01 48 11.8 

01 53 40.8 

22 10 19 

23 27 41 

09 34 48 

06 46 04 

May 16 04 22 47.9 

19 15 29 

30.6 

30.8 

30.75 

30.75 

30.73 

30.75 

30.72 

30.67 

30.75 

30.8 

30,8 

30.72 

30.8 

30.8 

30.72 

30.75 

30.8 

30.8 

30.8 

30.8 

30.84 

30.70 

30.70 

30.75 

30.9 

30.34 

117.2 

117.3 

117.24 

117.24 

117.22 

117.24 

117.19 

117.12 

117.24 

117.3 

117.3 

117.19 

117.3 

117.3 

117.19 

117.24 

117.3 

117.3 

117.3 

117.3 

117.36 

117.16 

117.16 

117.24 

117.2 

117.17 

3.6 

4.0 

2.8 

2.4 

2.8 

2.9 

2.6 

3.2 

2.6 

3.2 

3.1 

2.9 

3.4 

3.0 

2.7 

2.9 

3.5 

4.4 

3.7 

3.2 

2.9 

3.3 

3 . 5  

2.9 

3.7 

2.7 
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TABLE 9. EARTHQUAKES IN THE CADOUX AREA, 1959 TO 1978 (cont'd) 

Date O r i g i n  t i m e  E p i c e n t r e  
0 

ML Long.  E 0 (U. T) L a t .  S 

Jun 26 

26 

26 

J u l  27 

27 

27 

27 

27 

Aug 21 

oct 22 

22 

23 

23 

Nov 01 

08 

1972 

Jan  25 

30 

Feb 01 

02 

18 

18 

24 

24 

24 

26 

A p r  01 

02 

Nov 08 

09 

27 

00 37 

00 38 09.2 

06 45 

08 37 

09 20 47.3 

12 46 

12 54 

14 04 

23 57 04.0 

20 17 

20 26 

12 05 16.7 

12 13 

05 53 

08 46 

11 37 54.6 

02 10 25 

04 15 28 

18 20 34 

07 58 43 

08 23 52 

02 16 22 

06 51 32 

14 37 16 

11 15 40 

15 37 18 

23 45 08 

22 54 48.8 

21 11 39.5 

06 45 08 

30.76 

30.76 

30.76 

30.72 

30.95 

30.88 

30.87 

30.75 

30.75 

30.77 

30.77 

30.88 

30.79 

30.75 

30.78 

30.85 

30.89 

30.90 

30.90 

30.84 

30.83 

30.86 

30.90 

30.90 

30.81 

30.85 

30.85 

30.90 

30.90 

31.00 

117.21 

117.28 

117.21 

116.94 

117.10 

117.15 

117.13 

116.95 

117.16 

117.03 

117.03 

117.13 

117.09 

117.02 

117.14 

117.10 

116.98 

117.06 

117.06 

116.88 

116.89 

116.98 

117.05 

117.05 

117.02 

116.98 

116.98 

117.20 

117.20 

117.20 

2.9 

3.4 

2.9 

2.6 

4.2 

2.9 

2.9 

2.4 

3.2 

2.9 

2.8 

2.7 

2.8 

2.7 

2.5 

3.0 

2.4 

2.7 

2.0 

2.9 

2.3 

2.2 

2.4 

2.2 

3.3 

2.1 

2.1 

3.0 

2.7 

2.2 
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TABLE 9 .  EARTHQUAKES I N  THE CADOUX EREA, 1959  TO 1 9 7 8  (cont 'd) 

~- _ ~ _  
O r i g i n  t i m e  E p i c e n t r e  

ML Long. * E 0 
Date 

(U, !l': 1 Lat. S 

1973 

Feb 16 

17 

28 

Mar 19 

25 

31 

Jun 29 

Sep 23 

1974 

May 12 

Sep 04 

04 

05 

07 

09 

Oct 03 

03 

Nov 05 

1975 

Jan  21 

May 01  

Auy 23 

Sep 04 

19 

Oct 25 

Dec 06 

1976 

Mar 04 

May 11 

13 26 46.4 

14 27 28.1 

22 42 06.3 

00 28 20.5 

06 14 16.8 

11 07 21.6 

13 52 41.2 

09 09 05.0 

15 49 46.3 

23 17 42.4 

23 20 30.4 

21 31 37.1 

12 23 55.4 

09 42 05 

04 12 27.2 

20 41 49.3 

20 24 50.1 

01 50 07.5 

13 33 15.7 

19 23 00.3 

20 41 09.7 

12 54 46.0 

16 50 38.5 

15 28 46.3 

16 09 03.9 

09 26 49.0 

30.91 

30.97 

30.90 

30.96 

30-92 

30.90 

30.82 

30 90 

30.83 

30.79 

30.79 

30.76 

30.82 

30.8 

30.77 

30.78 

30.65 

30.83 

30.90 

30 ~ 77 

30.77 

30.76 

30.77 

30.93 

30.9 

30,9 

112 

117.14 

117.22 

117.08 

117.13 

117.03 

117.10 

116.90 

117.10 

117.01 

116.97 

116.97 

116.91 

115.97 

117.0 

116.96 

116.97 

117.16 

117.08 

117.13 

116.90 

116.90 

116.92 

116.96 

117.09 

117.0 

117.09 

2.3 

2.5 

2.8 

2.2 

2.1 

2.2 

2.3 

2.2 

2.7 

4.5 

3.9 

2.7 

2.3 

2.2 

2.9 

3.1 

3.1 

2.9 

3.1 

3.5 

2.5 

2.6 

2.2 

2.1 

2.0 

2,5 



TABLE 9 .  EARTHQUAKES I N  THE CADOUX AREA, 1 9 5 9  TO 1 9 7 8  (cont 'd )  

Date O r i g i n  t i m e  E p i c e n t r e  
1 (U, T. 1 Lat. O:: Long. O E' M 

1977 

May 10 10 38 50.3 30.75 116.88 2.3 

10 12 52 28.5 30.75 116.88 2.0 

Sep 30 11 48 13.7 30.5 117.2 2.2 

1978 

O c t  28 03 26 01.4 30.90 117.23 3.6 
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TABLE 1 0 .  THE CADOUX EARTHQUAKE SWARM O F  1 9 7 9 - 1 9 8 0  (PIL > 3 . 0 )  
( a f t e r  Gregson, 1 9 8 0 )  

Remarks  E ? c e n t r e  D e p t h  B 0 ( U .  T .  ) L a t .  s L o n g .  E (km) M~ 
Or$gin t i m e  Date 

2979 

Mar 13 

14 

14 

15 

Apr 06 

May 10 

Jun 0 1  

01 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

07 29 42.1 

23 45 46.8 

23 49 04.6 

17 34 45.7 

21 47 23.5 

19 33 16.8 

21 54 02.9 

22 38 28.9 

01 34 55.4 

02 13 35.3 

02 13 50.0 

03 11 51.3 

09 48 01.0 

10 00 17.8 

10 05 31.9 

10 09 21.9 

10 16 52.9 

10 33 11.9 

10 37 21.8 

10 40 53.7 

10 44 22.8 

11 04 57.2 

11 36 09.6 

11 47 52.8 

12 27 28.0 

17 08 54.6 

17 30 39.8 

19 24 44.9 

20 08 31.0 

21 00 30.9 

21 28 49.5 

30.85 

30.88 

38.88 

30.88 

30.80 

30.91 

30.83 

30.86 

30.85 

30.85 

30.85 

30.87 

30.83 

- 
- 

- 
- 
- 
- 
- 
- 

30.80 
- 

30.78 

30.72 

30.79 
- 

30.77 

30.80 

30.77 

30.76 

117.20 

117.18 

117.18 

117.18 

117.09 

117.17 

117.17 

117.15 

117.16 

117.14 

117.14 

117.16 

117.15 

- 
- 

- 
- 
- 
- 
- 
- 

117.21 
- 

117.24 

117.13 

117.16 

- 
117.25 

117.21 

117.23 

117.20 

114 

16 

12 

12 

12 

12 

8 

17 

12 

10 

16 

16 

8 

15 

- 
- 
- 
- 
- 
- 
- 
- 
13 
- 
7 

10 

13 

- 
17 

4 

13 

4 

3.9 

3.7 

3.2 

3.1 

3.0 

3.1 

5.2 

3.3 

3.8 

3.4 

3.4 

3.0 

6.2 

3.7 

3.3 

3.0 

3.4 

3.0 

3.6 

3.6 

3.3 

4.1 

3.3 

3.8 

3.4 

3.7 

3.5 

3.4 

3.2 

3.3 

3.0 

F e l t  MMIII 

F e l t  MMIV 

F e l t  MMIII 

P r i n c i p a l  
foreshock,MMVI 

Main 
earthquake ,MMIX 



TABLE 10. THE CADOUX EARTHQUAKE SWARM O F  1 9 7 9 - 1 9 8 0  (cont'd) 

Remarks  Origin t i m e  E p i c e n t r e  D e p t h  
0 (U. T. J ~ a t . ' S  Long. E ( k m i  M~ Date  

Jun 03 04 21 33.0 

03 07 45 34.5 

03 20 54 13.4 

04 04 13 16.3 

04 06 03 30.3 

04 14 30 41.4 

04 16 27 03.3 

05 00 23 10.3 

05 10 25 36.5 

05 11 33 32.5 

06 05 04 29.5 

06 06 17 32.9 

06 17 36 53.1 

07 06 45 16.1 

07 22 33 30.4 

10 18 24 52.6 

12 02 23 15.0 

12 22 15 10.9 

14 21 31 43.1 

15 16 18 54.9 

18 05 03 49.2 

22 19 53 49.4 

25 11 40 51.3 

27 01 58 51.0 

J u l 1 6  23 50 35.3 

Rug 06 17 13 08.8 

07 00 20 40.0 

23 21 36 49.2 

26 07 00 43.3 

Sep 08 11 18 07.3 

10 09 01 07.4 

21 10 49 31.9 

Oct 11 04 04 11.7 

30 ~ 87 

30.77 

30.78 

30.84 

30.81 

30.86 

30.75 
- 

30.85 

30.86 

30.84 

30.78 

30.73 

30.81 

30.73 

30.78 

30.86 

30.87 

30.85 

30.87 

30.79 

30.84 

30.84 

30 80 

30.75 

30.80 

30.76 

30.76 

30.79 

30.79 

30.72 

30.74 

30.79 

117.13 

117.17 

117.14 

117.21 

117.11 

117.19 

117.16 
- 

117.18 

117.18 

117.16 

117.23 

117.16 

117.16 

117.16 

117.19 

117.18 

117.16 

117.09 

117.13 

117.19 

117.08 

117.08 

117.17 

117.19 

117.13 

117.13 

117.07 

117.19 

117.21 

117.21 

117.12 

117.15 

11 5 

15 

10 

14 

12 

6 

(10)  

(10) 
- 
7 

7 

12 

12 

14 

12 

9 

12 

(10) 

13 

13 

19 

11 

23 

15 

5 

3 

15 

(0) 

19 

4 

3 

13 

12 

15 

3.1 

5.3 Major 
af tershock,  MMVI 

3.5 

3.3 

3.1 

3.1 

3.0 

3.3 

3.1 

3.0 

3.3 

3.1 

3.5 

5.5 Major 
aftershock * 

4.0 

4.3 Fe l t  MMV 

3.1 

3.1 

3.5 

3.1 

3.1 

3.4 

3.3 

3.0 

3.1 

2.9 

3.0 

3.0 

3.1 

2.9 

3.3 

3.1 

4.8 F e l t  MMV 



TABLE 10- THE CADOIJX EARTHQU E SWARM OF 1979-1980 (cont'd) 

-- _ ~ ~ _ _ _ I - - -  

Dec 11 02 50 57. L 30.97 117.19 12 3.1 

17 09 54 C n ? . 3  30 (. 95 117.20 12 3.9 

20 19 47 42-7 33.82 117.19 12 3.3 

20 20 14 38.1 33.92 117.20 18 3.4 

26 18 4; 1 ) *  30.74 117.16 3 3.0 

2980 

Jan 28 19 35 34 .7  30.83 117.21 3 2.9 

Feb 06 17 17 11.5 30.82 117 * 23 3 3.2 

A p r  05 04 58 38.0 30.87 117-16 5 3.1 

Jun 01 07 22 30.3 30.85 II?. 18 13 3.7 Felt MMU 

11 6 



TABLE 11. MINOR EARTHQUAKES I N  THE GADOUX m G I O N ,  197(l-L983 
CML 1 . 9 - 2 . 9 )  ( a f t e r  Gregson, 1980) 

__ 

3 ~ i ~ ~ L f i  t i m e  I -  L Date ( U .  T .  1 Date  (U. 9.1 ML O r i g i n  t i m e  

1979 

Mar 09 

13 

15 

15 

16 

A p r  03 

Jun 01 

01 

01 

01 

01 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

07 34 57.7 

08 28 48.6 

03 14 55.1 

05 57 48.0 

09 38 27.0 

16 20 45.4 

22 06 02.2 

22 11 42.6 

22 16 07.9 

22 22 09.4 

22 38 38.4 

00 27 34.0 

00 27 47.2 

00 50 50.4 

01 46 50.4 

07 19 58.1 

12 11 22.0 

12 20 15.5 

12 31 42.9 

12 38 11.7 

12 59 50.1 

13 00 26.3 

14 18 21.8 

14 51 43.5 

15 48 20.0 

16 11 33.1 

17 19 46.8 

17 47 26.9 

18 10 23.0 

18 12 00.9 

18 53 50.7 

19 21 34.6 

2.4 

2.2 

2.3 

2.1 

2.2 

2.1 

2.1 

2.2 

2.3 

2.7 

2.4 

2.0 

2.7 

2.7 

2.6 

2.3 

2.2 

2.5 

2.6 

2.5 

2.4 

2.6 

2.3 

2.4 

2.4 

2.4 

2.8 

2.5 

2.3 

2.4 

2.5 

2.2 

Jun 02 19 47 34.1 

02 19 48 48.7 

02 21 35 25.9 

02 22 10 12.9 

02 22 15 12.9 

02 22 26 12.6 

02 22 26 32.6 

02 23 22 23.2 

03 00 01 57.5 

03 01 19 44.0 

03 03 01 23.0 

03 03 07 29.3 

03 03 20 42.6 

03 03 36 16.8 

03 03 57 25.8 

03 09 54 40.7 

03 3.1 11 09.9 

03 11 12 54.4 

03 15 20 58.0 

03 16 34 08.9 

03 17 13 57.9 

03 19 17 39.3 

04 02 26 02.2 

04 02 46 42.7 

04 03 52 39.7 

04 06 24 17.7 

04 09 22 14.8 

04 12 58 38.4 

04 13 31 51.8 

04 14 14 03.9 

04 14 16 13.8 

04 19 39 30.5 

117 

2.3 

2.2 

2-9 

2.5 

2.6 

2.4 

2.7 

2.2 

2.4 

2.3 

2.4 

2.5 

2.4 

2.3 

2.4 

2.9 

2.8 

2.3 

2.4 

2.2 

2.8 

2.8 

2.9 

2.7 

2.8 

2.6 

2.1 

2.5 

2.7 

2.7 

2.8 

2 .o  



TABLE 11. MINOR EARTHQUAKES I N  THE CADOUX R E G I O N ,  1979-1980  
(cont ' d )  

ML O r i g i n  t i m e  
fU.T.1 Date  ML O r i g i n  t i m e  

(U. T .  1 Date  

Jun 05 

05 

05 

05 

05 

05 

05 

06 

06 

06 

06 

07 

07 

07 

07 

07 

07 

07 

08 

08 

08 

08 

10 

11 

12 

12 

13 

13 

15 

15 

16 

17 

18 

19 

01 26 18.0 

04 51 19.7 

06 57 13.1 

09 00 31.5 

13 35 02.9 

18 57 45.3 

19 26 21.1 

00 43 27.7 

06 09 58.3 

18 19 28.3 

23 03 58.2 

00 59 38.8 

07 03 13.3 

07 47 40.9 

14 41 49.6 

16 59 23.2 

23 18 13.1 

23 38 10.8 

00 28 33.3 

09 48 02.3 

13 08 40.4 

16 44 49.5 

01 20 53.6 

11 56 48.8 

12 58 21.5 

22 25 31.9 

10 34 04.6 

11 38 33.9 

05 19 07.9 

23 24 25.3 

14 35 02.6 

03 27 44.1 

08 54 24.1 

19 21 28.5 

2.6 

2.4 

2.3 

2.3 

2.4 

2.7 

2.9 

2,3 

2.4 

2.1 

2.1 

2.4 

2.4 

2.4 

2.4 

2.6 

2.5 

2.4 

2.7 

2.5 

2.5 

2.0 

2.4 

2.3 

2.3 

2.1 

2.2 

2.7 

2.3 

2.7 

2.3 

2.1 

2.5 

2.8 

Jun 19 

20 

21 

21 

22 

23 

24 

25 

25 

25 

30 

Jul 03 

04 

05 

08 

12 

17 

19 

22 

26 

26 

28 

28 

Aug 02 

04 

06 

07 

08 

08 

08 

12 

14 

15 

19 

23 21 43.1 

21 37 17.1 

11 59 59.1 

17 56 20.1 

07 28 26.7 

10 01 04.2 

00 28 53.6 

07 02 14.6 

11 16 20.6 

20 11 40.9 

18 42 29.1 

00 32 54.3 

01 44 22.5 

11 01 34.5 

03 09 20.7 

19 25 57.5 

18 27 52.3 

02 06 25.2 

15 14 58-9 

07 55 48.6 

12 27 08.9 

05 34 42.0 

12 07 21.8 

08 10 27.9 

20 01 24.0 

16 48 16.1 

14 06 27.4 

02 02 40.5 

07 06 01.9 

07 07 37.5 

23 05 16.6 

08 28 21.3 

12 46 37.8 

03 29 27.5 

2.3 

2.4 

2.0 

2.0 

2.4 

2.2 

2.5 

2.1 

2.7 

2.4 

2.1 

2.0 

2.1 

2.4 

2.1 

2.7 

2.5 

2.3 

2.7 

2.9 

2.5 

2.1 

2.1 

2.0 

2.1 

2.0 

2.1 

2.3 

2.0 

2.0 

2.0 

2.3 

2.8 

2.0 
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TABLE 11. MINOR EARTHQUAKES IN THE CADOUX REGION, 1979-1980 
(cont d) 

L Date Origin time M 
(U. i". ) M.L Origin time 

(U. T. Date 

A u g  20 04 51 44.6 

28 07 16 56.6 

29 21 11 37.5 

Sep 10 05 58 06.9 

13 17 47 52.6 

15 13 13 24.2 

20 13 26 54.8 

oct 02 02 22 42.6 

06 11 22 54.3 

17 09 38 33.2 

23 06 30 14.3 

27 18 10 06.8 

Nov 02 11 23 07.6 

03 16 58 23.5 

10 15 33 55.2 

13 02 24 14.0 

14 18 26 14.1 

15 11 29 44.1 

22 22 37 11.5 

Dec 10 07 31 22.3 

11 04 44 07.1 

11 05 02 33.1 

12 06 37 52.2 

17 10 35 48.0 

17 10 36 05.1 

21 05 57 40.3 

21 06 03 10.3 

2.3 

2.5 

2.0 

2.2 

2.3 

2.0 

2.4 

2.0 

2.3 

2.1 

2.4 

2.3 

2.1 

2.0 

2.0 

2.1 

2.5 

2.0 

2.6 

2.5 

2.5 

2.1 

2.1 

2.1 

2.3 

2.5 

2.8 

Dec 26 

29 

31 

2 980 

Jan 04 

04 

04 

10 

21 

22 

Feb 06 

07 

11 

M a r  08 

May 04 

06 

14 

16 

25 

28 

30 

31 

Jun 02 

14 

20 

20 

27 

16 09 03.5 

17 13 27.0 

17 35 37.5 

14 27 35.6 

15 35 11.1 

15 41 05.0 

12 57 17.9 

20 09 34.5 

05 29 37.2 

16 57 37.0 

02 26 54.4 

06 29 23.3 

19 39 - 
06 23 04.0 

00 27 13.6 

08 30 48.8 

15 44 31.0 

23 48 12.7 

21 03 37.6 

16 49 29.9 

10 30 10.4 

04 34 18.5 

10 10 14.8 

03 29 46.9 

10 26 37.1 

02 00 02.0 

2.6 

2.3 

2.5 

2.3 

2.5 

2.4 

2.3 

2.3 

2.3 

2.0 

2.5 

2.4 

2.0 

2.3 

2.2 

2.6 

2.1 

2.4 

2.3 

2.1 

2.5 

2.6 

2.1 

2.0 

2.0 

2.3 
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APPENDIX 11 

RELEYELLING OF BENCHMARKS I N  THE 

CADOUX-KOORDA AREA 

The r e l e v e l l i n g  of benchmarks along t h e  main PWD 

water-supply p i p e l i n e  i n  t h e  v i c i n i t y  of  Cadoux w a s  
undertaken by t h e  Aus t r a l i an  Survey O f f i c e  i n  J u l y  1 9 7 9 .  

A f t e r  encouraging r e s u l t s  from t h i s  work t h e  survey w a s  

extended i n  March 1 9 8 0 ,  w i th  t h e  a s s i s t a n c e  of  t h e  Western 

A u s t r a l i a n  Lands and Surveys Department. Absolute  h e i g h t  

de te rmina t ions  w e r e  made i n i t i a l l y  on t h e  assumption t h a t  

t h e  benchmarks K D 8 0  t o  KD73, which maintained t h e  same 
r e l a t i v e  h e i g h t s  a s  t h e  o r i g i n a l  survey of  1963-4, had n o t  

been d i sp laced .  This  w a s  l a t e r  suppor ted  by inco rpora t ing  

a new t r a v e r s e  between K 8  and K D 9  which showed t h a t  KD6 

t o  KD9 had n o t  been d i sp laced .  

I n  February 1 9 8 1  t h e  survey w a s  extended south  t o  

Cunderdin by R. Payne and 6. Lockhart  of t h e  Department of 

Surveyicg,  Western Aus t r a l i an  I n s t i t u t e  of  Technology, t o  

g ive  a complete traverse of t h e  a f f e c t e d  area from n o r t h  

t o  south .  

The benchmarks surveyed by t h e  A u s t r a l i a n  Survey Of f i ce  

are shown i n  F igure  54, and t h e  complete l e v e l l i n g  r e s u l t s  
i n  Tables  1 2  and 1 3 .  

1 2 0  
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TABLE 12. RELEVELLING O F  BENCHMARKS LN T H E  CADOUX-KOORDA 
AREA ( J U L Y  1 9 7 9  AND MARCH 1 9 8 0 )  

O r i g i n a l  l e v e l  ( 1 9 6 3 )  Adopted  
(m above MSL a t  l e v e l  (19801 D i f f e r e n c e  

F r  e man t l e) (ml (ml 

Benchmark 

KD80 

KD79 

KD78 

KD7 7 

KD76 

KD75 

KD74 

KD7 3 

KD7 2 

KD71 

KD70 

CK6 8 

CK6 7 

CK66 

CK6 5 

CK6 4 

CK6 3 

CK6 2 

CK6 1 

CK60 

CK59 

CK5 8 

CK5 7 

CK56 

CK55 

CK54 

CK5 3 

CK5 2 

CK51 

CK50 

CK49 

310.586 310.586 

306.198 306.198 

304.716 304,716 

295.068 295.068 

297.407 297.407 

305.408 305.408 

312.836 312.836 

326,739 326.739 

337.618 337.618 

354.712 354.725 

386.984 387.087 

Traverse i n t e r s e c t e d  by t h e  Tank Fau l t  

388.372 

364.375 

360.060 

363,640 

359.131 

373.805 

379.598 

371.739 

364.247 

393.475 

373.690 

359.887 

337.689 

326.234 

324.104 

304.693 

308.234 

329.087 

326.104 

308.431 

388.958 

364.415 

360.152 

363.733 

359.243 

373.910 

379.725 

371.979 

364.438 

393,722 

373,862 

360.036 

337.840 

326.342 

324.206 

304.794 

308.367 

329,247 

326.245 

308.577 
122 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 * 000 

+0.013 

+0.103 

+O. 586 

+O. 040 

+O. 092 

+0.093 

+O. 1 1 2  

+O. 105 

+0.127 

+O. 240 

+o. 191  

+O. 247 

+O. 172 

+ O .  149 

+O. 151  

+O. 108 

+o. 102 

+0.101 

+O.  133 

+O. 160 

+O. 141  

+O .146 



TABLE 12. RELEVELLING O F  BENCHMARKS I N  THE CADOUX-KOORDA 
AREA (cant'd) 

O r i g i n a l  l e v e l  ( 1 9 6 3 )  Adopted 
Benchmark (m above  MSL a t  l e v e l  ( 7 9 8 0 1  Difference 

F r e m a n t l e )  (ml (mi 

CK49 

CK48 

CK47 

CK46 

CK45 

CK44 

CK4 3 

K l  

K2  

K3 

K4 

K5 

K6 

K7 

K 8  

K9 

K l O  

K l 1  

K12  

K13 

K14 

K15 

K16 

K17 

K 1 8  

K19 

K2 0 

K 2 1  

UC64 

K2 2 

K2 3 

308.431 308.577 +O. 146 

295.436 295.621 +O. 185 

289.159 289.331 +O.  1 7 2  

285.338 285.451 +O. 113 

306.340 306.529 +O. 189 

307.967 308.064 +0.097 

309.773 309.867 +O. 094 

(For c c n t i n u a t i o n  of t h i s  l i n e  see Table 13) 

365,794 

343.611 

320.586 

313.341 

303.880 

302.356 

300.031 

305.667 

316.204 

346.358 

364.182 

357.601 

337.109 

318.212 

300.844 

297.391 

314.469 

300.027 

316.139 

330.065 

352.596 

358.464 

357.820 

363.904 

366.043 

343.883 

320. a75 

313.612 

304.185 

302.691 

300.386 

306.018 

316.543 

346.618 

364.444 

357.886 

337.416 

318.548 

301,190 

297.724 

314.752 

300.314 

316.383 

330.279 

352 754 

358,642 

357.973 

364.053 

123 

+O. 249 

+0.272 

+O. 289 

+0.271 

+O -305 

+O. 335 

+ O .  355 

+O.  351 

+O. 339 

+ O .  260 

+O. 262 

+0.285 

+O. 307 

+O. 336 

+O. 346 

i0 .333  

+ O .  283 

4-0.287 

+O. 244 

+O. 214 

+O. 158 

+O. 178 

+0.153 

iO.149 



TABLE 12, WLEWLLING OF B E N C H ~ ~ ~ S  IN THE CADOUX-KOORDA 
AREA Ccont'd) 

Benchmark 

UC64 

UC65 

UC66 

UC6 7 

UC68 

UC69 

UC70 

UC71 

UC72 

uc73 

uc74 

uc75 

UC76 

uc77 

UC78 

uc79 

UC80 

UC81 

uca2-uca4 

KD15 

KD9 

KD8 

KD7 

KD6 

Or{g, inal  l e v e l  I 1 9 6 3 1  A d o p t e d  
I m  above MSL a t  l e v e l  119801 Difference 

Freman t l e  1 (m) ( m i  

358.464 358.642 +0.178 

343.780 344.004 +O. 224 

325.473 325.688 +O. 215 

319.528 319.704 +O .176 

324.483 324.667 +0.184 

322.155 322.354 +o. 199 
351.513 351.693 +0.180 

349.705 349.882 +0.177 

327. a31 328.030 +o. 199 
330.802 331.097 +O. 295 

336.546 336.745 +o. 199 
335.738 335 -907 +O -169 

358.114 358.284 +O. 170 

367.120 367.282 +O. 162 

Not found - - 
340 315 340.392 +O. 177 

New B.M. ,HV104 357.289 - 
368.851 369.001 +O. 150 

N o t  found - - 
396.166 396.166 0.000 

318.634 318.634 0.000 

326.395 326 395 0.000 

347.541 347.541 0.000 

339.122 339.122 0.000 

1 2 4  



TABLE 13 .  RELEVELLING O F  BENCHMARKS I COWCOWING LAKES TO 
CUNDERDIN CFEBRUARY 19 81) 

O r i g i n a Z  ZeveZ (19631 Adopted Ben c hmar k (m above  MSL at ZeveZ (1981) Difference 
Freman t Z e )  (m) (rn) 

CK42 337.203 337.276 +O. 073 

CK41 336.683 336.753 + O .  070 

CK40 332.369 332.432 +0.063 

CK3 9 312,917 313.040 +O. 063 

CK38 301.830 301.897 +O. 067 

CK3 7 305,265 305.304 + O .  039 

CK36 314.271 314.334 +0.063 

CK3 5 324,893 324.932 + O .  039 

CK34 341 ~ 629 341.659 +O -030 

CK3 3 320.086 320.131 +O. 045 

CK32 329.771 329.806 +O. 035 

CK3 1 B.M. d isplaced - - 
CK30 

CK29 

CK2 8 

CK2 7 

CK2 6 

CK2 5 

CK2 4 

CK2 3 

CK2 2 

CK2 1 

CK20 

CK19 

CK18 

cKl7 

CK16 

CK15 

CK14 

cKl3 

cKl2 

C K l l  

304.578 

289.302 

268.108 

261.037 

255.070 

250,658 

246,328 

245,713 

254.919 

no t  found 

276.631 

297.385 

288.602 

295.065 

no t  found 

283.697 

275.126 

290.847 

305.887 

284,203 

304.637 

289.348 

268.158 

261.085 

255.113 

250.709 

246.390 

245.783 

254.973 

- 
276.669 

297.404 

288.612 

295.048 

- 
283.695 

275.118 

290,837 

305 876 

284.188 

1 2 5  

+ O f  059 

+O. 046 

+ O .  050 

+ O .  048 

+ O .  043 

+O. 051 

+0.062 

+O. 070 

+ O .  054 

- 
+O. 038 

+o. 019 

+o. 010 

-0.017 

- 
-0,002 

-0.008 

-0.010 

-0.011 

-0.015 



TABLE 13 .  RELEVELLING O F  BENCHMARKS, COWCOWING LAKES TO 
CUNDERDIN (cont'd) 

Original level 119631 Adopted 
(m above MSL at l e v e l  (19811 Difference 

Fremantle1 (m 1 (m) 
Benchmark 

CKlO 

CK9 

CK8 

CK7 

CK6 

CK5 

CK4 

CK3 

CK2 

C K l  

262.345 

255.360 

247.782 

251.248 

n o t  found 

228.884 

215.525 

211.439 

211.499 

n o t  found 

262,327 

255.343 

2 4 7 , 7 6 3  

251.232 

- 
228.865 

215.508 

211.426 

211.488 

-0.018 

-0.017 

-0.019 

-0.016 

- 
-0.019 

-0.019 

-0.017 

-0.013 

1 2 6  
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