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ln !n. ioen S.e oss

n a l o r t r y . r  o u t b u r 3 r s  h N €  ! e -

f €n l t 3 ,  i r neo { r  dy t . a  and  611 l s ,

3 ton .  160 f  r on . . .  sdn . . f r b l . r r l on  o f  t h€se i

. r .  de ro .n€d . r t n . l ! , 1 I y  by  r -

s  r r . nd tnq ,  . .B t . r l v  d l r p l ne  t h ru r t s  p res l ned  ro

b .  a3 ro . t a ted  e t r h  t h .  n . Jo . ,  r ev€ i . e  Co l l r ns -

v l l l .  f ' r l t .  n re  o l d  c . t l t . ! v l l l .  sh r .  n rne

lnd  . t r t l € - . l t p

f a t r l t .  hnv .  r €en  co iFon  r i r e6  o f  ou tbu . s t s .  r n

.on t . aB t ,  n . rFa l  f . u l t .  n r v .  no t  be . i  ou tbu . . r -

dppln8 tn Bouen No. ?

co l l l . r y  5 ' l  e . . t  . n r l  { € . t  pan . r !  ha .  been

!h .  hanq rn .  v6 r r

o r  6 .1  h  t h rou .  Th .  r i . oc ra t . d  ah€d red .o ' l  h . e

b .en  d€ r t n€d  a .d  34€ .d1  l . . c t u r€  . . . .  d . l r n -

€d red .  sh . . r ed  coa r  c , .  b€  ob r . r v€d  rp  r o  170  n

f r on  t h t3  r h ru . r  1a  d .penden !  o .

con ren t  o f  t h .  ! ppe !  s . e  . . c t r on

h . ked .  pv l d€ . ce  l nd t c , t . r  t h . t  ou t5u r . t 3  h , v€

ln  ex r ren€ l y  she l r €d  co . t .

cu r t o t r r  .Dhe r1c . l -  t o  cy t l nd r t c r l - . h ! ped

coa l  ob j . 4 r  ( ' . r ,D1e3 "  , nd  i i r od . r ' )  , r . . . t . t ed

to  t he  d . f o . r , t l o .  1 .  r he  w l . l n t t y  o f  r he  t h .us r

zone, The frequ.ncy of rodr rr6€s frm 0 ..

300  n ,  t o  t  p€ r  n f t r .  a r  I t 0  i , . nd  ! o  2 .5 - r . 5

De .  n€ t r€  a t  l n  n  f rm  t h€  , on . .
-Sentor 

Re8earch s.t.n.t.t.

c s IRo ,  I ns t t l u re  o f  [ a r t h  ReEou rces ,  D l v r s l ono f

P.0. Box r35, NoRTti RYDD, NSH

Th€  e€ r t ,  d . r . . t r on  o f  r he . r . d  coa t  , nd

o f  .  t . chn rqu .  f o r . b l ec r r v . l ,

a63 .d r l ns  t he  d . f l . . e  o f  sh . . r t nq  a r€  l npo r r . . t

o l  f d r . c6a t t nN  ou tbu rs t - p rone

P .€ l l h t n . . y  r . . u r t r  d r  n l c106 .op rc  and

r r r . r u re  n .pp lns  t e .hn tqu€ .  a re  d i ' cu . . €d .

. oa r  ex t r , . t l on  a t  1ev . l .  d . ep . r  t h . .  tR0

n  t n  t h€  Bo {en  s . .F  o f  t h .  co l t t nd l l l .  co . t

h tnd€ r€d  by  t n r t 6n r , n€o !a  ou !_

bu r . t .  o f  c . a l  , nd  ca rbon  d i o : t de  (F . r n r . vG ! l

l g t n ,  l 96 l  r nd  1967 ) .  T t€se

. rop  . t  t he  . o r i h . r n  ! 1p  o f  r h .  D .e€n  l . r r n r  r n€

o r  eh l ch  r !  r r un . . t . d  by  a  t ! r se

co t l l nd i r t .  Fdu l t
(F tq .  l ) .  f t .  r h re  o f  t h l !  f . u l t  r .  cond rd . r r o

? l l  n  ( r . bb  . nd  c r l pp ,  ! 960 ,

p .  t 9 t  M € n e . I ,  I 9 7 t ,  p . i 7 ) .

t h€  t nv€ ! r t sa r l on r  r epo r t . d  1 .  t h r s  p ,p . r

ou r  1 .  r he  Bo@.  No .2  r r . e ,

rhe noe.n sean h.tre€n !rc

p r . . 6€d  t o  b€  r . . oc r ' r €d  v l r h  r h€

co r l l nd l t l e  Fau r t  (F iB .  2 ) .  T t l !  3 . ' n  1 .

r €L t r v€ l y  s t e . r l y  d l pp ln i  ( 3o )  . nd  rh ! c t  ( 5 . s -

The  r€su l ! 3 . r e  o r  I  p re l l n rna ry  na tu re .

Th€ .1@ o f  d€ ta l r . d  ceo lo4 i c r t  b r t  r n  o ! r _

. r e  t o  t d . n r l f y  t h .  a . o to3 i . r L

| he  n , i l r €  o f

t €chn tqu . .  d f  f o r€ca3 r i ns

ou tbu rs t - p .on .  s t r uc tu re ! .

Th. A$. I M M. Sourhrn Ou.on.l.nd aianch, Th. Occur.n6, Prcdiction lnd C.nrot ol
Outbu.k in Co.l Min.. Symp.Cln S.pi.mb.r. t96O



l60 ,. SllEPtlERD. L. K. RIXON mdJ. W. CRE{SEY

d
' r l

! t

ie

t 9
\ fs\

oh 
t?

F { a .  I  - ' . r ' t l o n  r n d  s . o l o a l c . l  . . t t i n r  o f  t l ' .

Bouen  No .  2  r r i n .  : ! r r  . n l l l nd r l l . ,  oo . . n . l l nd

of th. B.e€n No. 2 litn€

B . f ! c ! u r . . , nd  i t udy  r ! . .

30n€  r ! r uc tuE l  t e rn r  ! h . t

t h t .  p .D . r  a r .  s l v . .  i n

F l r . 2 - o u t r l n e @ p

. to ,1n9  t hc  n r t nc l p r l

D€ f1 . t t i on .  o lI n  t n1 .  p .p . !  h . . d {n r .  d t h rn  p !n . r . . r .

r e f e r r€d  t o  . r  I €v . l r ;  f o r  . x rnp1 . ,  t n  t l  E . t -

p .n€ r ,  t he  r . t u rn ,  b . l t  and  t r ee t t t ns  t o rd t  a r .

t d€n r r r l €d  d .  t l  u . 3 t - l a . l '  53 \  w . t - r . ve l  . . d

5 {  we r t - 1€v . l

o r l r l n . r .  f . 6  t h .  ! t udy

F l * .  ? ,  . r d  t h .  . r ud t . t  i n  r l

r . . r - p , ne r  r e l . t €  . p€c r f l c . l r y  t o  d  t h rua t  o r

16.t ' throe, lhlch ts not conne.red !. !h. Ttre€

r i l 1€  C r€€ l  Fau l t  ( t j t l l l $3 ,  t . ! . on , l  . .mu . l -

. ' t r on ) .  h  r h l s  Dan€1 ,  c . r bon  d l dx {de  $3

en l r . t 6ns  ee r€  . bnoh . l l y  h i qh

.pD .o . ch€d  and  tm  ou rhu r . r a

sepat.t. h..dln*r d.tven tnt. the thru.. zon€

l l r  d l r ec r t on€ r

el.h r€6p.ct to n.sn€tlc north, enich w.' ?o44'

eas t  o f  t ! ! e  no r t h  r , h€n  t h€  d . r .  k . €  co r l ec t€d .

PREVTOUS SToDIES Or OrITIURSI-?IONF COAL FROI

l|]itrsT 70NES

rron th. vr.vpoln. or n.orotl..!

m r t  . r an l f l can .  . . ! d1€3  o f

ourburst-pron. coal h.ve b€en r.port€d froo

can ,ds  . nd  Gr . . t  B r l t . t n .  , h11 .  .  co r t p te te

ra1€v  o f  t h . . e  l nv€ . t t s r t t on .  13  ou !61de  t h€

s .ope  o f  t h l .  r . p . r ,  t t  shou ld  he  n€n t t on .d  l h . l

co .1 .  hav .  b€ .n  6 tud r€d  3 t  ! h .

'1.e sc.lea !n c.n.da dnd MtnrY

LJales, cr€.. !rlt!1n (Sheph€rd, Rlxon and

i r l f f l t h s ,  l n  a  a @ u . v  t . b l F  o f

s t r uc tu r r l  s ca l€e

Th. A!.. I M M. Sourh€m Ou€.n.ltnd Branch, Th. Occut.nca Podlcrion .nd Conool ol
ourbusll in Co.l Mln.. svnDclum s.pl.mb.r. 1 gao
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In th€ crn.dt.n iock, Moutrtalns, th€

N€6 t  coa r f r e rds  h r ked  ou r -

coal 3.affi. lccordl.B to

a1 .  ( 19 t4 )  end  No f f&  ( t 953 ) ,  t he

3e .oe  r t e  f o l d .d ,  r h€ . red r  f du l r ed  and  t h .u ! t €d

a t  a l 1  6c31e3 .  I n  @ny  p . r t a  o f  r he  , ea f t  r he

ob l i r € ru t . d  s . d  t h .  coa l  t !  3o r r

. nd  f r t . b l e .  T te  ah€8 r {n3  1 !  eapec rd l l y  r €1a t€d

co . l  a€ . ru  p rnch  and  . r e r l ,  6 . d

' s  .  r . r u l t  n f  t h l s  r h r u a r i n r  t t . )  E r €  r e ' y

d r f f l cu l r  r o  r c r t  6nd  h lBh l t  ou t6u ! . i - p ron€

(31e r€n3 te rn ,  t q75 ) .  r u l l  de r c . l p r r on .  o f  t he

howv€ r ,  hav€  no t  h€€n

(c r . d r  B r t t d l n )  ou tbu r6 t

l nvcs r t a , r t ona  hw€ .en t red  on  ex .n tn tn r . hed r . d

na lo r  a t r u . r l r r l  r . d r l r os  o f  t he

! . l d t  co r l f l . l d  h l ve  been  i d . n l t r t ed  du r l q  r es -

s tud re '  (T ro r t € r ,  1947 ;  A rche r ,

/ l o { 7 \  a n d  r , a a 3  f , n d  F r o F  ( l 0 7 ? -

r )  have  €xan tn€d  ' n t h ruc t t .  u . l n r  ac .nn lns

e l . . r r o i  m tc ro r . . pe  ! . . hh rqu€8 ,  F$n3  . . d  r r 6h

rh .  o r t b r r . t - p ron€

d .n l nan t  . t r { c ru r6 l  . on t roLpp . ' r .  t o  be  t h . !

o r  sh . . r l ns  dnd  . l t c t €n8 ld rns ,

a s s o . l s r e d  3 t r 1 € t l o n  n a . k B '  { l s 7 ? - 3 ,  0 . 1 7 5 ) .

A l t housh  n6n -ou rbu r . t - p rone  an th .ac l r €  ud3  . 1 ro

,  h t sh  d .na l t y  o f  l . a . t u r t . s ,  t h .

t r r c ! n r c3  ! . r €  f ound  ro  be  p redo i l n . n r l y

l l r t l o  o r  no  s tan  o f  shea r . .

OUTBURSTS IN THT

a hazrrd !n the Doren

S€.n .6 htntns of .v€r 130 fl

(Pa rR r r v€ . ,  l s t 3 ,  p . ?c ) .  Ac .o rd tn r  i o  r he  s t . t .

coa l  x l n€  Reco rds  (1060 -61 )  f o r  t he  No .  I  T rnne r

a rea ,611  ou thu rs i 6  r e r€  r ss6c ta ted  o r rh  f au l t s ,

. nd  . t one  roo f  r o r t 3  E rc

p re r . n t  a t  t h .  r r t es  o r  60 .€  ou rbu r . t s .

f au r t s  w re  c .ossed  i .

o f  t hm  y te rd€d

r ru l !  o f  va r l db r€  r h l oo  (0 ,60 -1 .20  n )  r no  a

thds t  o f  3 . 66  o  ch rd .  I r  13b1e  1  t he  up  d , t a

I  Tun .e r , r e ,  h . ve  b€en  ! . . d . nd

rhe  f au l t 6  c r sss t f l . d

ob .e . ved  s€p . ra t l on  ( s t . t e  coa r  r ne  R .co rda ,

1960 -61 ) .  T tes€  da r ,  3hd  rh6 t  d11  c r sh r

. t  t h€  3 r t €3  0 f  t n f e r r€d

th ros t  r . u t t . .  l t  dpp€ r rB  t h . t

. nd  . €ve rse

l , b  I .  I

Nmb€ .  d r  ou t t u rd t

t hey  rn t€ r s€c !  r a ! l t r  i n  t he  o l d  s t 3 t .  coa i

l i t ne ,  No .  I  Tunn€1  d red !  co t l t . s v t ] l .

I n f . r r ed  r t . l ke - s1 tp

rPo33 tb l y  i nc l Ld l i r  . om€  t h rus td

one  p , r t t cu t . r  H l f i -EsE  r . end tns  f au t t

( uh t ch  l r  l n f e r r€d  hy  t he  p re . . n r  eu tho r .  t o  b€

a  3 t r ! ke -a l r p  r yp€ )  13  o f  €spe . l a t  l n t e re . t .  o f

r r l v . r r l n3  t h l '  l au r t ,  f o l r  ex -

p€ r1en . . d  ou tbu i s t 3 t  a l r houah  ! h€ r .  ou rbu rs t s

u . r .  l nd t r . . d  hy  nu l t t p l €  i ho t - f 1 r i . g  o f  r h€

o r  t h  13  f . u l t

( <0 .61  i ) ,  6 . d  ! t .  r ep r ra t t on

bo th  no r ru t

d l f f e ren !  h€ad rn33 .  c rapp  (Ln -

p !b t13h .d  d . t a .  1960 )  . o r€d  t h . t  t h€  souse  t .

t h e  f , u r t  r € 5 . h € d .  t n r c k n e s s  o f

co r .  t uded  r r  r t

r a t e r . l  nov .n .n t  h l d  occ r r r ed .

70 .  r  vap r  r ! .  r , . !N rouFs

ceo los t ca r  i apP lnS

(19 t3 !  r , .  rR )  d r s .Lss .d  t h .

f , t . 1  ou tbu rs t  o f  1954 ,  uh i ch  re .o rd  as  ob je . l l ve l y

zone  cha rac te r l zed  by  .  no rna l  ! h . r  a r€  r €ca .ded

Th. A$. I M M. Sourh€m Ou&ndand amnch, Ths Occur..co. Pr.diction and Cont.ot ot
Ourbu.srs in Coal Min.s Symporiufr Soptedbor, 1930
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lEBr vEsf a

lvonol ,otrlng haiqt l

r n  5 3  { e 3 r - p e n € l  s . n p l . i . f  t h e  s h c a r e d . o r L  u . r e . . n . c t " d

s tudy .  T l r €  s [ € : r ed .oa1  , aB  Fo

ro i  '  n t i ! an .e  o r  ' p r r ox l n . t e l y  , € ! k  t ha t  sanp l€s . . qu t red  r€s tn

l 4a  F ,  Th .  j . u t he rn  r t bs l des  t n  r he  h€ l r  and  l j ed  j r  s f t r  t o . d .b l .  r n t ac t

r n  I  n  i . sFsn rs  co t  l €c t sd  and  r r anspo . t ed .

I n  ea .h  I  n  l n r . r va l  t l r o

t €n r rhs  ' nd  P ro f  I  l e3

r r tB .  3  -  T ransve r . €  5 t ! r  l e s t - l c ve l  s t  t h€  Boue .  No ,  ?  r j ne .

ceo l .B t . . t  mpp tng  t n  t l  k s t - r ane l  h r3

The  l . . a ! t . n i  o f  . l l  h€asu renen te  ue re  na . t ed  shoq  t ha t  t he  !m  ou tbu r . r  , r t €g

se . t t on3  d rdh  v l r h  5  N -s . r end tns  t h rus t  l au l t  ! h . t  d tEp t sc€s

s c l t e  o f  l : 1 0 o .  t h e  s . a r  6 . t  n  d t p s  a !  t 7 - t 9 o  ! o

by  t he  €as r ,

. . . 1 a  P e o l o r r c d t The  ou !bue t  r n  5 t j  v€s ! - r d€ l  ( r l s .  l )

Hpllr _Hlght _-sh;did-Errcn q

zon t& r  s r l c ken l t . ee ;  one  d th  a  ve r r r c i l  d r3 -

I abo rd l o i y  u8 in t  r n te . sec ted  t he  na ln

c . I l ed  SNA!  ( Je r rn .nd  H r6h€y .  t h rus t  p ran€  rn  r he  f l oo r .  $e  ou rbu . s r s  1 .51

l970 ) .  f t ! s  p .o3 ran  has  be€n  nod l f r . d  and  ex -  ks r - t eve r  occu r red  as  t he  head lns  ! ss  De rns

.03€ t t e  d r . 3 .an .  ( . 1 r cu r . r  h l 6 to -  d . { v . n  1n  t h€  f oo ru , l t  hen .a th

s ra . s ) .  F rach ' r e  p tane .  Tb  sha l t  f au l t s  ( on€  u1 th .  ve r t l c , l

i € chn lque  (P . t €3 r  r nd  f i udaon r  d l ep tace ,en t  o f  0 . 15  n .  and  v . r t l ca t  and  h . r 1 -

I n t ! l a r r y ,  . econ .a l 36dnce  dbse rva r i . n r  D l r c . nen !  . f  o . l 3  n .  a .d  h . r l 2on ta l  s r r cken -

l nd1 . r t . d  r h . t  3 t x . l 8ss€s  11n€s )  a re  p re3en t  r n  t he  . oo f  o f  r he  ou rou rs !

ex l s t ed  l n  t l r €  sh€a r . d  c6a l :  f ace  c41 ry .  Th€  usase  o f  ! \ e  t e rn  s r r . ken r t ne

I . o -an3 l€  shea .  f . r c ru r€ .  f 6 l l 6us  r l eu t y  ( l 975 ) .  sn . l 1c .  t h rus .  r . u l t s
p . r . r r € r  t o  i he  r n . r 1 .ed  ! r . n  and  o the r  s t . l ke - s r l p  f au l ! .  occu .  e t scvoe re  1n

rh . .  450 ;  o th . r  r o ' - ' .B l €  3hea .  t he  53  re3 r -p rne1  {F r s .  2 ) ,  a r i housh  rhe6€  d td

rn . r l oed ,  h r sh_an8 r€

r r d c t u r e s  d t p p l n E l n  dera l l  ( ru3 .  l )  th€  chrus t  r3  a  .np tex
r r . c ru ree .  The6e  ne tw r l  o f  n6 jo .  eas t -  a . d  E . r - d rpDrns

con r l r r ed  du r t n8  de ta t r ed  n .pp tn8 . f rac rur€s  and zon.e .  ua jo r

Th. A!t.lM M Soorh.m Ou€€n.lrnd Branch, Th€ Occutronca Prodicrion dnd Co.lrolot
OurbuEt! in Coll Min$ Svneo.ium S€or€Fbor, t58O
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o f  un rh€ . r . d  and  ro .  ou tbu rs r -

p rone  c .a l  r n  53  w3 r -p .ne1 ,  6h6o ins  r ac .  c t € . r

t , p€  i r  ex t€ .d .d  I  i '

, r '  coDron t y  a .do  i ' t . d  u r t h  !

r h . .  o . l t  n  o l  co , r  souae  and

o r  h teh l y  f o l d .d ,

. h€v .on - l t k€  co . l  p l t €6 ,  p . . t t . u l a . t y  l n  r h .

r oo ! ! . l l r .  Tne  s .on . t . y . . d  nov€ i€n t  3en r . .  o f

rh. E-l,J .lr3nsent

o f  r hc  ' r t r . f  t r € . t . r t  p r i nc i p . l  . ohp .e r . r on .

Tn€  . h . l l o  e . t - d rpp { ! a  f . u f t a  r t t h  r €v . r ! €

nov€h€n t  r l e  con j l r . t .  t o  r h€  @1n  rn ru . t ,

s r r uc ru r r l  r app lns  r n  t t  r eB t -p rn€ l
F iR .  4  -  Ou tb r r s r  . t .  l n  5 r !  ws t - t ev€ I .  a  -  i nd r . 6 te3  rha t  t he  . o . l  i .  . x k .ne l y  sne r red
v t . "  o f  t h ruB t  and  ou rbu rs t  . r v l t y  t ook ln r  ncd  t he  rh ru . r  t l u t r  , h . r e  t he  ou tbo r . t s

wes t .  A -a '  l s  p l . ne  ( r . r oo !  o . . u . r ed  (F l ss .  4a .B ) .  Tn€  co r l  t h€n  be .dsc !

howen .n !  o f  t he  b l o . k ) ;  B  1 .  1 . r .  sh€d r . d  f o r  a  d13 r , n . .  o f

c  l c  d€ fo .hed  s ron€  t ens i  D  170  f r  o ! ! by .  o f  t l r .  f , u r t ,  ! he r .  r he  co . r  r s  no t
t s  oo r i . I  r o . f  l € ve I  l n  hans tnN  vs l r  b t ock  and  sh€a red  dnd  r . aemb t .6  t h€  . od r  € l seehe .e  r n  . n .
n '  l s . oo f  t . ve l  t n  f oo t va t r  b l ock .  n  -  En -  n l ne  (F i r .  5 ) .

l . r se i €n t  o f  a i ea  €nc toe€d  by  dash€d  l l n .  t n  d l f f e ren t  p t r €s  t €  dependen r

o f  l o l ded  co l l  p r i es ;  B  1 .  so l g€  . € .u l . an t  s t r . ns l h  o f  r h€  i r . r o l l r ho t yD .

zon€  . l ons  t h ru8 r ;  C  13  ex r . oe t y  . hea red  cos l  ( o r r r 16 f r . ,  p€ r . ona t  comunr .a r ron ) .  v l da rn  r .
( p l y  s r r uc ru r .  ha '  been  d€ . r f 6yed ) i  D -D '  t 3  t h€  nos r  h r l h l y  f r . c ru r€d ,  . o  f t s  d r s t . r bu t l on
IoFansl€ shear plan€; E-E' 1s around a thrust my rnflu..ce the f,rdth of a

t r an€  con lus ' r e  r e t t c r  f ace  c l ea t

p1 . . .  ( a1 tuB t  pa ra t l . t  r o  p t , . €  o r  l he  r t h ) i  c vp303cop i .  r nves r lS r t l on  { see  Ap r .nd i x  ? )

o f  t hc  coa l  ne . r  t h€  t h rus !  r l u t r  h . €  . hoh  t h ! !
Th.AG.l.M.M. Sourh€n Ou..h.l.nd B'anch. Th6 Occur.ncn Pddtcrion.nd Contol ol

Ourbud. in Co.l Ml..s SydpGium S€pt€mb.r,1980
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Th. Au.. I M.M. So|,|h.h Ou..n.L.d A6nch, Th. Occutr.nc.. Pr.dlcilon.nd Contlol ol
OurbuFr. in Co.l Min.r Sympo.lum S€pr6mb.r,19aO

t13 .  6  -  cmpa r t6o .  o f  f r a . t u re  o r l en ta t t ons  2  M ine  o r rbu rg t - p rone  coa t  (A -C ,  f rm  53

u€6 r - l €we r )  a .d  no .  ou rbu rs t - p ron€  . oa l  (D - r ,  f r on  n , r .  €n i r l € . ,  t 0 - t 1  Lev€ l ) .  A  -  s t e reop lo t  o f

po les  t o  202  f r ac tu r€  p ran€s  p l o r t ed  on  po ra r  equ ,1  ' r sa  p ro l ec t r on ,  B  -  Ro re t t e  p to t  o f  f ! ac !u .e

p lan .d  ( I l nea r  f r equency )  o r  da td  l n  A ,  c  -  s . h€ns t t .  b l ock  d tag ran  o f  f r a . d i e  se r s  p l o l t €d  rn  A

. " t  B ,  and  t h . l .  i e ra t l o . sh tps  ! o  coa l  r od .  D  -  s re reop lo t  o f  92  f r ac tu re  p l an€s  p l o t t ed  on  po la !

. qda r  s rea  p ro l ecL lon .  E  -  Rose t t e  p l o t  o f  r r ac fu r€  p1 .ne6  ( r l nea r  f r eq !€ i . y )  o f  da ta  i .  D .  r . -

Sch@dtlc block dlasie or flactur€ s.t6 plorted rn D 6nt E.
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Ftt. 7 - photontcroar.ph of I nt.or lhru.r. A-
r .  l !  the  r . . c .  o f  th€  rh rur !  01 .n . ;  B-a ,  t !  th .
AouA. ,o..i C 11 3 ,on. of roFr.!1. fr.ctur<!
rn  th .  foor$1r  b l6ck ;  D_D,  i s  tn .  ! r . . .  o f  p ry

ihe  h .n t tn i  u11 b lo . t i  E_ [ ,  r .
.h .  .u rv lns  t rd .€  o f  th€  p1y  ! ! . ! . ru r€  ln  th .
foo lu€ l l  b lo . t .  s .a l€  b l r  1s  tOO ! !  lon t .

.he . ! .d  cor l  .ons l . rs  o f  norn . l  .o . I  rh . t  h ! !

.,, SHEPHERD, L. K, RIXON lndJ. W. CREASEY

F13.  d  -  corpo . t r .  s t . .€optor  o f  t57  r l i cL .n l r . .
f . . c r u . .  p 1 . . . .  1 1 6 , j . . s . _

p . . .1  .nd  53  r ! r -p .n€ I ,  p lo l t .d  o .  po t r r  €qu l

t65

D . . n  d t v t d € d  r n t 6 ,  t u l r t t u d €  o f  b . l t  !
l€ . . . !  (s t€npton ,  ,naa)  , ,  . .u . . . ,  . " , "n t t t  

' o t l  qous€ ' lon i  th '  tn ru ! t  f ' u r r  p lan .  . r .

c ro !€ - !p rc€d r . te r r€c t tnB f ! . c tu . . r .  o  

o '  f c l tu '€ t  th t t  € "  ' I to  'onmonlv  6b3 ' tu€d . t  th€

hry .  no t  b . .n  , . . "u . .0  ,n  

n" " t  n "or 'op tc  .nd  n in€  rca l . ! .

. c .o . r  ourbu . l r  cw l r t€ . ,  d tn t  to  
T t '  Pr "enc€ o l  o lc ro t 'op ld  'nd  f t 'o tcoDlc

unco. .6 r1d . r .d  ou , ru . " .  " ,  

tn t  fo ld '  h  th t  'o ' r  p l i " '  ' nd

tsows. . ,  f . . c tu . .  . . , . " r " , , " " "  - r .  , . " . " r . . " t '  
f r rc tu r l ry  o f  th .  cor l .  t .d t . . . .  rh . t  borh

th .  thn l t  .on .  .d i !c . . t  ro  * .  * . "J  

' "  duc t t le  "d  b r i l t l '  d ' ro rb ' t lo '  o "h 'n imr  h rv€

crv1L1. . . rd  ourby .  rh .ous t  t r , "  . r , " " r .0  .o . r ' t "  
bc 'n  oper ' i l ve  ' t  th '  t tn t  o t  'h 'L ' t  r 'u l ! lns .

! dr.,.nce of 247 tr. rn.3. ""'"... "'".;,:: ;iii':::,i:,:":::,,1j":::,::":,"J,: I:rtti 6A-c .nd c.! !. .mprr.d dth th. i
lrfrple. l!!.ru!. un"n""."o "o"rt"n 

cotr' Lrhlch Ptoduce€ !h' 'ttenllv' f.lctur€

th .  Mrn .nr r r . !  (Esr  6n-D.  
rn  €v ' t 'm 'nd  tbu 'd 'n t  comtnut 'd  o '  b "cc l . t .d

dc .o .coprc  . r .n r * t r .n  o f  po l1 .  
co ' r  (sou ! ' )  ! ron !  th .  f !u r . . .

lecrron. of .he.red .o!r lhoh th.r fr!.tu! 
sllck€nl1n€r rere

.  ln tenr€  . ro ! .d  " , . r ,  t " * " , " r .  .n . " , '  
varv lns  o r t 'n ta t loo t  f rm 6oth  53  " ' t -p 'n ' l  lnd

D.r,,cul,r,y rn ,h€ f...va,'.. ,. *". ,:;: ;1":.-"J"ji:,.,:::,i":"i::,::;"."i".i:ji:
d. fo rRd co . l  p t r .s  ln  the  foo tv ru  o f ,  &r
thru.t c.n b. s€en cu.vinr ,".. ."" ...ltt 

pru'c€s are qur!. v6rr'br.,

r r lne ,  ehrch  l ras .  aous .  zon .  o f . . * t " " . . "  " : t  

co 'ce" ra t lons  de f r 'e  an  €" t ' t '  sh ' r ro ' -d lPp lns

.ro.s r!. rensth. "".a ,r" *... ""r.-''l 
rteld 'nd ' st€€plt drlplng

ioo.hll @te.t.l .nd the pre.€.ce * "*a.,''o 
ft€td' Tno' dl?"tlon' !r' Mtnlv €"t_vest 'nd

rh.Au., M M sou,hm o!@",.", ;:"".. ;:;T:""i1;,::.,i;J::: ":i*"*, 
*" *

Ourbur.t in Co.t Mtnd Symp..tum S.Di.nb*_ tgm
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LOCAiO 4At OF /4A\ER'ES

El---[:-|-t:] F::] E t,r--t5th

r t r . . .  ( d l )  d€d l c . d  f r s  e . . l -

-r
Zi

Fr r .  I  -  r r . qu€ncy  o l  l r a . t u r . .  . l 6ns  t ! ! v . r 3e3  I  t o  6  b . tm .n  t 1  r nd  54  re t t - 1 . v . 1 . .  f ^ .  h l t t q . a r

. 1 . . t  l n t €wa l  t r  0 . t  n . r o r r  t he  t r uv . r . . ,  . nd  t he  oov tns  *e ! . r .  t .  l . !  s ,

il

' i r
: l
r l
; l

i l
: l
i l
i l

E

E
f

g
:

and  a r ! - d i pp rn r  l r l n c l t . l l y  f oqdd  l . ?  n  d f  t he

.o , l  l .  p r .donrnsr r  l y  du l l .  Tn .

F .c€  c l . . t  . p r c t . s .  t .  53  E3 t -p ,n . l  E re  l ons  6x r s  o f  . ach  rod  r .  ho r l t on t ' l ,  ' nd

F . . su red  by  u .1nF  t h .  dc rn  l r n€  t . . hn l que .  e . r en r l . l t y  p ' r , l I c r  t o  t h .  r . . .  c r€ . t ,  T r re .od

Sr€c rnss  i r av€ . r .  r r €qu .ncy  d . t .  d t 3 t r t bu r l on ,  . r  cou . t ed  f r 6

. r .  r hoh  l n  F l r .  9 .  u€ .n  f r . c t u r .  . p r c i ng  rn  F t8 .  r l .  Rod

r r l v€ r s .  t  1a  n .20  r  6nd  d . c r€ . . . .  t o  0 .06  o . !  d t . , d r l v  f r on  l .Ea  rh .n  I

t rN€ r r .  6 .  Th r6  r . p r . . €n t .  : n  r n . r € r8e  l n  d l . t l n ce  o !  130  f r  r . n  t h€  rh i u . t '  t o  abou t  3

f r . qu . . . r  f r on  4 ,9  r uc tu r . .  p€ r  f t t r e  t o  15 .2  t f i e  t h ru r r .  8 . yond  300  n  f r oo

d l . t . nc .  o f  4 t 0  n  t h .  t h ru . t ,

!ov.rd! th€ thrtrat. on th. b.a13 of th€.. Co. l  .pp t . .  (Br rss . ,  t934-3 t )  a re .no the .

pr.ltfrln'ry d.t., cl..r freque.cy in tl w!t-p.n.r .nd olher

y  b .  .  d raan . . t t .  f e . t u f e  o f  t h .  . o . 1  r 6o l r r . d  p . r ! .  o f  t he  n ! . . .

.ppro.chlng ! thrrrt :o... dub .phe r r c . l  obJec t s  co rpo . . d  o r ,  r yp .  o r . od l

c.!l rod re ctrrloua rtructor.s found ln thrt a. . h.nd ep.cl'€n t. tndt8ttnautshrblc

53 v..t-prb.l. Tne rods (P13. l0) .re frd th€ e.clo.tna .or1. Tt.tr dlstitburbn t3

lh. Au.. LM M. S.!rh.h O!*nrl.nd Branclr Th! Odud.ct P6dlcrion .nd Co.trol oi
odbld. I. col Mind syfrpodufi s.pr.mb(. 1 980
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n  o f  c o . l  t n  t r

u . r t - l . ve l ,  sho { l nR

n , r k .d .  A  t .  r h .

r t one  roo f  and  F -P  l .  t F€  "o r l / ! r  ' n .  p r r t , r p .

r o d .  ( F t q .  1 . , ,

r €L r t o . sh tp  b . tE€n  co .1  . pp l . s

. nd  l he  t h ru6 t  13  t h . r  no  co ' 1

th ' n  300  n  f r on  rh€  t h ru6 t  l n  54

ue i ! - t ev .1 .  r 6u . v€ . ,  coa l  . pp l e8  have , r8o  b .en

found  1n  o the r  pa r r .  a l  t h€  n l n . ,  aeaoc la r . d

s r r ! . t u r . e  euch  a3  r t on .  r oo f

ro t  13  l nd  cok€d  coa l .

P re l l h t n6 ry  € ran rn . t r on  o f  . od r  r od r  r nd

coa l  6pp le .  haa  s l r ouec  a  r € . ! ! ! ! v .  €xp l r na t l on

coa I .ods ,pp€,. to

c to .e -6paced !  0n td t r e . r t o t u I ,

p l . na r  r nd  cu . v tp raM.  f r ac r l r e3 .  &p le .  8ppe . r

by  r ev€ r . 1  1n te . s€ . r t n t  s€ t s  o f

D1a . r i  and  . u r v tp rdna r  t r ac tu ree .

. a t€so r l ee .  T i .  t r l n . t pa l  a t b  o r  r o rec r s r l n3  t n

(P t€ . r p1 ! , n ! )  dnd . l l o !  r 15k

13  t d€n t l r t ed ,

c r rEs l r i ed  t n to  . ev te%b le  o .  p r . d t c t i b r€

r ! r r h€ r  i n ro r i a r l on  t e  co r l ec red .

l n  r h13  s tudy  . *€ i a1  s l r n t r l c . n !

h . v .  been  i d€n t r f l €d  i n  5 l

. l € t un tE  6 r .  . oa r  r odd ,  cod l

app lee ,  l oFanB te  f . ac tu .€ '  r nd  c rea r .  r nve . r l -

hav€  con .en td r€d  on  d . v l r 1n3

und . r r ! . nd  t h .  . p . r l a1  d i ! -

r . l bu t t ons  o f  t t . d .  € l €n .n r3 ,  A t  t h13  . t 6a .

d l d€nc .  r h . t  co r l  r od . ,  l d -an * t .

. 1 . . t  r p . c l n8  n . y  5 .  d l , r . o . t l c  o f

tn th. loeen sedn. co.t rod. !r.

ub i qu f t ous l y  1 .  t h .  t ou .n  No .  2

5 l  @! r -p rne l  t h€y  . . €  €n r l r . t y

o r  30 i l  s  f r 6  t h .  t i r u . r

l 70 ,nd  100  r  r r on  t h13  t h ru . t ,

r r €qu . . cy  o f  l e3 .

Houev.r, ln rhe co.l h€twe.n

the  t h rus r  r . d  l a0  F  ou thy . , .  nuch  h r sh . r

t r . qu€ncy  o f  . od6  €x1 r t !  (F l * .  l l ) .  a . u6 t r l n . d

nmber r  o l  r od .  f r d  170  n  t o

140  i  t r on  t h€  t h .u3 r  t .  . n . l ogou6  t o  r  p r c -

d r c t r on  t h .esho Id  d€ f  t . ed  e1 . . yh€ . .  ( shephe ! i t

r . d  c r . r s . y ,  l 97a ) .  Tn€ . . f o . € ,  t hc  p r€ .enc€  o f

. odd  a t  a  f . eq reocy  o f  s re . ! € r  r h .n  2  t o  3  p€ r

t op  . oe l  p l l . r  app . . r r  t o  b .

r h€  ro r rh .on lnR  t h ru6 t  zon . .

RE1D CTEEK TAULT ZOI.IE

Th .  E rk l ng .  o f  t ]  e . . r - p .n€ l  r e re .d -

v6n.ed routh-€33tv!!& tof.rda th€ foo!v,lt of

t h .  ' e rd  r r ee l  F  u r r  zo . r ,  uh r ch

been  1den r l f 1 . d  f r on  3u r f 3 .€  d r l -FOTECASTIiJC STnTCT$rS

Th .  p rob l . n  6 f  f o reca8 t l .R  h r z r rds  1n  coa l  I l 1n9 ,  bu !  f t  has  nae r  b€€n  i l ned .  T te r€ ro re ,

3 .am by  us tn8  *eo lo r l c , l  t €chn lquee  h tnqes  on  rhe r .  he rd l . se

th€  l d€n r l f l ca t l on  o f  d tasnos r t c  r o ,pp l y  ! h€  t nowr€dpe  o f . o . t . r r uc tu res  sa rncd
s€d ln .n16 .  E l1 l o t t  ( 1973 )  r n  53  ws ! -Dan€ t  ana  t o  d€ te rn rne  . ny  € . r 1 ,

. t s k  . nd  f o rnu ra t€d  s l sns  t h . t  f r l gh t

sch€@ o f  l n t . l n s t c  p r€d1c t€611 r r y  f r o re  p rec l r €  po6 i t l on  f o r  r he  f , o l t .

Th. Au.. I M.M. Solth.h Ou.sn.l.nd B6noh, Th. Occlr€nc., Prcdtdion.nd Conrbt ol
OutblErt in C@t Mtn6 Sympdiun Soptomb.L i98O
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) Linil ol dolo co/leclion

OtSrAlfiE FRou rhFUSf (n) 50

F ]a .  l l  -  f l 3 t os ran  o f  . oa1  t od  . nd . . d l  app le  c . r n t s  r r  r he  t op  I . 2  n  d l  t h€  . edh  1 .  t he  v t ' t n t r v

o r  t he  t 1 , r r 3 r  z . ne  t n  5 (  u . s t - l e r€1 .

A t  1 l  . . s t - r ane l ,  . oa l  r . d r  and  c .a I

. pp l . .  a r .  o i l y  f r eq t r . . c y  o r  l . . e  r €ne t r . t i v .  f r a . t t r . es  ( r i . l ud rn t  eone  r t no r

t hdn  I  p . r  ne t . e .  t h rus t3 )  e .e  . . u . t €d  rn  5  n  l n t ' r v : r 3  End  t h '

I n  l qTc  r  qua l l t a t i ve  ass . . she r t  o f  t h€  r€su l r 3  a r€  t l v . n  l n  F1 t .  l 2B .

d€q .€e  o f  shen r l n i  va i  n . d . , . nd  t t  ud3  f o rec . . !  snoo rh lnB  € f r . . t  . r  16 .3€

th . t  ! h .  ne id  sanp le  l n t € r v ' I s ,  t he  t  '  l n t e r va r

30  h  d l s i . n t  Ln td  ! h . . o l t d  t r , r n  ' as  r r ev l ou . l y  t h€  3na l1e . !

t n re . . ed  f r on  t he  3o r f ace  d r l l l l n r .  Tn t r  ne ,  r . l i s l e  r . d . t u . e

1 . . ' ! l on  1s  t he  t he  f au l !  ! n  ! h€  3e lnen t t .   I ! housh  t h€ .€  t 3 .  se .€ ra r  r nc re . r e

top  o l  t he .o . l  t he  ho r l zon ta l  l n  i h .  nuhb€ r .  o f  t h . . e  l d . 8€ i

p l . ne .  Fn t l r e t y  s€p ' r ' t e  ev l dence  t r d i  t he  R .1d  c r cck  Feu r r

add t t i on . l  r e . en t  d r l l l t n r  p roc .anne  suppo . t .  zon . ,  ! h l s  t echn lqu€  h . t  no !  been  su f f t c l . n r l v

l h i s  ( L r l l l l aN ,  pe rBon ' l  t ca l ed .  Fo r  r he  t . . hn i que  t o  be  u .d ru l  t n

connun rca r i on ) .  f u l u re  r o r€cas t t n i '

sone  r c . k  b€ ran  1 .  €a r l y  l 9a0  t o  dae lop  .

f o recs r t l ne  t he CONCLUSIONS

outblrsts tn the Bo,en s€an

B  rn  F1F .  2 .  and  t he .esu l r .  a r c  as3o . t 8 ted  t l l h

r r es€n ted  . 3  F tq .  12 .  F r . c ru res  and  a r  f r u l t s .

a  . 1nE le  p l y  w .e  . oun ted  l n  I  i  r . l a t ed  ! o  t h€ l r

r n te r v . I s  ( 11R .  l 2a )  and  a l t housh  ! h1 t  f 1su .€  i n t ens t t y  o f  r r . . t u r l ne  and

a  re l a l r ve l y  sm : r r  co . l .  The  ex t . n i  o f  r r ac to . t ne

tn . .  t h iE  ! . chn tqd€  1s  mr th  pa r . 1 t  depend€ . t  on  i h .  p r y  s t . uc tu re .nd  t h .

nunbe rs  o r  f r ac l u r . e  occu r  d t l f e r€n !  s t r enBrhs  o f  t h€  n l c ro l t r ho rvpe '

be rueen  12 .nd  l l  cu t - t h i ouRhe ,  ( v i t r s rn  t e  t h€  ros t  h t sh l v  f r ac .u red ) '  and  t t

to qualrtaitvc visual a63€s6dents or Sreater te 3r..tert tn and c1o6e to rhrue!' r€verse and

Th. Aus. l M M. Sourh.h ousnrl.nd ad.ch, Th. o*ur.n... Pr.dction tnd Conrol ol
OdbuEl. in Cdt MlnG Sympotllm Soplomb.r. r9ao
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B uin root@opl A tnn roor n fl tf.,"- l== l#ffi'"ililnT*,il1|il]|,.ililh t?
t

I
Uin. fborboal) , 4 0 n

Fla. 12 - Hl.rotr.o. 6f co!.!. of l*an3l. a..ct!r.. tn 52 ...t-ld.l. A - fr.c!ur.. in . .iql.
p ly r  p lo t r .d  u . rq  r  3  n  c1 . . .  1n . .e .1 .  r  -  f . . c tu r . .  r r !h rn  rh .  rop  t .6  r  o f  !h . . . . r r  ,16r r . r t
!.tn8 . t n cls. lnt.rv.l. R..!ui.r .oun!.d !r. .hM r. h.dy tt....

! r ! t k . - r l lD  l .u l r . ,  Con. .qu .n i l y  rh .  d .g r . .  o f
ourh!r.! pron.n.!! of dtff.r.n! tlp.. of !.u1!.

c ln  b .  ln fe r r .d  16 .  l .u l ! .  occ ! f t tn ! . !  d .p rh .

of ar..t.t rh.r 180 r.

0urbur.t-pron. co.l k ch.r.c..!1..d by

ml t (p l .  f r . c .o r€

outbur . ! -p ron .  co . l  6 tch  t .  f ! . . !u ! .d  by  on ly
on. protn€nt ... (f.c. cl..t). ttr. pr...n.. ol

f .u t t  toua.  l .o l r  c6 .1)  t r . y . I .o  h . . . . . . . t r t1 !1

.ond1lton fo! or.bur... t6 o.cu!.

Stantf!.!nr .rtucru..I f..!u..r tn th.

.o.l .uch !. .od! .nd th. Dr...nc. of loFr.al.
r r .c tu r€ !  th . r  .on8. l !u t .  . f i . . r .d  co . l r  . ! .

dt.ano.tlc of !h. rh.u.t .o.. rn tl s!t-pan.t.

Th. freq!€.cy of loF.nrl. tr.ct!r€. h.t .lro

r.lat€d to th. R.rd Cr..l F.!1!
rn th. 53 .r!r-Fn€I. r.c.ur. !h. pr..€nr .tudy
f i . .  b . . .  .€ ! r ! t c r€d  n . rn ly  ro  rh€  h .nar .s , r r t

or 6nly o.. thrrtt, lhe futur. pr.dtctiv. v.Iu€
. r  tn€ ! .  f . . tu r . r  h . .  y6 !  .o  6 .  fu l l y  t . r ! .d .

r.rn. .xpo..d ln n.v da.loDi.nt Frt. 6.Ia..

tn  th€  . t ru . r r r . l  p . t r . tn  n . .d  to  b .  c1o . .1y

nonttor.d by .ontt.oou. ob..rv.!ron.r lAich ..n

.n$ I .  rh . . . r1 t  rd .n t r l l c . t to .  o f  d t .ano. r l c

.t.r.tur.r lnd th$ Drwld. .on. qr.tng ot

ou tbu . . -p ron .  co . l  . i . .d  o f  !h .  f . . . . ,

ACKNotrI.EDCtlllNfS

C.IItnlvlI1. Co.l CoDp.ly Pry l,|d r.

rh.nk.d fof p.f'r..lon r. pubtl.h .1n. d.!. .nd

for  .oe  f rn .n .1 .1  . !ppor t  o f  th1 .  r . . . . rch ,

Inv . r t i3 . r to . .  wr .  on ly  Md.  po . . tb l .  by  th .

h.ID provld.d !y !1n. uh.B.m.nt - r{...r. Joht

Torl.ch, horlo. Jo..., Jo. Ln.louah ..d to.

cr€€nhod. R.y 9tlll.m of c.llt.&ttl. Co.t
conrany  ha !  g tv . . .n thu . r . . t l c . tppor !  fo r  rh .

dB l t .d  lhe  f raur . . .nd  Ad.
u. Nch r.rt.!..c. und..e.o$d.

Th. da.loD6.nt .!d r.fln6.nr of Ar.hcr, A.A., t968. Srluctur., rn caotosg or
!..hnrqu.. dl.cu...d ln thir p.p.r hina. on ttD souah ,t t.. cdtft td, Sr.ct.l
r . q ! en . t ! l  d . t !  co l l . . . r on  l . . x i . r l .A  s r l l n3 . U.!ot!, pD.Il3-159 (ls{so, bndon).
.nd  6 .h rnd  dw. lo r i .n !  f . c . . .  Succ . . . fu l  B t . l€ . . t€ ln r  r r .U . ,  t975.  tn ru . r  f iu t ! ! r  t
und..srornd fo..e!!.1ns of Lhru.t. ..d othlr

f.ult. t. o.ly po€€lbl. lf th. .tru.turll

p!t!.rn tr ..t!brl.h.d t. tood rlnttra co.dtlion!

.nd 1t tE f.p.at.dly cdp!.€d ql.h thoc prt-

p rob rm  tu  r b . t . r n  C .n .a l . o . oa t  ! t . € . ,

Canld. c.rtr. fo. Xl..r.l .nd Energy

0!!6r., En.ray R.6ea!ch

Repo ! t  ! {RL  7 t - l 0 r ( oP ) .

Th. Au., LM.M. Southm Ou6.d.nd Br.n.lr Th. O6!e.@, PFdcnon .nd Conrrot ol
Outhurn in Co.l MiE SynDdlum s.or.mbr, 1960
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3 r t sF . '  I . ,  l g14 -35 .  a l t € ra t l on  o r . oa r  eean6

1n  rh€  v l c rn l t y  o l  t sneoG l n t r us l ons  and

assoc la ted  P rob Iens .

e ' 9 . , 3 9 : 1 3 7 - 2 1 l .

ca rey ,  s . u . ,  1962 .  s . 6 l €  o f  seo t€c ton rc

ceo1 .  soc .  r n t t i a ,  3 .  91 - t a t .

E l l l o t ! ,  R .E . ,  1971 .  Cd . l  n t . t ns  r i ekg  ' nd

.esed€3  . r , s s t f t ca t l on

cans . .  t n r -  s t ' aL l , t t .  cao l .  a t bon t I e .4 ,

v . . t . l a ,  2 t  L6 t -477 ,

naan3 ,  F .  and  1972 -71 .  co . I

. u t bu r . t .  o r  . oa l  and

f l r ed .np  cond r t t o . . ,  E l n .  Enq .  ( bndon ) r

F leu ! y ,  . . t . ,  1975 .  s l l c ! 4€n t t dc .  r nd  311 . k€n -

l l nes ,  c . o1 .  r . 9 . .  l l 2 l 3 i .  319 -122 ,

1953 .  I n t t . n t an€ou .  ou tbu r . t c

o f  cos l  and  8 .3 ,

a l n .  k ca11 . ,  No .  l 36 r  2 l - 72 .

I ! r r i r . v . . ,  4 . J , ,  1963 ,  r n r t 6 . t . n€ous  ou tbu r . t .

o f  co . l  . nd  s . ! ,  Ph .D .  Th . . l .

( unpub r l . h . d ) ,  t t n l ve r . l t y  o r  sydn . y .

1967 .  I ns t r n t , n .oua  ou tbu r . t r

d r  . o ' 1  . . d  t r 8  t n  l u . t r . I t r ,  l n

p roc . . . l i r es  -  kna . . t '  vo l . 6 l . d .  J . I .

voodcoc l ,  R .T .  R .C .  l noma ,

pp .R7 l -335 .  (E tBh th  Conoonk . r i h  H ln tn t

dnd  t . t . l t ! r s t c . l  cons re . . :  x . 16ou rne ) .

I s t u r t € f f ,  A . ,  i r m ,  1 . ,  T n u r r t o n '  R . c . A . . . d

No r r18 ,  0 . ( . '  1914 .  Cu r r . n t

o f  . t r . . s  . . 11 . r  i n

canad l . .  ad .1

3D1 t .  t  41 t  446 -462 .

r ' . sh . y ,  J . i . ,  l c70 .  r  cmpu r . r

r i . r . q f uph l c . n . l y . 1 .  o r

. o . l  r r r . r u . . ! . n d . l . a i s ,  u . s .  3 J r .  o f

r t r es ,  r n r .  c i f c .  |  3414 .

v .q .1 ,  D . c . ,  t 975 .  co r1 tnN l1 l .  co . l  x . . au res ,

of auet.ali, ,nd PaPu.

cdl (.d. D,x, T.'v.. a.d

D. Kns) lronqraph s.rt€8 no. 6, pp. 33-39

(aus t r . 1 ! . n  I n . t r l u t .  o r  r t n l nA  . nd

xe ta l l u r3y :  . l b . r r ne ) .

No . . t s ,  0 .K . ,  1953 .  s t r uc ru ra l  cond t t l ons  l n

can .d l . n  co , I

. nd  Hudson ,  J , 1 . ,  197b .

n t scon t t nu l ! y  3p5c tn33  i .  r ock .  L t .  r .

s . i . ,  ceom.h .  Absd r .  l l :

Poo ley ,  F .n .  '  1967 .  ou tbu rs t

collieru cuatdian,

r ' t r l i s  and  ou thu rs t s  o r

coa l  . nd  ra :  a t  u€s t  a l t r r  c . l l l e r ! ,

2 2 7 ( 4 J  I  l l - 2 2 .

skehp t . n ,  A . ! , . ,  1964 .  Sone  . bs€ . vs t l ons  on

tec t . . i r  . \ e , r

i ech ,  L t . 6on ,  l :  129 -33 t .

s t r r €  cod l  H {n€  Reco .da ,  1960 -61 .  co l t l n3v1 l l . r

s k€ t ch  p l ane ,  r e f€ .€n .€  nunbe r t  D [ t - r 6 ,

I j f l s - 20  and  ncg .

1947 .  t n€  s t r uc tu r .  o r  t h .  coa r

n€ r8u re .  1 .  ! h€  Pon t ! r d . ' e -h ' an lo .d  a rea ,

o.  r .  co . t .

l 0 l ( 2 ) r  3 q - l 1 3 .

Tur .e r '  F .J .  and r ,J . rs3 ,  L ,E . ,  l963  s t r , . tu r , ,

rturvsts ot

(  ccEv-Ht l l !  N€{  York ) .

l , J€ !b ,  E .A.  rnd .c rapp,  c .8 . ,  1e60.  ! | ' e  R.o losy

or  the  co l  l ln6v l ! l€  cd . l  rhd . r r€s ,  P .o . .

rPPnNorx I

a  jo rn t  o r  ry6 t€n  or  lo tn ts  rn  coa l ,  rn lc t  a re

uau. l l y  perp€ndtcu la r

s t ra i r f l ca t lon  and e lons  "n t .h

Tf ,o  tn i . rsec t t . - !  s€Ls  o f  lo rn rs  o r  f .o l ts ,  wh lch

forned stfrultan€ousry

!

ThoaG. LM M. Sourh.n Ou..nt!.nd a6nch, Th. occuu.nB, Pr.didion tnd conlrcl ol
ourbudr in C..l Mln.r Sympo.lum s.pl€mb.r, lgao



cre.t tn I co.l ..e.

berE.n blocts of rocL

d l s p l r . . d  p a s t  o n € . n o r \ . . ,  , n  €

d t rec !1on  p l r r l l € I  t o  t h .  d l . co . t i nu i t y .

l  t r bu l l r  r €3 ton  con ta tn i nB  @ny  p r r . 11 . l  o r

. n . . tmo . t $  f du l t ! .

A  a .n . r . r  r em  ro r  I  . d f 6c .6 r  c r . c k  . I o . g

s i t . h  1o ! .  o r  coh . s to .  h .a  r , t . n  p l . c . .

r o f r  M t . ! 1 . 1  c6n . t . r t ns  o f

r r . snen t . d  o r  pu l v . . r z . d  r ock  ( o r  co . t ) ,  en t ch

t r  f o l nd . l on r  8on€  f au l t  p l r n . ! .

A  f r . c t u r€ . l on t  l n l r ch  . ; t ! 6€ I y  l t t t I .  o r  no

d i . c€ rn l b l €  hov .n .n t  h . .  t r k€n  p1 . . . .

A  h t sh - . n r l . ,  d t p -8 l t p  f . u l t  on  l h l ch  t h .

h .n i t q  v . 11  h . r  nov .d  dom ! . 1 . r 1v .  ! o  t h€

J. SHEPHERD. L. K. R|XON.ndJ, W. CREASEY

A rotr. of flnlte wrdrh der lhlct wtd.nr

t a i l l r €  by  shed r  h . .  b€€n  d ( s t t t 6u ted ,  ! s ! . 1 l t

clos.ly .p.c.d ..d .nr8!mo6r.s

A  f a l l .  r n . r .  n . i  r r t p  1 r  p r . c t t c . l l y  t n  r h .

d t r . . t l o .  o f  f l u I t  . t r r t e .

s t r uc tn r r l  d t . con r l . u l r r . .  o f  . ny  k l nd  o . . ! r r 1 .3

l n  r oc t  ( . o . 1 )  bod t . ! .

A  r €v . r se  f . o l t  t h . t  d i p .  r t  l . s s  t h3n  {90 .

AIIFI{DIX ?

Th€  t . b l .  ahov .  r h .  t .m th .  o f  9 . 61o i i . . 1

l n  . 6111 . . y  ho ld tn i . l

eh t ch  8p .n  r r  l . a r t  t h t . t . . n  o .d . r !  o f

r .  r c . p red  f f n  c . r . y  ( l 962 ) , . nd

Tu rn€ r  r nd  rL t r .  ( 1961 )  r

t1 l

A d tp- ! l tp  fau l t ,  .1 th . r  h r th  o r  lou  .n3 I . ,
rh i .h  th€  ha .Rt .A  r .1 l  h ,d  nd .d  !p  ! . la t tv .

A e.n.r.r t..n ur€d to d€rc.lb. . ru.lr.. of

d l . con t i nu l t y  r l on3  rh l . h  ! 110  t . ke8  n1 . . . .

A  p l . c .  o r  D t . r t a I  r hs r  i .  bound .d  by  v ! ! t ou .

. . t .  o f  . r t p  ! o r r . ce . .  sh . ' r  r . n ! . .  . r €  . omon l y

66u t rded  by  rh . r r  f r . . t u ! €3  cha . . c r . . t . t l c  . o

v h i c h  r l v € €  r h 6 . n . p p r o x l m . r e l y

rh .nb t c  o r  hod t f l . d  r hoh5 l c . r o . !  3 . c r t oh .

t : : !
t : ! t _ -
! i : : i t t i

,;: :*::s...-.
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lho Au.. LM M. South.h Ou.on.Lnd ar.nch, Th. Occn€na, tu.dlcrlo. .nd Control ol
OulbuEl. in Coll Min.r Sympo.ium S.pr.mb.r, l93O


