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A rlctirilrrrl slu(ly ()l lltc ltytlro¡it:olo¡iic¡l iutrl ¡tr.:()tlrcrnral rc:gir¡rcs irr lllc
l'lt¡utctozoit: s(:{llìcnc('ol thc Wt:stt'r'rì ('iuut(l:r Sc(linìclìllly llttsitt rvlts citlr ic(l ()r¡l f or
lltc Srvrut llllls antl ('olrl l.¡rk(: ¿lrcil:i ln ccnf ritl Albt:rl¡r. 'lhc str¡tly wirs l)¿rsc(l otì tltr-
r:.\iillrinlrti()n, ¡rr0ecssittg lrttcl iill(:r'llrclílti()il ol irìf()rnl¿rli()n tr'onr (rf7(r rvclls
rlislr ilrtrtcrl ()\,cr it lotul u¡c;t ol ,ì9,5(X) knt'. 'l ltc inlìrrrrurlion ¡-rlot'cssctl rclcrs lo
strlli¡1rrr¡lltrc ¡ricks, clrurrristry ()l lorrrnrlioll \vutcrs, clrillslcrrr tcsts arrd troltorrr lrolc
l(ÌtÌtl)(:ritlur(s, 

^s.r 
rcsult, cvcry str.rli¿llr¡rlritr rrrtiI is tlcli¡rcrl ilt tclnrs ol gcorrrclry

lttttl lrlltolo¡iy, iutrl r.lrttirctcli¿ctl by rr¡t¡rrrr¡rrillc lryrlrarrlic ¡rrtl tlrt'r¡¡url plrnrnrctcrs.
Â st:r¡ttt'ttr.'t'til t:ig,ltl tttlt.iot ltt¡ttrlcr gr()ul)s s(Ìl)iu¡tc(l trv citllrt it(ßlttu(ls ¡n(l Iwo
iì(lr¡i('lu(l(ls rv:rs irrtlt:ntilic¡1.'llrr'llrrirl llorv irr tllc l'lrlcrl¿rlic lr(luilcrs irr rrrlinly
lltllizrrrrl;rl:rrrrl rt'¡itrrr;rl in rì;rtrr'(', lit'j¡¡¡' 1l¡iv1'¡¡ lrv llr.'tlillt'rr.rrt't'in lrvrlnrulit'
¡rttlr'ttli;tl bclrvt't'rt llrt: higlr lu(:its irì tlltr lìrotlulls iur(l tlrc ltlrvlirtttl lrrttirs in lltrr ¡rnriritls.
I llt: llrri,l lloiv ilt lltt'( ttlrrct'orrs lrt¡rrilcrs is ol rc¡liorritl t() rrlcrurctlilrlt'ly¡rc, rvt(lt:r
sigrrilicrutl tlorvrrrvurrl c(rnll)()ncnl. Ilrc lluitl llorv in tlrc irt¡rriltrrtls is rcrlic¡rl. llrc
vcry l(Ì\\,¡rcltrtclrbilily ol tltc slurl¿r is lcllcctcrl ilt llorv vclocilie:; on lltc oltlcl ol'
illlrg¡lilìr(lc (}f l crrr,/rr rul(l lcss. l)ir¡rcnsioillrl iililrlysi\ 0l lrcrrl lililrsl)()rl ¡rroccsscs irr
clrtlt ltytltoslurti¡lrlr¡rlric unit slr()\vs llurl cortvcctivc lrcul lllr¡rslcr is ncFlilliblc rvitlr
rcsl)cf l lo r:ontlt¡clivc ltclrl tnutsf ct . llrc tcs¡rcclivc v.tlt¡cs ol l'ce lc( nunrl)cr lor ltcrt(
llo*,in l)()r()u\ nrr'tli¡r.rrt'l lrrt'ltrs, llurn l(l '. In lltr'Ss'lrrr llills lr¡rtl ( oltl l.lrkcr lrrclrs
¡l¡¡ llrrrr,ol llrr: lt¡¡tstri;rl lrt¡rl llrrr Irorrr Ilrt'( ry\titllinl l'rt'Llu¡rlrrilur llrst:rrrt:rrl ol llrt'
scrli¡Dcill:r¡V lrlrsilr lo lltt':rlrilos¡rltt'r('i;l (()rìlr()llt'tl by lltt'!1c()nrctry iilr(l tlr('clütttgcs
in llrt tllcllrt:rl ¡rlo¡rcrlic:, rrl tlrt: ltrnurrliorrs irr tlrc birsin. l'lrc ¡rcollrclrr:rl gr;rrlicrrts
Ior urtlivirlrurl llrvc:¡s vrrrv llt¡rrr l7 rrK/ru lor sunrlsto¡rc urrils lo 42 rrrK/rn lor slralcs.
I lrc irttc¡irrrl licollrcrnurl ¡inttlitrrt rtl llrc crrlilc sctlinrertlitry (()lulrìn vrrrics trrrlrrrt'n 22

rìrK/'nr lrntl lfr nìK/'lrì. lltc lrrt:rrl tlislrilrrrlioll ol tltt' inltrgrirl gcolltcrrlirl gtitrlitrnl
slrotv:, ¡r sl l ()nll t rlt ¡ cl:tl iorl rvil lr sl r':rl i¡rr it¡rlrv irrttl lil ltrllogv.

I lnl t'slrrrlo rlt'l;rllrlrtlo (l(ìs t('l'inì(.\ lritlro¡,colrif it.o t.lieoli'llllicri rrlt st't¡Ítcìrrt:ilr tlrrrc
r ozirieu tllt tr:tcilt sctlirrrcnt¡u tlo ot:slt: tlo ( ;uritrl;i Ioi lcittl l)¿lr it lts lrr ctrs rlr Srvlrtr l lills
c ('olrl I ukc nu rc¡',illo ccrtlllrl rlc Âlbcllir. () cslutlo lìli ll¿tscirtlo n() cxiuu(r, l)l()ccssl-
ntcrtt() c irt{cr¡rrctlçrio cllr ittlollrurçrio ¡rrovcnicrrlc rlc 627(r ¡roços <listr il)r¡i(l()s cnr
t¡ttut rilcit l()lirl tlr:.ì1).5(X) knt'. A itrlotntaçlio ¡rloecsslrrllr lclclc sc ¡t (lit(l()s t:slr¡rli-
glitlicos, t¡rritttit:it tlrts igtlts itttt'r:.litilus, lt'slt's rlc lìrrrrlrçrio ('tcnll)cr;tlutlt tlt: It¡lrrlrl
<lc ¡rrlq:o, ('orlto rr:sr¡lt¡ttlo, r'ittll uttirlatlt: cstnrti¡lnrlic:l c clt:lirritllr cnl tcnn()s ¡tcorrrú-
lrir:os c lilolrip.icos, c clulrr:lt:¡izAtlus ¡tor ¡rulirrrt:tros lritlrÍtrlicos c li'r'lrrierrs.r¡rro¡litr
tlo:;. t lrttit sct¡Íiûnciir clc oilo [Ìnrl)o:i tlt: lrt¡rrilcros ri('l)ttrit(l()s ¡ror oilo u(luit¿rr(los c
tlois lttltticlrrtos lìr'rurt itlcrrtilic¿ttl,ls. () llt¡x<l tlc llrtirlos tttts at¡rtrlr:ros llllco¿órctrs t'
¡rrinci¡ritlntcntc (lL: nlr(urczlr lcgiorurl c lrolizorrt;rl, scrrtlo irrtltrzirlo ¡rrlr tlrlr:rtltças ¡trr
rtivcl ¡rcizorttcttico r:tlttc ircrts clc to¡rognrlilr clcv¡rtl¡r c irrcas rn¿ris b¿tixits tllts ¡tratlit-
rirts. () llttro tlc lluitlos ltos itr¡rrilcros crt'llîccos i'tlo ti¡ro rcgion:rl ¿r intcrrrrt:tliÍirirl,
c()nì llnìir (ì()rrìl)oncnl(f (lrìs('('n(lcrìt(Ì sig,rrilit'ltlivlt. () I'lr¡.ro rlc llrritlos rros lr<¡rrillrrtlos ú

vcllic;rl. Â ¡rclrrrcitbilirlitrlc tttttilo bitix¿¡ tltls cslritl()s i'lt:llclitla ¡rls vclocidarlcs clc
llttxo coltt ordcnr tlc ttragrtilrrclc ilc I (rrrrr) cc¡ìlinrc(t() l)()r lul() c irrlr:liorcs. A urrÍlisc
.litttt:¡rsio¡ntl rlos ¡rtoccssos rlc lllrrrs¡roltc (lc eirl()r t¡rr c¡trlir uni(l;t(lrÌ lritlrocstrlti¡1rJrli,
('iì rììosltil (llt('it lllttt:;lc¡['llcitt rlr-'tlrlol I)()t con\'ccçittr [.tlcsltrczivcl cnì r'clitçllrl l\
tnrnslcri'rtciir tlc e¿rlor' ¡ror corrrlttçtìtl. ()s vltlorcs lt:spt.ctivos rlo ni¡rrrclo rlc l,cclcl ¡ta
ttt o llttxo tlc culor cttt rltcios l)()r()so:i s¡ìo ittlì:tiorc\ it l0-r. Nls lucus tlc Srvlr¡r Ilills c
(ìrlltl l,irkt: o lltlxo tlc citlol lcrrcstrc tlo t:¡ltb¡rsiul¡(rrl() crislttlintl ¡rr('clrrrtrritrrro rlir
ll¡tt iir sctlinlcnlilr l)irl lr ulrrrosf cr.r i'eorrlrolirtl¡r ¡rcl:r gt:orrrclriit t,¡rr,ltrs vitriirç()cs nits
¡lro¡rriccllttlcs t('r'ltlir:lts tlos tlilcIclrtcs sctlrrucrrl0s tlrr blrcrir. ( )s ¡irirtlrcrrlr'\ fi('()lcl nìr
eos tlirs rlilclclrlcr t:;rntittl¡ts viUililn cltltc l7 lrrKz'ttr lurs rurirllttlcs c()nìl)()slits I)()r lrc
lti(os ir 42 nrK/nr nos lollrcllro:,. () ¡,.nrtlicnlc lic()li.nnie(r intc¡irlrl ¡lrnr lotltr tr (()lr¡nit
:;ctlintc¡tlru vurilrcntlcllrrrK/¡rrt'l(rlnKr't¡¡ Atlir,trilru¡ç¡¡lrsupctlir'iill tlo¡lrirtlicrrlt'
gctttÓttttic() ittlc¡lrrrl ttlr):;lllt tillìlt lottI r'orrcl.rçlìo { ()tn lt cil[rli¡lirlilt c ir lit()lo¡¡ilt.

( l ¡ ittlu¿trlt, ¡rt.'la Rcvisia)
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Scdirttctttary basins arc ol slllc(liíll coltt:(:l ¡ì ltì

tcrrr.:stl ial lrc¡tt l'low sttl(lics lìrr ttrarty l'tllls()lìs, \olllL: ol

lhc¡¡t Iclittctl l() cllcrgy rcs()tlrc(:s.'I'ltcsc bitsilts t:otllcl bc

ricll irr lrytlrtlt itrttotts, as is tltc c¿tsc lì¡r tlrc Wtrstc'rlt
(larr¡rcl¿r Scrlir¡tctllat'v llitsirt. I'crtt¡lcl{lltll(: t:otrtliliolts ltrc

cr ucirl itr hytlrocarl)ott tll¿lltlr¿llio¡t, rvlticlt tolttrols oil

:rrrd girs lìrt ltt¡tliorr lttttl tlt:slt rlcliolt ¡rroccsst:s, ittttl lltc:

gr:ttlc ol cttal tlc¡rosits. l't¡llltcrlttorc' gcologicirl

obscrr'¡rtio¡ts irt trtlttty ¿trc¿ts ilttlic¡{t: llt;ll llyclro(:lllbo¡ì
()ccuilctìccs ¿rrc itssociittctl $'illr tcttl¡rt:ritlttt c ¿tlto¡tlltlics.

Ort tltc otlrt:r lritrtcl, ¡rltk'o- attcl ltctttlrl lltri<l f'ltlrv

t:onclit iotts ¡rllry ¡t rolc ilr Ilrc Ittigrat iott ol' t llc

Ir yrlroca r llott s .

l)ttc lo tltc c,xiste¡tcc (rf'wltlLrl itt all scclirrlcrttlrly

slrltit, lorv lcttt¡tcritttlle Scollìcrrtlltl ctrelgy call bc

t:x¡rloitccl tvltcltt:vttt llrt: ¡tolcrttiitl c.\isls íllì(l lltc cctl¡totttit:

r:orrsirltrr¿rtiotrs itrstilv it . Wltclr tlrc lrytlrogtrol()gicáll c()ll

tlititlrrs ¡lt:ttttit, lllc cxtrlrcliolt ol ¡¡cotltcrtttltl (ltclg) is

obllirrccl b1' ¡rrrttt¡litt¡:, ltttl rv;ttct lloltt tlt:t:¡l ltllltt¡tlio¡ts.
ln otltcr cnscs, wltl(:r ll¿ls l() l)c irr.icctctl. ltt:ittccl tlttrilt¡1 it

I'iv('rì r('si(l('rìt't' litttt' itt lltt: rtr¡ttrlì:t ;ttttl ¡rttttt¡rctl ll¿tt:k. lll
l)()tlr iilsliilr(ì(:s, lltctc is Ilct:il lo k¡lorv lltc ltytlro¡lcologi
c;rl lrrrrl ¡itrttltt'ttttitl tc¡litrtcs itl lltt: scrliltttlllitly s(:(ltl(:lì-

ec.
'l'lrc tt'tlt¡rt'litlllr(' ol tlt:c¡l sttitlit is ittt¡rtttllllìl l()l

tlcc¡r witslc tli:;llos¡tl.'l'lrc tvlt(tt-ltlck ilttctitctrtltl

l)r()(ì(:ssc\ ttuty lrt'rtt()(lili(:(l by tltc lrclrl tlissi¡rirtcd irr tllc
srrrrourtrlittg slr¡tlit l)\' tlt¡(:lcitr wilslcs. llt lltc t:¡tsc ol

lluitl \virslcs, llris ¡rtolrlt'ttt is t'olttltottlttlctl bv llrc

elrirrrgcs irr llrr: ltittlsl)()ll I)l()(ì(ìss('\ ol lttty tlissolvt:tl

srrlrsliurccr itr ll¡c irrjt:ttctl llrritl cltttst:tl lty lcttt¡rctltltttt:
rlil lc¡ cutrcs lrclrvccr tlrc l ltrltl ltlltl lltt sttl t otttttlittg:;.

Itt ¡rll tlrcsc citrics, lll('l('i'; ttt't'tl lo kttrllv lltt'ttlltltl
nrccllulisttts ol ltt:ttl ll¡tttslt'r, ltlttl l(ì ilss(:ss tlrcil
irrr¡rortltttt:c. I¡r tlrc Allrt:rlit l)llllol lllc Wcslctlt ('ílll:ttl:t

Sctlirrrc¡llltl y lllrst¡r, Ittl¡1c tlc¡rosilrl ol ltytltoc;tt lrott:'

(grt:;, cttttvc:tllitllt:tl oil, ltc:tvy rlil itlrtl otl s;ttttls):ttt'
trx¡rlotlctl cultcttlly IlltottfÌlrt Illc ptovltlt'tl ()nc ol lltc oiI

srttrtls tlt'¡rosill; is loelttt:tl lttl;tl ('olil l.ltkc, ol¡ ll¡c lroltlcl
lrclrvcr:n Alltt:r'lir irlttl Saskitlt:ltt'rv¿ttt.'l'rvo ttrlt.jol oil
ficltls, tlrc Niitsr¡r: ¡tttcl Ss':tlt I-lills, ltrt: ltlcltlccl ill cctt(tltl
Âllrcrt¡r, ncrrt lt rlr:t:ll rvitslc tlis¡rtlsltl sitc t:t¡lt(Ìlìlly tlll(lcl
c()ntilru(li()rì. l;or trollt itl.t:lls, sllorvlt ill Iì'i¡1. l, tllt: llirsi¡r

Anulysis (ir.ott¡r ol lltc Allrcll¿t (ìcologielrl SLttrt:Y,

r\llrc¡ l.r ILcst'lt¡ t:lt ('otlrtcil, t:ltt t i,:<l ()lll it clt:tltrlt:tl

lrytllogcolo¡1it:itl t:v¿tlttrttioll ol tltc l)llltttt:l ttzttic sc(ltlcllcc

in ot.rlcr l() itsr'css tllt: illtll¿tcl ot oil slttrtls ill-silt¡ rt:t:ovcrv

lll()(:(rsscs iutrl of clcc¡r rvitslt'tlis¡lrrsirl. ltt lttltlitiolt to llrt:
lluitl l'lorv rt'gitttc, tltc ¡lt:olltt:tttlitl lcgilltc *'lts ltl:;tr

sltttlicrl, irtttl lltc strclt¡ltlt ol t:ottvcclivc vclsLlri

corrtlr¡r:trvt: llcltl llorv rv;ts :tsscssctl. 'l'llis ¡llt¡rt:r' l)lcs('lll;i
llrc lcsrrllr; ol llris itsscssttlclll, to¡lcllttt rvilll lltc
tlislrilrrrliott ol tcttt¡tr:titlr¡¡t's,ttltl ¡lctrlltcrl¡lltl fitlttlitttl';
in llrt lrvo ruclrs.

t)A t,\ (:()l,l,l,l('l ¡()N 4, 1\l) I'll()('l'.sslN(;

''lr, \'r:, ll;ll ,r¡rl¡ jr'(.,, ((ì\,('fi¡lr, l\ /('(l ll¡ i

Oot¡vt:r:tive wtrfl ts t:t¡t¡dtlt:ttve lte;¡( I lt¡w

bortlcrctl itl tltt: ¡lorllrwcst by thc Lcsscr Slavc l,itkc, artd

i¡r lllc cast try tltt: tìorlhwar(l-llowirrg Atlrabasca Rivcr

(1,'i¡1. 2a). 'l'ltc grotrtt<l t:lcv¿tliotr, witll a¡r avcragc of 790

nr, vlrrir:s llctwcc:¡t -510 llt ilt lltc: ltotlllc;tst olt tl¡c
Athbuscit Rivt:l rtrltl l3'10 r¡l ilr tlrc hills ol' tlìc wcst-

ctrrrlr¿rl ¡rrrrt 'l'ltc (loltl l.lkc sttl(ly arc;l (lrig. 2b) cxtcrìds

wcst ol'( oltl Lakc ûlì(l ¡ìortll of tht: Nor thSaskltcltcwa¡t
l{rvcr, r't:¡ltcrìctìllltlt itlt lll cÍt ol 2-1,7(X) ktltt with ¿t¡l

írvcril¡tc litot¡tì(l t:lcvltltotl ol ill)oltt (i2() rlr, l)tlc ltl lllc
¿itrrcrirl sotttltrvcslu¡tld cli¡r¡lirtg ol tltc I)rccltttltrri¡ttl

¡rlttl'olttt, lhc tlricklrt:ss ol' tllc sc(litlìclìtary t:oltlttlll

incrclst:s lltltlt ¡lorlltcitst ()l sotltlìwcst,lrolìì a[rtlttt I kttr

Io 2 krrr i¡r tlrr: Cltllrl l.;tkc art:lt, Íìll(l Irol¡l atroul 2 klll ltr

-1 .,1 k rrr irt lltr: Srvalt I lills ¡rrclt.
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c-.Q :-

( ilvcrr llrt c\lslcltr'(' rrl llYtllocltt trolts, lltt:ttl is it lol
ol tlr illirrg rtctrvilv itt lrolll lttt:tts. I lrc lìlrcrgv l{csotltt:t:r'
('()rìr.i( t v¡tl iotts Iltxrr tl (lilì( ll) rvt'll tl:ttlt b:t:;c ¡rt ttvitlcti
lrrl,rrrrr;rliott u¡ltl;ttctl lo l9t'lì ltlrott( u'cll lott¡is, ctltc lttttl
rllillstcrrr lcsls irl ulrot¡l ll(X) rvclls tlrrllctl llì lll(' ('ol(l

Lrrkt::ut:ir;rrrtl .l27(r rvclls tllillc<l irr lllc Srvlt¡l llills irlt:ir
'l'lrs irtltl¡ ttti¡liolt wits llltllslct tt:tl iltlrl it ctlst()llì
tlcsi¡ltrctl tlrttu trtt;it: trl l lrc Alllcl tlt Rcsl:ltt clt ( tlttttcil, lttttl

;rrlrlitiorr;rl tllrlu lrtrot¡t tlr illstcrrr lcsts (l)S'l ), (:ll(ìllllslry
,.ll lìlr ntitl iort rv:tlcrs itlttl btlllo¡tt ltolc {cttt¡lcl;ttttt tls

(llll'l ) rrt:ttr ¿ttl<lt:tl tttlttttt;tlly. (iivt:tl lltt: ¿lllì()llllt ltlttl (llt:
tlisttilrt¡liolr tll lltc tlittir lrvailltblt:, itll ¡llot:cssitt¡l rvltl,

tlolrc lrr¡lo¡rritticillly rrriittg s¡rccirrlly clcsi¡lrrt:tl st¡llrvitrc.
llrrrrriur irrtclvc¡rtitttl rvits ¡tt:t:tlctl oltly ltt cllct:k lttttl
(oil(Ì('l s()rilc (lirlir ltrrtl irrler¡tlcl lltc rt'sulls. Â tlclitilctl
tlrrst ri¡rlion ol lltc: lr:rlntit¡¡cs tts(:(l l(i l)ro(css all tlris
¡rtlornt¡ltiort is givctt irr llltclrtr cl itl. (l')l{(t); olrly tlrc
¡rltin c()tì(:(:l)ls tll tl¿tlit ¡lt<tccssittf il¡(ì l)rc:icltlc(l
srrtrsct¡ttcttlly.

I lrc slllrlr¡'.t;t¡llrir'¡lrt'ks itl lltc rrclls it¡ llrc ltlc;t rrt:tt'
sorlctl by lrllnlitliolts lt¡ttl llitllr;lollltctl illlo lo¡t stltlitccs
tlclrrttrtl lry'vltlttcr ¿tl rr()(l('s itt tc¡ltrlitl ¡ititl:;, liltsccl ott tltc
prirtciplt's tlcl¡ttt:tl lrY loltcs & .Jolt¡tsotl ( l9lll).

S¡rceilrl srrflrvlttc rvits rlsctl trt ct¡ll, rtrlttli¡lttliltc ittttl
rl:tlist ltlllv lttutlYsC lllc ,-'llcrrlislrl' rlltllt, lrltst'tl o¡t lllr'
, rilcr,;' irnrl lllt.llrorl. ¡¡¡1.,;¡'¡¡11'11 lrv Ilittlror, (l()l'i5l
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Itttont¡llcltr l¡¡lrl rllrviotrsl.l trrotrcotrs ltturlvsc:; sclt:
rcr¡ìovctl. (.)rrestrtrlltlrlc t¡rrlrlitl, :;trrn¡rlc:t conrilrß lrtll
lroltlitr¡,1 l;r¡t[.r; trr nrotlrrccrl by lrtrilirr¡1 rvt:lt' r't'.ir,rtr'tl
S;rrrr¡rlcs ('()nl¡iltì¡tì:tl('tl rvitlt tllrllirltl flrrirl r)t iltil(l ltllltrlr:
witl(Ìr., (rr lry tftc ust'ol k('l llrrrtls, trcrtl s,lrslrt:rl, ol
tvlt,;ltt:s lr'()nt (cntcnl .ioll;, rvctc lrll;o clrruillrlcrl. I llr:
llorvirrg corìt¡rolrcrrls \v('tc tcl)()tlctl lo¡ lllc lctlrilrt'tl
lonllrliolr rv;rtcr lrnlrlyscs: lollrl tlissolvt'rl solirls, ( 1, t'lt.
lVl¡i, lìr, l, I l('()i, ( (),, S()¡, ,lr'rrsity irrrtl lt.sistlvrtt,.

'I lrc tlrilll;tt:nt let;l)i \\'c¡c irrlt:r¡rtt:lt'rl lirnp, ,t

sctrtilog tcclurit¡rrt' lìr¡ sllut-rn lrrlrlysrs, ()t it lyl)c crlrv('
rtutlclring lt't'ltttir¡rrt lol Ilorv pcliorl lrrurlysis (Il;rt:lrrr rt
Srtttvt:¡rllrrrc, l')t'14).'l'lris ¡rtovi(lc(l irrlolnrirtio¡r irtltlut tl¡t
lìtr¡t¡ulion l)rcsr;ltrc ¿tt llìc rcc()t(l(ìt (lcl)(lt .urtl ;r[ror¡l

lrr:r rrrclrbilil y. ( 'ot c ¡r¡titlys(:s rvt:r'c r¡scrl (o ¡rlovitlt.
rtrlrlitioll:rl irrlirlltir(iorr lttrorrl ¡rr:r'rrrcirbity trrrtl ¡rorositv.
'l llc lrytlr ur¡lir llctrtls lrrrtl tllc lt1'rlllrrrlic con<lr¡t:l ivir itrs

\v(ìrc rlt:rirr:tl lro¡rr l)tcs\utcs ¡trrrl ¡rt:rrtrt:irIrililir:s,
tt:s¡rcclivcly, lly tirkirrg ilrlo rtr.:r:orrnl tlrc irpploplilrlc
rvlttcl rlcrrsity trs rcsrrltirrll llorrr llrc clrcrrrislry ol
lolttti¡lirlrrs \!ll('ts. 'l'lrc rv;rlcr tlcrrsily tcl)oll(Ì(l in
, ltt'n¡itlrl lurirlysc: lìrr l¿rllol¡tlor y t:orrtlrlitrrrs \vits
irrl,jtrslcrl lìrl vtuiirliolts (luc to l(ìntl)(:urlt¡lt.irrcrt.ttsc rvitlr
tlt:lrllr

'l ltr lcrrr¡rcnrlrrrc cllrtlr rvcrc olttirint:rl Irorn l1R('ll
tl,rl.r lrlcs, iu 'lcll irs llotrr l)S'l rt:¡rorls. lVlosl ()l tllcrlitlu
rvcr c collccl crl lly ¡rr o<lrrr:i ng, (ì()nt l)llt ics rrr¡rlcr unk lrorvll
itntl urrcoltlltlllrtrl t:on<lili,rns 'l'lrc tllrltr rvclc ¡llrtlrcrcrl by
it ttrurrbcl ol rlillt:r'c¡rt irrtlivitlrrirls, rrsing ir vltlit'ty ol'
Iools ¡¡¡11 tr:rlrlirl¡cs. llrt' uru lllI I <lttt¡r l¡lrvr: lr

sYslcn[tll( ct l()t lltlrl nilty lrt. rlt:¡rtlt tlcpclrtlclll
(( ltir¡rrrlrrr cl.r1.. l9ll.l), irrrtl t¡rrt'sliorrs l.rrrrccrrrirr¡i llrc
ite( ulircV ol llrc rllrt.t tìnt\l ilr ist'. I lorvt.r,cr, ¡to lclrlislit.
itllcntl)l itt cn.or :trt:tlysrs cor¡ltl lrr.rnlrrlc rrr llrc ttbst.rrr.c
ol inlor ¡ltltl ion ()r¡ l(.ntl)cnllul (. tcù()\,('l v \\'illì li¡nr' ltl lt.r
(('ss¿tli()lì ol tirtrrl;rtiolr. l llclr.lolc, it is ;rssrr¡lcti llurl
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lrigure J lrrli()¡rirplr\ iurtl ltytlrLrrlirultr;t¡rltl'rtl (;r) tlrc lj\\'irr lltlls;rrt:r;.rì(l (l)) tlt('( olrl I irLe irrt,ir

llrt tllrl:r iuc rcl)resctìling llttt rtlrl lcntl)cllrlrlrL:.
\\i lrt:rrt:r'r:¡ lllt:r't'rvt'r(Ì r'itlrttìs lucttst¡lctl ltt rlillclcltl lilrrcs
sint't' tirctrlirlron cclrsctl. tlrc l:r:,l vlrlrrc rv;rs rt'l¡tint:<1.
lrr¡rlltt'rrrrort, rvltclr lrl lllc slrnlc loc¡ttiolr l(:lul)(Ìtitllll(Ìlj
\v('rc nrultsulcrl rr( srrcecssivc rlcpllrs, llrcy rvclt' cllt:t:kctl
i¡l tcttnl; ol'consi:;lt:nt:y, i.t. itìv(Ìtr.¡()n.\ ol ltlìrllcl ltlultt
:rrrtl lrlrrrr¡rt r'lurrrgt:'i irr llrr ltlrtrl lllt:nrnrl ¡inrrlicrrt uclt:
.;irrÊlcrl ()ul lur(l t:lrt,tkrtl ,'l'lrcr rrurl p¡()l)crtics ol tltt:
rot ks ttnrl tllr: llrrirls ltc nol co¡nnt()nly rrrclrsrrrctl, irrrrl
lilcnrl{rt: vitluc,\ r,,crc rrsctl irr tlrt'slrrtly (l\liriort¡rvic¿ ñ
Icsso¡r. l98 l)

At tlrc ctttl ol tltc scrccttini¡:rrrrl clrt:cking ¡)ro(css
,rlroul 10.10 fìrtnt:rlirr¡: w.tlr:r ,ur,tly.\('s,.l.l(X) lcl¡l)('t,tlut('
tl;rlrr, f l(X) il¡rllstcrrr tcslr.i ¿rntl 5(XX) colt: trrrllyscs rvcrc
rt:l;rintrtl , rvlrit:lr rr:lrlcl;r:nl lr¡t¡lroxintirtcly 40 l)crccnl ol'
tllc irrililrl rlutlt b:rst'for botlr;trcíts. All llrt: ¡roirrt rlirla.
rcl)rL:scillc(l llV ¡r v¿rlrrt' (e,g. lr:rrrPtriltlut(:, l)(.rrrrt:itllililV)
;rssoci¿rlt'rl rvitlr lt l)lttli(:uliu lot:ltlirlr, rvcrt: stlrtcrl lly
lonu¡rliolt rrsirrg lut lntl(ìnl.llic ¡troccrl rrrc lo¡
tnl(:rl)()lutiorr llrrorrglr llrc llt¡cr:-rlirilttnsiolutl
r;tntti¡lnr¡rltic slructutc rlclilrt'tl [ry llrtr gritls ol t()l)
r;ur llrrcs.'l'lrc rlirtlr tlisll ilrutio¡rs lilr llorv vu¡ iulrlcs n illl
t:o¡rlirrtrol¡s viuiiìti()1, srrclr lrs Iclll)ctitlrtrc ¿ul(l
llytlr ltrrlic lrc¿ttls. rvcl t: r:tlrrvr:l'tctl inlo rcgullrr !,rid
(lislr'rt)utlo¡rs u:iln¡] tlrc klrgrrrg ntcllìo(l (Yt'lr r:l ¿t1., l9tl,ì)
;ttttl ururlyscrl lìl trcrrrls. l lrc tlirtir tlistl ilrrrtiolrs lìlr
l)iuurrclcrs rvlriclt tlc¡rcrrrl olr tltt: s()li(l nìittl ix, suclt its

¡rcrnrcirbilily itn(l l)()r'()sily, rvt.lt: unulysctl stutislicully.
l,lf c¡ttluttl vltlltcs wcrc usc(l lo¡ lltc ¡xrrlrlclcs ol
lolrttitlirllts rvllcrc rro rlltllt rvcrc lrvlrillrltlt:. ln lllt clrrl,
('vcr y \tlrli¡lnr¡rlrrc u¡til in tlrc scrlirrrt'lrlru v sc(lurllt(c w¡rs

t lritutt tct izcrl lry ¿¡¡¡¡1¡ 1¡¡l iirlc lrvrlr lrulir' :r¡¡tl I ltt'r l¡url

lìiuiuncl('rs. 'l lrc l)()l('tìlt()rÌt('lrrt'lrrttl lr'rn¡rt'r:ttt¡rc licltls
tvctc rtlso tlclirtctl, trllorvirt¡i lìrr lltt' t olrt.s¡rorrtlrn¡i
rurrlvsis tll tlorv I)r ()('('ssc\.
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Ilrc ('oltl I akc trlrtl Swltrl Ilills;trc¡rs itrc lìllrI ol tltc
Wcslcr¡t ('¿tnaclrt Sccltt¡tcttl;tt y ll;rsill u'hiclr is blrsically a

sirnplc ttortltc;tstcrly tu¡rcr itt¡1 wt!(lg(ì ()f sctlirtrcrttaty
locks llrat cxlctttls sotttltwcst lrol¡t lllt: ( ¿tlr¡t<li¡t¡l Slriclcl

ilrto tltc (llt<lillcr:rrr t'orcl;r¡ttl tlrrtrst [rcl{. l'lrlitls¡r:tslic
rcco¡rstrr¡ctiott sltt,ws th¡rl rrrrlil tlrc ilriti¡l tr¡rlilt ol llrt:
(lordillc:r¡, irr Mirltllc .lut¡tssit lirrlc, thc scclr¡¡tcl¡[s ilt llrt
l)r cso|rl custcr¡l ¡rar t ol t ltt: ( l<lrrlillcr¿r fìrr¡ttccl r
c:onlittt:tttrrl lcrr¡ì(c n'cclgc alttttg tltt: tttltlit'ltl ril'tccl

wcst(:rrt rtutr'¡lirt <ll lltc Nortlt Alttcrtca¡t I)tccarlltlt ilttl
crlt()n. li¡ o¡lr lilulv (':ttttb¡i;ttt to Mitltllc.l tlll\sic llllìt',
lllcrc rv¿rs cll'cclivcly r:o¡tliltt¡ot¡s <lc¡rositiort irr tlrc
co¡tlrntr¡ll¿rl rlc¡rositiort irt tltc coltlilt(Ì¡ltitl l(:ttiì(:(: u'crlgc.

I)trrirr¡1 tlrc l.ittt: .lt¡t¿tssit: ltl l';tlcot:cttc Iltlcrvitl. ll¡t:
lcrlircc rvcrl¡{c rv;ts r:ottt¡lt t:ssctl, tlt:l¿tclrt'tl I'r,rttl its
blrst:rrrcnl, antl tlu'ttst ovcr lltr: llrrrlk tll' lltt: t:lttlott ttr

lou¡r tlrc l)r('s('nl r:¡rsl(:llt lr¿ttl trl llrc ('trrtlrllerl. lll llrc
rrttlclornrcrl brtsin, tlris tt'rlt¡llt:rl, tltttiltg llris tittrc
itrlc¡v¡tl, itt tllc cortli¡¡1¡1¡¡¡5 çl¡r¡rosiliorr tll ( till()lt\\':ìl(l
(crtslwltttl) ¡rrogr;ttling cllslic tltlr ilt¡s sllcrl lry ll¡t:

(\¡¡¡vtl ïivt: w:rstts t:trttlttt:tìvt' l¡t:;tl l l,tw

clolving ('olclillcl a. livit¡rot iles ittttl cltrtrtlltalcs ¿trc,

llrt:r't'forc, ¡rllscrrt l'rot¡l (llctitccot¡s ¿tltd'l'crlrary Iocks
(l'orlt:r' ct ;r1., l9ll2).

'l lrc sf rltigrl¡rlry ol tltc l'h¿tttt:rtlzoic scctiott ilt tltt:
arca is t:lr¿rr¿rclcrizcd l)y tw() tttitirlr tlc¡rositional pllascs,
(lrclitt:t:ous ¡urcl I)tlcozoic, sc¡)atalcd by a¡t

rlrconlorr¡rity, wilh lhc l¿rltcr lyin¡l ort tllc l)tcr.:atllltri¡ttl
lltrst:nrctrl. tlrc stratigla¡rltic ltolttcllcl¿tlttrc ltttcl litlttllo¡1y
0l llrt: lw() ¿rrc¡ts ltrc sltowil in liig. 3.

As u tcsttll ol liitl ly l)t'votliltll ctosiolì, llrc tlrrly

l,()wcl I'irlc()zoic rocks lottlt<l itt thc rcgiotl arc a tllin
sc(¡rc¡rrìc rll M idtllc ( lit¡¡tltl iittt coíll sc cllstics.
lr¡rilogcrrit: Lr¡llil'l tll tltc I'cltcc Rtvcr Art:lt in tllc
r)()r l lìcr n,\llrcrtu rltrr irt¡l l' ltrly l )cvotrilttl t ilttt' cl cill c(l ;t

llirsirr [)(tlw(:(Ìtì lltc itrclt ltllrl lltt: Mcitdo$ Lakt:

Irsclrr¡rrttr.rttl i¡r tlre sotltltt'ltst. I'lris llltsi¡1, 
"vltosc

soullrrvcslcr rr slìo¡r.r is irr tlrc Srvltlr Ilills lttt¿t, rvas

\()rììl)l(:lcl) lrllccl rvitll tt l;ct it':; ol Iltl¡:;:;ivc lllrlitc [rctls l¡tr<l

lt:;sot:llrlt:rl tt'tl lllrttlsloltcs tltrrittg lltt citllv ¡larl of lltc
lvlirltllc I)t'vottriut. l rirr¡¡irt¡i cltltrollltlt' lritttks. Irlttclt
ltcls irrttl lltitt t'itlbortltlc bctls, lititl tltlrvtl tltttlcr ,r¡rclt
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rìi'irc c()¡(liti()tìr., ()\/crllty tllt: lralitc llttls lttltl tt'tl
l¡llrlstorìcs. ltl lllt' Srv:tlt llllls itrcl, tllcsc loll¡titlitllls
\v(,r'c tlr'¡ltlsitccl ortlit¡r¡litrg thc l()l) ol tllc crotlccl
(l:¡lrlrr riuì. ( )vct l¡'itt¡t t'rlttltlt rnitlllf irll tltis scr¡ttctltc, is

tl¡t. \'lr¡skr'g l'trrtnuliott (rrltltytltitt') i¡r tlrc Srv¡rll Ilills
I¡ctr, rvlliclt cxllibits ittt cuslwltrcl lacics clrlrt¡1c itll()
l,rlri r ir' ltvlr¡ror i tc ( lt¡rlit c), ill)\cnl irl l llc llorl ltcitsl eorltcr
ol tlrc ( trlcl f ltkt lt¡t'lt tlttc lt, tltsstlltttitlll.

A ¡clrcs ol l ol nlut irlrt:, wcr (: su t)s('(lu(rt)l ly rlt:lltlr;ilt'tl
r'onlol nlrlly clrrlitrg tltc tcst ol lVlitltllc l)cvottiltrt ittltl
r.trllr I J¡r¡lt'r I)cvottiiur. Âlthorrglt I.orvcl ( ¡trlroltilcrotts
sltiìlil \\/crLr ()nc(t l)rcs(ìlll, lltt:y rvctc rcnl0vetl l)y llìc l,íllc
l,rtlrozoic to lrirlly Mcso¿oic closi()rì, As a lcsttlt, itll llrc
tJ¡r¡rcr l)cvollirut tock unils urc lrtutcutctl rlttc lo
Prr' ( rt lírtt'otts closion. Ilrt'y ;trt', itt rltclct of tltcir
tlc¡lositiort, irrttl ol'lltcir lrrutr:itlitll ltottt citsl t() wcs(:
ll,:¿rlcrllill l,irkr ( it ort¡l (t:rrlbtlnltlcs), Itcltrt l:ot ¡n¿lI irlll
(slrrrlcs), Wintcrtrtr trt rurtl Wutruttturt (itoulrs
(tirlhorurlcs) I'ltc ( itoslttottl lionlutlion lìrlltts lr llrìck
(ovtrr 20() rìl) cilrbonirtr'¡rlirllolrn rc¡rlacirrg lltc Ircton
lìonllrlion lront lllc ttorllttvcsl contct.ol fllc (loltl llkc
iltcu t() tltt'rtoltltcirsl c()r'rtcr ol {lrr: Srvln llills ttrcit, arrrl
('\tL'n(linlt f ul ttortlt.

I hc lVl ississi¡-r¡riirrr ¡rirll ol lllt' sc(lr¡c¡ìcc occur s ¿ts

tlcc¡rlv ltcvcllt:tl sct.ics ol rvttsl-tli¡t¡ritrg sttbsc¡olrs. l hc
lrtrsal l'xslrinv I'or Ittllio¡l is a tllirr rrp*'artl-colr scrrin¡l

bitrr¡¡rinour; r;lnlc. lllc ('\'crl)'i¡r¡r Illrr¡ll lronnlrlitrrr i'; lur

irrlcrbccltlcrl slrirlc-lo c¡rrhorrirl(' \c(lu('nrìc rvlliclr
itttlititlt's t:onlrnttt:rl lluts¡Ìr'('ssr()rt ltntl g.r'cirlt'r :,ltcll
t'irctrlrttirlr¡. l llis trcnrl rvls nìitirìlltinc(1, irs slrorvrr lrl,tlrr'
llrr'[cll linrcslor¡c sr¡ùe cssi']rr ol tlrc ovcrll ing l{rr¡lcllc
( itorr¡r. l{cgrcs:,iorr ol lVl issir;si¡r¡ri.rtr sclrs b:rck lo llrt'
niu r()wurll ( olrlillcrirn birsirl rr,¿rs rrcconrpiuric<l lry ;r

ucsrval<l lilt ol tllt: cr'¿tl()r'r nrirrgirr (l'rlrlcr t:t irl., l9tì2).
'l lris t:¡nr:llìtrttt:tr ¿t¡ttl nliltl ttrlrr:l lriggcrt:tl cxlc¡tsitc
rltlsirrrr rvlticlr slri¡r¡rt:tl h¿rt k tltt: Mississi¡rl)ian slratl l()
tltcir ¡lr cscnt strtrcltll) l)irttcnr.

ln tllc slu(ly irrciì, lltc l)cnrrsylvarriiul w¿ts a pcrio(l
ol st¡ll¿ìcl l;tl (Ìr()\t()n, tltc ot igrnal l'crrni¿r¡r covcr (llclloy
l'olnrltiorr) trcirrg trlrrrost cont¡tlclcly rc¡llovctl by lurtlrcr
crosiorr irr thr: cirrll,'l'ri¡rssic l)cliocl; Ll¡l¡lcr'l'riassic bctls
rvcrc probirbly rrot rlc¡rrlsilctl , lntl tlrc origirral l,orvr.r
.ltrritssic c()vtlr' (l;crnic (ìr'tru¡r) rvas ¡rlntos{ conr¡rlr:tcly
rc¡ntlvctl [ry prc-( rct¿lccous crosiolt. Ntlrlhcirst ol lllc
trp-rlip crosional cdgcs ol 'l'riassic and l,owcr .l r¡ntssir:
stIrtta, [,()wcr ( ]r'ct¿tcctlur units t Csl L)n stlt¡tltrvcst
cli¡r¡ring Mississi¡r¡rilrr calllolt¡rtcs, arrrl (ln lllc
WaLlatttun, Wirttcrbtrrn, Wt¡oclbcncl iuì(l llc¿rvcrlrill
l,itkc (ìrorrps, tlrus crcating ;r¡rproxirnirtcly it 2(X) lvla ga¡r
ilt tltc local stratigraphic rccorcl.

'llrrorrghorrl lhc (lrctaccous llìcrc \!as cotìtinrr()r¡s,
confìrrrlablc dcpositiorr ()l' citst$itr(l-thilrnirr¡1 clastic
rvcdgcs t lìlt irrtcrl irrgcr rvil lr wcst w¿tr(l-thirrnirrg rlirrinc
slìÍtlcy ilrtcrvlls nst,ociatctl rvitlr thc l lrtct uilti¡ìli Wcstcrn
I¡ltcrior Scauay. ( rcl¿rccor¡s slr¿tt¿l ilt lhc Alhcrta plairrs
iuc: dcr'idccl, irr rr¡rrvtrrrl oltlcr', i¡rto thc lvla¡rrrvillc,
('olrlritrlo lulrl l'osl-( olrll trltl (irotr¡ls.

llccattsc ol tllc I¡liltl rcgiortal tlip (-r 1,, l0 nr,/Knr)
Itll<l ltlw lclltivc rclicf , llrc rrroclcrn crosion Icvcl
trttttcatcs llrc scdurrcrrtart fill of tllc b¿rsirt rlvcr it

t31

r clat ivcly nrn ()w sl rut i¡¡rir¡rlric lrrrgc. l l ¡r¡rcr' ( lrclítccor¡s
loln¡ltions ¡lrrclotttituttc, tlrc cxcc¡ttirln bcirr¡¡ l.orvcr
'I crlilry slrltl ()vcr llrc lriglrcst ¡rlirins lrrrti oulct
Iootlrills. Surlicial clc¡rosits ol ¡tlat:i¡rl origirr ovcrlic llrc
l'ltítnt:¡ozoic sc(llrcrìc(:. l{cgiorrrtl tlr¡l ¡lrtl strikc
cr()sssc(:lirlrr llrlorrgh tllc Srv¿r¡r Ilills itncl (loltl l.¿rkc

sctlinrcrttll v [rlocks lue l]rrscr)tctl irr lrigs. 4 lll<l 5,
lcsllcclrvcly.
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l,lgurr ,l l)i¡r (,,\ li) iriltl strikc ((l l)) ()ro:.s sr:clirlrrs 0l lhc
rerlrncntiu y l.lock, Srv¿rrr llills ;rrtir, .Allrrrt;r
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Itt scdir¡tcrttu¡ y tlitsirlr; tlrcrc is a f luirl conr i¡ìltunr
throrrghout thcir cntirc thickncss, rvith tlrc l)ossiblc
cxccl)tion of cv¡rl)orilc llcds rvlticlr lìtay ¡ct ¿rs

ar¡rriclrrclcs. 'l llt nlovcnlr:nt ol lluirls in thc sultsurlacc
crìvir orìrììcrìt is thl cc-clinlcrrsional irr naltrrc, ¿rn(l rrsrrÍllly
vcly colrrplcx.'ilrc f lorv in tr<¡rrif't:rs is rnainlv holizorrtal,
rlrivcrt gcrrcrally by gravity tolccs, whilc thc llorv in
a(luil¿lr(ls is vcllicirl (llcar, 1972). Morcovcr, thc lluicl
f lorv in a(¡¡ilcls ntiry t)c plrt ()l n local, intcrntccliatc, or
lrrgiortal systcnl (1'oth, l9l.l0), rr,ith irn¡rlicirtions on all
tlnnsport ¡rlrcnorncrrir rcl¿rtcd t() c()t'tvccli()rr, irrt:ltrding
Itcat tr¡rnsl'c¡'. lly arralysrrìg tlìe g,corìtctry, lithology arrcl

hydlrrulic ¡tlrl¡rt:rtics ol tlrc strltigraplrrc utrits ilt tltc
(loltl Lakc lrrtl Srvarr I-l ills arc¡s, ci¡1lrt ar¡uilcr.systc¡ns
¡icl)¿u ¿ttccl by cight ¿rquit¡trds ¡trì(1,/or at¡rricluclcs rvcrc
rlilf crcntiatcd ¿rbovc tlrc l'l cc¡rnìl)rian basclncnt. r\
lryclroslraligr-;tl)lìic r¡nit rs tlcl'i¡rccl ¡rs ()nc or nlorc rocks
rrnits in corìlacl, rvhich lravc sirrrilal cll¿rr¿rclcrislics rvillr
rcsl)cct lo I'luitl florv.

'l'lrc ur¡rrifcl systcnì\, rrr rrsccrrrlirrg orclcr f'lo¡rt lllc
I'rcc¿rnlbrirrn b¡rsclrrcnt ¿rrc: Il¿rsal ( iulllllr¡ur, Kcg Rivcr,



t.3?

I lJi,;11,,,,,,' l llìit'|ì(r'ir'(),

l lt--irrlr'rrirtt' [..]¡"1''"''l'

lrlgrrrt 5 lli¡r (l l') lrrtrl sttilc (I-l') cross-st'ttions ol llrc
scrlirrrt:rrtlrry lrlocl, ( olrl l.¡tkt: ltr'¡r, Altlcrtir.

lJt'¿rvcrlrill I ;rkc, (ìrosrrrolrl, Wlrtrlrnun-Wilrtcrtrulrr,
l,orvr.r' lvl¿rrtnvillc, tl¡l¡rt'r Mlrurvillc ;rrrrl Vikirr¡i.'l-lrc
ir(luitru (l lrì(l l(lui(ìlu(lr: systcr¡rs ricl)iu ut ¡ng llrc ur¡rrilcrs
luc: l\litltl lc ('rulbri¿ul , lotslrcr'¡i-Rcrl llcrl s,
Mrrskcgl'rriric, lrc(<lrr, lixshlrrv lltrrrlf , ('lcu¡ rvlrlcr , .loli
lrou itntl I'osl-\'ikrrr¡1,'l'lrc llr¡irl llorv ilr tlrc lc¡¡iorrirl
it(luil'(Ìr' sy\lrnìs is rtrlirrly lrorrzorrltrl, beirrg ¡rlrvilv
tlrivcrr Iry lltc ¡rotctttiltl clillclcrrcc lrctrvct'¡r thc lriglrs irr

llrc Irootl¡ills llclt irr r;orrllrrvcslcr¡t Alllt:rllr, turtl llrt: lrlrvs

()ttttvttt:îivt: vr'¡ stts (;()tttIII( tivt, Itt:,¡I I Ittw

lt tlrc l)rcclnlbrian Shiclrl in n()rtlìc¿rst Albcrta.'l'hc
llr¡irl Ikrw irr thc (larrrbri¿ur alrrl l'¿rlcozoic aquifcrs is ol'
llr¡sirt-rvitlc rc¡iiorurl tyl)c. rvlrilc (lrc llurv irr lhc
(l¡cl¿rccor¡r; a(luilcrs is ol'irrtclnrc(li¡ltc (yl)(: rvitlr a strong
tlorvrrrvlrr tl (:()nrl)()ncnt. [.ocll f'lrricl l'low is ¡]rcscrìt ()nly
irr tlrc slritlltlrv l'crlilry ancl Quatcrnary at¡rrif'crs.'l'hc
lryrlrrrtrlic lrcacl irr tlrc ac¡rrilcrs v;rrics ¡tcncrírlly betwccn
.ì(X) ¡rnrl (r(X) rlrrrr.'l'ht: hrrri¿olrtal hyclntulic g,r¡t(licrrts ol'
llrc llorv itt nt¡trilrrrs íu(r ol tlrc orrlcr of'n¡a¡ltritr¡clc l0-i.
witlr local r.alrrcs u¡r to l0', rvhilc tlrc hydraulic
gr;rtlicrrls ol'thc vcrtic¡rl f'lrlrv in ar¡rritards is ol'lht: olrlcr'
of' rnirgrrilrrrlc l()-' - 10".

Irr ortlc¡ to corrrJrlctc tlrc r¡trarrtitativc florv ¡rictrrlt,
it is rrcccssury to know llrc v:rlrrcs a¡r<l rlislriLlulion cll'
lrvo lryrlrlrrrlit't'htu;rt'lt'r'islics tll'llrt,pt'¡rrrt¡s rlrcrliî: lhc
l)orosil) rr u¡rtl tlrc lryrllilulir: turrductivity K. ln'l'¿rblc I

lrLr lilro\vrr lvcnr¡tc v¿llucs ol tlrcsc ¡rarantclcls by
lrytllostr':rtrgr';r¡rlric units. ll slror¡ltl [rc ¡rrlrlctl llrat tlrc
vítriali()tì rtl' hytlrlttrlic cotttluctivity valt¡cs is gcncrltlly
rltìt: otrlt:r' rttl¡',rriltrtlc tr¡r clrclr siclc ol tltc:rvcr;tgc. lì:rsctl
on llrc ¡rolcntiorrclric sru f irccs íut(l (lrsttilltrliorrs of'
llyrll;rrrlrc l)¡rr'¿lrìrclcrs, il rs ¡lossiblc t() coln¡)utc thc
l):rrcy rclor:it1, <ll' lllt: llr¡irl llrls, rn clrclr u(¡t¡ilfr:r l)y
t;rking tlrc ¡rrorlrrt:t llt'lrvcr:rr llrt: lryrllltrlic ¡,r'arlicrrt lrrrtl
lry<lr'¿rulit: ctlrtrlrrr:t ivil y. l,ot ll vclocrt ics in lrr¡rrr lcls valy
irì llr(: titngr: l0'. t<¡ l()r crlr/¿r, rvillr a clllrrlrttclistir:
tlltlcr ol rrurgrritrrclc of'I c¡u,/lr.

'l'l¡r' clurnrttcrizlrliolr of tllc ír(lr¡il¿u(ls is ll¡orc
rliflicrrlt, rlrrc {o l¿rck ol'<l¡rl¡r.'l'ltr: ¡rcrrrrculrility is rrsr¡ally
so lrlrv tlrat it is nol ¡rossilrlc lu ¡lcrlìrrrrr lltv rlnllstcnr
l(Ìsls. Ilrlrvt.'vt:r', soiltr: c$ttnÌlttio¡ts clrrr lrc rn:rtlc lt1'tlrhing
iur irìlclir.irl ;r¡r¡rrolrclr. 'llrc tlcrrsilV ol lorrr¡irtion witt('rri
clur l)c t¿rkcrr:rs lhc ttvr:r'itgc ol lltc clriulclclistic
rlcrrsilics irr llrr: ltt¡trrlt:ts iìt)()vc llrtl lrclorv cach trc¡uilirrrl.
l'llr: llrri<l llt¡rl i¡r trr¡rritlltls is l'crtiu¿rl, bcirrg tllivçn by

l lrc tlrl lì'l cil((' l)clwccn l lrc l)()tcillio¡rr'tl ic strr I'irt:cs rll'
llrc lrtl jlrccrrl rrr¡rrifcrs. lror it givert iucl, llrc total
rlist:ltlrr¡ir' Ilrlorr¡1lt irrr trt¡rrillrrcl c:rrr llc conrllrrlt:tl trv
lr¡r¡;lyin¡: ;rn irrlcgritl ¡t¡¿tss l)t()(:(Ì(lt¡le. llr tltis clrsc, tlrc
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litt:1,¡n IJ;tt:lttt

clriu¿t\:tcristic vcl()city is obt:rirrcrl by rlivrtlirrg lltc totitl
r:lisr:luulìc lry thc :uc:t. 'l llc clt¡u;tt:tt:risf ics r¡l tlrc f-luid
I'lorv irt itt¡tritcts ;ttttl ltt¡ttilitttls ittt: ¡rttr:it:ntctl ill 'l'lrblc I

lil bof ll ¡ilud) ¿rrc¡rri. ¡\s lìl¡ lllt: l,olstrcrtÌ l{r:cl l}ctls ¡r¡lrl
l,r¿tiric ¿t(lr¡iclrr(lcs, tlrt:rt: is no lltriil llorv llrrorrgll tht:st.
tlrick lrllitt: bctls.

As ;r ¡.tcnerirl r(:nìíu k, (ltt' llrrirl llou' ill llrt: Su,lt¡)
Ilills ¡rrtl (ìrl<l l.¿tkt: .u¡r'its ol lllc Wcsli:r'tr (llrnutla
Scrlin¡cntlrry lìirsut is vcry corl¡rlcx in rutlrrtt:, tlLlr: lo tlrc
rjt l ut ig.r'al)llic lnrl lit hologic t orrr ¡llcxit y, ol t lrc sctlirrrcnl s,

;r¡rrl is e lt¿tr:tclcrizetl by vr:r \ lorv vclocilics ol tlrc olrlt.r
ol l ettl/lt. Ilrcrt: is tto Irorrro¡:cncorrs t¡rrrrlirr:ctiorurl
lluitl flrlrv {ltt.or¡tilt llrt: c¡rtirt' colullrrr ol llrt: serlirrrcrrtlrry
5(:(ltlcllc(:, Irtll it i:otlllllic;tlc(l l).tll(.'ttl r¡l lt'liz.tr{¿rl ll.rv
irr :rt¡rrifcts rt¡trl vcrlit:¿rl Ilrlrv ill lrt¡rrillrrrls ;ulrl sontc
irt¡trilcrs.

^N^t,YS|S 
O]' Ht,:^ t t,t,()w

'l hc gc,lllrcr¡rutl slrrrctrrrc ur ;r sr'rlirnt,lrtlrry lrusirr is

¡lovcrrrt:tl ntitirìly Iry tlrc lr':rrrs¡)()tl l() tlrc srrrtlrcr.ol hc¿rl

flltl ll(r$ lr¡rrr';rrtl lrollr lllt, srrtrcorrlirrcrrltrl rrutrrtlrt luttl
ol lrc¡rt tllirl is gt:rrt:r'lrtcil ¡lrlclrrlrllv lry tlrt: tlccrry ol'
r;rrlio¡rclivt isoto¡rcs in tlrc rocks.'l llc lr¡lri¡r n¡ccllurisnts
ol lrctrl lt'tUtslct lr|c c()lt<lr¡t:liorr lUttl colrvccliolr lt\;r
rrrtrvirr¡: llrrirl.

()lr ¡t gc()l()[',ir'itl lllr¡t: r;clrlc, tlrt: loss l(r llrc
irlnì()sl)ltr't.c ()l lltc lÌlutlr's irrlcltìirl ltc¡rl is trrr rrrrslclrtlv
lrr()('css rluc lo vurilrliolrs ilr llrc lllrrtll's llcut llu.r. ()n tltc
Itt¡ntlrrr linrc :;rlrlc', lrorvt:r'r'r, lllc lrir¡lll's lrctrt llrrx ¡lr¡tV
['c co¡lsiclcrctl corrslrurl. l ltt. orrly rlircrl rtrn:rlioll rvrlll
linrc arc irrtlorlr¡r'ctl lrt llrc scrlirrrcnlitry birsirr by lltc
rliturt¿rl itntl irn¡rr¡itl clrtrrr¡ics ol lt:rrr¡rcr¡tlutc itl lltc
:;rlrlrrcc, t ltltn¡ic:; w'lriclr ¡rro¡rirgirlt: irr f ltc svslcltì ilitlr lrr
iuu¡rlil uilc llurt rlccrc;rscs c\l)()n(Ìnf iitlly rvir ll rlc¡rllr,'l lrc
r'ltiulclclislic tlc¡ltlr ol l)(!n(.triltion tol tllc rl¡rilv
l(ìttll)cnrllrrc v;rri¿tlio¡rs is <ll tlrc orrlcr ol c(:nlr¡neltL's,
rl'lrilc fìrr llrc :trr¡rrlrl l(ìnrl)crirturc viui¡rlitr¡¡s is ol tlrc
ortlcr ol lt(Ìl¡r:s (llrrrrtcrbirlllr, l1/tl4). 'l itkirrg irrto
ilLrc()r¡nf lltitt tltc tlc¡rth ()l tllc st:<lil¡rcrrlilt'y l)x:iin \¡rrics
trclwcclt I kl¡r irr ('olil t.¿rkt: it¡c¡r lntl 1.4 krrr ill tllc Sw;r¡r
Ilills alcl , it lollow¡ llr¿rt tlrc lclltl)ct¿ttutc v¿ui¡rtions ar
lltc srrrlar:t: rìittt l)c rrcglcclcil, iUl(l llt(: ltcill tnr¡rslcr
l)r('ccsscs crtÌ lrL: c0rrsiclcrctl slClt(ly.

'l'lrc cll'cct of rirrlio¿tctivity ilr tlrc scdirncnf s on tlt(Ì
Itc¡tl lllurslt.r l)t(,(:r:ss(:s irr tlrc Wcstcln (lttrtittla
Scrlinrcnl¡rry llasirr is rrcgligiblc ([Vtirjolowicz (:t ¡t1.,
l9tl4). Assrrrrrin¡r. lh¡rf tltc lfor¡ricr l.nw of'lrcaf
t:ottlli¡ç1¡,,,, is vnliil, rhc ¡rartiitl rlillcrcrrti¡l c(ìr¡¿lriotì f()r
slcarly-stiltc hcitl tüutslct in a ¡t()rorrs nlcrlrt¡llt wltlrtlr¡t
Itc¡tt sorrrccs c¡t¡r l)(,wrillcrr as:

t.?.1

llr lhc abovc cr¡rrirliorrs, thc subscri¡-rls l ancl s rt:l'cr to
llrc 1'lrrirl ¡ur(l soli(l ¡rlrlscs, rcspcctivcly.

'l'ltc botutrllttv tron<ltltons llnl rlclillt.f l¡c llt';tf f'low
Iogctlrcr rvillr t:t¡rritliolt [ ¿rrc:

itl slil lítc(:: 'l' , 'l',,

:tl I ltt' llrst' ,rl t lrt' blrsirr: (.) (Jc
¡l t

íl I

(l)
(.1 )

()

ll

rvllcrc z is tlrc vt:rlit'irl trlolrlirurlc rrrcirsrucrl l'lonr lhc
r;rrr lucc rlorvnrvltr'<ls, II is tlrc tlriclllcss ol thc
:;t'tlilltt'ltl;uv ('olulìlì, (.) ic tlrc lrcirl llt¡r, lutrl thc
r;rrlrst'r'illts lt lrrrtl c sllurtl lol:tlrrros¡rltcr,c llld crrrsl,
tcs¡lctlivcly.

I¡r oltlcr to ¡tt:r'lìrr¡¡r lr tlil¡rcnsiorrirl irrralysis ttl lltc
irrr¡ro¡ ¡;¡¡¡r.',' ol colrvcctivc vcr\lls t:cltrtltrctivc ltc;tl
ltittìsl('r l)roL:csscs, tltc valilt[llcs irr crnlrlio¡r I irrc ¡u¿t<lc

tlilncnsiottlt'r;s ;rs lìrllrlu,s:

(\.ì',7,) (,\.),/), I

V.^Vll l'e\'.Vll

0 ( r 't,r),,^,1 
,,1, l 'l lr ,r, \, v

(,5)

rvlrcrc l l) is tlrc lcntl)cnrlurc lrl llrc t()l(:t(Ìnrc ilc¡rllr l),
\'() riì ir ¡tlcrclrcc vcloeily, l, is r:lrlr¡itr'frìtisllt tli¡rrerrsio¡r,
Ir¡rrl 1., is ;r rclt,rt:ltr:r: lllcrrnltl ctrrrtlut,livily. lly
sr¡bslitiltilìlÌ (\) irrl0 t,t¡ulrliorr l, lltc lirllÙ lrt.t:()ltrr.s:

whcrc'l'is tt:rrr¡rcrlttrrc, v is thc f lr¡itl vclocity, ¡l is tlrc
p()rosity ol tlrc r¡rcdirln, Q rs ttt:lrsitv, arrd c is llrc s¡tcr:ilic
hcat,'l'hc tl¡cr¡rral contlrrclivity ()l tl¡(: s¡Ìlt¡r¡ìtctl ¡ror orrs
ntcdiurn, 1,,,, is rlr:firrcrl try (('hcn¡{, l97ll):

À,,, nÀ1 r ( l rrr )Àr (;)

( (,)

rvltt:lt: I't' tr (_)l.cl r,., l,z'1,, rs lltt I)t:clt:l trulrtllcr for
Itt';tl lltt¡lsltr irr polous rrrt:tlilr, lurtl is tr nrc¿rsrlrc ol lht:
irtlertsily ()l Lr)t¡vcLlivt: lrt.irl l ¡ tr¡¡sf c:r vcl sus colrtluclivt:
lrclrl luutslcr. 'l ltt,t'llrrit(tcllslic lcrrgtlr L is l.tkr:n ut lltc
rnlrirl rlilt:r:lr()tì ('l lrclrl llorv, llntl ilr lllis eirsc lrccor¡rcs
I lrt' l ll it k ¡tt'ss rl .

(,lvcn lltc v:rttitlltlrly ()l tlrc sttcltil¡cnls t¡ì leilns 0f
slnrtigr':tl)lrv, lilltolo¡lv .u¡rl lryrlnrulie turcl llrt:rllrtrl
Pr'ol)('rtics, rr¡rtl cs¡rccilrlly tlrrc to tlrt t:orrr¡rlcxily ()l tltc
lluirl llorv l)itllcnl, lltc lrrrirlysis ()l (ì()n\cclivt.vc¡sus
cottrlt¡r-:1¡r,c ltclrl llrlrv luts lo lrc ¡tcrlìrrrrrctl by
lryrlrostrirti¡.rltr¡llrit: unils, lutrl n()l lor tltc r:¡rlirtr
scilirrrt nl¡try colr¡rn¡t ltrkcrr ¡ts ¿t sitìgl() ltrycr wltlt
ltvct ltgt:tl lr¡opcttics.'l'llc ¡rclt1 6l r¡itgrrilrrtlc trl flrc
l'ct'lt:l llurlllrct is ¡rrcsc'nlcrl ilr 'l trtllc 2 ltll tltc ut¡uil'cr
rttttl irt¡rritultl syslcrrrs irlc¡rtilir:tl irr lltc Srvan llills ¡rnrl
('oltl l,ukcs irrctrs ol r:t:rrtr¡l Alllcll¡r. 'l lrc avcritgc
lllcr rulrl corrtlrrt:f ivil¡ ol (ltc sctlirrrcrrtr; in Albcrf a is Àn -
l.-5 W,,'lrK (lVlir.iororvic¿.t .lt'sso¡r, lt)tìll. As t:lrn llr sccn
ilr'l irlllt: l, tlrr: strcngllt ol corrvt:clivc ht.;rl tllltslr:r i¡r tl¡c
Srvlrr llills ¿rrrtl ('oltl I lrkt' lu(Ìlts ()l llìc wc\tcnl (lallatlir
sttliutcrrltrry birsi¡r is ¿tt l(.itst trvo otrlc:¡s ol rrragniltrtlc
lcss llr¡rrr lhc strcrrg,llr ol corrtlrrt:lility lt(.¡lt tr¡r¡rsl'cr, ¡ur<l

;rs suclr r:¡tn tlt: rrr:[ilcctcrl.

'l'lrc riluilr rrrccll¿rnisl¡t lìI lrcul lriutslct.Fl.tlrlr tllc
trlrsclrrctrl lo llrc ¡tttìl()sl)ltclc is lhcill¡¡rl c0lr,lr¡cti0¡r
tlu ot¡gll tlrc sctlin¡t:rrlitr V t.olurnrr. M;rf lrcrlurlicltlly, tltis
L'iur l)c cx¡rrcs:lctl lt\ Illc ulrirlillrcnsio¡titl sl(ritrly-slulc
cottrlrrr'liorr t:t¡rltliott ltll lt tttrrllllitvcrt:rl sllt¡clttrc rlf'
irrl ilritc llrlcrltl e.rtcrrt :

V À'rV'¡ rì ef cl,v . V'l 0 (l)

d,/tlt(I(tldI t tlt.l 0 (7)
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totttltlelivrly rvitlr tlt'¡rllt t':tll lrt' lt¡r¡rtoxl¡¡t¡rlt:tl lrv lt

slr¡rrvisc lttttr:lltltt lìrllttrvirt¡l lllc l''c()tlì()lly ol lltt: sll:llll'
'I ltt'ttrltllc, ttt lt girc¡l lot:ltlttlll, lltc llt'ltl l'lttr ctos:'ittg lltc

:;ttlit¡tcltlttty lr;tsitr ¡rtotltt,,'r.,l !elli!::ll lcl¡ll)('¡¡lllllc
rlrslr ilrtltiort lttttl it ¡',cttlltt:t Ittlrl ¡lr,rtlit'rrt tlc¡'t'tttlitrg

ttlltn¡;rlt'l\ tllt lilltoloqr .

( iivcrr lltc tttrltl tc¡litrtllrl tli¡r, tlre ltrl'ttivcly sr¡¡;rll

llnltc ol ltr¡ro¡itlt¡lltic llttiitliotls, ¡ttrtl llrt: ¡icttctltl

llryclirrll rll' lltc sctlilltt'ttlltt V sll:ll;ì, it is ¡rtlssilrlc to
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ol tlrt: tlrtllt tlirllillrlliolls irr tltc cltst' ol tli¡r¡rirll

l()riltitlirltts. A:; (-'xlr(Ì(:lc(|, lltt' lcss c(}tttlttt:livt' l'tytts
(,lr:rle:,) Irlt\,(r lr ltt¡lllt'l lcttt¡rcl ill lll (' lll íl(liulll' rvllilt' lltt:
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Ilill:' .rrrrl ( oltl I ¡¡11' ¡¡'¡liotl:, is tlttt'to llrt'tlilli'lcrrl
rrrtr,ill 'll.rlti'¡.llllli! ;l¡r(l ltlltolo¡'i' "llll''llltc'' lrtrtl l'r lll''
ql¡ll1'lrrtll tl,llllt,rl ll¡.' lrrttllilll()ll rtl lltt :"tlilrl(lllitlY
r.((lur'tr(('ilt tlrt l\\r() ill(;l', (l itl; l;trltl 1)
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¡rrcdorrrinanl irr llrc scqucncc. lror.cx¡n¡plc, in thc Swalr
llills:rrca, alorrg thc cr()ss,scctiolt A IÌ (lrig.4), 1400 rn
ol' U¡r¡rr:r (ìr(rt¡lcc()us ulrtl I clliary slralcy scclirtrcnts trc
lrbscrrt ilr thc nortlrcasl rtur: to crosioll. Ittrrll¡crrnorc,
luborrt 210 nì ()l' lrcton sllalcs arc rc¡tlacctl by (ìrosnront
earbonatcs, alrtl ¡rbor¡l 90 ll of' l-olsbcrg halile rc¡tlacc
Mirlrllc ('iuubri¿rrr sllllcs. Corrsiclcrirrg a gctltlrcrnral
grarlit:nf ol' 40 r¡rK,/rl lì¡r slralcs, l8 nìK/nl fìrr
ca¡ [ronalcs lut(l l2 r¡rK,'r¡r lìrr h¿rlitc, ir¡l¡rlication ol'
lt-'lltiorrslri¡rs l0 l¡rd ll brirrgs about urr irrtcgral
gcotlrcrnlal gr:rclicnt of'?5 nlK,/rlr at tltr: poiltt IÌ r,crsrrs
.11.6 nlK/rlr at tlrc ¡toint A. I,urtlrcr to tltc casl rtl tlrt:
Srvan I lills lrc¡, tltc irrtcgral ¡¡cothcl'nr:rl gr,aclicrrt

tltrcl crusr:s rluc to llrc l¡rtcral f'acics r:hangt: of shalcy
lurrhydritc (l\,trrskcg lior rnution) ilrto lralitc (l,rairic
lìorrrlrlion). ln tlrt: rvcsfcrrr ¡larl ol thc (Ìrld l,akc arca,
lltc inlt:[llal gcollrcrrrral grirclicnt i¡rcrcascs tlr¡c to tl¡c
incrr:asc irr tlrc rali() ol lcss collclrtc:tivc vcrsus nlorc
conrluctivc slrata, irìe:rcasc eausctl try llrc rc¡ttovll
lhlorrglr closirlrr ol' thc: ori¡¿in;rlly' thick (.ì(X) to 400 rn)
WtrLlar¡rtrrr ancl Wintcrltrlnt c¿rr [ro¡lttlcs, lrrrl by thc
Itorrclc¡'rosiliorr ol' tllc ( ilos¡ltont r:l¡ borralc cornplcx
(lrig. 5). lrt llrt: cuslt:rrr ¡rart ol'tlrc (lrld l;rkc irrcu, tlrc
Ilritrk Irt:lolr slralcs (.ì(X) nr) irrc ¿rllsclrl rlut: lo croqiorr,
lrtttl lgnirr llrc irrlcgral gcotht.r'ntal gratlicnt tlccrc¡scs
tltrc (o rrrr irrt:r-c¿rscrl ítv(rrflg(: tlrcr rrrll conclrrcf ivity of' thc
sctlin¡cnliu y t:olrrrrrrr. lrirutlly, irr tlrc rrortltc¿rst conrcl ol
tlrc (loltl l,ttkc lrcl lltt.rc is tr tlcnrl to i¡tcrcast<l irrtt:¡inrl
geolltt:r'rtral ¡lratlicnts (lr¡c l() tlrc abst:¡rcc <ll l,l0 rrr ol
lutlrtr: (ltrnirit: l;ornurtion), ttllsr:rrct: r:itt¡sctl llt' salt
rlissolrrtiorr. 'l lrcsc ',¿rri¿rtiolrs i¡r tltc ntle[lnll ¡lcothcrnral
gnrtlicrrl, c<l¡lt¡ollt:rl by clrlrr¡ics ilr tlrc to¡ro¡¿ra¡'rlry,

¡icorrrctr l lrrrtl lillrtllogv ()f lltc slr.tt¡t, urc srr¡lcritrr¡tttsctt
ovcr ir sli¡1ltt tlr:crcusr: ilr tlrc tcncstri¡tl lrclt llr¡x lltlr¡r tlrc
Srvrtn l lrlls to thc (.olrl l.¿rkc ¡rlt:tr (l\llrlolorvrr:z &
.lcsso¡r, l9ll l).
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Accor.tling to f hr: r'clltiorrslri¡rs l0 arrtl I l, l'or tr

giverr lrr:;rl l'lux tlrr vuluc of thc irrtcgral ¿ltollrerrrlrl
¡lratlicnf incrcascs whcn ¿t nlorc r:ontlur:tivc lonrraliorr is

;rbscttl, ()r whc¡t lt:ss c:orttluctivc lìrnuatio¡rs iìt(:

0 100

E
o-
o)ô

0

200

400

600

800

1 000

1 200

1 400

1 ô00

1 800

2000

Cold Lako Aroa

\ G = 4o.1mK/m
fi,.

\

rrttrtrlÌ

llll ¡ll

^ Swan Hills Area

G : 40.9 rnK/rn

E

I l I ll

figrrrr lr ('collrciln¿tl gr.rrltt:il1 irr slurlt:y Ir(:t()il li)ilt¡irti0rr, irr (ir)
Srv¡ut llrlls ¡trc.r; ¡rrtl (b) ('oltl l.:rkc:rrctr.

(a) (b)'fenrperalurer ("C)
0 20

I
40 60 80 t00 0

I r T -T-r-r--l - 40
I

60 B0 100 0rlrtl 20 40 60
I I r l--r-t

G:27.9mK/m

0

400

800

E 1200

r
o
q) Iti00

2000

?40(\

\

G == 1 /.3 mK/rn G ,= 17.0 mK/rn

\
\

\
,li
.i' I

l'lgrrrt T (;r(tlltctttirl ¡4titrlicttls rr llre Srvrul Il¡lls ¡uc.r, in (;r) l.orrt.r lrl;lllrr,¡llc (:.rrrrlrtont.); (lrt
\\;rlr:ullrll (,-il l)()n(:t(.); rrrrrl 1t ) l\lrrrlr¡1 (irlrlrv,lr i1,,.¡ I ot l¡lrtrorr..

L)

i?tJo0



I -lt¡ (,'t )nL't'(;ltvt vt'Istts (:t)Iì(IIt(.Itvt: Itt:,tI I It¡w

(¡)

cold Lsko Aro¡
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(:oNcl,lJslt)NS

I'lrt: rìritin tìì(ì(:ltiutis¡tl\ ()l llclt( lr¡t¡lslcr lrt

:;ctlintcnlltry lr:trit¡s irt(: (ìott(lltclltlll lt¡ttl coltvct:ltttlt lly
rrrovirrg lluirls. 'l'lrc lltlrv ol lotttt¡tliolt willcl is

lirirvily irrrlrrt:t:rl lrttrl corttlttllc,l [ry tlrt: lolloP,lttpltv ol'llrc
lr;rsirr, lls rr,t'll .ts lry stt.tlilirll)lry lltrottglr \llcll
cllllrelclir;(its its tltc ¡ltrttttc;thility lrrrtl l)otosity ()l lllc
slIlrl.r íilì(l llrc ¡icotilctt1 ol lltt'il(lllilì'ls, ltt¡ttilltttls lttttl
ir(llli('luilc:.. A tlctrtilcrl ltVtllt,fit'olt'P.it:itl slll(ly \vltli

(iuric(l or¡l lor lllt c¡Ìli¡c Itlntrrct()z()rc:,r:(ltt('tìt:t i¡l tltc
ccrrlnrl r\ll'clllt l)Íltl ol tltc \Vcstctlt ('ltlrlttl ¡t

Scrlinlcrrllrry Illrsirr (Srvrttt llills ¿rlrtl t'oltl l,ítk(: tltuíls).
Io¡ lort l)('nnL'llrlc ¡ouLs;ts lllorc lttttlttl itr lhtr rt'piott,
llrc r,r.'l¡r:ily ¡l llr¡tl ll¡¡,irt rtt¡ttilc'rs is ycll'l¡rv, ott lltt'
ortlt'r rtl l (tìì lr. /\l tltc:ìc lorv velrl.iltt's. lllt'(()lì\/('(l¡\'('
Irtlrl tlrrrslcr i:, rrcgli¡litrlc s'ill¡ r('51)('(:l l() (r()tì(ltt('livc

lr(irl ltirrìsl(:¡, it\ :;lì()\\'ll lr\ vltlttc:; rtttlclt lc:,s lll;trl trtlilY
ol llrc l't'tlt'l nuiltl)('t ltr ltt'ltl lt.t¡ll.lt'l itt lloltltts Iltctll¡1.

l ltt'tt'lt'¡c. llrr'llorv t'l lltt'tttt(':.lltitl ltt'irl lltlr llo¡lt lltc
l)ir\( ril('r¡l ol lltI sttlilltt'ltlitlv r'()llllttll l(l lll( illlìl()sl)llcl('
llrkr':, ¡rllrcr' rn;tritlr llrtort¡ilt r'r)tt(lll( li(rtt.

ll lrtlrl lriul\l)(ìrl l)v llrritl:. is rrt'l:litlilrlc, tlrc
:il r:rl rpr,rl)lly lrr, tlilct I cottl t ol ()tt I ltt' lt('itl I lorv I ltl ottllt
llrt' s¡rlrlilrl r,;rri¡rlitltt ttl lltt' li('()n¡clrv lttttl llrt'ltlr;tl

¡rro¡rcrlit's ol llre st'rlirttclll¿rtv :iltltltt. llotlcvr'1, tlrc
r'lr;uu',... i¡r :,1¡;rlilr;t¡rltr' ;ut(1,'()r lrlItologv lt:tvc ltt lrc

si¡irrilrc.rrrt rvitlr rcsl)('(rl lo lltt' t'ttlitt' sctlitttcttlltt y

(ì(ìlunut, irr olrltl l(ì lcllecl ilr lltt: l(ìtttl)('t;tlttt('
tl ist r rlrrrl ionr; :rntl ¡icol lrt:r'rtrrrl llr'.r(lrcnl s.

.,\( :h N( )\\'l,l,.l )(; l,,l\'l l,.N'l's

I lrr' ¡,.rrt ol ll¡is l),rlìrr rtg.tttltrt¡t lltt ¡:tolug\ .ttttl
Ir¡,tlrolicololiy ol lltt' (,rltl l,ltlr' ¡ttlrl Stvltll Ilills :rlctts
r r:srrltr; Ironr s'rrr l. e lrtr ietl oul lr! Ilrc lllrsitt r\¡lltlysis
( iroup ol lltt' ¡\llrt'tllt ( it'rrlrilÌltrtl Srurcv, ,\llrcrllt
l{esclrrrll ( ount,il, utr(l('t ir joirrtly lttrrrlttl (()ttlt:rcl \villl
Âlbcllrr I lrvuonlnc¡rl (('oltl l,ltkt.' lrtt'.t) ;ttttl tt lttlly
Irrrtlr:tl (()rìllir('t by llrc ¡\llrcltlr S¡rr,'cirrl \Àitsle

I\llrrn¡',crtterr( ('rtt ¡rotltliott (Srvlttt I Iills lrrctr).

lrrlt ll! iltw5
Swtrn Hllli Aron lp¡i'

Ja

I I lt)

I ¡¡t,',

I t)lill

I I)ff.

I lr(il

(l) I
llt(¡

¡ lt,H)

I t)5r

I lrlr)

f o',,r:rtr,ì'\ ll,rilr¡!;" r,.i

(ir()'irrÌ( ¡ìl Ml¡',1(lt() l'r.l rrrì

Lrrl',tìrrr(¡ - \!lrìlltrl)l¡¡rl
- - l(ìlrlrì

I igrtrr l'l l)lilillr rlr('il ill llìr r¡rlr)Iirl Ic0llrtUrLrl¡rLrrlr, rrl (¡ilK, ill)
lìrl lllr'r'lrtttr'tlrtr'lrrt..l,rrl llìt'.,,rlr¡rtlrt,l\'((,¡ulrtlìtlrr'
ir':rr I lrll: ( i'lrl l..tl c ;u,:r. .\ll'rr l;r.

R t,,t,'t,t ¡t t,l N ( : l,,s

It¡\( llll, !ì. l'.)Si lrtllrrr'rtrt ,rl lrlltt¡li'11,,,:tnrl llttirl llorr ort tlrt'
Ir'rr¡rcrillt¡tc¡lirlrilrtliortrrit\,(lirrlrlil"'ll¡t'.i¡t ltilt\r':lll¡lylront
llrt ( rllrl Lrrkr' iil(',1. \lllcrlir, ( il¡r;r,l:r. l('(l(ril(rlìlr\r,r(r.
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