
l'rontal Foothills structures in central Alberta: the thin end of the irtercutaneous rvedgc?
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Thr pirr xuk)chthonous sccrion orthcrsL ol thc suricc crprcssior) ol the t|iangle zone in wen cennal Albc.lx is
cut in plN..s b\ fiirterund vergcnt brckrhusts {nd b) morc srcctl} dipting (.d..10'l lbrclrnd-difected rclerse liults.
Thc gconrL'r'! 01 rlre thrlrn iruhing rbove the upper delachmenl crn bc mcchr icrlly crfl.rincd. rn prirtciple. bl N
n x ] d c | i t l \ h i c h l h c p l | l . l U t o c h l l r o 1 l o U s s e c l i o n i s o n d e d t l i t
ohscncd \ithin Lhc li)rclttrxl basi arc inrcryrcrcd as pr( ofan ex[enrely kr$ rng]c inlctcutmcous $(dgc lhal erleDds
inro rhe lorehnd fnn the l l i { rS lc  zonc.  Givcn th is  in lc 'Dr 'c lat io I .  gcorrc l r ic  re] l l ionshi fs  bct$cc thc la(r l l j t !
obrcncd rbo\c rnd bc lo\ !  rhc uppof  dcLrchnrcnr  sho$ lhnl  lhese st r \ rc lur 'cs could nol  hr lc  l inned in seqt .ncc.

rbo\c rhc upl]ef derrchrreft rnd. so irr. l.L.k obscr!r(i( rl srppofl.
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I\TRODL'CTION

Thc g.o'r)el'f ol rhe Albellr rdrngle zone hrs been studied
iIl grert derxil oler rhe hsl tef yeir$ o[ soi its iniernrl srrlrcrrr
is lr)rc coDrpl.x rlnr trrs origioally thoughr and sisniiicnnl
vafi|riors hx\e been obserled along thc loDglh ol thc Foorhill\
Belr (Spufl nod Lr\trm. l99tjl. A connuon ferrur. in rllpub
lish.d inrcrptrxrioDs ol Lrirnglc roncs is thc wedge of rock
t h a t  i s  r h . t r s t  b c l w c . D  t h c  p r s s i \ c l )  u p l i f l e d  p n r a -
rurcchrhoDous sccLioD rbolc thc uppcr delrchment and rhe
und.1i).nrd ruLochLhonous rocks belo$ the lo\ref detachmcnt.
r1... th. iDtcrculrncous wcdle (Fig. l). The angle ofihe wcdgc
is highll lrriablc. borh uithio and berween individurl cross
sections. So rir no lully satisirctltr) nrcchrnical rodel has
beeo estnblished rc accounr for thc gcomcLr) of the wcdge and
i( \eenrs Io be the crse thrt the nrdcls that brlc bccn proposed
hi \e incfeasing d i f f icu l ry  in  accouDt ing l i ) r  lo$,er  angle
$edsrs.  Pi r t icu lar ly  a$l$ard Io expla in afe the er l rc  c ly

Tr|Lduir 0r' ̂ rni.[ G\tin\ S1tr..

knf rnglc $cdgcs, in which upper tlnd kNcf dchchrrdn suf

hces hr \ ing opfo i i te  lcrgcncc mar bc pnrr l lc l  ove '  renr  of
kiknncrrcs. In Crndr. nrch snrcturrs hrve been pn)I)\cd in
nonhcrsr  Br i t ish Columbir  (McMech n-  1985).  t IL '  Pafr !
lsl.rnds fou bch Glardson and Brlly. 1983) rud lvcsr ccDrral
Albe(a (Skucc ./ a/. 1992). Elscshcrc. continuous hinrc {nd

vergent  det i lchmcnt \  more lhrn 100 kn long r lb$c h ighl ) '

de ionned thrLrs i  s ,ed8es hxvc bccn in lcrprctcd i r t  Pal is t . r
(hdoon ?r d1. 199,1) lrlxl Papua \e!v (ininea {Hobson. 1986).
Tbc basis lbr rhis kind of intc.pf.larior is princiFllr_ :eonret
ric: rhe blind wc.lgcs dppcrr Lo be i.(e xllr.' shorlcncd consnl
crablr- nrort than the sectuenccs rbolc .rnd belo$ lhenr 

'lhc

rptarcnl  mcchrnical  impiausib i l i ty  o l  thesc in tcrp.e{ loons
causcs- in mrD! olher geologists. reactions ratr-qnrg lroln scep'
tic;snr to oulrighl disbeliet.

The qrestion addfelsed in this {rliclc is not so mrch relhel
inlcrcuLlncous Nedges exisl at trianglc Toncs bul. nlher hos
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ICW MODEL

Fio. r. schematc cross-seLl ons snos..a a rerldl v€ i- €rprerar'ons or rhe rolations\ p bel*6e. re l'6'916 zon. a.d blind dupleres b(aleo
tonrei,nro rn" ro.r"no Boto,nes represe-i fa".s d,rf r-e reratve d'splacemenl drecno. shos. oy _e aaows a) 

-le 'nterculaneous-wedqe
cw/, . rhebodyor |o.krrus ledbelwee. I fe, ' r€ t 'ardverg 'nsupptdera 'hmenrUoIandrero 'eandners la" f "99 ' - lT"^ l1 l -o l  1 :

secuor .bove lh; uo has nor oee. oisp'd(eo la etaly bv al sgn cahi amounl relal ve l0 lFe base-e'l rrd F '6ter

paa-aurochrhonous secrion b) D splacement above de uppe;deiachment is taken up bv d strbured straln ( avet-pa rl r"l $91!l ii -!l!):Il!
;trarn woutd be grcatest abov; and to ihe no heaslotlhe blnd duplexes in areas shown bythe grey tone. Nole rhrl the delrnrng leaureso' tne

models are nol;xclusivei lhe lcw modelcou d easiy incorporalo some d'sltrbured slra n and lhe LPs mode leatlr€s a (high-angre) nlerclra'
neous wedge. The criticatdiiterence belween rhe models s lhedrechon ol displa.emenl on llie lpper del.chment outboard ollheriangle zone

LPS IVODEL

xrulc lruo tl|. Ne(l:c .tnglc L'e l A c ti(rl clenrenl in this disc s-

siur is rlle nururc .od e\renll oi thc defbn xti(m thrl has occu,t-d

in rhr  pr . r  r l rochl l tonous scc l ron abovc lhc rntercutrncous

$.rlge (l'ig. I'. Tl)is ilniclc will slrow s(nnc cxaorple\ ol srruc-

t urcs irr wesl'ccnhtl Albena fro r the lin c laDd side ot drc {'rlice

e)iprcssn of ltu lriflrgle Tonc Lh.tl rny llnl)w some lighL o this

issue. Fi|\r. horle\er currcnt thcorctic.Llnlodcls ofthrtrst $'edges

uill bc rcvicNed ir o cr ro evalurlc lhen rpPlic.tbilitv nr con_

srftinirg i eryrulrLi(n)s offrrnLalst cttrcs

THroRFr(.\L MoDIlLs

'lhe 
cfii.al Nedge N)clel of I)rvis ./ d/ ( 1983) has p.oYid-

ed i  s ighl  io lo lhe gross m: icroscopic inccbrnrcs o l  accrc

rnnr l.prism\ ns \\'cll as fotelx d fold and thmst bclc. lI has

been succes\tirl in quantilrlilel-v chrrrclefizin! the fegtunrl

wedge g.onttr! of tbcse belts llotleler, such a N)dcl does

not (oor did ils rurhof s inlcnd il {o) dcsctibc llre conrpler r lcr

r r i r l  souctures of  thNsl  bel ts .  lhc nrodel  is  t ( r r rded on lhe

r n r l , , ! )  h 1 $ e ( n  r \ f  l .  r r ' , J r i , ' r , l f . 1 , ' n r n , r ' , 1  r , , o r r ' r r u i n  r r r r r e '

and thr $edge ol soil in fnnrl oi rn rdvancing br'lktozrr bltide:

rh is  inrNge is  now . r ,  rnronlhcc i  gcological  icxtbooki

Desfilc ir! sLrccess, lhe rfflicabililv of tht lheor-"v to lbrcland

hehs has bcen challcnged on gcologicalgrouods bv Wbod$ard

(1987)aDd or  theotcr ica l  grouDds t ry  Bonrbr lnk is  (  I994)

laDrison (1993) aPplicd lhe criticrl $'edgc mdlelrc lvh:rl he

rened lhe brckthrust wcdge (i.?, lhe lufa lulochthoflous

rocks $ove lhe upper detrchorenll tt liianglc zo es- Ihc ctiti

ca l  !$cdge in rh is  case is  rodel lcd rs  a h inter land ve ' :ent

n)ass of rock. Hc delermincd .r rangc ol srablc $edS' gc'Jnre

iries for tafying bounda.y condiln)ns such as basaldclachmcnt

an!h (oer f iJ iJr r  ̂ r  inr , r1,  f r iJr r "n : r t r l  Pore-prcssuf t -  r r r io

The prccision of the unrlirsis is limited b)- uncearinties |n $e

roposcaphic profilc al the tirne of dclbrNlrion aod bv the
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irnro!nl ol iso\trlic rchound ihrl has occu ed ouc Lo suosc
que t . ros ionxl  nnloading.  This moclcL.  i r  should be ool rd.
pfo! idcs oo .onsrra ints  or  thc shr tc  of  rhe in lercu(r  cous
rvrdgc. onl! on thr dif' ol thc uppef dehch rc l A \ lurble
inl.rcnlc lhrr can be dr.rs irom Janriscnr's anrlvsr\. ho$c\.cr.
rs thrr oycrpr$sured rocks rre probahl) rcquired r the upper
drrxchi r rn l  lo  lccounr for  :eonrerr ics i  which th i \  ludace
dips xr  rngl r \  o l - lcss th n about  l2 ' to lv : r fds rhe l i ) re l . rnd
Su.h (rscs rrc (onrnnnrll obseNed (r,.s'.. Tflr1. 1911:li lurcKi\..
I t l ( l l :  L . r \ . ror) . r  d / . .  199,1) .  Morc recent  wofk (Jamison.
I t )96) .  Lrs inS i in i lec lenrcnt  r  t r lc l l ing rcchniques.  rmp(x.es
lhc .onsl'tlinrs on thc rcquired bound fy conditions ibr r rrn.ec
ol rljrlisti( trirn!:lr /or)c sconrclrics.

'Ihc 
np|)ef surtrce ol r crilical lhrusl wedge is .rssunred to

hc x licc surkc. Nhcrc princii,rl sLrcsscs no nrl to lhc sndl(c
r f ( l  sh.u srrss$ prra l le l  to  r t  r re zem. Any .onstr r rnrs on
s.dSL . !conr( l r \  cr lcu la lcd on (h is  basis  sbor ld ool  bc crpccl -
cd ((, rppl) ro i.rcrcrrrncorls wedges whcfc (he ut)Ff su'1n.es
rrc ruhsn rce r lerr .h cnls  wi th h intc thnd \c fgcn(c-  An
rr . t r rpr  r ( )  { lcscr ihc n lcchrn icr l ly  lhc inrcfcur : incoLN sedge
i(sc l t  hrs bccl l  r lndc l ) !  Clh l l  eswo h c/ . /1 .  ( l9 i j7)  who pro-
pos{d thxr rhc uppcl Urd lo$er boundr es of lhe wedgt $c't
colliogrrc \hcrr plnDc\ lrxl thtll lhe un.qlc thrr lorms bclNccn
lhcsc t ) lu ' rc \  shoul( l  l ie  i r i  rhc r rngc o l  :10 ro.10.  lk t r rc lcr ' .
ob lcnc( l r | | ! les bctwccn lhc uppcr  Id k)wor dct i rc lu l rerr rs  l r€
c( t rnt l lor l )  lcss thxrr  l0  rnd.  i I  s(nnc c |scs,  r rc  r l ruch less.

r \  s inr  i l ! i rS l *sun) | lnnr  r r r r ( lc  in  r r l l  thcotct icr l  u t tcr r l f ls  ( l

e( ' I ' r f r in  $.dgc gcorucl r ' ic i  is  lhut  thc | \ )cks inro l lcd nrc
isoui'pic rnd hofin,ScneoLrs ln rurl rlnusL rlnrclLrrs. llrc lt'),crnrg
ot  r )c l , r  $ i rh \u)  r l i i lc r r r r l  r rcchrn icLr l  p11)pcaics ( r .?. .  co ' r )pc-
(cor .  ine,nr forcDl  r r rd /orrcs o l  supcfwc.rkncss :  Crolcoct .
l!71)c\ljrr\ t| l)roli)urxl irrllLrcncc rnr thc (lindbuti(nr nd gdor c-
rN of (lctrchnu)r\ rrrd lhrusl ilmPs. l)r'icc 119N6. l'l'14) stulcd

lhr( r n.ccssrr'_\ cor)dirir)rr 1i)f lccl(mic lvcdgnrg rrrd deLnrinatn)r
is l srRnrsl) l.rr"crcd lnd rnisolrcPic borly ol n!.k. D.C. L.t$,lon
(/r1:r. .., r.) ha\ I)itrtcd oLrl lhrt tliirnSlc /oncs do not scc r to

li)nn ir ||!e'crnnl.lrl plisnN. pcrhlps bccrusc such seqren.cs do
not poscss lhc \rried rnd sltrnrglf hycrcd sedi re lnD utrils
r_vpicxl of iinehDd ind rDd rhue bclls. lhereli)rt- nn .ls rb:it

e\.lu(lc rhc Drcchrricxl rnisoflopy inln)duccd b) s.dnnenrurl'
l r rcr i l ls .  r  ncce\ \ : r . f  .ondiL ioD lbf  lhc tbnnr l ion o l  n i tnglc
/ ' i h .  r : r ,  h J r . l l !  l ' (  e \ t J . r . l  r ,  ' t  r . , ' I  r | | (  { i ! , ,  "  r "  i { l

\rfilin rhc gconrclry oi such snrclu.cs
One Do\siblc rcrsor lhxt tfirnglc /oncs ̂ rc bcltef developcd

i  / \ lbenr  rhrn in  nranl  o lher  pt i r ls  o l  lhc 'nr fg ins of  lhc

Rd.kr NkNntrins rD(l olher thrusr bclts is thal rlre fo.ks com
pr i \ ing rhc : \ lberr r  Foolh i l ls  \ ! .Je essent i . r l ly  unddlbrored
pr io.  to  th.  conr lnessiomt l  cp isode.  t ' l lse\ !hcrc,  contrnenral
nrr rg ios nrd torc l .nd brs ins. r fe conrmonl !  f ru l lcd b, \

dernched ind bas.nrcnl-i'rvolled nornll hults N \.ll rs b!_
strikc slip liulrs. HNd thcy occurfed. su.h lirults $ould halc

dis ,pred rnd oflscl a ! pl.rnes 01 wctkDess. Ihercb) p.crcnt
ing rhe rbnDatnD ol  l l re  long.  conl inuous detachments and
lo$ rnglc \rdse slru.tufcs thdL 0t lypicxl of thc Itunlal por

tion ol rhe lbld and lhrusl bell in Albc'tr.

S l rsN|(  EiANrPr r  s

EDsoN Ii\.\vH I

Skucc ./ .//. ( lq92) describcd strnc \tftrcturcs in th. lldnnl
arcr (Figs. 2. 3). ir)rcrprcting Lh.nr rs blind duple\e\ th r had
li)rmcd belween p fallel delach rcnts rlhich cxn hc con.hrccl
1()  {hc dctrchnrcnls  in  lhc t r i rngle zone sonre l0  k ln lo  lhe
soulh\csr. This irilcrprclltion calls lbr { s,cdse -100 nr lhick
rnd -10 knr lorg lo hr\c bccl tlrrust sc\crrl hundrcd\ ol nr.lrcs
bctNccn csser t ia l ly  uf ront i rcred u i i rs  lbo le r tn( l  belo$ r r .
Skucc e/  d1.  (1.192)  suggcslcd thr t  th i \  vcr l  lh in $dgc \ rxs
eDrpl  ce( l  th fough latefa l  hydru l ic  h i lc tur ins b)  eryfes
surud shaics.  rk in ro thc i  hrsnn o l  dr  i . !ncou\  \ i l l .  Dcchcsuc
(1994) ( lcscr ihcd cv i ( lcncc l ionr  corcs i r  ( f ic  Scco d \ \ 'h i tc
Speckled Sh le {lhe level ot the lo\\.er (let{chnrcnl rt Ldsonr rn
lhe sr 'nre gererr l  xrer  rhNt  shows l lu t  lhc{  rocks \ r . rc  on.c

Fin i re e lef rerr  nrx le l l ing shNs thr t  rhc (oc l i ic ienl  o l  l i i .
r ior  oI  lhc boLrrc l ins dcrrch| rcrr \  o l  l  l ( \ r  iDslc  i r ) lcru l | '
ncous wodgc In!sL bc !ery low (Jrnr ison.  l ' l ( .X)) .  lh is  inr l t ic \
lhil pore prc\$rres nrrn bc lcfy high. SL,ch pr.ssurt. hr\c no(
t reen ob\er lcd in  rn Lrct ivc l i ) rc l rnd b. l l  hn l  i \4oofc. /  d /
(1995) rcDor\cd i / r  r i r i  rnui \ r tcrncnrs,n l (n 'c  l r l jssrr (s  c lo ' (
k)  l l rc  l i rhosl r r ic  pr l issufc i r  rn rc t i ! t  ( lc txehrr lcr r l  ro l lc  jn  lhc
IJnrb.rdos |ccrcliorrlry ptism. 'lhcsc 

rcrt high l)o'. Plcssurcs
t l l r  lpprre| l l l )  cr l rsc( l  by l r (cr r l  i r ) l lu \  o l  por .  l lun l r .  crus ing
( l ihr io l .  This  ( r )onin lcr . -uuu)cous)  t r isnr  h$ r  ! , j r ' . '_  l (^r  l r tc f
r rs lc  (n rboul  2.5 .  i | ld i (u l ing l l in l  i ts  br \ r l  c(  l ' r ' )cr l  / r r r ( '
hrs a !cr t  k)w c l lccr i !c  sr tnqlh.

52-  l t
7 1 7  W 7 1 6  t |

Frq. 2. .da rop lo$ 1.r 1a o . ron ol rnF Edson. R"L'l dnd
Bra /e- "L  p  \ " r  a , "mpt " ,  o , , : . . -o  -  - r  p ,per  cu /acp  ou l  op \o l
some malor thrusts (barbed nes) are laken ldm Price eral (1977)
The barbs are on lhe lhrusl hanqinq wa s BCF _ Brewsler Creek
Fau l t  scF= sy lves ter  c reek  FaL l  (Jones  197r )  xandYare lhe l rm '
ils ol lhe seismc iine shown in Fglre 3. The reclangular area on lhe
rnsel shows the map area

EBIJ'#^ l:1

' -

iALBE



** ,lt

,. . ' :.,--:.:-1-:;;1: 
'"-fi!;-;- -:-.

' , : ' " : r : . : ' ,1 .  l . '  
'  ; . : . ; . f ; . - . . . - , , -_. . : . .  - : l : . '  - - .  

.  . . lJ l , : i

YX

Fig. 3- Inrerpreled sesmc scdron near Edsof (se€ Fig 2 lor locarion) Nole thal lhe venca exaggeralon on lhis dsplay avcages aboul
3 5:r . The lhree wells above duolex A are locatcd in Townshio 51 ' 18w5M and all penelrale as deep as the Beaverhil Lake Fomalion Wel 1 o_
17-52,17W5M oe.errares dlD sr C and lerrninaled more rhan 200 m bclow he lop Vlkino marker See Skuce el al (19s2) tor more derarls

' lh .  i t r rcr f rcrar io l  rh l r  lhe Lr tpcf  suf fncc of  Lhc $cdge r l
F: (hon rs x  h iDr . rhnd \crgerr l  detrchnrent  srs brscd oD: r )  lhe

lbscnec o{  rD\  c \ id . r rcc of  shof iening in  thc uDiG ibo\c i l .

r ld  br  i rs  conr i ru i r !  s i lh  dct |chrncnts tbr t  hr le  \c l l  c \ tL ib
l r \hc( l  h iDt . rhDd \crgcuce i r  rhe t fhnglc zonc lo  lhc soulh-

$.sr . , \ l tc  rxr i !e l ) ' .  i r  h  s  bccn tRrposcd h) ,  Dechesrre ( l9g l )

rnd B.  \ r i l l .n \  .nrd H.A.K.  Cha esworh {Zrr .  . , , ,D.)  tbar

suhsl . rnt i r l  lu) 'cr  prrx l le l  sho cning h. rs  occuned xbole lhc

uf'p.r d.r.|chnrent outbo .(l ol thc tirngle zone. ob\illing lhc

nc.d lo inre.prer a hinrc Dd lcrgcnL ilctrchorenl thefe (l'ig.

Ib) BeclrNe nrl'lr shorlcDmg could bd spread oler r lN-9. dis

hnce ir nrc(l not Drxr)ilist irselfin rny obvious of c!.n obseN-

uble $tl). Inrplicir iD such lrodels is thrr thc lowcr dcLachmenl.

tud \hnrning rbore ir. exlerd elen i!1hcr into the ibrel d
thrn th. duplcrcs obser\ed in the lldstr cx{nrpl..

'I$() 
brcrd calcsories of layef pafallcl shortcnng cin be

ervis!-qed (HarisoD .nd Brlly. 1988) The tlNr nrvolv.s vol-
unre cooserernD ( . .S. .  rDal l -scale to ld ing.  t loN).  rhe o lher

err i r i ls  vo lunrc loss (?. . ( . .  hof iTontx l  cornplc l ion.  srU(ni l i^

r ion) .  I -hc hucr  k iDd oI  hyeFparr l lcLshoncoir r !  r t r igh l  bc ! . r l

d i f f icuh ro csLrbl is l r  in  pf rc t icc s incc lhc t f f tc ts  lvould bc

sl r r l l  rnd the requi fcd L l r t r  (se ismic \ 'c loc i r ics.  $c l l  1o! \ .

corcs.  our . rots)  r fe  pfobrb l r  k ! )  inr f r .c isc or  \ f  tsc r r )  h .

usclul. Orr the othef hrnd. laycl p.rrrllel \lxllcning {irh vol-

rnr conscr\iLiou lvould prcducc thickncss chrngcs lhnr ight

bc lrrge eoorgh lo bc obscN.rble by crrulLrl scisnric isochfon

$ork.  This lvofk h. rs  bccn .Lt rempred hcrc.  I i ig  res '1 rnd 5

i l lust rd le the r ime sr |xcrurc\  rDd t i r ) te  lh ickrcsscs bcLwccrr

scisrnic reiledions on Lhc scclion shown in l-igurc l. \ole ihal

rhc sci\rric line extends snnc 15 knr f:rfthef lo thc rtonbeln

than sho$n iD Figufe 3.  lhc nros l  spectaculxr  lh ickncss

chrnge is  across rhe duf lcrcs pre! iously  dcscr ibcd.  The

-loungcr i cnrls thicken gr&lurlly lo dre nn'rhscsl. ns pre'

d ic led b!  models of  lbre!and basiD subsideDce { l lcruDur l .
l98 l ) .  Thc Wrb.n)ur  (Devonixn)  Crmbr i rn io ler$r l  lh in\  to
rhe $ 'es l  duc to rhc i r l lue.ce of  Ih .  wcst  Alber l .  Ridgc
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lOldr lc  rnd ruund! .  199,1) .  No arom lous rh ickcnins is
obseNed abo\e or  to  thc r r r rheast  of  rhe duplcrcs.  Ihus, tbe
!ppro\inu(e1! 1.5 km ol shonening obscrvcd in thc dnplexes
in Irigurc.l cannol be lakcn up in the section abolc thc uppcr
dctrchnrent aloos tbc lcDgLh of the seisnic seclron. xs long as
voLunre conscr\i'rg h).r fxmllel shorleoir)g is Lbc mcch{nism.
or unless (his slxrtening is rc arkrbly honr)geneous and lery

HofiTonml conrpnclion crusc.l b) tectonic siesses lvoukl
rcsul l  in  ioc lcrscd sc isnr i .  !e loc i l ies.  This rx iscs thc possib i l i
t\ th{t hrerrl ch nges in courprction could be otrseNed b}
crrc l i r l l )  c \ rnr in ing in te^r l  le loc i t ics.  This has nor  Lreen

altenrpred here lbr Lbc li)llowing reasons. f,irsl. seienic inrer-
val lelocilies do nol usuillt hrlc sulfici.nt rcsoh(ior to detecr
snnll chrDgcs in forosity elen ln thicl. hornogcncors uDrts.
Sccond. Nny obreNed chroges in iorcnal lclocit} could not bc
iirleryrcLcd iI tcrnr oi porritl variatioo: onless rl)e ptunar)
l i lho logics of  t l rc  uni t \  w.re t iShr ly  contro l led.  Thi rd.  an\
longef saleleng$ lrtcrJ porosity vrrirtions thar .ould be iso
laled could nor be di'€clly .illribulcd lo ho.izonlrl coDrprclion
clTccls wilhoul fint rcmov;ng the elltcls ol ditltrc lial burial.
Coiocidc L sccLion Lhickcning rnd teckrnic conlrnclion coukl
rbeorel ica l l t  t r )ducc a s i tur t ion in  $,h ich the l inre in leN, i r l
rcross a th ickcncd iect ion renra ins consraor  duc Lo thc
i ' r  r f ! . c , 1  n r e a . , l  ' < l o . . r . < .  r ( . r . l r  . !  I n !  r l k  ( , r r , t i r r r , , . , .
hoNe!er lhrs 1s considered irnprobablc.

R{nnr ]jxA\rPr ri

Figu,e 6 sho$'s a line dnN'ing ol r seiso)ic section rlnt is
locnrcd bc($ecn rhc Edson cx:rn\tc clcscribcd abolc .rnd thc
l r i rngle 70 e i i (  Robb { ! ig .  2) .  Ihe drr r  qur l i tJ  of  th is  l i rc  is
Dol tls good s ir) Figur€ 3. The interpret ti shoNs lt duflcx
in rhc srnrc i r l rcr ! r l  .Ls in  rhc ldson crx l l rp lc .  In  1 l r is  c . rsc.
snrr l l -d isp laccmcnt  b ckthrus ls ,  d ipping . rbo!r  lo"  of  less.  re
inrcfrctcd rbovc thc utpcf dclrchnrcn(. Thcsc le|lures do r)ol
sccr lo rclcl) lhc su ilcc. To lhe norlhersr oi rhc l)cdlcy l;rull.
Lebel  . /  ( r / .  (1996) hrvc nrrppc( l  xn outc(r fp in!  backlhrun

l

Fig. 4. Seismic lime slruclures on selected horizons measured
lron the serion shown n Figure 3 Poinls X and Y (see lh€ base ol
lhe llgure) corespond to the ends oi lhe seism c section shown in
F gure 3;lhe localions oithese ponts are shown in Figure 2. Nolelhat
values on lhe right-hand side oi the dagram afe taken lrom a 12-km
extension ol lhe li.e to the nonhea$ that is not shown n F gure 3. For
iilstralive purposes.lhe lnes have been shilted togelher by lhe lime
oilsets shown in pare.lheses rnder the horizon names. The aclual
b{o way limes on lhe originaL seclion can be fecaLculaled by sublEcl
ng lhe lime ollsel lrom the Y axLs va ue Note the anliclLnal siruclures
o.lhelhree upper hori2ons that lormed above lhe dLpiexes inlepreted

F ig ,5 .  Se ismic  lme n teNa ls  be tween lhe  se ismic  hor lzons  n
Figure 4 The ntetoals are labeled us ng abbrevialions ror he lro
zons shown n Flgure 4 Nole that a nleeaLs except one lhrcken
westward as a luncuon oi toreland basin subsidence (Bea!mont,
19a1) .  The wabamun (Devon ian)  Cambr ian  marker  in te rva  was
deposited before lhe jormation ol the ioreand basin and thins 10 the
wesi. The ony anomaous lhckness changes occur over lhe inlctual
rhal conlains lhe duplexes shown i. Figlre 3.
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SEISMIC TIME STRUCTURES
(ADJUSTED TWO'WAY T MES)

SEISIVIC TIME INTEBVALS



rth. Robb Ftrh) rhr(- o s.iinic drrr. scenrs to bc (x'ted in n
detrchnrcnr in lhe B.Nrcru fofln.rLior. lt is possible tlral lhc
brckthrusls shosn in Fisurc 6 ihrren upw Kts lnto lhis derach-
nri'Il hut lhe sei\nric drh rne nor good enough Lo $tlblish rhis
r l . t j r i t i !c1) .

An intcrc\tin! ltlnri(n\hip seen ir Figurc 6 is thc w.ry in
$hich rhe brck(h rsls nrer.ee u'ilh thc uppef dcrxchnent ar rhc
srr l r r  Nrnt \  { \  rhc r l r rusr  | . l r l l tps in  rhc duplex. ' fh is  suggcsts
thirl rhcrc nk\ be r ge eric link berween thc trults above xod
bt lo$ lhc ( le l  chnrc l .  l l  so.  the lcatr rcs nrusr  hf lve tormcd
r l ier  thc Ed\on ( luple\es ( i . . . .  out  o l  scquence):  orhc isc rhc
hrckthrur t \  r \ r rk l  noN be localed rbour  1.5 km iouthwca ot '
the Lrndcrlling drpl.x (lue to this lx)unt ol conrrr.tio|r in rhe
l , ( | lon st ructurL ' \  (F ig.  l0r )  Al tcDr{r jve lv .  lh is  obser !at ion
(( r ld  hc in l . r t r red Io \ho$ thnt  no d isplxccnrcnt  occured on
lhe Ufpcr  dc lNhnr l l l  r l l ( r  rhc hrckthrrsrs tbrned (Fig.7b) .
' lhus.  

i l  l l (  l i lson dr t lcxcs l i ) rmed a l ter  (1. . . .  s t r ic( l )  in
seq[ence $ i lh)  thc l { ! l ls  in  lhc Robb cxunplc.  lhc Lrppcr
(lcrrchnrclt ol th. l1(i\on Iertures corkl rot be hinterl.rod veF
gerrr .  nrcr l i | lg  l l l l r  i rs  d isphccr ic | l r  d i rccr i (nr  \ ro! ld  oot  bc
.orr \ is t l j r r r  $ i lh  r lN r l ( r le l  prnpole( l  by Skuce. /  r / / .  (199]) .

B(  \ / r ' \ r  Iar \ r  R L\ . \ \ rPl ] .
' lh i \  \ r ' is r ) r ic  l inc ( l j ig .  l l )  is  locdc( l rboLr l  70 k r  sout l rcrn

oL lhe pr . \  i ( 'u \  r \o  o\ rnr l tcs (F ig 2) .  Thc l r i r l  g le /o e js  r rot
( lc \d lot ) ! \ l  in  i t \  \ in) l ) lc \ l  l i )  r r  i r r  lh i t  Du o l 'A lbe 'u i  rhc nxrst
cilnc11) c\t)()rcd r)lrju lhr!sl lilulr is Io( 0 hinrc rn(l-vcr'.qcnl

SW

dclrchment but thc Ancona ThrusL, r fifeland directcd rhrust
l -aul l  tha l  or lcr )pr  about  l5  knr  south$csr  o i  lhe Brazea!
Rit€r eranri'le (Fig. l). Locrllv ir,.s.. rhc BhcksroDe Ri!cli
I)ou-el:rs. 1958). this taull hrs Nl] dipprng Tc jnry rnd Utper
CElaceous rocks in it! IboLwdll rnd cxn be in(crprctcd xs //,r/.
./art,.!: nd culling lhrcugh the rria slc rone nronocli c. A
snnilur geometr) has hccn intcfpreted b! Li! ./ d/ ( 1996) nerr
Crcfie Creek. \\hcrc oul of lequencc nx)(ion on lhe lvuske!
'l 

firr$r bas cuL thongh ihe uppcr dc(achnrcnr rtrd tionhl ro
ocline. Ne,u Nordcgg (lrig. 2). the Arrconx Thrusr is folded
(Jo cs.  l9 l l )  rnd lhus t r "z /df . r  lh .  b l ind r ionhl  \ tn ,c lurc
hcne{rh it. The ri ing md DrLu c of the tionrrl \lrrcluljs iD
rh is  geDernl  r .cr  r rc  c l idcnt ly .onrde\  i rnd r rc  $of lhr  o l  r
detn i lcd nud) iD Lhci rown r ighr .

Io lcrp.c l rL ion o l  thc sc ismie dr l r  in  I ' i3ure lJ  shoN\ rwo
.hrp lc \ (  r l ' r r  Jr (  (ur . r - . r . .L l  , .  . 'nr r " \ .L . , r (h rh.  . . ' r ' r .  .u . ' r i

S( . fh i .  level  is  Ihe Edsor r rd R()hh. \xnt t lc \  desdihcd
rbole.  l \ re fest in !  te . lures on th is  l ine r re No.Drc. .qcr l  larc
l.nd<lirecled reveNe tirulrs th.r .ut rhc uppcr d.trchnicnr rnd
rhe enlirc tjpl)er (letrceous urd li' irry sLctior) xborc il. lhc
r \o lxuks r f | renr  to cxtefd fmnr r rmps $ i th in thc $csrc f
dt|plcx. Nolc lhrt the dist)liluen1€nt on thc rclctsc I:r lls is lcss
l ln l l  l l )ur  o l l )e  rwo uor lespondin!  l i r r lc  s i rh in lhc duplcx
Glrd i f lcr '  ( I  . r / .  (1990) h ve repo(cd lcry s jnr i lx f  n fuc lurcs
thr t  t lc  i rn to l l l l  i I  corr ln l l ing rhe l 'cco o i l  l lc ld  in  lhc L lc l ly
l l i \ ,e f  l in ' |nr ion,  loc.L(cd r  lcw | | l l  nor lh o l  thc sc isnr ic  l in t
\howr) irl lrignre U.

0 l Krn N E

Fid. G. t.leroreted I ne drawi.o ot a seEmLc tLne d scussed as lhe 'Robb exampLeSo id ines are cohefenl selsnic rellectons: dashed lLnes

ae nieroreled ihrus du : .nd d;r.chmenr ho zo.s See Figure 2 ior localion Liltle venica exagoeralon TWT means h,vo wav lransn nme.
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As in thc Robb cxilmde discu\\cd frcvi('ush.- rhe Seontr
ic  re la ln, rships in  the Brrzc lu Ri \cr .xanrde indicrrc  rn ouL
ol scqucncc oder of lornrirlion Lo renrain consisre l \rirh thc
in lercut .urcous \ rcdge interpreut i (n \hosn in I  ignre I  lhc
tupper clctach'ncnl is cLrl bt lhc rcycrsc lrtrlt\. lvhich nrerns
lhal  Lhcrc conld ha\e bccn no d ispla.dnenr rkr r l :  the uDpcr
dctrchnrenl  r l  lh is  poi r t  r t l ie f  the re\er \e lxr l l ls  lo .  rcd.  Onc
po\\iblc inlcTrclltion of lhis is $rr Lhc n(r. cxslcr1\ ol lhe
lNo blind duplexes lornrccl llst, bciar. th. rcle.se l Ulls urd
lhe \ \cncm duplc\  ( l i ig . ' ) .  c l .  Ar  l l ler  r t i r (  possib i l i l \  r l . i ! .
9x r )  is  thr l  r l l  the l iu lLs lbr lncd st r icr l \  i r  s .quen.c ln  rh is
clse. irn lnteryrclrrion inloLyinS no hinter|rnd lei-!enl dctr(h

'Ihc 
rc\ersc lrLulLs {rc cstimrtcd tr) dit .t Nbour -lO . \rlue

cbse lo lhr l  r reasurcd in  the i le l i l  (Jonr .s .  l97 l  roI  rso s inr i lxr
lca lurcs. lhc lJrcwncf  a rcck and S) l lcsrcr  Grck l i r l l \ .  $h ieh
rtt lo.rlc{l .10 knr tu the souther( oi the Brr/enLr lti\ei e\llfr
p le (F jg.  l ) .  Such nfg les r re ! j ruror l l )  srccf :  r_ ' '  p i .a l  l ( { , r$r l l
cudl  rngler  j | l  l l )e  Albenr  Foolh i l l \  r fc  I ' rss lhro l { )  lS|mr l
f l r ( l  LrwloI -  1996).  CoLr lo | rb l i rcrorc cnlc f i i r  (JrL ' !er .  l ( ) ( l ) l

l ) rcd ic l  Ih l r  i$ l roI ic  1)cks hrv ing r  i r r tc tnr l  (oc l l i ( icn l  ( ) l '

l i ie l i ( ! r  r ) i  0 .85 (Blcr lec.  l97 l t )  shoul( l  t r lc tur 'c  r l (n ] :  p lucs
thnr  n kc rn rnglc  o l -Lrboul :5 ro lhc ( l i rcc(nn (n lh .  r r | \ i
In , r ) r  cor) ru] jss ionl l  sr t \ \  Fr) tn lh is  i r  crn bc in l (  cd lhnl  lhc
rr r r r i r rNn) coru l rcss vc pf inc iDr l  s( rcss srs , l  lor i r (nr l r l  r l
rhc l i  e  rhc rc !ersc l : ru l rs  lb f lnc( I .  A r r rcchrn inr  r , !  d is l (n1i r1S
rhc stc \s  i ic jd  in  r  lhr rs l  shccl  wrs p() tx) rd h\  l -hhrct  I  l96 l ) .
rs i lg  rhe nr(x lc l  o i  r  r tc lungulLu bkrc l  in  l i rho\r r r i (  c( tu i l ibr i -
uf i r  bei r rs  f rshcd hodr(nr t l l l )  rc | r 's  r  I r i . t i ( t r r r l  ln l : rcc.  

' lhc

r$(lcl predi.rc(l lhnl lbrcrhrusrs \houkt dip rlrgle\ 1L\\ lhrul

ROBB EDSON

Fig. 7. Schemarrc cross.seclons showrg lhe sequen.e ol de'o.
mat ion o l  lhe Robb and Edso.  examples.  Bold nes show acl ive
lallts. orher hnes represenl nacl ve lauils or delachmenl evels UO -
lpper derachmenr LD - lowe. deiachmenl. The sequeice a), b) lhen
c) E requred ro presede lhe spalia relalonship ol the iauls above
and berow rhe uppei delachmenl al Fobb. The Inkage shown in b)
a.d c) berween the backlhrlsls above llre UD and lhe oulcropping
Robb Faulr  {Lebelera/  1996) is  specualve.

Fig. a- r e@reted selsmic ine cotrespon.ling to the Brazeau River example (Fg 1) ven ca exaggeration is a hot't r 5:1
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Fig, 9- Schemalic cross.sedons show ng lhe sequence ol deiormaton lor Ihe Bra2eau Rver exampte Botd ines show aclive laulrs. other
I nes represenl inaclive laulls or deiachmenl eve s. UO - upper debchment LD - lower detachm€nl. Secl ons a).c) show lhe seqoence ot deto.
malon requned lor lhe interculaneous wedge model. Seclons x)-z) showa possible sequence of delormaton nvolving ayer pararrershonen n9

the dipr ci{pcctcd in rhc cirsc whcr! tho nutxinnrm priicipnl
srfcss wxs sinrd\, horiTonldll siuril rjy. backtl)usts would hnlc

!'€{er dips (Fig. lon). Al lirsl sighl. rhis sooms con(rar} $ rlrc
crscs dcscr ibcd hcrc whcrc thc I i ) fc thrusts (Bf t rzcru Rircr
cxilrt]ttc) hnrc a high dip ilnd lhc backthNsts (Robb cj(anlple)
hArc A kr!! dip. Howcv('r'.ls shown hy JAnrison (1993). tlre sec-
tion rtrovc rllc rppcf dcrrchnrcnr can bc nmdcllc(l As thrusl
shcct \\'irh hiflcrlnnd lcrgcncc. In rhis casc, thc o rcnclntur
ol brckllnrsrs xnd litretlnxsrs crn bc revcncdi thc stccp rc\crsc
hull on thc hlrAal| Rilcr cr|Drplc cao be liewed rs r brrk-
tlnrn i|l rhis .orrc\l. Ihur. thc obscrvcd fuultiu! h the prrx-

.rurochrhooous sccti( dcscr'ibed in dris p0per is conrpatiblc
with lllllillr's (196l) t1\odel. tJnr|itlitlg tdt the upp.r d(kktt
"k" ha! a hi ri ul \.,ts( ol listluc?tr tt.

Ho\c!cr.lhc rcnlil) is rol likely to be this simplc. First. rll
lho rcscn iu ioos : rbout  the s impl i fy i rg assumpl ions in  ihe
wcdg. DrodDls discussed earlier will al$o rpply here. Second.
the reversc faL'lrs rppcrr conriouous acruss thc uppcr dclrcb-
ment rnrhc' rhln 'ootcd in it as thc nrodel in Figure 7i \.otrld

fequirc. It is possible lhat snrall disphccmcnts oo the iiuhs
wi th in rhc b l ind drp lex resul tcd in  bendins of  the par . t

auLochrllonous marcrial rbove the uppet dchchmenl, locallj

nrodifying the strcss ficld and causing tbe sleep rererse tauhs

lo onclearc aborc rhe duplex (|ig. l0b). Subseqn.nt no!c-

menrs could hrvc resulted in thc lrults above and bclow dle

dehchmcnl runnins rogelhcr and eventually cuttirrg it- Morc

modelling sludies are reqrircd to fLrrther expl(nc these poarK.

DrscLssioN

The intcrprcLntiors of the drcc crinples abolc. cxantned

in the lighl of norc gereral obscrlalions of l'oothills strnc-

trrcs. alkN a urnber of rrguncnts to be mrdc in the debate

bcrNccl l  thc in lcr ._u( f l )cous wcdgc Inodcl  ( lCW nxxlc l )  rnd
rhe l  yeFpuir l le l  dro ening nrodel  (LPS r l (x lc l ) .  The co| lc lLr
silcncss of nrrny ol thcsc Lr_llunlrnrs nr$r hc lr||r|,:rcd by lhc
lhcl lllrt thc afcir oLrlboirrd ol lhc llirnglc zoDc hrs ool Ict hccr)
c i { lcns i !c ly  s ludicd l r 'oDr a s l ruc lunl  sr l |ndpoint .  l i i r \1 .  s ix

tx)inls lhrr gcncrLrllr' $uppo( (hc l(:W nrodcl:
|. Ob\?t\'tlio|tl thta't| ( (tl tu)t'U,arull<4 shdloiD!.'11\.

Edsor cxrmplc slrows th t thcrc is Io scisnriclll) obscNnblc
l : r ler1: r fa l lc l  sho cning rbovc lhc uJ 'pcr  dcrr .hrr renr  c i rhcr
da| lcr ly  abolc or  inrnrodi t lLc l ) r  crsr  o l  rhe b l in( lduplc\ (s  bc lo{

2. Etittl! litilt !. The Robb rrd BfnzcaL' Rilcr cxInnPlcs
\ho!v thar thc scctioD 0bove the uDpef (lelachtr)fDl hu\ bcerr
suhjccl ro solnc coNpfessive slrcss rnd thrl lhc resPorxc lo
dr is  sr€ss is  by shcar  l i r i lurc  o seisnical l )  obscnrblc  bul

rirDr drlxst irrLrlrs. Thit is thc killd of britrlc fcsponsc to conr-
prcss im thal  n ight  bc cxpcclod iu  n secr ion donr in{Lcd b}
sand(ones and silrstorrcs.

3. Ilwxiut ol lhuLlor, liul/ir!. All rhe tiulrs nr frr rcport-
ed xbo\e thc uppcr dct.ichmenr are ti)trnd b llte hirrtedtlnd sidc

of deeper blind duplcxcs. This obscrvati(tr) is corrsisrcDl $it|

r h (  l C $  n ^ d '  1 .  \ l \ _ .  J .  r l , (  |  P \  n \ 1 h ,  p r ( , l i .  r \  ' r i , r r ' r  r i . 1

abovc thc nppef detachnrc t ontbo.rftl ol thc strucnn'cs bcl(\\

dr detachDrent
tl. Rellli'? sllarlotiltg tnd utfln'./ v,"rr- The ugnilud. of

thc fault'feldtcd shorteoirg within thc iilercutrncous $edge in

the Robb and Edson cxanrples is bout 2 kln. simil,rr ro rhe

amouDt ofshortcoirg obscrvcd in ner$Y lronlnl srnrcturcs Llrat

involle lhe I'alcoroic (see fig. 4.i i Lebel .r.r/, 1996) ln con

rrasr. lcvrer faulti rrc obseNed rbove the uppcr dclachrrleDr

and dese hale smallcr ret displxccnrcnts. N'leasurablc sho(en

ing abo\,e lhc upper detrchnlcnt is alwals l.ss thxn lhe short

c l i n g  o b ' e r \ e J  r r r d  c i ' n r P r t ( r r r  ' r n :  .
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belo$ rhe dcrachmcDt. This is coosistent wiih thc ICw |odel

which alk^$s lor Lhe secrion abovc thc uppcf delachm€rl ltt bc

rt l.asr pr'rl} iDsuhted lionr rbc comprlssile \tresses associal

ed Nitb th. nxrntiin buildirg.
5. R.lnir'. drtl(]! <r. Thc Mcsozoic secrion bclow the

upper d€rachmcnL is donrioaied by nrarine shales. lvhe.crs fte

m jorir-y" of the seclion above dre dehchnrenl is composcd

nDslly ol onrrarirc sNndsbnes and siltstotrcs. Because oflhis

g.oss dasrribution ol lithobgics. tlre MesoToic scction belo$

Lhc upper derachmcnl is generully considered !) bc less co'n

p.rcnl thnn dr scc{io abole it (scc, for exanr c. fig 3.13 in

Wright z, /1. 199.1). Pre$nn.bly. less comFtcnr unrrs hale r

grcatcr prcpensirr to ldlcFparallel sho'tcri'rg, e!er issuNng

.qual applaed strcsscs ibove and bclow the uppef dclrchmenl

(bur  scc poinr .1 abo!c) ;  one n ight  thcrctbre expect  more

Layer p|rrllcl shofening wiLbin lhe lntercut{ncous li'edge lhrn

U D

LD

b)

above ir. This nukes it ditiicult t{) balince the loral shortctrnrg
wi(hir (be inrercumneous wcdge (i.".. hulling ph's layer-paml-
tet shortcning) wjlh laye.-prrrllcl shorrening akinc rhove the

uppd dclrchment. l1 woukl be nost inconsisLenl lo conslrrct I

rcgional cross sccdon that neglcctcd layef-parallcl shonening
bclo*' the upper dcL.tchmenl while rssuming lhat this echa'

niqn is predonrin,tnt above the dctrcbment.
6. lbothills ktumati(t. Lebel ?r.r' (1996) havc 'rtade a

dclailcd stud), ot thc surlice and \ubsrrficc gcology of thc

rhrusl  bel t  i rnmcdir le ly  southwcsl  of  the Robb and EdsoD

examples. Their model of the sructMll devetopmcDt of lhis
part ofthe t'iDlhills involvcs vcq, acuE intcrculaneous \edges

!$irh relict hinierland-vergent uppcr demcbmcnls located in $e

uppcr part of thc Wapiabi Fonnation. fhis kincmaric iorerPfc_

tation thcretbre rcquircs r snucturrl geomelry Lhal is rery sim

;lar 1() rhe ICW rnodel throughoul lhe dclclopmenl ol the

Fig. 10. a) Modil€d Irom Halner (1961). Coulomb lraclure rraiedones produced n a fsctangular block resling on a liclional surlace and
pushed tom rhe righr.hand s de. The modelpr€dic1s lhal laults thar dip ro the lelt wi I be sleeperlhan ih€ coniugal€ sel dipqinglo lhe right. o, is
rhe ho.izontar component ol the boundary stress, the srresses on lhe left-hand side oi the modelare lilhoslal c, lhose on the ighl_hand sd€ are
rthostat,c prus teclonrc slresses, r", represe.rs the sh€ar stress al lhe base ol the mode, convenl onaly, lh s model is drawn lhe olher way
aroundwrth rhe reclonrc plsh comnig lrom the ell. b, skelch showing how the upliltetlectol adeep dupl€x woud cause st.ess noditication n
the shaded areas ol the overlying secl on by bending t pehaps providing preterenua sites ior subs€quenl Jaull ng



lhe fblkNinr thrcc pinrs rclcal somc we.rkncsscs in the

1. t\,]dri^ ol lrpl?\ runltr. (lileir thrr rhe rDarnnum cofir
pr.ssi\e srr.\s \oLrld hrvc kr be carly para ct 1() rhe bcddinS
I(r cluse tijlurc \ilh opp(ailc rergencc on rhe l(D!.r rnd utpcl
dc l rchneol \  cr \ r  o l  thc su i rce crpre\s ion ot - the t f j . I rs tc
/one.  on.  n lh t  c \pc. r  ar  lean snne o l  lhc bt ind duptcx.s to
br  { lonr in l ted b!  r rnps \ \h ich fe lorct rnd d ipping !nd h inrer
Lrfd rer-!cnt. sheretls onc ofthe obsc.led examptcs huye lhis
gcor'.tN lDcclrcsnc. | 99-1).

l. ,l.I(.rdtrr(f, lhe I(lW model rcquir$ l ne\\ dvnln c t
In(xl.l th llns nor \et lrec . lnd nr y ncvfr bc. tbnnulalcd. Irl
corlrirn- lhc sn'ss lcirlLxes ol thc Ll,S modcl xrr c{sref ro rcc
on(ilc \yilh cst blishcd rD(nlcls of rhrusr bclt tirnr llon.

I SuF.ne ol lt,li)rndi.rr. Cc(nnc(ric tirclofs rcquirc rh l
lh .  s t r 'u( turrs  in  rhe ICW Inodcl  could ro l  huve l i , rnrcd in  r l r
no nx l l !  xssrnre( l  h i  l ( ' .h l rd-(o j i re lNnd sequoncc.  This is  r
conl l l rLr lkn '  lh i r l  r ' ! .q l | i rcs l iu lhcr  indeperdeoL suppo( ing c! i
dcnec belarc i l  rould bc l i r l ly  rccepted.  Thc LPS Inodcl  is
( . ,  i . k n r s i r h r h ( ! , ! n f r I . n . , l . c q r r r r  J . , t . l ( . , {  r : . r . , a , .

As d iscusscd rbolc .  lhc s inrp l i l ) ing rssunrpt ion\  n l rdc in
cLrncIr l )  rccct ) r rd rccha| icr l  nnxlc ls  o i  lhrust  bel l  ibr  r t ioo
sc\ . . rc l )  l in i r  rhc i r  usc l i l rcss in  co s l r r i  ing st ruc l ! | | r l  in lcr -
pfc tx t i (nrs Ni th in t r idrg lc  roncs.  Thus.  a l lhough poin ls  7 and I
l rc  !cr ior ls  or tnrn( l i r ) r . l  t ) r \n tenrs.  I  ( lo  nol  bel ic !c  thcy r rc
l l r r l  ro  thr  l (  W nnxlc l .  I  th in l  i l  pre lb th le lo  rdr i i t  lo  urr rc
solv ! ( l  p ' l$ lcr rs  i I  thc r rc l  o l  sr \crUfr l  d l  rnr ics t l rxn ro
rr r rk t  rn a. l r . .  hrporhcsis  o l  hy. r - t ) l  r l l . l  sho cni ls  rbolc
lhc ultr.r dclrchrrrrn.iusr lo p|cs.fvc r rhcof.ticll nr({lel thr{
\. in r ! ers('. dcrrr(nrslrabl)- o!cNinrflilic(l n(l is unLtble ()

rccounr l i ) r  c \c | |  $c l l -  cectred l r i rnglc  zonc gcorrrc t r ics.
Thc auc ' r i ,nr  d l  thc scqrcrcc o l  dcfo n t i r ) | l  wi th in rhc

i l r . rcu l i r rcoLrs $ 'cdgc renr iored in  poin l  9  rbolc  nr  y  ha\c
snllc r(l(lilion.rl corrcqLrcrrces lbr intefpreialiolrs ol bwrnpcr
$e( l !c  lcor t rcr ics.  l lar r ison l lc t  Bal l ) (1988) quest i inre( l  rhe
\r l id i r )  o l  thc i r  o \ fn lo$ ' lupcr  lnLtnglc zo ' rc  l r lerpk la l ion d
rh.  I ' l f f )  ls l .uds l i ) ld  hc l t  bccruse of  rhe coinc idcncc ot
\lrlrctu!!s bolc lhcir ufpcr detrchmerrl \\,ilh s lruct!trrl cu lrti

n .Lr ions in  thc iDlcrculaDedrs wcdgc bclow. I l  lhe i r  tealures
(lcvclop.d in sDqrlelrce rhen rhc slructLrrcs rbovc lhe detach-
nrfnr. oll rll brr rhe nr)sl lionlrl (ftrcturt, shouki nol coro

cidc crrcrl) \'itb ihe srnrclurcs bclolv but should halc bctrr

dLsplxccd xs l l tc  i l lercr i i rneous wcdgc conl inLred to dc lann
r I l d  . r d \ x o c .  H o $ e \ c r .  i f  t h e i f  s t r u c t u r c s  i o r m e d  s I n

ehr() rousl )  or  in  rc \crsc requence.  th is  oblec l ion to lhoi r

Jr  r ison (  l9 t ) l )  observed thr t  McMechat  s  i  1985) los_

tr fcr  t . i i l lg le  ToDc model  in  ro hctsL Br i l ish Q) lumbir

i.\1)1!.s nn rcra\e undulaling uppef dctrchrnent, effectitelJ__
rcqui r ing-  in  phccs.  negr l i !c  incrcutrncous \edge dnglcs

t lu t  \ould bc prr l icu lady d i l l icu i l  lo  Just i ty  mcchrnical ly
Ho$cvcr. il rhe srructurcs \ilbin the intcrcu(aneous ucdge nt

Nlc l lcc l l . in_s m)dcl  dcveloped ouL o l  seqLrence thcn (hese

Incchanicat obicclio s to hcr intctpretation rr! considefabll

cased.  Si . r i l r r l r - -  lhc in terprerat ion ( ,1 Skuce " t  d l  (1992) is

likell lc, hc nrechr icnlly rnore rcccpubte il lhc sl|tr.lrtrrs did
Dol fonn lionr wesr lo c!sr. Therc is considerrbt. fi.ld eli
dcDcc fof  wic lcsf fead oul  o l  sequencc and rJ ' '  chronous
rh!r 's t rDg rn lboth i l ls  bel ts  (Bo\ . r .  t99 l ) :  aruk)gtr .  nrodel lmg
expeimcnls (Di ioD rn. l  I - iu ,  1992) r l$  denursu .  rh is  thc

The rc\crse faul ls  \ i rh  Lhe re lat i \c ly  \ reep d ips.  dcscr ibed
prcuerslv rn rhc Tlrazeau Rilcr cx{n]lnc. Irrr) hlw roalogucs
\ i lh i r  rhc innc.  Foort r i l ls  l lc l r .  An exarrp lc  i \  the \ reel )  d i l
pirg tbrusl lault tlut cuLs thc welt fhot ('l the \-ltinfl)s (t.cck
Syrcl rc. shorln on cNss sccrnnr Ci H on (hc C.lSx'-! t::50 000
scrle Seok'gical nnp sheet {Ollcninthls. 1971t). l-h. loolN ll
( , r r u l l  , r , ,  I  \  , . I  r j , . .  t : , r l r  r .  { J l l  r r : ( , r , r r  n r , , t , r i , 1 . , . )
sc isr r ic  dr l r  nd is  s i rn i lxr  to  that  obser lcd in  ( f ic  l t r rzean
Rircr  ex r rp le.  Dcchcsnc rnd Muir f tJ  (1996) inrcrpr t lcd rhe
wi l l ianrs Creel  Syncl inc $ l i )nning pt i r l  o l  a  rc l icr  t r i rns lc
zone A\  d iscLrsscd pfcv iously .  sreepl )  d i tp i  g  l i ' rc l rnd
di r tcrcd rc lcrsc 1 l ls  cr '1  be exf ln incd.  i r  pr inc ip lc .  b)  r ic$-
i r - !  thcnr  rs  brckthtusts wirh in (he rec l io  rbo!(  I  h intcr l rnc l -
! c r g c  t  d c l r c h n r c r ) t .  T h e r e l i ) r e .  r . c c p r i n !  r h i s  n r ( ) d e l .
Iarcht |d- \c .gcnt  rc lcrsc l i ru l ts  rv i rh uIUnr{ l l }  h iSh l i )o l$r l l
er r ( ) l l  rn ! lcs n l ighL hc d i lLgnost i (  o l  rc l i ( t  r r i rngle /oIcs
\ ! i lh in lhc Foolh i l ls

( l ( )Nslerr .N(  r is  (n I r ,  I ) r l r  r l

tJndonl l l r ) ( l ing lhc nr lUrc o l  l r ( )n l r  nnr . rurc{  l r rs  ccorr ( ) r r r ic
s igni l lcrncc s incc thc$c s l r 'Lrcturcs f lc  cr i r i ( l l  in  tho l iDnr lnnr
o l  o i l  l lc lds in  lhc Bol ly  Rivcr  Fornl l ! ' r  (Cr( l i lc r . /  z / .
lq( : )0)  nd lhc Scco| |d Whi(c Stcck lc( l  Shr lc  l j , ) rnrr r ion
( l lx l rusk i  r ' l  i / / . ,  1938).  Roccnl ly .  cornnrcrc i r l  S. .  l ic l ( l \  l r t \c
bccn discovcrcd ir lhruslcd strLrc(ncs ir lhc Crttlir ) litnrali{)rr
wi th i r  lhc in lcrcuuncouf i  wcdlc in  th. .n. i r  innrFdi r lc l l  ( )u lh '

wcsl ol rlle Robb rn(l Brrzc u Rivcr ci(Lurplcs (l'ig. l).
A l lhough rh i r  p . rpor  coul r i r rs  r fgunrcrr ts  la f  l t )c i r l  s) r

chonnr\ rnd oul'ol-scqucncc rnovcntcnls ,nr li[lts. rhc lcnoftl
re8ional dclslopr|]cnl of lhe thflrsl bcll is slill rssutued 10 be

fr ' (nn h in lc f l rnLl  b forc l  nd.  Conscqucnt l ) .  r l l  pr r rs  of  lh !

rhrusr  bc l t  wcfe.  i r r  ore srugc,  l ionLl l .  S ludyins lhc t rcscnl
leading cdgc o l  the io ld bel l .  whctu srrucufes arc rc l l r i lc l ]
s implc.  should lhefe lofc  hc lp in  in tefpfer iDg lht  Scol re i r \ .
kincmatics rod mechanicr ol thc nrore conrpliLrlcd struclufes

in i r ien.r l  pr  s  o l  t l le  lhrust  bc l r .
An ir)podant 8cnctul issue fisin! lionr lhi. debalc is Lbc

ranncr  in  wlr ich layer  r r r l lc l  shor tening is  h indled in  1bc

conslrrrction ol halanced cruss sccti(nrs in lhc Foorhills l-rycl
parallcl shorlcDing is ditlicult lo guantilii usuxll-'_ son). lind

ol -expedicDl  rssunrpt ion is  rcqui red Most  rcce.r  bal lnccd

cross'seclioDs throuSh thc Foolhills ssurne conscrv:rlion ol'

linc lcnglb and drca: iD olher wo s. an\' kind o! hler partllcl

shorlening is ncglccled. 1f fulurc rcsearL'h oD lrorrxl struclures

lhlours thc LPS n!)dcl. then hard to obser!. hr"cr_p.1t.]llcl

shonening would have bccD shown tr) bc cxpablc ol rbrorbing

displac.mcDts of  the ordcr  of  k i !onrct res This shor le ' r ing

Nould have occurred in  r  rc la l i \ 'e l )  conrpclenl  p i t r t  o f  the
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sc(tnrr th.r is rfparenrl! othenlisc li[lc conrrrctcd. ( l.rr1\..
ncglcct ;n!  h\er  t  rn l le l  shoncl ing in  thc mofe in ten\e l \
dclonn.d- lcss compelert seclidrs yilhiD thc main Iborhilh
Llcll $ould lheo no lonser be.i !i.tble oplion.

CoNcLt  s l l :JNs

Nlechanicnl  nn)dcls  of  in lercur !neous wedges in rn, r ta l
Foolhill\ slruclurc\ d(' not. \o trr ldequately coosrderthe suoog,
l) lxyrrcd nrcchrDicrl slrxrigrlrphv th t is an essenrial ingredicnl
in thc iDitirtnnr rnd deleloprrent of uinngle zol)es i particular
. ' rJ  l r l i rJ  dul ' I " \ r '  . r ,  r - r , r r , l  T l , - , r l i1e Inr , ,  / r ,  , ,  .un.r , . , in l \
otr rKeptrble hlercul r)eous wedge geolneries should ctlncotl!
bc xssufi)cd. Thc uppcf an(l kNcL dcLrchrncnt surfaecs rrc p()b
ih l ]  bolh rssoci r lcd wi th o!cr f fcssurcd shr lcs.  lh .  pnr !
lut(rhrluror\ scclior rbo\e the upper detnchnrenr i! obse6.ed
to hr\c bccn (lclbrnrcd hr" rchtivcl) k)w-rnglc krd. l0') brck-
rhnrsrs rnd srccli (.d. 10") li)rcland-difcctcd rcleae t:rults. These
Liull gcorrL'lfics.IL'cor)sistent with nxxlel rh,ll reqnirrs thc
rLppcf dc(rchmer)r k) be hinre and vcrgcnl. Haftl ctidcncc lbr
hI.Fplftllul shorlcnnrg rlrrtrc lhc uppcr dc(.lchrnent is cu !nllt_
hcking. Oco )cuic rchriols suggcst thlt sonre fartrllcs li,nnc(l

oLrr  o l  \cqucncc.  
' lh is  

scqocrcc o l  delbhrr t ion r lso hxs an

xd\rnrirlc lionr I nrcchrnicxl sl lldl)oiIl sirlcc neg{live ticdgc

rn! lc \ .  \h ich sould bc pf l l icu l l rdy ( l i l l icLr l t  Lo just i l i .  r t  no

Br\ . ( l  on rurrcnl  c ! i ( lcncc.  I  r r ru inru in lhr | t  thc uppe.
( lc( rchnr ! '  o l  rhc b l in( l  duplc i (cs ( lcs iJ t ihcd in  th i r  r r l ic lc  hr$ i r
h lc l rhn\r  .c | |s , j  , t  \crg!n.c.  T|c  ( tuesl ion foscd i r r  lhc l i l lc  o l '
th is  f r f . r  crn t lu \  hc i r rswcrcd:  y(s.  lm ln l  \ l fucturcs ' r r
wcn cct l r f t l  A lbcna ctur  bc \ ie*cd l |s  fcpfcscnl i t rg  lhe th i r
cn( l  o l  th .  i t r rorcul r r reous scdlc.  Nov(( l 'c less.  two carcals  nrc
rcqunrd.  F i ' \ t .  r l r .  l r tck o1 ! \ i ! loDcc o l  s iSni i ic . rnr  hyo.  pr t r . r l -
h  r  "nnr(n," !  . ,h  ̂ .  rh .  ,  l t '<  ,1(r , ( \ rncr"  J . i  *  r r ' r  ( , { , r i l t , l (

p [x) l  rb l r  { rch c l ]ccrs h. r !c  nol  occur ' led i  d is t r ibu l .d s l .x '  x
c\pccl . . l  ro  bc d i f l icu l r  ro obsdvc.  Sccond.  lhc cur ler l  Inade'
qor.) of rrcchaDicrl corrstrrrints on ncctptabl. inlercutnncous
w.dgc S.onr.lries docs nol iDrpl) Llral lnr"thing gocs. : tb.re
rrLNt b. linrirs rrii il ii rrckDowlcdgod lhrl lhe rJxrdel p!!lcnul
h. f . .  $ ,h i lc  gcorrretnc ! l ) "  p lxusib lc .  rcnrr ins v)nrcth ing o l : l

r\c flNo\!r.tD(l\lnNTs

Th. trlxoagenrenr ol llusk) Oil kindly gtvc pcrnrission ii)

this prpcr lo be prblishc(l. Shumin Liu. Don l-rwtolr d sc!

crrl orhcr collcrsucs iom Husk) rnd clscwhcrc rude hehfnl
conmrenrs on e.rl) dralis ofthis $tic!c. Rohnd Dechcsnc atrd

Byrnr vcillcu\ rre thdnkcd li)f sorre interesling dnd \ery u\c

hn dis.trrsiob. I t r gfuteful lo Slcpben Hiebefl, Drnicl Lebel

r d Deboftrh Spratt d theif coaulhors ibr prcviding rc \t'nh

et l f l )  l r rs io s  of  thc i r  contr ibnt ion!  to  Lhis  issue.  A1c\ is

Ullrich helFd coDsiderably in thc trcp.rrrtion of rhc lignres.

A{1ldu rcvict\ers John Dixon d Clint Tippc(( nrade nrtr}

construcli\e .eDrarks lhrt cnrbled me lo corrccl and clariry

s\ellrl pints i'r lhis rfiicle.
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