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Abstract

TIl<' N('('hclko Basill is all illt('rJIIOIII,III(' hclSil1 silllall'd ill S0111 h (TIII!'iJi I3l'iI isll

COiJlIllhiel. C'cllleHlel. 011(' loa (ksil(' I'm all all ('rJICJ1iv(' SOIll'(,(' or ('lIlploVIII('III sl ('lllllIillg

rrolll 1h(' ill 1j JCwl of tIl<' 1I1001lltaill pill<' 1)('('11(' Oil III(' rm('SITV illdllsl n', I hI' g()\'erlllll('lll

or I3l'il ish C'oiJllllhia has (,OllllllissiOll('d S('I,(,l'eJi g('op]l\'sic;Ji alld g('ologi(',Ji Slln'('\'s oJ

111(' c\l'('a ill order to elSS('SS ils iIl'droc;ll'hOlI pot('llti,Ji, This s('dilll('lIlell'V helSil1 is ('()\'

('I('d Il'illl a Icll'{'l' of volnllli(' ('xtl'llsiv(' ro('ks whi('h l('II<I(,l's s('iSllli(' 1II('IIIods 111'ell'lI

illdr('('1 iv(', As ,Ill alll'l'Ililtiv(', a lllagll<'1ot('llmi(' (1\IT) Slln'('\' W,IS 1)(,l'rol'lll('d ill ol(kl

10 d('I('l'Illill(' sllhsmfc]CI' (,OIldlWtil'ill' ellld sl 1'1 wi 111(', OeJ1,1 frollllllis Slln'('V 11'('1(' IIs('d

illliJis Ill('sis 10 prodll(,(' a JD ('oIHllldil'it\, IlIod('1 Or liJ('sllhslll'r,H'(', 1l\'l'Illlllillg 1111d

lipl(' iIIV('l'siOllS with vmi('d pmellll('I('l's, Della rmlll rom profiks ciS 11'('11 as addiliolliJi

sill's fillillg ill gclpS h<'1II'('('11 profiks 11'('1(' IIs('d: Pmfill' A nlll w('sl or j\'m~ko, Profil(' 13

nlll so11111 or j\'m~ko, Profil(' C' !'illl IImlll-w('sl of 01m:ko, ,llId Profil(' 0 !'illl ('asl I'rolll

Nazko Imv,ml QIl('SIl('1. 1\lod('ls 1'1'0111 illVl'l'siOIl of this 1\IT sml'('y ShOll' s('lIsilil'il,I' 10

I Ili('k('1' smf,ICl' volnllli(' ro('k awl sholl' 11'11<'1(' tll('s(' hod iI's IIIelV I iJill m pill('h 0111 (I',g

('olldll('1 ivilv al Ihl' \\'('sl (,Ild of pmfi!l' A ellid S01l1 iJ (,Ild or Profil(' B), ;\ddil iOIl,Jih

pol ('Ill ieJi rellillillg clll<l pmticJi 1111'11 is S('('II ill III(' sllhsmf,wI', ill profil(' D ,IIHI ;11 d('pl iJ

l)('t\\'('('11 profil('sf\ cllid C j'('sjH,('tiv('h-, JO illl'<'l'siolllllod('ls iJ,IV(' pl'()\'id('d illl'ol'lll,llioll

ill eHldiliOlI to pl('I'iollS 20 ['('slllts, givillg a diH'(,1'(,1I1 phWI'III('1l1 or r('cJ1 IlI('S Ollt or III('

l('sll'i('l('d plmH' or 2D illv(,l'sioll eilld showillg 1cI1('nJi l'xt(,111 or ('Olldll('1 il'il\' aIIOlIIiJii('s,

I iJlIs ('ollirilliltillg to hnlro('m!JOIl ('xplorcJ1iOlI ill th(' ;\f('('hedw Basill



Acknowledgements

111(' hOI\" 10 do n's('rir<-h. rilld illslill('d rl prlssioll lilr illlnllillioll<ll tril\"('! ill 111('. Ilis

cOiltrilllltiollS Hr(' 1I0t dir('clh· cOlltailll'd \\Oilhill Ihis dOCIIIII('1I1 hili hil\"(' II('\Trlh<'l('ss

1)('('11 ('ss('111 iill ill I h(' \\Til illl-\ of it ° I i1111 i1lso I-\ratl'flll to rlalph I3nl<'lIilll!, illld I II(' n'st 01

Ih(' :-IOllllt Allisoll lIi\"('rsit\O Phvsics O('I);lrllll('lll faclIlI\O for 111(' ('xlTII('1I1 l'dlW,lIiOiI

rlll<! oppmtllllili('s pwvid('d to 111('

I mllildlikl' to Ihallk Colill F'i1npill'lrsoll. 111\· Slll)('r\·isor rilld 111('111 or for III('S(' List

n'i1rso ]-Jis l'IWOIlrill-\l'III('11I awl pali('lw(' h,l\'l' 1101 ollh· I,IIII-\hl III(' "holll 1!,('opll\·sic,,1

111('1 hods alld ('1Ii1hl('d I II(' 1I11(1('rtakilll!, of 1his d(W·l'('. hilt ha\"(' illspin'd ilwl spIJn-c'(1

III<' 10 pllrsll(' 111\· cmiosil\o. I \nllil ilS \H'1l to th,lllk Colill for his IIl1d('rslilwlilll!, ,llId

('lIthllsiaSlll. l'\"('11. for lillI(' lak('11 iI\\"iI\O frollllh('sis \mrk for I!,lol)(' trollilll!, illld side'

proj('ctso ]-J(' is a rar(' SIlIH'r\°isor Ihal \Hlrks 10 d('\Tlop ('\"('r\0 frw('t of his Sllllkllts.

I illIl I-\rat('flll 10 Colill \-10).',).', alld Om°).',11 I\inlll for hrilll!,illl!, 111(' 10 :-Iowcco to

I!,('I iI Iilst(' of lllil).',II('tot('llmic hl,ld \mrk. All Illld('rstillldill).', of th(' pr,wiindilil'S 01

d,lI a ,wqllisitioll ('xl)('ditl'd rill IIl1d('rstHlJdill).', of I his IIl('t hod. 1 alii iliso I h,lII krllI 10

til(' olhn 1I1('IIII)('rs of Ih(' 2()()l) \Iowcco Il'illll for I!,ood COII\TrS,lIioIlS Oil \IT ,111(1

I!,('olol!,\· rilld t h(' I-\n'ill I illl('S hild ill i\'orth Afrinl. Th(' Dllhlill IlIsl il IIll' for .!\l!\-'JIW('d

Stlldil'S rdso d('sl'r\"('s thrlilks II('r(' for Ih('ir fillrllWi,d COlltrihllliollS ,lIl(! 1II<Ikilll!, Ihis

Irippossihl('

\!l'lIl!)('rs of I h(' f\1('lIlOri,d Ullivnsil\O of i\'(,\\·fOlllldhllld Earl h SCi('IICl' D('I);lrt 111('111

h,\\"(' 1)('l'l1 ('\"('1" hl'lpflll. ! \mllid lik(' to thilllk .]l'H'III\· IIr111 ilwl \liChrll'! SI'l\\·illski

ill p,lrl iCIII,l1" for l'lilighl ('II ill).', chilts ,lhollt ).',('010).',.\° Hlld lllrli h I nppr('ci,lI (' 111\· ol~



fil'l' IIIHIl'S illHSOlld AlISHl'i C1lld HOI'IIIOZ ,hdlelIIdari fol' fl'il'll(lsliip Hlld ('oll,d)OI',iI i011

HII llios(' IOllg, lIig,lits Oil tlH' fOlll'tli fiool'. ,J('ssi('H Spl'CIIt ell 1(1 ,Jilll ('l'ell'I'11 luI\'(' ,dso

fel('ilitH('d tliis pl'oj('d: fro II I l'l'('Olllllll'II(!cllioIlS to stl'('lIgtll('ll tllis dO('IIIII('IJI to SIIg,-

g,('stiolls Oil ['('s('C1l'('1i ell'I'IIIH'S ellld SIIPPOl't willi 111'\1' ljll(,l'il'S, TIi(' fill,\lJ('iCiI SllPPOI't o!

G('OS('il'II('(' B(', til(' IN('O 11l1lovClI iOIl ('('lit 1'(', eilid tli(' G('olog,ind SIII'\,('\' of ('HWI(!c1.

is ,J('kllow!('dgl'd YOI' IllClkillg, this pl'oj('('1 possihl('

i\losl illlPOl'tellltlv of cd!. I 1\'O\lld lik(' to thelllk III\' Im'illg, IH1l'('llh Tll('il's\lppOI't

ill 1111' Hnld('lIli(' nl['('('l' IHiS HlwHVS plIsll('d III(' edl('Hd, I HIli g,nil('flll to lielV(, folks \I'ho

arl' so g,ood CII wliCil tliev do



Contents

Abstract

Acknowledgements

List of Tables

List of Figures

1 Introduction

1.1 \Iotinltioll .

1.:2 C('olo/-,;\'

1.:2.1 1\<'I-\iOlleil S('ttill/',

1.2.:2 (';lllHdielll CordilkrH

1.:2.2.1 Iliston' of \\"('sl COHSt of Lellli"{'lltiH

1.2.2.2 TII(' 8('/-,;i 11 11 ill/-'; of (Ii(' Fon,lellld 13('11

1.2.2.:3 F'Orlllellioll of 111(' 1ll(,rlII0111,111(' 13(,I(

1.2.3 VOIl"Hllislll ill (II(' 111('1'1110111 ell 1(' 13('lt

1.:2.-1 F'OrlllHtiollS ,llld CJ'OIIPS

1.2.-1.1 Slllil!l('rs F'Orlll,ltioll

iii

xi

!O

10

10



1.2.-1.2 Aslilll,11I FOrIlI,llioli .

1.2.-L3 Skc'('1l<1 Croup

1.2.-1.-1 Prillcc,toll Group

1.2.-1.') l\alJlloops Group

1.2.-I.G Cliil("()lill Group

1.2.-1.7 Elldako FOrIlI,ltioli

1.2.-l.il Oolsa L,lkc' FOrJllalioli .

J.2.-I.10 1-laz(,lloli Group

1.2.-1.11 1'm'lor Group

1.2.-1.12 QualnllHl"\'

1.3 C('opli\'sics ill tlic' An',1

LI.1 TIi(, \'c'cli,lko Basill :\11' Data-S('t

1.3.2 20 111\'('rsioll or \'('c!lako :\11' Data

1.-1 Pn'\'i(,\\' or Lm'out

2 Magnetotellurics

2.1 SounTs .

.)') TIi('orv Bc'liilld :\11'

2.2.1 ASSUlllpt iOlls alld FUlldmllc'll1 al Equal iOlls

') ') ') IloIIIOi!.('II('OIIS I-Ialr-Spac('

2.2.3 ID Emili

22-1 2D alld JD Eartli

2.3 Data Anjllisilioll

1:1

1;1

1;1

II

II

!b

Ib

1(;

17

I~

I!J

24

2!)

2!)



2.el 1111' ill l-h'<!rocarIJOII ExplOl,iI iOIl

2.4.1 i\[T fm IIv<!rocmholl ExplorMioll ill I1l1ssia -II

2..,1.2 C',IS(' Srli<!i('s fot ]\[1' ill ]-I.\'<!roUlrI}()1I ExplOl,iI iOIl . . elJ

2..J.J ;\11' ill P'IIJW1 i\'('W Gllil)('el el2

2.e1.-1 ;\11' ill rh(' Pm,IJli-1 Dclsill.l3razil -Hj

3 FOl'ward Modelling

J.J 10 ;\11' Fonnml ;\lo<!('lIillg

J.2 Fillit(, Oifi('l"('lIc(' i\Idho<!

J.J JO \11' Fonnml \lo<!('lIillg

4 Inversion

el.J [11\,('rsioll C'ml'(' Fillillg

-1.2 ]1II'('rs(' ProIJI('1I1

"1.2.1 I\lm<jllanlt-L(,v(,lIlH'rg

"1.2.2 i\]illilllllill St 1'1 \('1 lin'

e1.2.J Straight Rel\' Tnm'\ Till)(' IIlV('rsioll Ex,llIlpl('

-1.2.-1 JD 1\11' lllV('rsioll Prognlllll\lT:3Dilll'

5 Particle Swarm Optimization

G.J TIl(' PmeH Iigil I of Pmticl(' SWeirilI Optilllizatioll

G.2 Th(' Alg,OIitlllll

G.J Exalllpl(' 1: Fill<!illg, a Poillt

G.-liD i\IT ;\Io<!cllillg wit II PSO

G.eI.J PSO 1'01 SVllt!l('tic 10 l\IT Exalllpl('

49

GO

57

(jO

(jJ

(jJ

(jJ

69



6 Data and Model Preparation

liJ Spatied Delli! Se](,ctioll

li.:3 DM,I Plottillg

li. ~I ]\ I('sit ]\ lei kill g

li.S D,lICi Ponllelltillg l"or IliversiOlI

7 Results

7.J Illtrodllctioll

7.2 LOI\' nesoltllioll ]\Iode] \1'it'll 1(j FreqlH'IICies

7.2.1 Illversioll Pelralll('l('rs

7.2.2 COlllpClrisOlI willt 2D ]\JT Illversioll ReslIlts

7.2.:3 COllqnlrisoll wit It R('("('lll Geologinil JIll"onll,lI iOIl

7.2.'1 COlllpmisoll V\'it'll Cravilv Dalel

8 Conclusion

Bibliography

A Impedance Rotation

B Code

C Data Assessment

C.I lli l"reqll('llci('s. SOxSOxSOx. \I'itll sigll CItClllgl'

viii

77

80

(-\~I

97

!J!J

107

llli

122

127

137

141

142

I~I:Z



C'.1.1 Skill Depth i\lelps

C.1.2 OhSe[\H! eilid Predicll'd Dellel i\le1ps

C.2 Jei fn'ljlll'llcies. ei2xei2xei2. 110 sigll ChHllgl'

D Comparison With Other Models

J:J:J

leiT

179



List of Tables

7.1 S"lllll""\" of illH'rsiolis liIei! \\'('1"<' rIlli



List of Figures

1.1 J\'(,(,lwkoI3asilllllaJl

1.2 T('ITall(' IIlCIJl of t h(' C'IIl'Hli'lll Cot'<liJI('l"C1

I.J LallITllli'l flOlll 7S0-S-10 j\la

1.-1 L'IIIt'<'llti'l flOlll S40-J~0 j\la

I.S Lallt'<'lllia flOlll J~O-JGO j\la

1.G L'IIIITllli'l h011l JGO-1<S0 j\lcl

1.7 Lallt'<'lilia h0111 l<SO-GO ]\!a

1.~ SI,d> willdow

1.J() Volccllli(' ,l'poloi',v lIIaJl

1.1220 illV('lSioli I'm JiIH'A

1.jJ 20illV<'lSioll fmlill(,13

1.1-1 20 illV('lSioli I'm lilJ('C

I.IS 20 illn'lsioll I'm Jill(' 0

2.1 Emth·s lllCli',ll<'1i(' fi('ld

2.2 SIl('ll.s I'I\\' ...

12

20

21

21

21

21



2.J Resistivitv ill el helif-space

2.-1 R('sisti\·ih· ill ellD Emth

2.S CmloOlI ofiJilelVCI('(1 Eelrlh

2.v Resisti\'itv ill el 20 ('elrth

2.1 R('sisti\·it\· ill el JD ('arth

2.S i\ITsile ill i\!OIO("O

2.~ "IT sill' lavollt

2.10 P;\IG tedollic Illelp

2.11 PNG Illvnsioll awl illt('rJln'lcltioll

2.12 Pelrallcl iJelsill IllaJl

2.IJ Pelleiliel illversioll rpsllits

J.I Typinli leIV('rillg of a 10 Eelrth Illod('!

J.2 AIlIJH'riall\ooJl

·1.1 Origilleli StTelight leI." 111()(I('1

·1.2 Dalil fro II I lightlv fittillg Illodel

·Ll Tight stTe1ight ray IIIOdp!

·1.·1 Loos(' streliglit reI\, Illode!

·1.S Dellel flO II I loos('h· filtillg 111()(1(,j

.1. v Good stTaig!lt nl.\, IIIO(kl

·1.1 Dellel flO II I \\"ell fitled Illod(,1

S.I PSO for poi III filldillg ilerilliolls

J2

J.]

JI

JI

J~

·10

·IJ

·1·\

so

SJ

vJ

v·1

vS

vv

vv

VI

VI



S.2 rso fOi poi III filldillg IIlis/its

S.J rso sYllllidic i\IT. ill'lell iOlls J IS. JO

CJ.-J rso s\'lllll('lic :-IT. il('nlliolls SO. GS. DD

S.S PSO for 10 [\IT della. lill(, A

S.G PSO for 10 [\IT dal a. lilll' 13

S.7 rso for 10 j\IT dale\. lilll' C

G.l i\JTslIlVl'\' sill's

G.2 HislogUlll1 of ft'l'ljll('IJ('i('s ill Ill(' delta

G,J EXellllpl(' illlp('dalJ('(' glapll

G,-J EXellllpl(' ,lppell'('liI \'('sisl ivilv gnlpli

GS Exalllpl(' l('al COlllpOlll'1I1 o!Js('rv('d illlJ)('de1l1Cl' 1IICIp

G.G EXellllpk ililelgillmv l'OlllpOIl('111 o!Js(,lVl'd illlJ)('deIlIC(' Illelp

G.7 JO 111('sll for illVl'lSioll

G.S ExplilllclliollOfllll'slllllClkillg

G,D \\'OIkflowHowclielrlfOlIII\,(,lSioll

7.1 n('al pelrl of pl('dicl('d d,II,J. JJ Hz

7.2 [lllelgillClr\' pilrl of pr('dicl('d delle\. JJ Hz

7.J n('ed pelrl of o!Jsl'lv('d dala, JJ Hz

7.S n('sisti\'il\' IIlOd('1 plall vi('w slic('s

7.G l\IT IIll'elSI\l'('1I1('lltlilll'S

7.7 COlllparisOiI of JO willi 20. lill(' A

7,S COIllpmisoll of JO Il'iI iJ 20. lill(' 13

7G

(oIJ

(oIG

!)O

!)J

!)2

101

10]

IOJ

10-1

LOS

107

IO!)

IlO



7.~ COlIJpmisOIl of 2D with JD. lillI' C

7.J(J COlllpmisoll of JD willi 2D. lille D

7.11 Geologinll illt('rprd,llioll

7.12 COIllpmisoli of eOlldlidil'itv with gnll'itv d,dd

7.1J i\lid-(']llst,ll ('olldll('t01

A.I llllp('d,llln' RotCliioli

Cl Skill d('pth fot 7200 Hz

('2 Skill dept Ii fm 2GOO Hz

C.J Skill dept Ii fm ~OO Hz

('-I Skill dept Ii fm J20 Hz

C.S Skill depth fm LSO Hz

CG Skill deptli for 40 Hz

C.7 Skill deptli fm lJ.7 Hz

Ct> Skill dept Ii fm -1.7 Hz

C~ Skill dl'ptli for 1.72 Hz

C.IO Skill d('ptll fot O.S~ Hz

C'.ll Skill dl'ptli fm O.21S Hz

C'.12 Skill dl'pt II fm O.07J Hz

C.IJ Ohsl'rved ,llid predidl'd d,d,\. 7200 Hz

('lei Ohserved ,11\(1 predieted d,d,\. 2GOO Hz

C.1S Ohs('fl'ed C1l1d predietl'd d,d,\. ~OO Hz

C.IG Ohsl'rVl'd ,lIld pl'edidn! d,dCl. J20 Hz

C. I 7 Ohs('rVl'd ,llId prediet ed d,d CI ISO Hz

11J

LIS

III

I l~

120

IJ~

I-IJ

1-1-1

I-IS

1-11

I-I~

I-I!)

ISO

ISJ

IS-I

ISS

lS,

IS!!



C.IS OIN'r\'('d <llId prC'diclC'd del1C1. -.lO liz luO

C.IU OIJS('r\'('d <llId pn'dic1('d delle\. 1:37 I-Iz Jul

C.20 OIJserved CI\l(1 IJn'dided dede\. -.l.7 Hz l(i2

C.21 OIJs('rwd <llId pn'dided delle\. 1.72 Hz luJ

C.22 OIJserv('(! eilid prediclC'd d<llel. O.5U I-Iz lu-I

('2:3 Ohserved eilid predided delle\. O.2J5 I-Iz I(,~)

C2cl Ohsnved eilid pn'dided dClte\. O.07J Hz I(,(i

C.25 OIJserwd eilid predictC'd dCltCi. 7200 Hz l(i7

C.2u Ohs{'rwd eilld prC'dict('d dClICI. 2uOO Hz luK

C.27 OIJsnved eilid pn'dided delte\. !:JOO Hz J0')

C'.2S Ohs('rwd ellid predicted dClte\. J20 I-Iz 170

C.2U OIJs('lwd <llld plwlictC'd delta. 150 Hz J7J

C.JO OIJserved eilld jln'dic! C'd delle\. -JO Hz 172

C.:3J O)N'IWd eilid IJl('dictC'd dCl1C1. lJ.7 Hz 17J

C.J2 OIJs('I'v('d ell 1(1 jlredic(C'd dClt e\. -1.7 Hz J7-1

C.JJ OIJselTed ell 1(\ predic(C'd dellel. 1.72 Hz 175

C.J·J OIJs('lwd 'Illd prC'dic(ed d,del. O.5U I-Iz 17u

C.J5 OIN'rwd Cllld pn'dided dellel. O.2J5 Hz 177

C.Ju Ohs('I'wd CI\l(! pn'dictcd delle\. O.07J Hz 17S

0.1 COllljlHl'isOIl witii 20 ror prohk A. Eelst to West Ju rrcqlJ('lwi('s

50x50x50, witlIolll sigll clIelllge 11'\0

0.2 COlllpellisOIl witll 2D I'm profile 13 :\'orlii to SOlltli. Ju rl{'qll('lIci('s

50x!)Ox!)O. witiiolit sigll cileillge 11'\1



D.J COlJlpmisoli ,,·ith 20 for profile C'. SOllt)l\l"est 10 ;\'ortll<',lsl 10 fn'~

</1l('IWi<'s. SOxSOxSO. withollt sigll Ch,I]lge 1:-:2

D.cl COIllpmisoll wilh 20 for profil<' D. "\'<'st to East IG fre</ll<']wies.

SOxSOxSO. ,,·ilhollt sigll challg<' 1:-::\

D.S COIllp,lrisoli with 20 for profile A. E,lst to West 15 fre</IH']wies. SOx[)OxSO.

\\·ith sigll challgc l:-:~I

D.G COlllparisol1 wil h 20 for profil<' 13 ;\'orl h 10 SOlit h 15 fre</lI('lwi('s.

50xSOxSO. with sigll challge I:-:S

0.7 COIllpmisoll with 20 for profile C. SOllthm'sl to North<',lsl :-: fn'</IH'II~

cies. SOxSOxSO. \,"ith sigll ch,lllge l:-:(j

0.:-: COlllp,lrisoll wilh 20 for pmhle D. West to E,lst 15 fn'(!lH']wi<'s. SOx[)OxSO.

with sigll ch,lllge 1:-:7

D.~ C'Olllp,lrisoJl wit II 20 for profile A. E,lsl to \"'est. 15 fn'</lI<'lwi<'s, SOxSOx SO

withollt sigll chm]ge

0.10 COlllpmisoll with 20 for profile 13, North to SOllth. 15 fre</IJ('lwi<'s.

SOxSOxSO. "'ithollt sigll ch,lllge I15D

0.11 COIllparisoll with 20 for profil(' C'. SOlltll,,·<'st to ;\'mllle,lst :-: fl<'</IJ('II~

ci<'s. SOxSOxSO. withollt Sigll <hallg<' IDO

0.]2 COlllpmisoll ,,·ith 2D for profile D. West to E,lst 15 fl<'</llellci<'s, SOxSOxSO

witllollt sigll challge I!)I

D.U COlllpMisOli wilh 20 for profile A East to \rest ]15 fre</Il<'lwi('s

7SxWx70. ,,·ilhsigll ch,11Ig<'allc!si1<'thillllillg 1!)2

0.1'1 COlllp,lrisoJl with 20 for profile 13. l'\orlh to SOllth 1:-: fre</lI('lIcies.

7SxWx70. witll sigll dlclllgl' ,11Id sill' thilillilig I!)J



1%

DIS COIllpClrisoJl II"ith 20 I'm plOfile C. Soullill·I'St to >':OIIIi<',lsl 1:-\ rn'-

qUI'IICies. 75x0!Jx70. II"ith sigJl Chelllg<' eilid sill' thiJlJlillg. IDI

0.10 COIllpcuisOl1 with 20 fm plOfill' D. West to ECist It\ rreqll<'lwi<'s.

75xWx70. willi sigJl cli,llige ,llld sit<, thiJlJliJlg 1%

0.17 COJlIJJCnisoJl II"itli 20 ror profile A. ECist to Wesl :-\ rreqlleJlcies. 02x02x02

wilhollt sigll cliClJlge

D.lt\ C'oJllJwrisoJl with 20 I'm plOfik 13. North to SOIlIII. t\ rn'qll<'lwil's.

02x02x02.II"itlioutsigJlch'lIlge I!)(

D.l!J COlllpelrisoJl wilh 20 ror plOfile C. SOllthwest to Nmtll(',lsl :-\ h<'qll<'ll-

eies. 02x02x02. witliollt sigJl ehCllIge I!):-\

0.20 C'olllpmisoJl wit Ii 20 for profile D. WI'st to Eelst t\ rreqll<'lwil's. 02x02x02.

0.21 COIllpClrisoll II"ith 20 I'm profile A. Eelst to \\'est It\ rn'qlll']wies.

75x0!Jx70. witlloul sigJl Clielllgl' 200

0.22 COIllpClrisoll wit h 20 ror profile 13. :\ortli to SOlllh. J:-\ rn'qlll'lwies.

75x0!Jx70.II·itlioutsigJleIiCillge 201

D.2J C'OIl1pmisoll II"itli 20 ror profile C SOllthll"est to :\mtll<',lst 1:-\ f!<'-

qlll'llCil'S. 75x0!Jx70. II"ithout sigJl eIiClng<'. 202

0.2.1 COIllpClrisol1 witli 20 ror plOfile D. WI'St to East 1:-\ rreqll<'lwies

75x0!Jx70.1\"itliolltsigllellClllgl' :20J

0.25 COlllparisoll witli 20 I'm plOfile A Eelst to \\"est It\ rn'qlll'IICil's

75xWx70. II·itli sigJl <!Jelllgl' 20·1

0.20 COlIlJlarisol1 witli 20 I'm plOfik 13 :\mlli to Sout Ii 1:-\ l·n'qll<'lwies

75x0!Jx70. willi sigJl ellallgl' 205



D.27 COIliparisoli willi 2D 1"01 pmfil(' C. SOlltliw('sl to j\!OItli('asl I~ I"n'-

<jll('llCi('s. 7SxGUx70. witli sif',1l cliclllg(' 20G

D.2~ COlllpmisoll \I'itli 2D 1"01 profil(' D. W('st to East 1~ I"n'qll('IICi('s.

7SxGUx70. wit Ii sigll dlilllg(' 207

D.2UColllparisoll willi 20 I"or profil(' A. Eclst 10 \\'('st. IG l"!('qll('IICi('s

7Sx7Sx7S. witli sigll cliallg(' 20~

0:30 COlllpclrisoll ,,"itli 20 I"or profil(' 8 :\orlli to SOlltli IG I"n'qll('IICi('s.

7Sx7Sx7S. ,,"it Ii sigll cliallg(' 20U

D.Jl COlllpclrisoll wit II 20 1"01 profile C SOlltliw('st to Nortli(',lst IG I"r('-

qll('llCi('s. 7Sx7Sx7S. witll sigll Cliclllg(' 210

D.J2 COlllparisoll \I"itll 2D I"or profil(' O. \r('st to East IG l·n'qll('lIci('s.

7Sx7Sx7S. \I"itli sigll cliclllg(' 211

D.JJ COlilparisoll witli 20 I"or profil(' f\. East to \·V('st. IG I"r('qll('IICi('s.

G2xG2xG2. witllollt sigll Cliclllg(' 212

D.J-1 COllljJHrisOll \I"itli 20 I"or profile 8. ]\IOIt11 to SOlltli IG I"n'qll('llCi('s.

G2xG2xG2.\I"itlio11tsigllcllilllf',(' 21J

D.J5 COIllpmisoli witli 20 I"or profil(' C. S011tliw('st to Norlll("lsl IG I"r('-

qll('IICi('s. G2xG2xG2. \I"itliollt sigll dla11g(' 21-1

D.JG COlllparisoll \I"itli 2D 1"01 profil(' D. W('st to East. IG I"r('qll('IICi('s.

G2xG2xG2. \I"itlio111 sigll cli'1I1g(' 21S

D.J7 COlliparisoll wit Ii 20 1"01 profile A. E'lst to W('st. IG I"r('q11('IICi('s.

G2xG2xG2. witlt sigll cliallg(' 2J(j

D.J::) COlllp'lrisoli \I"itlt 2D I"or profil(' 8 :\0I11i to S011tli IG I"n'qll('llCi('s

G2xG2xG2.\\"illlsigllcltallg(' 217



D.J!) COIlll)elrisoJl witli 20 for JllOfile C. SOJltll\\Tst to ;'\ottli('Clst 1G 1'1('-

qll('lIcies. G2xG2xG2. witli sigJl clielilge 211'\

0 ..10 COIJlpeiriso!1 wit Ii 2D fot profil(' D. \,Vest to Eelst 1G fn'(III('lwies.

G2xG2xG2. witli sigll clie\llge 21~)

D.J1 COlllpeirisoJl witli 20 for plOfile A. Eelst to W<'st Il fn'qll(']wi('s. 7Sx7Sx7S.

witli sigll clielllg<' n()

D..J2 COlllpelrisoJl witli 2D for profile B Nottll to SOJltli Il fn'qll('lwies.

7Sx7Sx7S. witli sigll clieillge 22J

D.'JJ COlllpcIrisOIl with 2D for JllOfih' C. SOJlthwest to NortlH'ilst. 1'\ fn'qIH'II-

cit's. 7Sx7Sx7S. witli sigJl dHIJlge ')')')

D.-j.1 COlllpcIrisOJl witli 2D for profile D. West to Eilst 1'\ fl('qJl<'lwies. 7Sx7Sx7S.

with sigll clielllg(' 22J

D..1S COIJlJlelrisoJl with 2D for profile A. Eelsl to Wesl 1'\ freqm'!wies. G2xG2xG2

witll sigll cheillge 22-1

DAG COJllllCll'isoJl with 2D for profile B. ;\lottli to SOJltli. Il freqIH'lwi('s.

G2xG2xG2. willi sigJl clielllg(' 22S

D..17 COlllpelrisoJl witli 20 for JllOfile C. SOJltliwest 10 ;\Iort IH'iISt 1'\ fn'(IIH'II-

cies. G2xG2xG2. II'jth sigJl c!HlIlge 22G

D.-Ill COllIllClrisoJl with 2D for profile D. VV('st to Eelst Il freqIH'lwies. G2xG2xG2.

witli sigJl clielilge. 227



Chapter 1

Introduction

1.1 Motivation

TII(' Britisll Coltllilhia for('slr\' illdllslr\' has 1)('('11 hil ill SOIIH' m('as h\' all illf('sl'llioll

of 111(' IllOllllI'lill pill(' lH'dk, A provilwi,d gov('nllll('111 (Be Cov('nllll('II!, 200(j) r('porl

('sl illlal('d pol('llli,d d'llllClg('S 10 III(' illdllslrv ('oilid cl,lilll i:io'/i of \'iahl(' pill(' gr()\\'1 h

hv 20JJ, ''''hil(' Ih(' gOWrlllI]('1I1 atl('lllpls 10 slow th(' ('pid('lllic ,lIld Illilig,l1(' <'ff('c!s

Oil illdllslr\' 'Illd IIIH'lllpl()\'III('111 I h(' Brilish C'Ohllllhi'IIlS ,II'(' also lookillg I'or \\',\.\'S 10

(']'(',11(' johs ill olh('r s('clms

011(' pl'Osp('cl iv(' ,m'a for joh (']'('ClIioll is III(' oil ,llId g'ls illdllsll'\' TII(' ]\J('ch,dw

B,ISill, all illl('r1110l1I'III(, hasill ill S01l1 h ('('Idnd BC, 1\Cls h,](1 WI'\' lilll(' ('xplonil iOIl

dOII(' h\' illdllSll'\', Ihlls III(' OII1IS h'ls I',dkll 10 ,wad('lllic gownllll('111 illsl ilill iOII"; lik('

III(' CSC' alld C('osci('IW(' BC 10 ,ISS('SS til(' pol('lIli,d of Ih(' J'('gioll ,lIld proillol(' ils

J'('SOIIl,(,('S, TII(' ;\'('ch'lko I3'lsill is cov('I'('(1 ill 1110s1 pml In' glacial O\'('rhllrd('11 ,1I1d

('xl rllsiw volcallics, IIClIIH'lv, has,dl (C,dwrl d ,d .. 200i:i) , S('isillic ill\Clgillg of III(' ,1I'('d



is n'II(\('n'd difficllit In' I II(' cm'erillg of hClsCiIt Cllld so ot her 111('1 hods h,I\'(' 1)('('11 n'<Jllin'd

10 illlag(' th(' SlIh-slII'fClc(' (SprClll Cllld ('rm'('11. 20jO: 13('st. 200-l), Origillall\' tll(,s('

ot 11('1' 111('1 hods ill\'()I\'('d pol ('lit i,d fi('ld III('ClSlln'III('lIls (',g, IIlagll('1 ic alld grm'ilY),

III ,Hlditioll 10 Ih(' chall('llg('s pos('d to tll(' s('isillic 111('1 hods In' Ih(' \'()!c<1l1ics, lilllil('d

hor('hoiP illforJllillioll is m'Clil,lhl(' Cllld g('olo/!,ind illforlllillioll is lackillg dll(' 10 III('

sparsil\' of olltcrOPS ill Ihis h,ISill (('al\,('rl ('I aI., 200(';), This Ill<'sis pn's('llls III<'

n'sldts of JI) ill\'('rsioll of ,I 1II,lgll('lot('lImic (.'lIT) d,\t,I-S('1 Clc<Jllir('d for C('osci('Ii('('

B(', 21) 1I10d('lIillg ,llId illlerpn'I,ltioll of th(' i\IT daLI 'liiS pr('\,iollsl\' 1)('('11 dOli(' In'

Spnltl ,lIld C'rav('11 (2011), Th(' work of Illis Ill<'sis ,dso ('oIJlrillllt('S 10 til(' grO\\illg

11111IJiH'r of ('XCllllpiPS of Ih(' IIS(' of 1II,lglJ('lot('lIl11'ic d,It,1 1I10d('llillg ill 1I\'dI'OUll'holl

('XpIOI',llioll

1.2 Geology

1.2.1 Regional Setting

TIl(' hOIlII([,ll'i('s of til<' .\('chClko l3asill (Fig, 1.1) an' poorI\' d('fill('d (Ridd('11. 1011),

II li('s ill III<' 1111 erlliollt ClII(' 13('lt of til<' ('aIlCldi,1I1 COl'dill('nl. IHll'd('I'('d hI" III<' ('o<1sl,d

.'Ilollllt<lills 10 Ih(' m'sl, Ih(' Olllill('('CI ('n'st<dlill(, h('lt/QII('sll('1 Il'OlIgll 10 til<' ('<1sl, 111('

Sk('('I1<1 ,m'h to Ih(' 1I01'Ih, ,1I1d th(' Fnls('1' f,lldl 10111(' sOlllh-("ISt. 13,ls,dlic \;1\'<1 ('X-

Il'lISiOIl ()('('lll'illg cil'cCi EO{'('II(' ,llId i\li()('('II(' I'\ClS ('0111 ('II1jI()I'ClII('OIIS \\'ilh InIlISCIII'j'('IJI

f,lldl illg Cllld III(' n'sllil illg ('C1sl-\l'('st f,lIdt illg (Spnill Cllld ('1',11'('11, 20()(';) , S('dilll('ll-

1,llioli ill th(' h,ISill is pl'illl<ll'ily UPP('I' C\('t<I('('OIIS to Oligo('('II(' \I'ilh ,I h,IS('III('111 01

SI ikill(' ,lIld Qll('Sll('l \'o!nlllic ,lrd('lnlll('S (Ridd('l1 <1l1d F'<'l'l'i, 2()O(';) , C('o!og\' ill this



;Il'(';1 is c(lIllpl('x 'IS 'I J'('slIlt of ddonmlt iOll dmillg til(' ('r('t,H'('OllS to EOC('II(' (liidd('11.

2()] 1) ,lIld poorly 1IIId(,l'slood dll(' to \\'id('spJ'("ld \'o\nlllic ;Illd gl,J('i,d ('O\Trillg of I!I('

h;ISill ;Illd Sp,Il'S(' 111'lppillg (t!l(' Illosl J'('c('1l1 J'('sldts of d('IHil('d 111;lppillg m(' S('('II ill

Pig, 1,10)

Figm(' 1.1: :\1'11) showillg III(' i\'('ChHko BrlSill (111'1[',('111;1), til(' :\IT 111(';ISIIJ'('III('liI sit('s

(y('llow). '111d SOlll(' SlllTOlllldillg [',('ologind f('HtlllTs ill Brit ish ('o!lllllhiH (P('ITi rilid

liidd('11. 200t\)



F'i).';lJJ(' 1.2: i\1clP ICI \'011 1 or tile ).';('o}o).';inil 11'I'1'ellll'''; ill tile Cililildiilli

CordillerCi (J-IClllllIllT eilid 2(07). SI'(' Fig. 1.1 r01' lontt iOIl or :\'I'c]"dm l3elsill

Tile IlIllTIIIOIJ!elll(, ])('It ov('r1ies pm!s or StikilliCi (';will' Cl'l'ek (CC) ellld QlIl'Sll('lliil

(Q1'\)



1.2.2 Canadian Cordillera

TIl(' fOrIJlCllioli of I he I ecl ollic sl 1'11<"1111'<' of I\"('sterll C'allel(!<1 is chell'<wlnized hy ('pisod('s

of Sllhdllctioll. ohliqll(' COl 11'('1"12/'1 I<"e. ellid I nllISCllIT('lIt fallli illg (H,IIIIIII('r ,llld C'IOIr('s.

2(07) TIl(' reslIltilig OWg('II.'· ,dOllg this Illargili has prodllced ,I series of 1II011iitelili

r,lIlgl's ,lIld IJ<lsili cOlllp1l'xes. Olle sllch h,ISill cOlliplex lies ill thl' 1111<'1'1110111,111(' [kll.

whil·h ("()lItailis tIl(' ,\eched.::o 13asill S('l'll ill Fig. 1.2

The Il'ITalil'S ill the 1111l'rJII01It<lll(' 13elt n'pn'sl'llt I he eWlTdiOl1 of 1IIII1t ipll' isl,llId

<ll"CS eilid ()("l'allic pl,lIl' lllaleri,ds. as 1\'l,1I cIS iglleolls exlrllsioll dllrillg sel'('nd I'olnllli(

episode's. This IIlakl'S for elll ill1<'l"<'sl illg ,Issorlilielit of gl'ologind ,ISSl'llIh!<lgl's ,llld

1.2.2.1 History of West Coast of Laurelltia

HI' Ihe 1,11(' Pmll'wzoic til(' Pn'Ullllhri<ll1 1I100llJlaili nil 1i!;l , cOlllprisilig 111(' C',III,l(li,111

shield held heell (-Ial lelll'd I)IT erosioll alld Lallrelltia II-as pelrl of 110dillia. TIl(' Fore!<lIld

13l'lt Illade of t he forelellld hasill alld III(' 110ckl' i\lollllteliliS ill tIl(' C'ellICl(liall C'ol'<lill('nl

COlllcliliS lilill'stolle. se1l1dstOlle. awl sh,dl' sl'dillll'llt lI'hicll II-as d('posil cd dllrillg I II('

C'alllhriall rift illg of 110dilli,1. This riftillg is showli ill Fig. 1.J

III LII(' Pwtl'wzoic to Del'Ollielll IIlarill(' depositioll occllrs 011111(' Ill'II' cOlltill('lllal

lllmgill (Fig. j ...f). Thl'1I ill the Dl'I'Ollielll el 1'0lulIlic islelll(l ,Ii"(' fOrIIIS ,II II'h,1I is IIOII

wesll'rIl L<lIIr<'lltia. The p,lssil'(' IlIelrgili edso II('COIII('S COIII'('rg('1I1. SIIOII'II ill Fig. I.S

FIOIII Dl'I'Ollielli to Illiddle .lmassil· P,lllgea I'<'COIIlIl'cls (Fig. 1.(j). A SII(Tl'Ssioll 01

i\ll'sozoic islalld eliTS for II 1 offshore LIIJrl'lltie1. S('Pelt"<lted frolll I II(' (T,1101i hy ,I h,wk

,liT h'lsill. COlllposed of oc('allic lilhosphnl' wilh dl'('P I\'elll'r depositioll. Tllis is!<lIld



'"''''',"O'"_~N"''''"~ /~;,;~:::::~:",,,"
~/c-contlnentall11argln

750-540Ma~ ~
7l~---...,;:::"..-

Pi~\II'c I.J: [{ifI ill~ of [{odilli,\ alld fOrJlI,il iOIl of ,I II('\\' OC(',lll ,l!Ollg (M pr<'~('lll (1;1\'

\\'('~Icrll LlmCll! ia (i\lalll('\\'~ alld AlolI~Cr. 2(05)

540-390 Ma

.;;~~\~::~~:~----- __--1Jf£7~~~~~"~'~---~~
Norlllai faults retaled 10 nftlng and spreading

Pi~\In' 1.../: Ocpo~it iOll Oil 11('\\' COllt ill('lIti1ll11ar~ill d\ll'ill~ laic Prol('l'ozoic to I)c\'(lIliall

(;\lillli('\\'~ illld ;\lolI~('r. 2(05).

390-360 Ma

Figllr<' 1.5: COll\'('r~('II('(' iJc~ill~ ill Ocvolli,\11 alld 1II,IgIIICil ic al'c ,,!I!H',II'S (:\IHlli('\\'~

alld :\lolI~('r. 2(05)



360-180 Ma
Offshore island arclQuesnel lerrane)

Sea level- \ Ocean basin (Slide Mountain terrane)

~
Continent retreatsfrorn trench

Figllre 1.0: Extellsioll ('reClt('s 0('(',111 hm;ill l)('tll'('('11 islalld m(' ,llld ('0111 ilJ('liI COlli i

Ilt'llt ('Olll"t'rg('s Il'it!l Pallg("1 (:-'I,iI!I('\\'s ClIld "Iollgt,!'. 200S)

180-60 Ma
(ontinental arc built on new continental margin

1.7: COllvergl'IlCt' r('illiti<lled, <I('n('tioll alld (J['Og('IIV s!l'lJlt' 1I'('slt'l'Il LlilIt'lll iii

alJ(!i\]0l1[';('1200S)

~%i-;';=-':,O"''''''lEI
"~~"".,,"-"-~ ., ~

1100 1200 VE\~~I:~

Figllrt'1.1:-\ Prt'Sl'lIt dm' IllClrgill or 1I'('stel'll LllIrt'lll i,1 (H,IIIIIlII'1' <llld Clo\lTS, :2(07)



mc Cliid b,\('k arc b,ISill will 1,111,], 1)(' ,1('('I"I'1('d 10 LClur('lIli,1 rOrJllill).', III(' QIII'SII('! ,lIId

Slid(' illolIlIl,lill 11'IT,llII'S l'I'sj)('("liv('lv (:\1,I1III'ws ,Illd i\loII).',I'L 200S), Th(' (';\('111' ('['('('k

li'ITClIII'ori).',imlll'd rmlll ,III oC('Clllic plCllrorll1 ill III(' rOI('ClIC, 011111(' \\'I's1('11I sidl'orlll('

p,lssil'I' Illm).',ill lI'ilh QIII'SlI('lIiCl (wI'sl('m L,IIII('llliCl), SlikilliCi is 1'1'1'11 rurtlll'l 11'I'st oj

11i1'sl' I ('!T,IIII'S ill thl' ,1I\('i('1I1 O('('ClII, PCllltliClI,lssCi (1-I'llIlIi).',ClIl ('I,d .. IDD-I)

III III(' ('['('le\('I'OIlS III(' 1'011I'1'1).',('111 111,IlWII is 1(,'ICtil',I1I'11. ('0111 ilillill).', ,1('('1"1'1 iOIl <llId

OIO).',I'IIY (Fi).'" 1.7), Dillill).', III(' EO('I'II(' th(' FrcISI']' FCllllt \l'ClS <ldil',iI('d (,lolli's ('I,d

J!)D2) ill th(' ('ast or III(' N('('h,dw l3asill, TIl(' Fnls('J' Felldl l('slIll('d rmlll 'I splil

or III(' Tilllill,1 F,lIIlt (,I IIIHjor r,lIdt SVSII'III ).',ivill).',\\'m' Il'ilh -12S kill or dl'xlnd ,.;Iip

SiIlCI' thl' P,dl'OI'I'III') illto Illi,.; 1',11I11 ,lIldlh(' Hockv l\IOIIIII<lill TI"I'I \('1 I (11<11111111'1 'Illd

('lolI'I'S, 2(07), To til(' 11'I',.;1 or Ih(' )\'('('h,i1w B,lsill, III(' Y,dakOiII F,lldt 'I(,(,OIIII)(\;iI('s

liS kill or d('xtT,d slip IllOliol1 b('l\\'1'('11 L,I1(' ('11'I,ICI'OIl"; to Lal(' EO('I'llI' (UlldIO('rl'l

,lIId hll'ill,.;p('lill, E)!JG)

1.2.2.2 The Beginning of the Foreland Belt

Th(' For(,!,lIl1! 13('11 i,.; ,I rold Clild thm,.;1 1)(,11 ill 11i(' I'ast or III(' (',lllillli,111 ('ordill('I,1

OI'('Ih'ilig ,111('I'Strcd :\'orth .AIIII'li('a, Obdllctioll or Ih(' QIII'Sll('lliCl Clild Slidl' illolllll,lill

11'1'1',1111'''; 01110 Ihl' lI'('sl ('ocl,.;1 1)(').',,111 ill Jil7 illCI (Fi).'" 1.7), Sp,III'llillg IIplirl ill Ihl'

011 Ii I11'('<1 13('11 (EI'I'I\('lJick 1'1 ,d .. 2(07), Thl' Olllilll'CCI B('1t is Ih(' Slit III'(' ZOIII' 1)('111'1'1'11

III(' tl'lnllll'S or th(' Il1t(']'1I101l1,1I11' B('!I CIIld IIII)SI' or III(' Fo['('ICIlld BI'II (11c1111111l'1' ,11111

('1011'(',.;,2007), illiddll' ,lurClssi(' ";lIb,.;idl'I\('I' ill 1111' rOl'l,I<llId ba,.;ill 1)(').',,111 ,.;horth' Clrll'l

IIplifi ill 011I ilII'I'CI with s('dillll'llt illn!1 I'mII I Ih(' \1'(',.;1('111 1111'I,1I11orphIN'd Ili).',ld<llld,.;

111 IIlid-('l'I'I'\('I'OIIS I(',d dl'!'ol'lll,ilioll b('gills Il'illi roid/ilil'\lsi 1)('11 ,.;t r1\('1 uri' '1I1!)("ll'ill).',

slill ,\('(,Olllp,lIli('d by s('dilll('lIlei1ioll I'm11 I Olllilll'(,<1 ,1I1d I iii' li,.;ill).', Hoch' :\IOlllltClill";



TIl(' IIIHjm p(,l'iod or dl'I'Ol'IIIC1tioll took pICl(,(, durilli!, 1,111' (',lllIpCllli,111 to I'ilrly EOI'I'III'

ClIOllg witii I'ClSt, (,OiII'SI' dilsti(' s('dillll'llt d('posil iOIl illio till' I'oll'hilid bilSil1

1.2.2.3 Formation of the Intermontane Belt

111 1,111' Tl'iClssi(' III(' 1I1,II'i!,ill is r(',wt iVill I,d ,llId til(' ishilid im' ('Olllprisilli!, ('<wll(' ('1I'I'k

1H'i!,ills 10 sllbdll('1 IIl1d('1' III(' (,Olllilll'lll or LlIIl'l'lltiil. TIl(' l'OII\'ITi!,I'II('I' drivI's III('

,111I,J!g,llll,ltiOIl or Slidl' '\]OIlIlIC1ill, QII(,SIl('lli,1. (',1('11(' ('I'('('k, Clild SI ikilliil 01110 11'1'sl

('mIst LCll1I'l'lIli,1. TII(' Ski'l'IICI CIIld Slikill(' 1\rl'll('s wlli('1I dividl' till' 13001'sl'l' 8C1Sili 1'1'0111

1III' N('('ll<lko B,lsili roS(' ill LO\\'('r to Illiddll' ,1 II rClssi(' , TIl(' ,ll'(']'('1 iOIl or 111(' II'ITillll'S ill

1II(' 1111 lTlllOlil ClIII' 13('11 l'lld('d ill llIiddll' .JurClssi(' (l\1C11 III'ws ,lIld i\lolli!,I'r. 2()()S) ,

III lat(' ,lurClssi(', IIplift OI'I'III1'd ill w('sll'rll QlIl'Sll('lIi,1 dll(, to ,H'(']'I'liOIl or III(' 11'1'

l'illll'S ('III'I'('lItl\' ill tlI(' IlIslIlClI' 13('11. II'IIi('II ,J!so \'CIIISI'd IIplift Oil til(' Slid(' i\lolllllilill

TI'n,III(', TlIis ('pisod(' W,IS Cll,(,Olllp,lllil'd b\' widl'spr('cH! l'IOSioll ,llld ,I Illiljor E,II'I\

Crl'1,wI'oIlS 1I111'OIlI'Ol'lllit\, ,J!OIli!, III(' ('ordilll'nl. A SII!JS('\II1('lIt IIlid-('II'lcH'I'OIIS IIplil'l

pro\'id('d s('(lilll('1I1 Clry IIIClI 1'l'iCiI I'm 111(' d('posiliOIl or tlI(' Api i,1I1 10 C('IIOlll<llli,111 Skl'I'llil

C:IOIIP ill tlI(' ('mdilll'ni ,llId III(' W('Stl'I'II-IIIOst PClrt or III(' i\'('('II,lko Basill (i\LI1III'II'S

,llld i\lolli!,I'r. 200S)

III Lcd I' ('l'l'I,H'l'OIIS, ,11'11'1' l'I'SSCItioll ol',H'('\'I'lioll, 1I'I'sIITI\' dl'ril,('(llllmiIH' ,lIld 11011-

1I1,lriIH' d('positioll is 1I'('Ot'dl'd bv P,J!I'O('I'III' s('dilll('lIls or III(' ;\I'('IIClko 13'lsill, TIII'II ill

i\Jid-EoI'('II(' l'xt('lIsioll took pl,I('I' wil II s('dilll('lllatioll ill I'Xll'IISiowJ! basills O\'I'rLlili

bv till' I'XITIiSivI' vol\'Cllli('s or tl](' Illid-Eo('I'II(' vol\'Cllli(' I'pisod(', EXtl'IISiolliJ! II'('tolli('s

11<11'1' 1H'l'sisl('d II llti I 11'('1'111 tilill', \'Clilsillg blo('k-l',lIIllilli!, Il'illl IIO]I-III,lrill(, dl'jH)silioll

illlll('i!,I',J!H'llv,J!I('vs(i\IClIII('II's,IIIl!i\101li!,('r,200S)



1.2.3 Volcanism in the Intermontane Belt

Tml 111'lill l'olnlJli(' ('x('itCltiolls hal'(, dOlllimlt('d Ih(' g('o!og\' ill 111(' lillnllloIILIII(' SII-

p('rl ('ITa \1(' siJl(,(' th(' ('lid of t!1(' P,d('o!:oi(' Oll(' ill tll(' EO('('II(', th(' ol!l('r dlll'ilig t h('

\'('og('II(', EO('('II(' \'(llnlllislll ill Ih(' ;'\('('h,d;o B,lsill is r('pr('s('111 ('d h\' Ih(' Elld,d;o ,llld

Ootsa L,lk(' f0l'111iliiolls \I'hil(' III(' ;'\('og('II(' is 1'('('or<!('d 1)\' til(' Cllii<'olill fOl'lll'ltioll

Th(' EO('{'II(' I'o!nllli(' Prill('doll group \I',IS d('posil('d ill f,lIdl hOlllld('d I'HII(,\'s ,111(1

gr,t1H'JlS, iudinltiug t hill VOi<"lllisllI dlll'illg I his tilll(' lik(,jl' r('fle('ts I II(' hislmind topog-

rilplll' (l('k('l'1 d al., 200!J) It h,IS 1)('('11 sugg('st('d hI' EIIg('lH'dsOII d ,d, (J!Jt\5) 1!t;lt

this lllilSsil'(' VOi<'illlislll duriJig ('m!1' T('rtimv W,IS du(' 10 il su))('olllill('IILd h1'("lk'lg('

iu t 11(' sul)(!udill).'; plilt(', m a 'slah \\'iudo\\" ilS d('snilH'd hv Dost HI ('I id, (200J) '1IId

shO\\'ll ill Fig, 1,9

1.2.4 Formations and Groups

Followillg is il listillg of ).';('ologind divisiolls whi('h hill'(' 1)('('11111,)(1(, h\' \',lrious g('os('i-

('lllisl workillg illtll(' m('il

1.2.4.1 Smithers Formatioll

D('posil('d ill 'I sh,dlo\\' Illill'ill(, s('ttillg. this fOl'lllCltioll (,ollsists of f('ldsp'lr g1'('\'\\"I('k(',

,Irkosi(' '11'('lIit(" ,lll(! silt'SI'OII(" This S('\IU('IJ('(' h'IS 10\\' ,UIIOUltiS oforg'lIli(' ('ilrllOlI ,111(1

t!l('rl'!'m(' low IlnllOnuholl SO\ll'{'(' 1'()('k pot('lIti,d (J1idd('!1 'Illd n'rri, 200t\)

jO



rigll\"(' 1.9: 8rl'akag(' !H'I\\'l'('lIlh(' 1\lIla alld raralloll plal('s takl's plal'(, al thl' <lpprox

illl'lll' lonll iOIl or 111(' C<lllil(la- SA hordl'r (Ellgl'hr(,\soll ('I iii" J985), A sl<lh \\'illdOl\'

is (1)(' ('Xplilll<ltioll ror (,ll'\"ll('d 1(,\"l'ls or \'Olnlliislil ill ('<lrh' T('rl i'IlT Afi('r I)ostiil ('I iii

(:200:J): Elldako iliid Oo\sa Lakl' grollps shOlnl ill rl'd 1('llnilig

IJ



~ BREC_AND - CDAC BAS and SCORIA- C_DAC'BED MAF-BX

~
BREC_INT·MONO - CDAC-COL

AND

BREC_INT·MONO-WEATH DAC

BRECINT-SILIC - C_DAC-DOME INT·ABXandBX- C_AND - RHYO- C_ANDJUR - C_DAC-GLASSY-COL FELS·TUFF- CAND·AMYG C_RHYO INT-VC and TUFF- CAND-BED

KT-CONGSDST
POLY-VCandBX- CAND-BED-COL

CAND·COL -n"l VC_BED·BLOCK_ASH Points: Textural category- C_BAS

VC_BED-RHYO-WELDASH

CBASNEO VC_RHYO Sedimentary- CBAS-CHESLATIA

Figlln' I.JO: C('olog.'· IllCip Or EO('('ll(' H)lnllli('s rrolll Bon/('t ('I ,iI (lOll). For ("0111

p,lrisoll ,,·ith sur1',1("(' ('Olldllcli"iti('s ill Fig. 7.11
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1.2.4.2 Ashman Formation

This Illid 10 lill(' ,JlIrilSsic ronllillioll is Illostk dmk !';t'<'\'lo bhwk shillc \I'ilh SOIll(' 1('ssl'l

l'OilrS(' ('Iilsti('s Ashillilil shilil's hmT good cilrboll l'OIII('1l1 \\'itll Illillllnll iOIl ill 111(' oil

10 gilS willdow B('ds SI'('1l ,IS good SOIlJ'('I' ]'()ck ill th(' Bows('\' bilSill ,Ill' Ihillll('r ill Ill('

;\!('cll,lko BilSi11 with poot'l'r qmdih' or OI'g,lIIic Illiltl'ri,d, All ill ,dl. Ashillilli ]'()('ks ill'('

ill till' "rilir" rilllgl' rot' hvdlOnlr\)oll po11'1Itiili (f{iddl'll ill I< I F('rri, 200t»

1.2.4.3 Skeella Group

Th(' Skl'I'llil GI'OIlP is I'oilipris('d or 1ll,lrill(, s('dilll('llt,lr\', 11001-lIlilrill<' SI'dillll'IIfilr\', iliid

\'()Inllli(' I'Ock, It is dOllliml1l'd \)\' ,I bilSilltic \'olnllli(' S('qll('III'I' O\'('rl,lill h\, illll'rl)('dd('d

fill('-gnlill('d S,IIISIOII<' illJ(l Shille, TIl(' s,lIIdslOII<'S hm'(' low J'('sl'l'\'oir pOtl'llt iill bill til('

sh,dl's hilV(' good illllOllllls or orgililic 1',Irboli (f{idd('11 ilild F('\'ri, 200~)

TIl(' Skl'I'ml grollp W,IS d('sposit('d ill I'ml\' CJ'('lil<'I'OIIS, ilnl'r Ilplirl ,111<1 (']'()SiOII

or till' Sk('I'1Ii1 Ar('h, Low('r portiolls or Ihis group t\'piCidk cOlll,lill il lot or dl'lrilid

IIlIlS('ovitl' ,lIld IlilVI' \)1'('1l ,I kllOWII prodllc('r or cOid (P,dsgrO\'I' iliid I3l1sl ill, IIJIJO)

Dllrillg illl ('rpr('1 ilt iOIl or 2D illVI'rsioll Illod('ls Spr,I11 ,111<1 erilVI'l1 (20 I0) ilssigll('d ,I

lI'sislivilv 10 this IIllit h'illg Illoslh' ill 1111' rilllgl' or ]()-J()O 12 III

1.2.4.4 Princeton Group

This g]'()lIp ill thl' lllll'rlllolitillll' Sllj)('I'11'lTiI I1<' II'SIIIlI'd rmlll illl illl ('IlS(' ("Irk 111i1glll,1I i('

Th(' PrilJc!'1oll gl'OlIpbilSI'lIl<'111 is Illosth' !\!l'sozoi(' ,liT illJd Pill('ozoi(' OI'I',lIlil

l'O('k Volnlllics ill this ,ISS('lllblilgC ,II'(' tllff. hr('('('i,1. iliid lil\'il or hils,dtil' illl<!I'sil('

10 rh\'()lill'('OIlIPOsilioll, l\1('illlwllil(,sl'dilll<'lltm\'pmliollsl'ollsisl Orl'oliglollll'l'ili(',

IJ



sellldsIOII(', SiItStOII(', ,111(] coed (Ickert ('I,d 200!J)

1.2.4,5 Kamloops Group

L\'illg lIorlh alld easl of the Prillcetoll grollp, this ,ISS('llIb!ag(' is IIICI<I(, of Iwdk, iIIl('I'-

1I1('di,lIe, ,1I1d f('!sic mc-!ike IlIal(Ti,d alld IIOII-lllmill(' sedilllelll,II'Y rock (1<'kel'l el cd"

200!))

1.2.4.6 Chilcotin Group

Th(, Chilcotill group is lliade of basaltic f-!ows wilh SOIII(' II\'Cdoclastill' t('plml ,llld

pillo\\' based!. III tll(' i\('ch,dm G,ISili Ihis grollp oV<'rlies Cr('\cH'('OIIS 10 E()('('lll' s('d-

illl('111 m\' rock, Lmg(' VOhllll('S of !wsalt fiooded ol'el' I II(' an'a witll bl'e,lk pniods

!J{'lIl'<'('11 vo]nlllic ('V('llts illdinll('d bl' ZOII('S of oxidaliolls alld soil fOl'lllalioli ill til('

lanTilig (1<-k('rl 1'1 aI., 200!J), This grollp is Neogelle ill ag(' ,llld W,IS fOl'lIl('d <IS a snies

of ('XI('llsiv(' pleiteaus (,tc!l('d with deep liV<'r CIICIII!1('1s. The estiulClI('d COl'I'r<lg(' m(',1

of Chilcolill basall is J(j 500 klil l (F',IITe!1 el ,d .. 20(7)

T!I(' Chilco1 ill GI'OUp is uuderl,liu bv P,deozoic-l\lesozoic bas('III('111 III tll(' QU('S

II('! trough Illis !J<lS('III('llt is t]I(' i'\icol,1 group I'olcallic eilid COPIH'I' l\loIIIII,lill suile

phl10llic wck, III the \'ech,dm Basill Ihis is Cl'et,I<'('OIIS-Eo('('11(' s('dilll('IILII'\' ro('b

This i'\eog('!I(' group is ol'erl,lill b\' Pleistoc(']1(' glaci,d d('posit, ('xposed ill \',III('\'s ,llld

nlll\'OlI \\',dls. C,uladi,111 HUlitel' logs ill Ihe .\('('h,dw B,ISili sho\\' tllis IHls,dl 10 h,I\'(' ,I

I'esist i\'it\' of > lOOO n III (Spr<dl eilid Cr<I\'('11. 20]0) ,llId I 1,1\'\\',1 I'd ,uld (\d\'('1'1 (200!))

estilll,lle the group's P-W,I\'(' \'('IOI'il\' !)('I\\'('('II 1500 ,111d 2500 Ili/S This grollp is

l,dJ{'!lcd as C GAS_.\EO ill Fig, 1.10

I-J



1.2.4.7 Endako Formation

Th(, Elld,lko I',rollP is cOllipriz('d or alld('sitic hasalts ,1I1d !lilsall tlo\\·s. also P\TOc\'ISI i(

rocks. lanl flo\l's 'lIld s('dilll('lIt,lI'\' rocks ill SOliI(' l"('l',iolis. all EO('('IH' ill al',(' (Bol"(kl

('I '1\.. 20J I). Jlllnpl"('l,iliOIi or I"('sisti,·it,· IlIod('ls ill Sprall ,1IHI ('r;m'lI (20JO) show

Ihis rOrlllatioll hal"<' I"('sisli,'it\· Or 20-2000 \2 111. Ila\'\I',1I'(1 'Ilid C';d\'(Tt (200~)) ('slililatl'

111(' P-wa\'(' \'(,Io('ity or III('s(' rocks to 1)(' 1)('111'('('11 2-100-;)-100 1I1/s

1.2.4.8 Ootsa Lake Formation

TIH' OOtS,ll',rollp is S-I--IS ]\1,1 ill a1',1' (kk('rt ('t ,d. 200U). i1lld is ('Olllpos('d orrll.\'()lil('

flows. Ie'ss('r \'OIIIIlH'S or has,dl. '1IId('sil('. p.\Toclastic. alld s('diIIH'III,lrI' rock (Di,lkOlI'

,llId \lihah'lllIk. lU(:j(j). Spralt ali(I ('rm'('11 (20JO) illl('rpr('1 20 I"('sislil·it\· SllhSl'CtioliS

to ShOll' ,lroIlIHI20-2()()() 0 III ror III('s(' I·o!<-allics.

1.2.4.9 Bowser Lake GI'OUp

Th(' nOlI'S('r Lak(' GrollP cOlisists or h,lsaltic to rh\'olit ic cOlllposil iOll JI Ivas d('posil('d

ill Stikillia dmilll', E'lrh' to \lid-.JIIl'ilSsic rrolll \'o!<-allic dl,lills 10 III(' ('i1s1 ,11Id IIH'

11·('sl. TII('s(' Cllilills 11'('1"(' s('paral('d h.l· a 1IlarilH' alld 1I01l-lllariIH' hasill ('\'(',11 cd dllrillg

('XI('IISioll ill SI ikillia. Arl('r coolilll', or thl' I"('gioll. I he' ('ach(' ('I"('l'k o('('allic p\;III'

sllhdlldl'd 1I11dl'r ('aSI(TII St ikilli'l alld II',IS ,w('\'('I('d 10 il (E\'('!wlli('k ,IIHI Thorkl'isoll.

200S)

Thisl',rollp iscoillpos('d orhotIIIIIHrill('HlId IIOII-lllmilll'shHI(' siltsloll('. S'llldslolll'.

(·OIlI',I'!OIIH'l'iilc. Hlld SOli II' ch('rl cl'lsls rrOlIl I II(' ('achl' ('r('('k fl'IT'llll'. Th(' COII'sl'r llilsill

II'as I he' d('po('('111 ('I. durilil', ,1I1Iidg,1I1IHtiOIi or St ikilli" ,1I1d ('adll' ('I"('l'k. Thl' grollp

IS



is distillgllis!l('d frOlll older <llId YOllllger stnd,l by <I I;l("k of IIl('t,lIliorpllic cktrillls

(E\"{'lIcllick alld Tllorkc'!soll, 200S), LOll"(' (,t ,II. (200(j) IIJ('asmc'd a 11J('ali dC'lIsit.I' oj

2(jll kg/III:1 alld ,I IIJ('ali 11Iaglldic slls('('ptibilil." ofO,2(jS xlO:1 SJ ill tIl(' 13001'S('1

basill,

1.2.4,10 Hazelton Group

(8esl, 200-J), witll 111(' isla lid il!'C 1II,II('ri,d al til(' IIPIH'r ('lid (Ridd('11 ('I ill., 2()[)7)

Lowe el ,d, (200(j) delerillillc'd lllill J-Jm-:e!lo11 gJ'OlIP J'Ocks Ilm'(' a 111('a11 d('IISit.I' of 2Cill

kg/III:1 ,llId IIJ(',lI I Illagll(,tic SllS('('ptibility of O,ISUO x 10 :1 SJ ill till' 80\I's('r Il'lsill,

Spnlll ;l1HI Cravell (2010) illl('rpl'('t Ill('se rocks 10 11,11'(' ,I I'('sisl il'il." of > ISOllS2111

1.2.4,11 Taylor Group

Tllis Albia II j!;rollp cOlltaills ('OIlj!;!OIII('rate, bl,l("k sll;llc', siltstOIl(', <llId s;llldsIOlJ(' (F'('rri

;llId R idde!1. 2(08), Tlles(' rocks call \)(' fOlllld ill 1II(' st IIc\.I' al'('a il!'olllJ(1 1Ill' \';Izko

Ril'('r alld 11'('1'(' rJc'posilc'd dmillg till' IIplin of o('('allic ,llId arc rock resliit illg frOill I Ill'

,J('('I'('I iOll of 1Ill' JlIslllill' SlIlH'rll'ITalJ(', Sililk fro1l1 t lIis grollp lias SOlll'('(' rock pol('111 ial

i1l1d its salldl' 1I11its IIm'(' l'<'s('I'\'oir pOlellti,d, Sprall alld C'rmTII (2010) IIsed bOl'(,lIole

11J(',lSlll'<'IIIC'lIls alld 20 ill\"{'rsioll 1I10d('ls to c'slilll,llc' I'('sisl il'it ie's ill til(' nlllge (If 10-100

12111

1.2.4,12 Quaternary

TIl(' ;\'('chclko QlIa 1<'n iii 1'\' deposils ,lI'(' I ill. 1,I("lIS1 rill(' elm', <llId gr'!\TI. Il'illl SOIIl('

I'o!l'allics (Riddell et ,d .. 2(07), LOll"(' (,t al (200(j) lIJ('i1slll'('d 1Ill' IIJ(',III dellsit.I' oj

l(j



tIl(' QlI,l1 (,rIlrln' drift ill t!I(' COII'S('I' hrlsill 10 1)(' 27SS kg/III:1 '111d IIII"UI 111'lglI('lil

susc('plihilill' ,II G,2Jl x10- 1 81. 1-1'11'11',11'(1 rlud Call'lTt (200!J) I'StilllClll' tIl(' 1'-11"11'('

1.3 Geophysics in the Area

G('opltvsiud SIII'V('VS rl1I(1 drillillg It'IV(' h(,(,11 dOlI(' ill t It(' ;\!('clt'lko CeiSi11 Silll'(' Iltl' 1!)J(j's

11I11 lI'it It 110 pl'tmll'uul produdiOiI 10 d,l1l' (s('(' C'ed\'nl d ell. (200tl)), 011(' 11,('11 iu

1!JJ1. sl'vI'reil ill I!I(' 1!JS(j's, alld 0111' illl!J8l ,dl 1'I"I(Il('d 'I d('pllt of SOO-GOOIII Il'itlt

110 oil. HOllolulu Oil Co, ])('g,ul l'xplOlatioll ill tlJl' ml"1 ill l!JS!J ,uld dl'ill('d ill I!JGO

lllldsoll's C'IV Oil cUl(l GelS COIIIP,UIY dl'ill('d a IJOOIII Ilo!l' ill lltl' S,UIII' ,wm, TIl(' "1St

1101(' dl'i1l('d hdOl(, Cmladiall ]-[lIl1t('r l'lltl'l'('d t Itl' SI'('II(' II',IS dOlI(' hI' T('xelll ,I ill I !)72

AIIIOI'O C'elllil("l did a IllelglIl'tic SlIS('('ptilJilih' SlIn'('I' ill l!JG!J hlll C',III,Hli,111 1I1111!1'1

pnfol'llll'd tlt(' IllOSt l'xplor,ltioll ill 11t(' h'ISill ell'I'a: tll'O V('elI'S of s('isillic ,llld gl',\\'ih'

fmlll l!J7!J 10 1!J80 'Illd S 1I'('lls drill('d hv 1!J8S, ]\'011(' of IIt('s(' COlllp,llli('s liT1'1 , ,Ihll' 10

loull I' SigllifiulIl! i111101l1ltS of oil 'lIld II10si oil alld g'ls ('xplonllioll \\'iIS 'lh'III(!OII('d ill

11)8G IVItI'11 HlIIII('r did 1I0t filld eUIY l'I'OIl01llic d('posils (';d\'('rl ('I,d .. 2(10tl)

TIt(' G('OSCil'IICI' CC-flllld('d j\'('cltako Pl'ojl'ct 1t,IS 1'I'\'il'lI'('d lIH'sl' d'll eI ,llld ltilS

cmri('d 0111 11('11' g('opltvsicClI SIIt'I'('\'S, TIt(' SlIt'V<',\'S \)('g,111 ill 200-1 i1l1d ilJ('!lId('d 11('11'

gl'il\'ill' ,lIId IlIaglll'1ic d,l1'l ill 2004, a Itl'elt 1-1011' stlldv, 'I p'lssil'l' s('isillic SIII'\'I'I' ill 200G,

el1l(1 'I ~IT SIlt'\'I'I' ill 2007 (F('rri ,111(1 l\idd('11. 2(08), tlt(' d,I1'1 1'1'0111 1I,lticii ,11'(' slll(lil'd

ill Illis t Itl'sis (spl'cities of tltis SIlt'\'I'Y discllssI'd lI('xl ill ~i 1.J,1) TIt(' gl"I\'ih' SIlI'\'I'1

\\',IS dOlI(' ellolIg Big C'n'I'k 'Inoss tll(' :'\('clt,dm C'lsill (BI'sl. 200,j), A dmp ill COIIgIII'1

gl"lvitv IO""lrd tlt(' C('lIt('1' of tlt(' h'ISill Itas a \I'idtlt of 800 III 'Illd III(',ISIIII'S J-,I IIIC,d
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lOck This gnll'ity eilloliialy could, hOlI'cn'l. 1)(' cxphlillcd Il'it h ,I Chilllgl' ill \"(llc,lIlil

rlwk 1'11(' IlIaglidic smvcy InlS edso Im'sl'IIII'd hI' I3csl (2()()-1), :'Ilaglll'lic V,ll"i,lliOIiS

WI'!"I' illll'lpl<'1I'd as dCI'pl'l fl'iltllrl'S, ell III lillcd lip wilh 1II(' gnlvitl' lOll', This cOIJ!d

illdinllc el IIlelgllClic hasl'lllclll hl,IOII' sl'dillll'lItm." wck, Artn el pl"clililillilrl' rl'I'il'II' oj

IJII'SI' data il vihlOSI'is SUrl'I'V WilS dOIII' ill 2()()i) (Cdl'l'l"t d aI., 2()()i»)

Prl'I'illllSI\', Icgiollal 2D IIiOdcllilig W,IS dOlll' Oil i\lT dilta 1)\' LI'do alld .]OIII'S (2()() I)

Thcy fOlllld el gCllcndly I"l'sislivl' (1 ()()() -:3() ()()() 011/) UPlll'!" cl'llsl (10 kill dcpth) Il'ilh

a cOlllludivc (1- 2()() 011/) lowcl" niisl (10 - -10 klll dcplh), Sill' dl'lIsilY II',IS illsldlicil'lll

10 dcli'nililll' Slll<dl sndc !ond Vill"ieiliOIiS Oil I]ll' ordl'l" of fl'ell IIrl'S ill thl' l\'1'I'h,dw hilSil1.

Ihcillmgds WI'rl' crustid sndc illid lI'clollic II'illml's

1.3.1 The Nechako Basin MT Data-Set

Dellil WI'!"I' collcclcd iii 7:34 sitl's (SI'I' Fig, 111) idollg dilll'!"I'111 lillI'S Il'ilhili III(' NCI'iJ<dw

I3,lsili Il'ith a 5()() - J()()()1I1 spellillg (GI'osvsll'III-Callildil. 2()()7) , Ai\IT, i\IT, ellllllclllllil

silcs II'I'!"I' scI lip Il'ilh Al\lTC-:3() Phocllix ill(hlCtioli coils (helllllll'idih J()()()(l - J liz),

l\JTC-50 Phocllix coils (halldll'idth -100 - 0,00002 Hz) (PhOI'llix-CI'Oph."sics, 200i\)

,llll!II'lllIIic dipo\(' IClIglh of 50111 (GI'os,."sll'III-C'illlill!a, 2(07), TIccorllilig locill iOIl alld

lillll' 1I'I'rl' 1I11'asmcd Ill' a CPS illlll'llllel illliH'll('d 10 III(' i\ITU5il IIl1il 1I'IIich colll'I'ls

alill slol"cs sigllids frOll1 idl eJ('quisilioll h,ll"dwmc, i\JilIHllillll' lIoisl' II'elS ,i11110sl 11011

cxistl'lll willi III(' OI'('ilSiollid passillg vchicll' itS thc OIdv SOUITI', Dellel II'CI"C plOl'('SSI'd

1l'i1hili 'Ii) hOllis of colil'cl i011 In' GI'OS\'stl'lllusillgrl'IIiOlc I"dl'lI'lIccd rohllstll'clllliqlll's

illlpll'llll'IIII'd ill !'hol'lIix Gcophvsics' :'IIT2()O() sortlnll'l' p,J('k,lgc (Spnllt alld C'nll'I'II,

Ii)



200~), Th('s(' d,lt,l w(']'(' pl,\llll('d ,dollg p]'('-('xistillg SI'iSlllic IiIl('S ,I roll I \(1 III(' loml 01

i\'m:ko (S('I' Fig, I,J I), Sit('s 11'('1(' Olg,llIizl'd ill ~ profill's lor 20 illv('rsioll, \I'itll illfill

ill thl'llort]J('rJ! gmllp lor ,1 JO ill\'('rsioll,

1.3.2 2D Inversion of Nechako MT Data

Sil<'s C01WI'lIlrat('d alollg I II(' mads ,llld seislllic lill('s lor profill's A (107 siles iIlCllld('d),

13 (~O sites il\(lwjed), C' (IOJ sii<'s illclllded), 0 (l(j2 sil<'s ilillud('d) F; (2'1 sil('s

illcluded). F (S~ sill'S iucluded). ,Iud G ((j!.J sitl's iIWlud('d), W(']'(' illverll'd lor 21)

cOllducl ivit\, secl iOlls. OIl1itt illg Iii\(' I-I alld th(' ot hel (j2 illfill sit I'S (G('osYsl ('III-C,lllndil.

200T: SplC11t ill](1 C'nlvl'll. 20lO), Dol h the TE ,Il\(l Tl\1 IIIOd('s 1\'1']'(' used ill I lie

illwrsioll pron'ss \I'it h IllOdds produced ilfter lOO iter,i1 iOlls lor (';wll profill' (Spriil I

,llId C'nIV('ll. 20jO). TIl(' profiles Ilav(' a g('I\('nd stnIclm(' 01 a smlacI' ]'('sistor (>SOO

U III). 1llldetl,lill In' ,I sh;dlow c()lJ(ludor «lOO n III). with ,I ]'('sist ive il,IS('lll('llt (>JOO

12 III) III g('!H'ral tl\(,s(' illv('rsioll 1I10d('ls ,Jr(' illl<'lpr('l('d 10 ShOll' r('sistil'<' sllrfici,d

\'o\ciulic rock. 1I1Id('r1,lill In' C'r('I,H,(,OIIS s('dill\('llt (Sprnl I ,Il\(l C'nll'('ll. 20J J). III profil('

A (Fig, 1.12). s('diIIH'lltmy rock is S('('II ,HTOSS the s('ct iOIl (illdiniled In' 2'I/il). SmLwI'

C'hikotill Basall, lalH'll('d ilv 1. ov('rli('s I h(' C']'('t,1(,(,OIIS s('dill\('lIt,lry p,wk,lg(' A IIlid-

<Tust,d cOlJ(ludor ris('s lower ill Ihl' sl'dioll ill till' S,\lll(' lonilioll ,IS pr('violls Illi<To-

SI'islllic 'Idivity. ,1IId is illl(,lp]'('t('d ,IS possiill(' p,lrti,d 111('11. Silllihir st nwllll'e is SI'I'11

ill profil('s 13 ,\lId C. with thickel s(,dilllelllmv rock ill 13 (S('I' Fig. 1.1J ;llld 1.1-1) ;\11'

W,IS ,Iill<' to distillgllish 1)('1 W('('11 til(' Cr<'1,W('OIIS s('dill\('lltarv ,llld EOC('III' vo\c,llliclasl i(

lit !Jologi('s ,llld III;)\' tl\(,]'(of'o]'(' 1)(' ,11)](' to poi lit oul targ('ts 01 illler('st I'or !J\'drocilr!lOll

I'xplonilioll (Spreilt alld C'laV('ll. 20lJ)
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• ~::t:Z:~~Sa:~ndimentary rocks

• ~~~::~~ ~::~entary rocks
Postaccretionaryintrusionsand
metamorphic rocks

~~:~akc~~~~;~~~~;i~r~~~~:~~~~~~ences• Pre-middle Jurassic intrusions

Bridge Group (Earty Cretaceous) • Paleozoic sedimentary rocks

• MTsitelocation C Boreholedrillsite

J .11 Lonil iOIl of \IT sil('s ill SIlrV('V st·II<1i(,<I ill I liis 111t'sis sll!>('rilll!>os('<1 Oil 'I

111'11> of 11](' ,m'Cl. "ft('r Sprrltl '111<1 CrcIV('11 (20jO)
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1.4 Preview of Layout

III I Ill' cOlllill~ chapl ('rs o!" I his Illl'sis, \IT alld ~popll\'si(',d ill\"('rsioll IIIPI hods lI'ili

IH' IIs('d 10 dl'\'plop ;1 :30 COlldIlCli\'il\' sl rllct 11I'(' !"or illlnpl"l'I;ltioll, Follm\'illg this

cll<lpl('r th{' \IT IIII'I hod \\'ill 1)(' dpsnil)('d st;lrlill~ \\'ilh Ihl' SO II1"("(' ('Ill'r~\' IIspd !"Ol

II ll'aSIll"l'1Il{'lIt , I hl'Ol"l'1 ind hackgrolllld, alld dal a acqllisil iOIl 1<'chII iqll{,s, r-\rt ('!" I his

lksniplioll 1\\'0 pl"l'\'iolls I'Xalllpl('s o!" I hI' IIS(' o!" \IT ill h\'drocarlHlII ('xplor;llioll \\'ill

1)(' pl"l'SI'IIIPd

111 Ch,q>t('r J Illl' !"ol'\\";ll"(1 IlIo<!('lIillg porlioll o!" Illl' ill\'('rsioll I)JOI'('SS \\'ill 1)(' pl"l'

s('111('(!. slmt illg \\'il 11111(' 011(' dilll('llsiomd (',IS(', TII(' fillil(' dir!"('l"l'II('(' IIIPI II(HI lI'illlll('lI

1)(' applipd to I Ill' 10 :\I,lx\\'('1I Eqlliltiolls h{'!"ol"l' 1I100'ill~ illl0 Ih(' Ihl"l'(' dillll'lIsiowd

('as(', III Chaptl'r -I t hI' ill\'prsioll Ill'O('('SS \\'ill 1)(' ('xplaillpd slmt illg \\"it hall all<dog\"

\\'il h ('m\"(' fitt ill~, I hplI all ollllillP o!" I he \1;lnlllardl-LI'\TIII)('r~alld Illillillllllll sl rlll'

111I'(' ill\"('rsioll IIll'thods, COllt illllill~ till' IIIOd('llillg I hl'IIII', Chapin 5 \\'ill ('x,lIl1i!l(' 1Ill'

P;lrt i('le S\nll"lll Opl illlizat iOIl 111('1 hod: hO\\' it \\'orks, IIsill~ il to filld ,I poillt, I hl'lI

IIIIHi<'lIill~ \IT ITSPOIISI'S \\'it h hot h s\"\JtIIl'I i(' alld rp;d dat 'l.

Chapl('!" (j prm'id('s a dplail{'{l \\';Jlkthroll~h o!" tIll' st('PS r{'qllirpd !"or d,lIa s('I('('-

lioll ;llId !"orIllallill~ ill ord('r 10 sl;II't all ill\"('rsioll, Ch;q>II'r 7 pl"l's('lIls I Ill' r{'sllilillg

ill\"('rsioll Iliodds ;llId I hI' illt('J"pl"l't,1I iOIl o!" thl'lli \'ia ('olilparisoll \\'it h ot hn I\'IH'S oj

d,lI,l ;\IId 1I10d{'!s. Fill,dh-, Chapt('r 1S sllllllllmizps I Ill' fill<!illgs o!" 1II(' till'sis ,lIld dr;\\\'s

('OIIl"IIISiOIlS I'rolll I Ill' IIIOd('llillg l"l'sldls

AI Ihp {'lid o!" Ihis 111('sis SP\'('I',d apIH'lllli('('s l'xplaill I Ill' illlj)('<!all('(' 101,11 iOIl I Ii ,II

II',IS IIs('d (App{'!l(lix A), a SOIll"l'(' ('(){I(, dil"l'('lm\" Oil ("(1-10111 (App('lIdix 13), pl"l's('111 a

('Olllp;lrisoll o!" ohsl'I'\Td ,llld prpdictpd d;lIa !"or I lip IIl<lill 1I10dpi (App('lIdix C'), ,lllll



pr('S('111 CI Iistillg or r('slllls I'm otlJ<'r Illod('1s (App(,lldix D)
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Chapter 2

Magnetotellurics

1'11(' Illaf.',lldotl'llllric 11ll'lhod (i\IT) IlS('S Ilcllllnd SOIIJ'('I'S of 1'11'1'1 1'01 I Iclf.',1 Il'I ic r,l(li111 i011

10 ('xcil(' ITSI)()IISI'S ill III(' Earth all(! ('stilliall' its ph\'sind pl'Op('rlil's. This 1111'1 hod

hl1S a brmld rallf.',l' of ('xploral iOIl d('pths. frolll hllll(ln'ds of 111('1 n's 10 hlllJ(lr('ds 01

kiloilidn's (SilllJ)S()1I alld l3ahr. 200G). :'\IT nil I \l'Ork \\'(,11 ill p!cl('I'S \I'hich nlliliol

1)(' ('xplor('d 1)\' s('islJlolof.',\' !)('calls(' of hif.',h cl('Olist ic illlJ)('d,lll('l' COlli rasl alld cl('Olisl il

sc,lIlnillf.', ill o\'('rh·illf.', horizolls. Th('s(' illCludl' rlJ'('as cha)';l('I('riz('d In' s,dl. cl1rboIl1111'.

,111(1 \'()Inlllic Irl."<'rs (Colls1 rlbl(' ('I al.. 199 '). 11 is also f.',ood for f.',1'Ot !ll'rJllal ('xplo)';11 iOIl.

dl'l ('cl iIII-!, Illill('nd 1'011('1'111 ral iOIIS. porosil\·. alld f1llid pl'Ol)('rl iI'S ill I'Ocb (SilllpSOIl ,llld

l3ahr.200'j).

III 11ll' follo\l'illl-!, sl'cliollS sl'w)';d l'OJI('('pls 11('('('ssaIT for Illldnst,llldilll-!, III(' i\IT

1l11,thod \I'i111)(' lksnil)('d. 131 'f.', i II II iIII-!, \I'ilh Ih(' Ilrllllndh' S()\IJ'(,(,d l'Il('I'I-!,\'. its ('h,ml('-

I ('risl ics will 1)(' Iclid 0111 ciS 11'('11 ciS cl list of clSSUlllpl iOlls ,llld ,q>PI'OXillll1l iOllS II('('('SS,II'\'

for III(' lilill 11('111,11 ind all,lh-sis Ils1'd ill this 1JI('lhod. III ord(')' 10 Illld(')'sl,lIId Ih(' pll\'si('s

1)('hiJl(I :'\11'. th(' n'spOJISI' ill a "hOIlIOI-!,I'Il('OIiS half-sp,l('l;' (1111 l'arlh \I'ilh IIlliforJll 1'011-
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dllct i\-ih-) \\"ill 1)(' ('XHlllill('d_ I h('11 I"or ,I IHn'r('d or 011(' dilll('lIsioliHI (";IS('_ I"ollo\\"('d In

tll(' I\n) '1I1d Ilm'(' dilll('llsioliHI CHS('S_ OIlC(' the' IIl1d('rh"illl!. COIW('pts hHn' 1)('('11 pl"<'.

s('lIt('d_ dHtH HC</Ilisit iOIl ,llId Ill<' b<1sics of pron'ssilll!. illto til(' I"1"<'</II('lIn- dOlIiHili \\"illl)('

(!PsnilH'd" PillHlh" pl"<'\"iolls IIS('S 01" \JT for hnlroc<1rboll ('xplor,1I iOIl \\-ill 1)(' ('Xillilill('d

'llolll!. \\-ith H COIlP!P 01" CilS('S cOlllpHr,l1)l(' to the' topic 01" this tll('sis"

2.1 Sources

P,lrl 01" til(' ,111 nwt i\TII('SS 01" j\IT is its SOIIIT('_ \\"hicll is 11)(' Olllllipl"<'S('11i (\\"ilh SOIII('

d('I)('II(I<'II("(' Oil IHlitlld(') Hlld IIHlmil1ly nln-illl!.l!.('OIlIHl!.ll('tic fi('ld (VmmiL j()til)_ Till'

</1Ii1lil'- 01" th(' coll('ct('d dill,1 d('I)('llds Oil tIl(' I"1"<'</II('lIn- 11,llId !I('illl!. I'X,lIllill('d ,llId thl'

,1111011111 01" Hlllbi('lIt ('!Pct rOlIIHI-\II('t ic lIois(' I"<'sliit illl!. I"rolll IIIHII IIIHdl' sOllrn's_ T\-pic,l1h

I"1"<'</II('lIci('s I"rolll l'l('clri(";d StOrti IS_ \\"hich oculr 1"<'l!.ll1arh-" I",dl ill til(' I·IO~' liz r'IIII!.('

Pn'</II(']wi('s b('l(lI\" I Hz st ('III I"rOlIi hnlrolllHI!.II('1 ic \\"<1n's ill til(' 111<1I-\II('t osph('I"<' Hlld

iOliospll<'r(' (SililpSOII Hlld GHhr. 2(05)" AI th(' m"('rIHp of Ih('s(' tl\"() hnill('lln" nllll!.l'S

t h('I"<' is ,1 bHlld 01" Iml" lIi1t lind ('kcl roIIlH!!;III't ic HCt i\-it," cHII('d t}1(' ""dl',ld ZOIlI;" ill 0"1

102"0 Hz (Onllll!.l'_ 10 '0)" Th(,I"<' is ,dso Hllotll('r ZOII(' 01" lOll" pOlITr I"rolll 1000·2000

liz (VozoH". 10ti7)_ Th(' iOliosph('I"<' is H hig,hh- COIldliCt in' IHI"('r \\"hich l'xisls I)('C,IIIS('

PI"<'SSIII"<'S ,II"<' Iml- ('lIolll!.h I hHt iOlls do lIot I"<'COlilbill(' ,IS ill t he' lOIn')" iI1I110Spll('I"<' ,llld

iOiI 111I11J!)('r <!('Ilsiti('s ill"<' hil-\h ('IIOlIl-\h 10 Illililitclili H Sliflici('111 ,1111011111 of 1"1"<'(' ch'lrl!.l's

(SilllpSOII '1lIe1 G,dlr. 2(05)- Till' 11I,II-\III'lOSp!I('l"(' li('s Ollt sidl' 111(' iOllosp]I(')"(' 11-11('1"<' til('

EHrt II-s IIIHI-\II('1 ic h('ld Hlld ils illt('nwl iOIl II"il h 1111' sO!;lr willd 1-\0\"(')"11 11)(' ])('hm-iolll

01" 111,11I('r PI"<'s('11i ill this ollt('r iltillospll('ric ImTr (Siilll!.h ('I ,d __ 200.1)_ 011(' to the'

ilidill,ltioli 01" til(' EHrt h"s rotHtiollid <1xis tow<1rd til(' SIIII ,llld \"Hri,11 iOIl ill 1"1"<'</11('111".1" 01
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('kcl rind ~tOl'lljS tllnJllghollttlH' \'(,"1'. thl'n' is" s('"somd dl'IH'lld('IIC(' Olillillllr,d SOIlrCl'

SilTIIgl h which is g('IH'r"lh- t'lkl'll ill10 cOlisidl'r,,1 iOIl \\'hl'll pl,lllllilig :'lIT Slll'\'l'\'~

TIl(' SOlln"(' ill til(' IlPI)('I' "tlliospll('r(' is 'I cOlllpl('x S\'~II'1l1 of f-Iowillg pl'ISIII"S "II<I

f-1llclll,,1 illg illjllli of solar \\'illds (SililpSOII "lid Dahl'. 200S) l'OIIlIH)S('d Illosl h' of Ill'll

tnd hnlrog(,lJ "lJd Pl'OtOlJ~ (Siillgh ('I "I., 200.j) ,IS dl'picll'd ill Fig, 2,1. Sol,lr \\'ill<ls

r-lllclml1l' \\'ith III(' p('riodicil\' OfSIlIISpo1s, \\'hich follow '1IIll-\'l'ml,\'('ll' (Ldlill:kl'

2(01), ElIl'rgy is Pllt ililo tlH' SVS1l'lli ill tIl(' Illagll('tolliIIIS(' (10-12 Eilrth r,lllii (111)

Oil till' SIlIHHlrd sid(' (Siillgh d 'II., 200.j), This n('CII('~ " l'Olllhill,11 i011 of l'ililol ic 1)('-

h"violll' alld SOIlI(' londiz('d !)('riodic l)('h;IViollr. Fil'lds n';Il'hilig E"rl h 1'1'0111 III(' IIPIH'I

'1IIIIOSjlll<'n' h,,\'(' tnl\'('lIl'd tlmJIIgl1 hoth thl' iOllospll('n' ;Illd III(' ilisllLl10lT 100\'l'r ,11-

IIIOSpll('n', ;111('llllatilig till' \'l'rt ind l'OllJpOlH'lltS of ('Il'ct ric '1IId Illaglll'1 ic fi(,lds, l(,iI\'ilig

th('ir hori!:ollt,d cOIlIJHJII('llls (SilllpSOII alld B,dl!'. 200S)

A sphl'ric is all (']('clrolll"gll('tic illlJJIIlsl' OIigill'ltillg, frolll iI {'I'lsh of lighillillg,

which COlJsists of thr('(' to folll' dischmg,('s nJlII'd slrokl's ill ,I pl'riod of :20010300 illS

(\!o!:off, J!.J<S7) , SigWlls frolll spll('rics tnJ\'(,1 III(' \\,1101(' dist 'Ill<'l' arolllld 1Ill' glo))(' 1'10111

Ih('ir simi poillt (SilllpSOII alld D,dl!'. 200S), '111(\ OCl'1II' lOO-lOOO lilill'S l'\'('ry Sl'('Olld

world-\\'idl' (Vowff. J!.J<S7), Thl'ir Inl.i('ctOlv is COlli 1011('d hI' tIl(' illl('rL\('('s of hi).!,h

COlldllCli\'ity cOIltr"st 1)('1\\'('l'lI th(' Eml'h, 10\\'('1' atlilOsph('n' ;11 Il I iOllospll('n', \\'hich

pl'Ovid(' a \HI\'('gllidl', This is Ill('s'lllll' prillcipll'ofrdn\('tioll 'IS ill hl)('r oplics l'xl'l'pl

lllill IlI\WII 11101'(' (']H'I'g,y is 'Ihsorl)('d ,11 Ih(' illll'rf;\('(' '1IId tnlllsllli11<'d to th(' E'lrlh

SIl('II's Iilw shows t h(' ;1IIg,ll' of plOp'lg,!i iOIl illtO III(' E'lrth (SililpSOII ilI\(ID;JlII 200S)

(Sl'(' Fig, 2,2 I'm l'xplallil1ioll)
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- -- - L!(-:..~~-:-::if-f.".\~Plas,masphel'e. EILF

-~~!/~Z};3~f~~~~:~t~\~~~__~
2.1: JlhlSII'e1tioll of illil'I'e1Ct iOlls of SOleiI' willdjnldieil i011 Il'itll I Ill' Eml Ii's IIlelg-

fil,ld, Tlil'sl' illtl'nll'tiolls prodllcl' l'1l'l'trolllelglll'i ic WeIVI'S wliicll ill lei 1'12,1' pellt e\l('

clielot ic 1>111 lim'I' SOIlIl' 10C<1Iizl'd !)('I'iodic !)('lielviolll'. FI'l'l!IIl'III'\' nlllgl's e\l'(': i\IF OJ-J
i\IHz, LF JO-JOO kHz, VLF J-JO kHz, ELF J-JOO() Hz. ULF <J Hz. LHTI ,111l1

UHH sl,\1Il1 fol' "lowl'1' hyl>l'id I'l'SOllelll('('" eilld "IIP])('I" livlnid ['('SOllellll'I'"

;ll1d I>oth I'l'sidl' witliill thl' VLF I>ellld (Vowfl 1~1j7). Aftl'l' Vowff (J!)Ij7) COII'II'1

(2007)
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Piglln' 2.2: D('pict i011 of SII(,II simI' ill rllTord,III('(' II' it II I'q. 2.1

TlIl' COIIiPOlI('JII of t}1(' POI'III illg l'l'dOl (8 = III/liE x B (Grif-lil lIs. 1~)l)D)) rlssoci

,Jil'd willI sigllrl!s p,lssilig tlIrollgli til(' illtnf,wI' is Ill'rldv v('rticrd. Sillc(' E ,llid H ,Jr('

IH'qH'llllicIIIHr 10 tlIis \'('clor. III(' ('I('clric rJII(IIIIHgll('lil' fi('lds [-llldl"lll' ill III(' IIoriZOII

Iril pl,lIll'(giv('1I110Irlt('nd vmi,Jiioli ill (,(JIIdlidivitv). llillIis\\',ll'II',II'l's,Ji 1!l('sllrf,J('('

,llId ill tlI(' EHrtli h('IIrJv(' rlpproxiIlIrJi('\.I· 1111' Srlllll' HS I}I(' plilll(' \\',IVl'S origill,Ji illg ill

III(' 11I'lglI('losp]l('r('. Till' Ei\1 WHV('S rrolll hot II or tll('sl' SOll!'l'('S II,II'I' ,I din'cl iOIl of

proprlg,Ji iOIl wlIicli d('viHt('S 1'1'0111 III(' v('rl ind hI' rJl IIJOst I or 2° (SilllpSOII ,llid l3,dll

2()()S)



2.2 Theory Behind MT

2.2.1 Assumptions and Fundamental Equations

POI I he st IHII' or 1\IT ,I SI't or ,ISSlIlllpl iOlls is prl'SI'lItl'd ill Silllpsoll iliid l3i1hl (200S)

• 1t is ,ISSIIIIH'd Ihill t'hl' E,lrth is IIO! 'I SOIIIH' I'm E1\1 l'IH'lgV illHI 011 II' ,iltl'lIl1,ill'S

• SOlln'l's IIIHV 1)(' tre,ill'd 'IS IIllirol'lll sll('el sol' CllITell1 gl'llenlt illg plillH' pO\;lriZI'd

\\',IV('S IIledilig the E,lllh's slIIr,j('e wilh Il0nllil] iIiCidl'IICl', Sliell's ]'111'. I'lj, 2.1,

ShOll'S hOlI' t'his is Illosllv 11'111', This ilSSlllllptiOlIIlI'II' dl'lI'lionill' ill til(' I'ljII ,iI01

'Ilid poles,

• Thl'rl' is 110 '11'1'11111111,11 iOIl or ch'lrgl' ill 'I OIH' dillll'llsiOlliil Eilrt II CII<1lgl's hllild

lip ,1I2D 'lilt! JD ilihOlllogelieilil's,

• The ljIliISi-st,1Iil' 'lppl'Oxililillioll Illm'])(' IIset! I'm f!nI!H'IWil'S ch'lI'iH'll'rislil' 01

;'lIT

III I II(' 11!1'ISi-sbilic lilllit: rJ » (W (rJ is COIlt!IIClivii,v, ( is IH'rlllil I il'ih', w is <111/2;11\;11

rrl'ljIH'lln'), which is opposite till' dil'II'I'll'ic lililit (Vowf'!', EJt\7) , FOI1\IT IIH"ISlIrl'IIII'lli

rrl'ljlll'lwiest]I('H']IH'itYorthe E.\lwilVI',IPIH"IIS illhllitl"lIHIIIII'lil,lds rollow'l dilrIlSil'I'

lH'h'II'ioIlL Allot]1('1 cOllseljIH'IICI' or till' 11!1'ISi-st'ltic lililit is tll,illll'lgIH'tic fields 1'1'0111

displ,wI'IIH'lIt CIIITI'lltS IH'COIIII' Il('gligihle (131'ldichl'vskY ,lilt! Dlllill'il'l 2(02), Thl'

p!ll'sics or the l\IT 1I1et hod is gOl'I'rJled hI' .\1'IXIITll's l'ljllHI iOllS



:--hIX\\'l'U-S equ,,1 ious ill I II(' I iUll' d01I1"iu Il'il hilI(' qUilsi sl<iI ic ,Ipproxilllill iOIl ,II"('

ilsl"ollo\\'s:

V,D=fiJ

iJB
V x E=-

iJf

V·B=O

V x H=J

(1.1)

(Ll)

(1.1)

1I'II('I'e E is III(' 1'!I'cll'ic held, B is I II(' IIlCl).',lIet ic fil'ld, D is III(' l'lecl ric displilCl'llll'lll,

(ir is I he I"n'l' ch"l'ge 1!<-lIsily, H is til(' 111<1).',11('1 ic illiellsilv, ,111(1 J is til(' CUIT1'111 dl'IISitl'

To l'OIII'I'rl IllI'SI' I'lplilliolls iuto Ihe I"n'ljUI'll('\' dOlll,lill jH'I'I"OrJll ,I F01ll'iel' I l'il I lsl"llI'lI I

F(w) = .1 F(t)I' 'w'df (l,G)

1I,IH'n' F is il gin'lI I'('Ctlll' 1"1I11l'1ioll, i = .;=T, The F01ll'il'l' tnll1sl"orJllS 1"01' Ihe 1,11'l'1l'ic

ill 11 I 11 I il).',1 1('1 ic CClUSS'S ICl\\'S (elj, 2,2 Clud 1,-1 n'sp,) ill"(' I ril'i,,1. HOII'l'I'l'l' I hosl' I"IlI

"Iso he S{'('II ill EIrl'lmlllOl/I/I'f/!'s hy 80tlllwli illld Clolld (2001)) Fn'ljUl'III'\' dOlllilill

l(V x Ell '",;'df = l-~I '",;'df

IlIt1'l-"l'iilill).', the l'i).',ht-lli\lId sidl' ))\' pill'ls 11'1' ).',1'1'

V X .1(E)(' '-"'df = [Be '-"'I"" -](iuJ)Br' '-"'df

V x it = -iuJB (1.1)

JO



P(,I'I"Ollllillg '1 PO\ll"i('1' IT'IIISI"OIlIl 011 til(' g;('III'r,1I I"orlll 01" AIlIPl'I'(,"S 1<1\\" I"or lilll'ilr IIl('diil

(D = FE) (Griffiths" Em!)) g;i\"('s th(' l"oIIO\\"illg;

/

:x:' _ JE
\7 x (H)c-,w1rll = J + f-

" J!

Thl' sllbstitlit iOIl I"or CIlITI'1I1 dl'llsitv is III'HI(' \\"ilh Ohlll"S 1m\""

J = aE"

"lid g;iVI'11 t belt f'Hi' = -iWfE" W(' nlll writ('

\7 x H = (a - iwr)E

(2~)

(:2 1))

Thl' 1\\"0 C<lIlSS 1'lImi1iolls look silllilm ill both tilll(' <111(1 1"["('1111('1 In" dOlII<lill" Ililid-r('ct('d

ill I"orlll by t1](' Fomil'r tl"ClIISI"OrJll. \\"ilh charg;(' d(,lIsih" I) \\"Ilicb is til(' SIIIII 01" I II(' !"I"('I ,

\7"E=I)

\7":8 =0

(:210)

(:2.11)

Th(' COlllp!I'X ratio 1)('1\\"1'('11 tll(' hori:r,ollt,d I"OlllpOIII'llts 01" E 'Illd H is ddill('d 'IS

til(' illljH'd'IIWI': E = ZH" Thl' illljH'd'IIII"I' d('I)('llds 011 til(' J"('sist i\"it\)COlldllct i\"it\"

slllwt 11I"(' illid th(' I"r('IIIl('IWV 01" till' ilwidl'liI wavI' This tl'IISor is a :2 x :2 I"OIllpl('x

wllll('d 1IICltl'ix v'lrvillg; sp,i1iallv <llId ill !"I"('lIll('lIn"
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2.2.2 Homogeneous Half-Space

III il 1i01l10).',('!1<'0IiS li,df-sp,lC(,. III{' illlj)('t!illl<"(, is ).',i\·('11 1)\· ( 'ilIiPSOIi 'lilt! Billir. 100S)'

(1.11)

1'0 is 11i(' P(,rtll<'ilhilil\' (<lSSIIIII{'t! 1(1)(' 11i'11 of fl"<'(' SP'lC('l- 1111<1 (J is tIl{' ("()Il(liwli\'il\'

of 11i(' Ilidl~sP'lC(' \\'itli Z ..... = Zyy = 0 1111t! Zy... = -Z..y. : is positin' \"('rlindh-

t!()\\"l!\\·,mls . .'J is posili\'(' 10 11i(' ('<lsI. 1111t! positin'.r is 71/1 nlt!iiliis ('Ollllt('r-c!o('!\\Yis('

(1()\\'i\l'(ls tli(' 1101'1 Ii) ilS sliowlI ill tli(' first st<'p of ri).',,?? TIi(' nllio t!('p('lIds 011111('

r('sisti\'ilv as follows

J 1£"1
1

(l.Ll)~ Ii"; =f!

\\,11<'1"<' fl is t Ii(' I"<'sist i\·it\· of t II<' liidl~sp,lC('. d('pi('1 ('d ill Fi).',. 1.0 TIl{' pli'ls('. (). is

p

2.0 O('pi('tioll of r('sisti\·it\·. fi. ill 'I 1i01110g('11<'0IlS Ilillf-sp'I<'(' C'ollsi,.;I('111 lI'illl

1.-1.10.1.7

III{' pllils(' diff(,!"('!w(' 1)('1\\"('('11111{' 1Ill<llIlillill).', (,OlilpOII<'llls of III<' (,I('dri(' illid 111'1).',11('li(

01



or III(' illlj)('dHlj('I' t('lIsor r('sp('('liv('I.\ Th(' phas(' ill ,I h,drsp,I('I' or IIl1irmlll r('sisli\'il\'

is r,')= 71/-1

Th(' 1'<,lalioll I>dw(,(,11 til(' ('ledri(' fi('ld, Illap;II('1 i(' fi('ld, ,llId !'JI'qll('III'\' is

H= ~tl X E
j'o"'"

(:2,J-I)

1'01 a plalll' \\'aVI' ",hl'I'<' A, = ~(i + 1) is th(' ('olllpl('x \\'<1\'(' llllIlJi)('r (131'rdi('hl'\'skl'

,llld Dlllill'il'v, 2(02), tl is ,I IIl1il \'('('101 ill Ih(' dil'('('1 iOIl or H, Th(' illlap;ill,Ir\' pOll iOIl

or A, p;iVl's th(' pl,IIII' W,IV(' H dl'I',I\'illp; l)('h,lviolll' wil h d('pl h illio th(' Eml h, TIl(' skill

d('plh is ddill('d ,IS thl' d('pth at whi('h th(' ,lllIp!ill1d(' or ,I \1';1\'(' lI'i1III,I\'(' 'llll'IIII,I1('d

10 ll(' or ils \',Jilll' al 1]1(' Slll'r,I('(' This is ,lI'hi('v('d wh('lIlh(' d('plh is'

This ('xpr('ssioll shows 111<11 tIl(' d('pl 1101' 1)('lldnltioll drops lI'illl ill('I'I',ISillP; rl'l'qlll'llI'.\

As ('oll(hwl ivih' ill('J'('asl's th(' ('I('dri(' fi('ld 1I1()\'('S p,lrt i('II's mOlllld 111m", ,111(!IIIOI'<', I hilS

III(' El\1 fi('lds los(' slr('lIp;th rrolll ('II('I'P;V loss IllovillP; I'h(' 1'll<lrp;I'S, Hip;h('r rl'<'qlll'lwil's

III()\'I' 111('s(' p,lrti('l('s arOlllld IIIOl'(' qlli('kly, ,Jiso nlllsillp; ill('['('asillp; a111011111 or ('II('rp;\'

loss

2.2.3 ID Earth

TII(' 10p;inJi proP;I'<'SSiOiI ill l'OIllpl('xit\' 1'1'0111 ,I hOIIIOP;('II('OIIS II,drsp,J('(' is ,I OIl(' dilll('II-

SiOII'11. i,(', a 1,1\,(,I'<'d, E,lrlh (S('(' Fip;, 2,-1), 111 Ih(' 011(' dilll('llsiomJi ('<lS(' 111(' illlj)('dall('('

1('lIsm hilS 01111' 011(' IIl1iqll(, (,OlllpOII('lIt, Z,y = -Z/JI' (\lelrl i d aI., :200!))

Th(' Ilnlz v('dm is a v('('lm potl'llliallls('d 10 dl'sITil)(' bolh th(' E <llld H fi(,lds

JJ



p.

p,

Pigll1"(' 2.-1' Dl'piclioll of J'('sisti\'il\', fi, ill ,I JD IlorizolltHII\' I<I\'('J'('d EHrt11

ill H st rell ihl'd 011(' dillll'IlSiOlled Eart Ii, 'IS SI'l'll ill C'<lglliard (I !)'J2)

H =-17r\7 x II (2,1(;)

(211)

SiIlC(', ill 011(' dilll('IISioll, II is pJ'Oporl iOllal to E, t Ii(' fil'ld r('lal iOllsliips \\'illiill 'I gin'lI

1<1\'('1' IH'I'()III(' (C'agllimd, 1!)'J2)

---.,.---,- -r,fOvJ/l/lu,,= () (2 I?')

(2.I!J)

III I Ill' eIIIIIOSplll'J'(' l'Olldllcti\'il\' is elSSllllll'd to 1)(' drl'cti\'('I\' Z('I'O, Tliis J'('slIlls ill llil'

S('I'Olld spelli,d dl'ri\"lli\'I' 01' E,. l)('illg 111111. lilililillg 1111' cliallgl' ill (,!l'l'tric fil'ld ill 1111'

'IiI' 10 'I lill('ilr OIl(' \\'illi till' IIIHgII('tic fi('ld ('Ollstallt, 111 I Ill' \'('1'\' !lollolll 1<1\'('1' \\'(' lim'('

,I !lOlllldell'\' cOlldil iOIl I Ii ell t 1)(' fi('lds disaplH'ar ell X. Tliis IIla\('s S('IIS(' SillCl' \\'1' 11<1\'('

J..j



,111'('<1(1\" aSSlllll<'d th'11 th(' Earth ils('lf is lIot !!,('II<'r,Jlill!!, \\"iI\'('S, 0111\" dissipatill!!, tll('lI).

r\ s('('olld !>Olllld'lrI' cOllditioll of <I cOlltillllOllS 1IIa!!,II('tic h('ld 1,1!!,('llti<l1 to III<lt('ri,d

(1<1\'('1' or !>o(h') !>olliidari('s ,dso appli('s,

p"

Fi!!,lI),(' 2,5: Carl 0011 of <I tm) Im'('I"('d Earth \I'ilh r('siSli\'iti('s fll ,111<1 fl~ for III(' lIPIH'1

'lild 10\\'('1" I'lvers )'('Sl)('clin'l\'

JII ,I tm) I,)\'(')'('d Earl II (d('pic\('d ill Fi!!" 2,5), t h('s(' fi('lds, oscill,JI ill!!, illio dill'(')'('111

liI.\,(,l"s, 11011' S('(' two difl'('r(,111 )'('sisliviti('s, This c11i111!!,('S 110\\' til(' r('sisti\'it\, looks fmlll

,d)m'(' frmll Ih'd for 'I 11011IO!!,('11<'0IlS h,df-sp,)(,{, \\'Ilich is SIIO\\'11 ill ('q, 2,1J, \\'(, \\'ilillot

d('I('('\ fil or fl~, 1>111 \\'ill ol>laill SOIII(' illt ('1'1 I l('di,JI (' \'<1111(', fl", This qll,llltit\' is (',dl('d

J'J



I lie ;lIlp,lITIII resisli\'il.\', p;in'lI ill Vm~ofr (J!)87) as

I
(1.,..'/=

I'w
(2.2ll)

1',1C1i I;\ver III(' iIlCidl'lIt· HlIctml1ioli SI'('S, III Olle lililit \\'lilTe tlie skill dept Ii d('C\(';lSI'S

to less tliall tlie tliicklil'ss of tlie top!,l1er. III(' ,Ippmelll resislivilv willll'lld IOIl';InI

(II' JII 111(' otlil'r lililit 1I'll('re w drops ,1I1d 1111' !)('llelrel1ioll dl'plll \(';ICIII'S fm 1)('voIII!

I Iiat Iliicklll'ss,lilll,j->oc(J" =112

2.2.4 2D and 3D Earth

1111111' 11m dilll('lIsiomii C;lS(' (SI'I' Fip;. 2,(j) till' illlpedmwl' I elisor II,IS 11m 1llliqlll' COlllPO-

111'lItS, Z"/I =f Z//,., 'IIII!. 1l'llI'lltlie coordimll('svstl'1I1 is ,ilip;lled Il'illi P;1'1)('II'clric strikl'

Z,..,. = 2.'//1 = II (l\lmti d ,ii" 2llll!)) , 111 tli(' tlll('I' dilll('llsioll;iI C;ISI' (SCI' Fig, 2,7), ,dl

COlllpll'X illll)('d,lIwI' COIllj)(JlI('lltS ,In' IIOII-Zerl) (l\lmti 1'1 ;iI., 2llll!)) , 3D Illodellillg 01

111;lP;IH'1 otellmic data call 1i,IV(' severeil ,Idvalll ;li'/'S over 20 IIJ(J(!(,I Ii liP; of d,11 ,\ (Siripllll-

V;Il"'IIJOrJ1),Firsth·, I lie Emili is tIIn'I' dillll'IISioll,iI so tliat 3D 11I1)(11'llillg j'('presellis

III(' Il'Il('sl forlli. Secolldh', tll('re is 110 reqllin'lIlI'll1 10 Illake all ,ISSlllllpt iOIl ,I!lolll

sl rike direci iOIl ill 3D llIod('llillp; as opposed 10 2D 111I)(lellillg 1I'IiI'\(' I II(' respollse II111st

1)(' sep,ml1l'd illio Tl\J alld TE Illodes ,dollp; slrikl', Hip;ll('r dl'p;\('I'S of f\('edOlII ill :10

IIIOdl'llillP; allow tli\('I' dilll('llsioll;I! fl',I1IJr1's 10 1)(' plm'ed 1I'lie\(' tll('v !)('lolIg, illsll';ld

of2D Illodellillp; Jl('('dillp; to p};ICI' fe,l1l1\('SOII profill', Skl'II'illp; 111('ir 11'11(' c\i;Ir;lCler ;11111

!onl1ioll, Additiomillv, lIll',ISm('III1'111 sili's do lIOIII('ed to 1)(' projecled 01110;1 slr;lip;111

lilli' 11lI1 nlll 1)(' 1I10delkd ill pl;1('I' 3D IIIOdl'llillP; is, 1i00IT\,('r. IIIO\(' l'OlllPllt ,11 iOII,I!h

J(j
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1,lxIIIg

2.3 Data Acquisition

TlIe Im'ollt of ,Ill i\IT sit<' llsmillv II,IS 'I 1I00t II-soill II ,i1iglled 1,leetrie dipoll' '111d 'III 1"lsl

\\Tst eleetrie dipole to 111C'HSIIr<' tIl(' I\m IIorizollt,i1 COlllpOIII'IIIs of tIl(' 1'11'1'1 ric hl,ld,

Sitl' I'lvollt Hiso ilw]lldes fillxg,J1I' lllHgllelollll'tn or ilillIw!ioll coi}'; to 1111',ISllJ'(' ,ill t 1111'1'

COlllpOIII'lltS of tlIe 111,lgIIl'tic held (see Fig, 2,1) ,llld 2,D), III III(' NeclI'lko D'ISili Slll'\'l'\'

I>rwl(ll>'lll(l illdllclioll coi},; wI're IISI'd ,IS discllssI'd ill 41.J,1. TlIe v,II'\'ilig l'OIllI)(llll'llls

of tlIe helds ,llT III1'HSlll'l'd ,1S tillll' seril's 'Illd stmed Oil lo(';J1 iOIl llill iI 111I"ISIIr<'llll'lll is

filiislIed, Ollce tlIe 1I11',ISll]'('III1'llt willdow is dOII(', tIl(' d,lla ,I]'(' colll,I'tI'd for pl'Ocessilig

1'1Oc('ssil1g illvolves llsillg FOllrier tnlllsfol'lllS to brillg III(' dHtH 1'1'0111 ,I I illll' s('ril's

illto 1111' freqlll'lln' dOIllHili ,lIld solvillg for the illlJ)('d'IIWI' lelism (,I<'III('llls, [jol>lIst

pl'OcI'ssilig alld ITIIIOt<' rdnellcillg; tl'l'illliqlll's ,Il'(' Ils('d ill mder to lilllit lIoisl' 1'1'0111

SOII1C('S other thHIl Ihosl' llsed ill i\IT (SilllpSOII ,llId DHIII'. 200S: Vm~ofl. IDSI)

2.4 MT in Hydrocarbon Exploration

i\IT II'IS I)('ell ill(TI',lsillglv IIsed ill re('('lIt de(,;lIles I'm hvdl'O(,;lrboll explonJ1 iOIl TIl('

IIl('thod h,IS ))('('11 Iised ,IS H J'('COlIIiHisSHIII'I' 111I'lhod to pl;111 seisillic SIII'\'I'\'S '111d 'IS 'III

,lid to procC'SS seisillic d,ltH 1I10lT eli'el'l i\Th' (Ullsworth, 200S), i\IT IIHS \)('1'11 1'llIplll\'ed

ill I'Oligh topogr'lplIv dill' 10 tlIe pmt,lbilitv of Ihe eqllipllll'III Hlld its 101\' COSI \\'hl'll

l'OIll1lHJ'('d with seisillic HCqllisitioll (C'hristoplll'lSOIl, IDDI), Tllis \'('rs,I1ile Sllr\'('\' (';111

,i1so prOl'ide COlliplilll('III'lr,\' il1forlll,J1ioll 10 Illitig;,J1I' '1IIIbigllilil'S dlll'ilig gl'opll\'sic,i1
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illll'l'pn'IHlioll, Its Pl'iIlIHl"\' clpplinllioll ill h\'dl'oCHl'iJOII CXplOl'il1ioll hils 1)('('11 ill ill'('ilS

11'11('1'(' sC'islllic diitH is of pOOl' Cjllcllil\' (UIISWOl'lh, 2llllS) , l\lcll'ill(' l\IT IHls itiSO 1)('('11

n'('('IIII\, il\('!'c'clsillg;h' Ils('d ill h\'dlOCill'iJol1 ('xplonltiOiI. J);II'I iClIlill'h' ill till' Iilsi dl'l'ild('

2.4.1 MT for Hydrocarbon Exploration in Russia

l\llssicl hclS 1)('('11 ill th(' forl'fl'OlIt ill Ih(' lISI' Hlld dc'v('loplll('liI of :--IT for h\'dJ()l'i1 1'i)()1 I

('Xploriltioll \I'ith lllll l\IT n('\\'s cl('l iv('h' nplorillg; Ih(' g;1'('HI ('XpcllISC' of Ill(' ussn

dmillg; 1h(' IV7(j's, i\IlIch of this plOg;n'ss is 1101 OIH'lilY ill'ilililiJl(', Iliit Spi('s (J!)~J) hilS

['('!ecls('d SC'V('l'cti l'iIS(' sllIdi('s ill HlIssiilll oil fil'1ds \I'IIC'I'(' El\1 111('1 hods hilv(' pl'()\'c'd 10

iJ(, lIs('fll!, TII('s(' ilJ('llId(' H firsl \I'ith cl Icl\'('1' of Silll(l illld elm' 1I11d('1' lillic'stoll(', Illill'\.

cilld clm', il secolld of H Sillt dOIlIC', cJl1d cl third \I'ilh illl iliiticlill(' IIHld(' of clm', siltstoll('

Cjllill'tZ, cilid lilll('stOIIC' (Spic's, 1!J8J), Spic's (l!J8J) cOlJ('II\(I('s Illil1 E1\1 111('thods sllch

ilS l\lT H['(' lIs('flll ill id('lItifvillg; SIIlJ('llI[,('s of illt(,l'('st to oil illl(! g;i1S COlllPillli('s, Iml

itiSO slil1('s til(' illdllc('d polmizcl1iOlI 11l('lhod lIlily 1)(' Ih(' IllOSt ('tl'('cliV<' of Illis filillih'

2.4.2 Case Studies for MT in Hydrocarbon Exploration

Onllli',C' (1!)8!J) ctlsod('lilils sl'V<'nti c'xc'lllplmY sitllCiliolls \I'II(TC' 1\IT IHIS 1)('('11 Pc1l'ill11011111

ill hvdwcmiJoll ('xplonl1 iOll, Th('s(' ('Xcllllp!eS, \I'hich kl\'(' IH'C'II stl'ipp('d of g;c'oi2;rilplli~

l'itl illfol'llliltiOlI. IISC' l\IT HS Cl ['('COJIIIClisScllJ('(' too\. \1'11('['(' il is lIsc'd 10 OiJlilill il pl'('lilll~

illiln' dc'snipl iOIl of f('il1 Ill'es SlIi',i',('stc'd 1)\, g;rm'it.v illld Illilg;Il('1 ic illlOIIHtli('s, S('isllli(

SllrV('\,S 11'('1'(' Ihc'll plilllll('d iJcls('d Oil th(' l\IT l'('slIlts, Th(' SC'('OII(! CiIS(' ill Ol'illli',C'

(J!)~!)) illvolv('s clll Cln'H willi VOICilllic cov('r which \I'clS iJlilldillg; Ill(' s('isillic I'dl('clioll

11l('lhod l\IT \I'ilS lIs('d 10 Il'cl('l' kllOl\'11 n'sl'ITOil' IllIits 1111d('1' H 1II01111iclill nllli',(' follo\l'~

-II



il1g ilHlicators 1'1'0111 gravilv '\Ild 111,lgllel ic dal'l. The illtel'pl'et ,11 iOIl of til(' illl'('l'siOII

IlIode]s produ('('d frow the l\lT data ShO\\Td a f,HIIled sedilllellt,Il'\' IllIit cOlltillUillg

ulldel' III(' IIloulllaill alld this illt('l'pr('(,lIioll was su("('esshJ!lv sui>slal1ti,lled 1)\, dl'illillg

The third ('xaulpk is ,I thmst i'ruJ!t proi>I('1I1 ill which drillillg ('II<'Oullt('n'd ,III 1111('011

fOl'lllity which cOllld either 1)(' expl,lill('d i>va thrust I'mII I 01' ,I 1,J('k of I II<' :\I('so/,oi(

pot('llti,t1ly h,nlrocari>oll i>emiug, rocks, l\IT W,IS used toclHrifv Ill('sui>slll'f,I<'(' struc

tme ,uld IlIClke the decisioll w1l('t]1('1' 01' 1I0t to ('OJltillll<' drillillg, The l\IT n'slIlls

suggest('d H Ihrust faliit situatioll, cOllfil'llled ill the sui>S('(!lI('llt drillillg, ill \\'hich til<'

P,t1e()/,oic seI!U('IIC('S hm! 1)('('11 thrust ovel' Ill(' l\lesowic n)('ks (Ol'<llIge, ]m\!J)

2.4.3 MT in Papua New Guinea

III P,qlllCl N(,w Guill('a a large l\IT smvev WHS used hI' Christopll('rSOl1 (El!)]) to filld

t1](' d('pth alld thicklless of Dm'li liuJ('stOlI(' ill the P,lpll,lll fold 1)('lt (S('(' Fig, 2,10)

III Hddil iOIl 10 the s('iSlllic illlpedilll<'llt of nlri>ollClIes Hlld foldillg, I II(' (opognqlll\' 01

Ih(' me,1 vmied frolll 0 10 5000 111f'tn's ai>ove se,l level. TIl(' isl,lIld \\',IS i>1,lIlk('l<'d ill

500 J\IT statiolls 011 :32 profiks wilh ,I sit(, spacillgs of l)('t\\'('('11 400 ,uld 2500 III

Tll(' Dm,li lilll('stoll(' is EO('('II(' 10 l\lim'('II(' ill ag(' Hlld ('xt('llsiv('h- fold('d ,llld

tlll'llsl('d, UlI(lerlvilig tIl<' up to WOO III of lilllest()]I(' is ,1 Illid-J\jeso/'oic clnstic deposil

which is up to 10 ()()O IU thick Hvdronll'llOli t['nps HI'(' provid('d i>\' t 11(' ('OlllpiJ'X

foldillg ill tll(' ,ll'{'H

Th(, dHt,1 'N('['e iUIf'rprf'lf'd with a 2D fillite elelllf'11I solv('r \\'hich illcluded (opog

nlJlhy ill ol'del' to filld the i>,IS(' of the D,mli liI11f'Stoll(', Th(, ('()]l(h}('li\'ilv lllodel I hnt

W,IS produ('('d for olle of Ill(' slll'vev lillf's is showli ill Fig, 2,1], TIl(' npproxilll,lIe
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Jo..,dioll 01" 1111' i1llli .. lilu,JH'JO\\, tIll' J)'lrili lillH'stolll' lI'i1" S('('II dllrill)..', 111(l(kIJillg 01" I Ill'

1111"l'l"siOII J"('SIJitSillld illlnpJ"('lillioll Ol"OIU' prolil('ol":-'ITsllrlT\' illl';qlll<l

Cllill("l. I"rolll C'iJrislOpll<'rSOII (!!)!)J) J"('sisli\'il\' 01" I)ill'ili Jillll'slolll' is

2(J{J-2 rl(JS211I.'lllticliIU'IH"lkslH'IU'i1IIIStillioll2. ol"J)ill'ilillig!l<'sIJH'lolI'sl;llioll

:\
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2.4.4 MT in the Parana Basin, Brazil

TII(' IInIW(,iIf!>Oll l'xplor,l1ioll sitllClfioll ill III(' P,lI,llIil !>Clsill is l'l'rv SillliLlr 10 III,II

of 1II(' N('('IIako !>,Isill, D('posit iOll OITlIn'd I'Will till' Tri'lssi('j.1urClssi(' 10 III<' E,lrh'

C'II'I,IITOllS ,11Id tlI(' !>asill is on'd,lill In' 11I,lssil'l' fiood !>,lsCllts (sl'I'olid 1,lrgl'st ill 1111'

wOI'ld) (i\]I'III'I:I'S ,1I1d Tnlvclssos, 2(10), TlIis volc,lIli(' l'OVI'Iillg Cllld til<' ,lIld('d dilli-

('1111 ii's r('slIltillg fl'<llll 1'lll'iwIIllll'lltal issll('s illllI(' dl'linl1(' rClill fOl'I'sl l'I'OS\'sll'IIIIII<lkl'

SI'iSllli(' ('xpIOl',l1ioli pro!>II'IIIClti(' (Fililo 1'1 ,d .. 200S), 1'11<' m(',l is (,olll,lillS a!>lllld(,lIl

di,IilCISI' dik('s allli sills II'IIi('II prOl'id(' Illigr,ll iOIl alld trClppillg 1l11,('II<lllisllIS ill 1111' ,11'(',1.

Cllld 11111S m(' illIJH)rtallt ('xp]onl1ioll Img('ls, Drillillg ill tlIl' SHlI P,lldo SI,I1I', sliglIlh'

1101'1 II 1',ISt of till' stllch' HII'H, slIow('d oil ,lsso('i,I1I'd Il'il II 111I'sc' dikl' sl'sl ('IllS ,11Id t IlI'il

slllll'l ural IliglIs, Hvdl'O(,Hr!>olls ill till' r('servoir l'O('k m(' SOllllTd 1'1'0111 1111' Perllli,111

1nl1 i fOl'lml1iOlI witll 111',11 fW111 IIIag1l1 ,I tis II I oCTllrilig 1',1. 13S-127 i\lcl (.\II'III'I:I'S ,11111

Tr,lvclssos, 2(10), Stlldy of IIII' !>,Isill is IIlCldl' I'VI'1l IIlOl'<' diffi(,lIlt !>v III<' 1,lI'k of pll'I'i-

OllS l'xplonl1ioll it (,olllprisl's II,dfofllI(' 1I111'xplor('d ollsIIOl'<' sl'dilllc'lllm\' II)('k \'OlIllIlI'

ill 8rCll:il

i\](,IlI'I:I'S alld Tnll'assos (21J10) nllTi('d 0111 ,III i\IT Slll'\'l'I' alToss I III' P,mlll,; 8,lsill

(SI'I' Fig, 2,12), TII(' i\IT dal,1 (,ollsisll'd of Hi 1'C'1l1011' rC'i'erc'III'('d i\IT sill'S, (,lIllillg

,IITOSS 170 kill S\r-:'JE o\'(']' III<' POlllH GI'OSS,I AII'II. ,llld IH'IIH'lldi(,lIl,lr 10 IIII' gl'o

1,I('l'Iri(' slrikl' II'IIi('II is pmall<'l to IIII' IIICIglI('li(' 111'1111 of 1111' dikl' SW,IIIIIS, TII('s('

d,I1,1 11'1'11' 1111'11 pl'O('I'ss('d Iisillg 20 II'IISOI' dl'(,OlllpositioIIS ,11Id 1Ilolklll'd Il'itll ,I fillill'

1,11'1111'llt fOl'\vmd 11IOdl,III'r alld ,I 20 SlIlOOt II illVI'rsioll, Till' illVI'rsioll ,lIld l'ol'\l',lrd

IlIodl,III'r lIsc'd 20 fl'<'CjIIl'llI'i('s ill III(' r,llIgI' 100-0,001 III: Il'itli ,I 100 12 III kdf Sp,II'I'

,IS 1111' sl,lrlilig IIIIHII'1. Fig, 2,1~\ SIIOII'S tlI(' 1IIIHkl (,ollsllIlI'll'd !>v III<' illvI'rsioll. TIll'



forwmd 1I10dl'll('r W,IS IIs1'd to {('si I Ii(' IIIOd('1 'IS w('11 'IS cli('ck I iiI' cffl'cl Oil Illl)(!I,1

fil111'SS of 'Hldillg 1'('rli1ill klIO\\'11 gl'o]ogind fl',I1l\l'('S, [1I1('rpr('l,l1ioll of lli(' (1<11<1 \\"IS

('oilsirilill('d \\'jlli 'I \\'(,11 log iIlld 'lir!Jol'IJ(' 1I1'lglll'1ic d,I1'1 (Sl'(' Pig, 2,J~I). Till' di,d"ls('

dikl's '1I'l' l'SSI'llti,d to till' pdroll'llIll S\'Sll'lll of 1Ii(' Pm'lllcl !Jilsill (Pillio ('I,d .. 200t\)

'11Id, wliil(' [\1('1J('z('s 'lIId Trm'i1ssos (2()]O) l'slilll,l1l' lliill 11i(' ml"1 is JD ill llilllll'l', 111('

,1111 1101's ]ll'li('\'I' tIll' 2D IlIod('ls 'H'I'llrilll'h' d('snilll' 1111' firsl ordl'r sll'Ill'l llI'l' ill III('

SIIIISlIrfm'l'

I
i'20000

o 20 40 60 80100 120140 160

Distance (km)

2,lJ lll\'('rsioll r('sl1lls for I iiI' llPP('l' cjO kill of [\11' Sllr\'I'\' ill l'm'llli] 13i1Sill

([\[l'II('ZI'S 'lIId Tnl\',ISSOS, 2(10)
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III11'ljll('tatiOlI (OflljlIH'I.J kill) ofi\IT iIIV('lsiolll('slIlts illl'ill',lll,iIJ,lSill

(i\I('III'/'('S clild Tnlwlssos, 2()]()), ],,:1101\'11 Inlsalt olll('['ojls illl('ljl]'(,t('d ,II til('

sOlllh w('st ,llld 1101'111 ('ast ('lids of th(' jllofili' thill C'l'I'iltl'I'OIIS s('dilll('lIt OI'I'IIiI'S ,I

('('III nIl I)()dv of S('ITcI G('uI! flood 1>ascI!1



Chapter 3

Forward Modelling

TIl(' basis of fowmd Illodl'llillg is S\'lltill'sii:illg dCltcl b,Y COlllpl11 illg tli(' IIIIIIII'rind so-

Ilitioll of plivsind laws 'IS I It ('v 'Ipplv to s!)('cific cirCIIIlls1all(,('S, III i\IT tltis 1111'a11S

solvillg 1\laxw('II's I'qwlliolls ill a gil'l'll l'Olldlidivil\' stl'lJ('IIJr(' 10 Obt'lill 1',dll('S oj

l'!l'dric clll(\ lllclglll'lic fi('lds, TIiI'S(' f-il,lds nil I 1)(' IIs('d 10 ,Yil,ld SI'lItlll'1 ic illlJ)('dalJ('I'

('stilwlll's, Vmiolls tl'clilliqll(,s nlll h(' lls('d fOJ' tli(' Illlllll'ric,d l'Olllplllil1ioli of 1111'sl'

h('111s. Till' lIl('tliod IIs('d bl' till' Sonll'cll'(' Ils('d ill lliis tlil'sis. 1t0\\'('1·('1'. is Iltal of ILd)('1

('I,d, (2000,1). lilodih('d fOJ' i\lT b\' Fmqllliclrsoll l'I cd. (2()()2)

S'ylltill'sizilig r(,spOlISl'S for :--[T lias 1)('('11 dOlll' ill il 1"lli('1\' OI'II'il\'S ilSSlllllilig l'illll'l

'I JD. 20. OJ' :10 Ilatlll'l' of tlil' Eclrlli. [II JD l'II'('['('d IIIOdl'ls. 'llIClh-tind rl'Sldls ill'('

possibi<'.blltll·illtilllTl'asillgcolllpll'xil\·alliiglil'l'dillIl'llsiolialitl'.1111'SI'C,dcldil1iolis

IH'COIIII' I('ss f("lsibl('. III two 'I lid tlir('(' dillll'IISiollS, till' fillitl' dif-['('J'(,ll('l', hllill' 1,11'1111'liI

,111(1 ill11'gral l'qll'll i011 tl'cltlliqll('S Itavl' h(,I'1I lls('d (An!l'I'I', 200S). Tliis 'lilt iiOJ' liilS

progralllllll'd 1111' 10 clll'Ih-1 ind r('slliis fOJ' il lilI'l'n'd Emtli. prl'SI'1111'd ill li 3,J, '111d

lls('d sol'lw,ll'(' l'lllp!ovilig cl 3D hllil(' difl('['('IIC<' 111l'1110l! b\' F'lrqllliarsoli 1'1 ,d (2002)



I"or illlT]'sioll IIIO<!('llillg

3.1 1D MT Forward Modelling

Figlll'(, 3.1 Tvpind lelVI']'illg 01" ,I 10 Eel]'1 h IlIo<!('1

J0 1"]'('qlH'IWV <!Olllelill h(']lel"iom I"or ,III II-IcIY(']'('<! isOITopic E,ll"tll (S('I' Fig. :LJ) is

<!I'snihl'<! h\· Wm<! ,III<! Hohlll,11111 (EJS7). Th(' illtrillsic ill!JH'<!,III\"(' (II\(' illllH'<!,IIW('

1hilt 1I"<1ld<! 1)(' SI'I'II il" Ihis IIT]'(' I}l(' ollh· 1,11·1'1" ill t hI' slIhsml",w(' i.I'. ,I IIl1il"Olll1 Eml h)

ol"tll('.i Jl'lm·I'l"isgiV<'lIln·

(31)

wh('\"(, w is Ihl' '\IIglllm 1"\"('qlll'IW\·. 1/11 is til(' !H'I"II\(',lhilitY 01" 1"\"('1' Sp'WI'. ,III<! k) is thl'

so



k)=~(1+i) (32)

Il'ilil (I) <IS I ill' IClY('!' ('OIldlldil'il\', TIll' illlJ)('dClIICe ill Ill(' boilOlIl Im'(')" is I ill' II pl'Op'l-

r'"lIed lip 10 I ill' 1,1.1'(')" Clbo\"(' ill til(' follo\l'illr', wm'

(3,3)

1\'iI('n' Ii) is till' tili('klless 1'01' liI,1I 1,1..1'('1' Cllld Zj is IIIl' 'lJ>p,Jr('liI ill lJ)('d'l I1("(' (t]l('

illl}H'd'llI('e of til,1I fillite I'I\TI'. wit iI I ill' iIlHII<'II('(' of 1I1lderivillr', Im'('l's), Z" = Z"

for tile bol t01l1. illfillii<' IClvel'. Tllis n'('lIIsiv(' dl'fillil iOIl is lIsed to hil(I 1]1l' pl'Op<lr'"II('d

illl})('d'III('(' <It til<' top IClv('l'. Olle illlPOl'tCillt l'Clv(',1I to 1I0ie is til(' Sir',11 ill fl'OlIt of tile

iIIIClr',ill'II'V 11111111)('1' ill eq, 3,2, TII(' Sir',11 lIs('d iI(')"(' ('OIlI('S 1'1'0111 till' positil'(' Sir',11 ill Ill('

('XpOII('111 of I Ill' illwl'se FOlll'i('1' TI'Cl11sfo1'l11 lIs('d ill tile pl'O('essillr',

3.2 Finite Difference Method

Tile fillit(, diflen'll('e IIll'lilod is 'I 111I111('l'ind (,OIIIPllt<lt i011 11l('lllod lI'ili('11 lIS('S fillile

diflen'IIC('s to <I pproxiII 1<l1l' (1!'I'iwlliv('s ill 'I dis(Tet ized IIll'dilllll Apph'illr', t 11(' ('1111

0IH'nllor to ('<I('iI si(1!' of ('q, 2,7, 11'(' r',('1

\7 x \7 x E = iw\7 x B

A sllbstillliioll of 111'1r',IIl'ti(' fi('ld I'm 11IC1r',lll'ti(' illll'llsilY B = I/OB ill I ill' List sl('p r',i\'('s

\7 x \7 x E = iWI/o\7 x B

\7 x \7 x E = iWI/O.J

Sl



For 111(' pmpos('s of tile CllICdysis. it is sliliicielll 10 IICI\'(' ,lID Kirtii ill \\'llicll tlIe

e!('dric ,l]ld 111,lglldic helds vClrv ill llIe z-direcl iOll ,1I1d poi III ill 111('.r Cllld .'1 din'ct iOIIS.

i.e. E(.:) = 8,(.:)9.. ,l]ld H = H'J(::)Y' III I IIis 1,1\"ered \\"Orld t II(, gonTllillg ('q 11<1 I iOlls

frolll l~ 2.2 til(' electric field Cllrll(TlllS ,I]e

V'xE=

Cliid

V'xV'xE=

So tIl(' ID goverllillg eqll<ll iOIl !H'COIIH'S'

Tm'lor s('ri('s ("CIII he I]sed 10 ClpproxiJIIClte I lIe deri\',1l ives \\'it II fillite diff('n'II('es

TII(, followillg is Oil(' ('xCllllpk of IIow 10 deriv(' CI fillil('-diff(TeIlC(' ilpproxilllCit iOIl f()J

011 (,it II('r sid(' of Im'('r j Cllld:.HI /'2 illdicillillg t II(,

celli ('I' oftlI,lI Im'('J' ,IS slIowlI ill Fig. J.2

E(::) = EJ + (J.S)

So III(' firsl d('riwlIin' is ,lpproxilllClled CIS'

8 J+ I / 2 - EJ It!

':)11/2 - 1/2

S2

+0(0.) (:Hi)



= {EJ11 /1 - 2EJ11 / 2 + Ej _ I / 2 } + O( I) (3,7)

:\low (IIilt 11'(' IIelVe hllitl' diH'IT('lwI' e1pproxilililtiollS lor tl](' firsl 'Illd SI'COlld deri",\1 i"I's

of 1III' 1,lecl ric field, WI' 11I'I'd el hlli«' diff('l'l'II('(' ('xpr('ssioll for tlw COlldlWt i,'il" llTll1 ill

I'q, 3,-1. V\,(' call do tlJis witii e11l AIIIl)('rielll loop mOlllld 0111' of (IIl' lel\'l'rS (S('I' Fi~, 3,2)

Fi~IJl'(' 3,2 FOrJllllled iOIl of elll AIIIl)('rielll loop ,11'11'1' F'elrqlllIellsoll (2()()IJ)

wll('re i is 'I "('clm poilllill~ mOlllld 111(' closlII'e of tlIe loop ellll! FI is (II(' IlIlrJllid

vedor of III(' em'el l'lwlos('d hy 1lIM loop, III 11](' J 0 nISI', I II(' verI ic,d COIIII)(IIII'111 of

S3



111(' 11I'lglI('lic h(,ld is O. illid Ill(' IIOl"izolllill ('OlllpOIH'llls ,\)"(, COlistilli1 illollg Ill(' liI\'('1

.rH . idl /-1,6.1/- /-1)116.1/

(ilj - /-1,+1)6.1/

IIIi<'gl"ili illg ('q. 2.13 ov('r 'I sml",I("(' giv('s 'I r('I,1I iOllship I"or ('I('ci ric h(,ld 11·llich ilppli('s

101 h(' righl h'llHI sid(' 01" ('q. 3.13..t J. ,uis = iT, r E· ,uis The Tm'lor s('ri('s ilppJ"()xi-

lilillioll I"or Ill(' ill1('gnll 01" E(.:) owr \iI\"('r.l is:

('II E(:)d::: '('11 (E1+ 1/ 2 + '11:'1 ,11 " (::: - :::/11/2) + 0(62
)) d:

Ei+ 1/2 + f,'ii d: + !ft f,'ii (::: -:,., 1/2)d::: + 0(.0/) .('
1

I d:

EJ+I/26.:+0(6:~)

(3.!J)

Usillgom l"('slill 1"1"0111 Olllll's JilIl

Dividillg lhJ"()llgh hv 6.1/ 'Ilid 6.:

(:110)

130111Idill"\' COlldit iOliS 01" H(O) = 1 iliid H(oc) = 0 Cilli 1)(' Ils('d 10 ullcll\;lI(' illlJ)('dilll("('S

IIH',ISIIJ"('(!,lIlh('sllrl",l("('

3.3 3D MT Forward Modelling

111 ord('l" 10 illljJ]"()V(' SOllllioli ilCClll"il("\' 'Ilid c!-!ici('lln·. pol('liI i,lIs i\)"(' ('lllplm·,'d ill Ill('

Sol"lll'illT Ils(,d ill I his lh('sis illsl("1<1 01" ,l("llIill E '111d H h('lds. TIl(' ,'lcct ric h('ld is



dl,("oiliposed illio ,I \-edor ,11 III sn1lm poll'lllial. A ,111l1 r,'):

E=A+\7«()

The C'oIlIOlIlI>/-!;,lll/-!;el'llfor('('s 1IIIiqlll'III'SS

\7·A=()

(:III)

(:U2)

01>1 aill 111l' followill/-!; <'qllat iOIl (]-!,dH'r l't ill.. 2()()(lcJ: F,lr(jldl,lrSoll et ,d .. :2()():2)

(JLl)

J' is zero l>('callsl' III(' SOllrl\' for f\IT is olliside our "COlllplll,11 iOII,d world' 11Isll',IlIIIIl'

111l',lIIS 111<11 til(' CIlIT('111 f!1'IISil\' is c1iv('j'/-!;<'lI(,(' fre("

\7.J =()

,11 Il I \\'11('11 ('ollll>illed \\'illl I'q. :2.::\ ill pol<'lllial fOrIlL J = a(A + \71,~). I his /-!;in's

(:1.11)

TIl(' S\'SII'111 (('q. 3.13. 3.15) is disnel ized illio ,I /-!;rid of ('ells illdl'xed i.). k. e,1<'11

\I'illl cOlllhIClivily a,), (Sl'(' Fi/-!;. 2.7) ,Illlllll(' hllil('-c1ifferl'IICI' 'II>Proxilll,lIioll ofeq. J.I:3

,llld :3.1~> is dOlle in a silllilCll' 111,11111('1' 10 thai desnil)('d ill ~i :3.2 TIJ(' ('olllhICli\'il\' is

cOIlsL1l11 \\'ilhill 0111' ('('II. Illil III,IV ch,l I I/-!;< , frl'I'lv 1)('lwI'I'11 l'I,lls 11<'1'<' \1'(' 1',111 see ,111

adV,IIII'I/-!;(' of lIsill/-!; poll'lli i,ds: Ihe Ilorlll,1I COlllpOlI('lll of E is discolli illllOllS ,11 1'1,11

poll'lllials ,dIO\\'s for 111l' Iwo Illaill ('ollirillllliollS 10 ele('lric v,lri,lIioIIS 10 1)(' I'xprcsscd



ill gn'Htl'r dl'telil: II\(, g,d"ellli(' ('Ollt ri!>111 i011 Hwl I Ill' illdll('1 i,'(' ('0111 lil)!11 i011 (Alllli,dl

('1 ,d .. 20(1). TI\(, g,dVHlli(' <'If('('1 is SI'I'1i 1"Ill'11 lo\\,('J' hl'qll('IICi('s S('lllpl'IIW' snd('

(,IIITI'III S Silllil'lr to tliosl' of tli(' DC' l'<'sisti"il\' I1Il'tliod. ill<TI"ISilig tli(' ('0111 li!>lIt iOIl 01

\71,'). TIi(' illdlldivl' eff('(' I s('ts lip ('dlh· (,IIITI'lits ,llid is nlJJtlll'('d ill I Ill' (,oll1li!>111 iOIl

of A

TIll' (,OIllJ)()J]('lIts of 11](' v('dol pOI('lIli,d ,Ii'(' (',lCIIIHI('d ,II till' ('('II1I'IS or 1111' ('('II

r,I('('s. \I'it Ii tli(' snd,lt· po1<'lIti,d limlllOllindh' ""I'uIgrd OWl I III' ('(,II "lid pl,w('d ,II III('

('1'1111'1 (H,11)('r l't cd .. 2000H: FHrqlllimsol1 1'1 ,d. 2(02). 1300111dHrI' ('olldil iOlls illlpos('d

ill t liis IIll'tIIIHI ml' 1liM 11](' tall[',I'llti,d ,lIld lIonmd ('ollll)()!\('lil s or \7 x A ,11](1 A ""lIisli

Oil tlil' 11]('sli !>Olllldmv TIi('s(' ('qmll iOlls m(' SIIIIIIIll'd lip ill" !>Io('k 11l<lIli:\ for II I rrolll

('q. J.1J 'Illd :.1.15

(

L + ./W/IUS jW/ltSG) ( A ) = 0

DS DSG (J

(:IJ(j)

L. D. Hlld G m(' tltl' disnl't(' wrsiolls or till' LHp!,wi'llI. div('lgI'lwI' 'lIld gl,l(li('1I1

o!)('nll OIS n'sIJl'div('lv, Hlld S is l'li(' di'lgolI,d 11"11 rix of 1'('11 COllcillCI ivil iI'S. Tltis 1I1'llli:\

('qwll iOIl is soh'('d for A Hwl (/J IISillg 11t(' I3lC'CSlel!> ,dgOl'illtlil \I·it It iIWOlllpll'II' LLJ

dl'I'OIllposil iOIl pl'<'pro('('ssillg (HH!>('r l't HI. 2000,1)

5G



Chapter 4

Inversion

4.1 Inversion - Curve Fitting

;\'('II'tOIl'S 1I1(,thod is IIs('d f"0I' filldillg ,,(,ros alld IIlillillla of" f"lIl1ctiolis II is all it<'Ultil"('

pJ"()("(,dllJ"(' Il'hich IIS('S t II(' first t('rIlIS of" til(' Tm'lor s('ri('s to approxilllai<' III(' IIlillillllllll

OH'r alld OH'r 1I111il Ih(' III('thod COIIH'I"/o,,('S (I3md(,11 alld F'ilir('s, l005), Ihi" III(,thod

is il classical d('''("('llt III(,thod Il'hich l('lIds tOll"im! il local Illillilllllili. .\loJ"(' 1I10d('r11

111('thods, ,,"c11 a" pilrtic!<' SII"iIrJII optillli"alioll (di"clI",,('d ill Chapt('r. 5), II"000k 10

loull(' th(' glohalillillilllllili. F'Orlllidiltioli of" ;\'('11'1 Oil'S 111('1 hod ,II ('i)("h ilnillioll "hOII'11

h('I()\\, sl,lrt" Il'ith Ih(' la"t approxililillioll f"0I' 111(' loullioll of" tll(' loud Illillilllllill 01

1'(,1') 1'" alld fillds ,I IH'II('r approxililatioll, ,I'lfl

1"11 -,I', = -/,(,I',)/I"(,I',) (1.1)

III 1IIIdt ipl(' dilll('ll"ioll" 111(' 1'\(,II'tOIi lIJ('t hod 1I,,('d f"or hlldillg loud Illillilllil IH'('OIII('S:

H,p, = -g, (-1.:2)



11'11('1'(' H, is lil(' H('ssiHII of til(' 1IIIIIIi\'CIri<1t(' hllldiolL L I)('illg Illillilllii:('11. P, is ,I

vI'('lm jJoilllillg 10 11)(' II ('x I 'ljJjJ!'oxilll'ltioll of III(' IIlillillllllll (SilOIl'11 ill I'q, ,1.-1), ,lil<l g,

is t il(' jJmdlld of III<' tl"IIISIH1SI'd j'I<'O!>i;IIL JI' Hlid t il(' 1IIIdt ivcI!'i,I1I' I'll 1\('t iOll, o!' til('

gnl<!i('111 of lil,11 flilldioll (silm\'11 ill ('q, -1.0), Til(' \'('\\'tOIl 1II('Iilod d-I'('('t in'h' IIS('S ,III

II dilll<'llsioll,d T;lylo!' s('!'i('s 10 ;ljJjJl'OxiIIIHt(' il flill('tioll lI'itil il jJ'I!'CI!>oli(' !>O\\'I. filldilig

III(' howl's IllillilllllllL Illovillg 10 lil;1I jJoilll, ;lil<l Stil!'1'illg ,dl owr. Till' ;\('\\'1011 1I1('lilod

!H'I'OIlI<'S til(' C;liISS-\'('II'tOIl Illdilod \1'11('11 III(' hlll('lioll h('illg IlIillilllii:I'd is 'I SIIIII of

sqll,It'('S:

p= L[I,(x)f

\1'11('['(' I III' I, 1(,l'lIlS m(' I II(' 1']('IIII'IJtS of f. Cllld III(' H('ssiClII is 'ljJjJoxillliltl'd 1)\'

E!<'III<'llls of lil(' ,];\('OlJi;111 M(' d('hll('d CiS

(1.:3)

(1.-1)

(-1.5)

Til(' ,];\('O!>iClII is;1 IIIC1tt'ix of d('t'i\'Clti\'I'S of III(' (,!cIII<'llls ill til(' flll\('tioll \'('('Io!' \I,itll

!'('sp('('1Iot!I('1I101!cIIHll'illll('tl'l'S,

(-I(j)

A l'ollljJmisoll of lil(' CHIISS-N('wtOIl 111('1 ilod to P\('\\'IOII's 111<'lilod l'iII1 1)(' SI'I'II ill til('

followillg 1'(';liT;llIg('III('II1: P, = -H, Ig" SlI!>stitlltillg til(' CHIlss-:\'('\I'loll CljJjJl'Oxilllil-

tioll fo!' III(' H('ssi;lll ill I'q, -1,-1, til(' follO\\'illg is o)IIClilll'd

(17)



TIt(' first tltillg 11('('lled 11·1t('1I pnforIllillg d;II;1 fil I illg is ,III orgmliz('d. IlIl'Iltodi(,i11

11',1\' of ;Hljllsl illg a fJIIWt iOIl 10 ,I pplOxilll<ltI' (\;11 ,I. III iI pO!YIIOIlli,d fitt illg S(Tllilrio. 11'('

cOllld ;Idjllst til<' ('odfi('i('llls of ('a('1t tl'rIlI. i.('. f(.,-) = Lu,.,-'. For (,xpoll('1I1iill fillillg

11'(' ('ollid i1dillst III<' ,lIllplit IId(' alld hasf'. i.('. f(.,-) = .-I1r'. III iI sillllsoillid n'gn'ssioll

lIT ('ollid adjllst tlt(' ,llIlplitwle alld fn·ljll<'lI(T. i.('. f(.,-) = AsillC4J.f. TIJ(' Iltillgs 11·lticli

TIi(' s('('olld lliillg n'ljllin'd is iI 1I1('aSl!rl' of tli(' disl,lIJ(T (i.('. IIll'1ri(') l)('tIIT('1I

ndlJ('s of a fllll('1 iOIl alld I Ii(' I Ii11 ,I poillts. Tliis IIJ(',ISIlJ'(' slioliid ill('llId(' ,dl poilll s ill illl

ilppl'Opriill('lv ('ljllil'al('111 (w('iglil('d) WiIV. i1wl sliollid g('IJ('ndlv 1)(' illdilf('r('11i 10 111('

sigll or S('IIS(' of 11i(' dislalw(' hdm'(,11 ,I fllll('lioll I',dll(, iliid a dillil poilli. 011(' slwll

11I('i1Slln' is tlJ(' aggn'g,II(' sljllar('(1 distall(,('s 1)('111'('('11 (',wlt d,ltii poi lit ,llId its flllWliol1

(IK)

doll., is til<' I'('dor filled II'it Ii OhSl'IT('d (\;11 a poillts. din" is til<' I·(,(·tor fill('d II'it Ii flllld iOIl

l'aliJ('s or plOdll('('d dal;1. i.('. d~Jn"(m) = f(m). ,llId m is I II<' I"('(·tor of Oil!' IIJ(H!('I

parillll('I('rs. Tliislliisfil 1I1('i1SlIn'is'lsIIIIIOfsljllilJ'{'sfllll('lioll. for II' Ii i('1i GilIISS-:'\(·II·tOIl

IIlillilllizil\iOIl is dl(·('t il'('. TIl<' ,dgoritlllll r('ljlliJ'{'s ,I sl ilI'l poi III . so iI gll('SS is III,HI('

TIi(' ,);wohi,1I1 is 11i('1I (,ilklllill('d illld difl('J'{'lw(' ill d;lIil 1'('('lors ohl,lill('d

(ID)

11'1i('IT rld = dolL' - dl'l'(l ,llld P is 11i(' IIpdill(' 10 lli(' 1I10d('1 pill"I1II('tl'rs. i.('

rl'OlIl 111(' ('IIIT('111 ilppl'Oxilll,lIioll or til<' Illillillllllll 10 111(' 11('xl ill "llIod(,1 p,lr,IIII<'I('1

Sp,H·(· ... P II'ill 1)(' ('all('d III<' ('Ii,lIlg(' ill 1I10(h·1 P'II'iIIII('I('rs. rlm. fl'Olll 110\1' OIl. II is



(1.10)

CiIIlSS-:\('\\'tOIl Illillilllizill iOIl mnks 11"(,11 for 111;111.1' m'll-pos('d opl illlizill iOIl prohkllls,

Th(, I!,('oph\'sinll im'('rsioll prohl('1II do('s Ilot ill 1!,('Il('nd. hO\\'('I'('1". hal"{' iI Illliqll(' solll

lioll alld so pl"('s('lIls il Chilll('I1I!,('.

4.2 Inverse Problem

C('oph\'sind illv('rsioll is IIIOI"('COlllplc'x Ihilll CIlI"I'(' fillilll!,: il isofl('11 ill-p(N'(!. !)(l()l"h'-

cOllslnlill(,d. illld 1I011-lllliqll('. i\lalh('llla1i(",dh'. Illis 111(',IIIS Ihal III(' II('ssi,111 is 1101

illl"('rl ihl(', This prohklll nlll ,dso pl"('s('III its('lf ill dilt,l ht t illl!,: "'h,1I killd of fllll("l iOIl

shollid 1)(' Ils('d to hi til(' dilla'l If iI hi/';h d('/';I"('(' po!nlOllliid is ("IIOS('II th('11 it Il"illl!,o

Ihrolll!,h ,dllh(' poillts hilI 111m' lIot IlIilk(' ph\'sicill S('IlS('. II \\'ill illso fil all III(' 1I0is('

ill til(' dala ilS \\"('11 as Si!!,llil!' 011 tli(' olhn haw!. if \\"(' IlS(' a 10\\' d('I!,I"('(' POh-IIOIlliid

II"('I!,('I a had fit hili il !!,il"{'s a hett('r id('a of til(' Illld('rh-ill!!, pln'sind l"('latiollsliip ,111(1

il \\'ill i/,;lIol"(' IllllCh of Ihp lIois(', Th(' ri!!,hl fil is SOIII(,\\,II('I"(' ill 1)('1\\'('('11. This is ,I

I r,ld(' oM". illld soh-illl!, III(' I!,('oph\'sind illl"('rs(' prohl('111 pl"('S('111s ,I Silllil'lr dil('I1II1I,l

TIl(' I-!('SSiilll ("all 1)(' illll!,lIl('lll('d (to soh'(' ('q. -l,jO) IlSill!!, 111"0 III(,thods ("011111101110

!!,('oph\·si("illilll"{'rsioll(Cill('la!.,U)tll)

• :\lilliIIIIIIl1311"11("111I"('

GO



4.2.1 Marquardt-Levenberg

III III(' :\larqll,mll-LI'VI'IJ!)('rg 'lpprmll'h, a l'Ollsl,lIl1 V,dlll' is 'Hided ,dollg Ihe di,lgoII,d

oflhl' Hessiall loellslIJ'(' Ihat itsdl'II'l'Il1iwlllt is IIOII-ZI'I'O,lIld Ihe Hessi,lll is illvl'rliille

(1.11)

Tllis appl'OCll'h h'ls 1he died of lelldillg 100I'<ml a SII'I'lll'sl-dl'SI'I'111 (1,lkillg 111(' SIl'I'I)('sl

IHl1h 10111(' Illillillllllil or IIIClXillllllll) sohl1ioll ,1S till' Inldl'o(-l'p'lrClIIIl'11'1. /\ ill l'q, ,1.11,

gl'ls IJigg{'j' alld lhe idellli1\' I Clkl'S o\'er 1'1'0111 III(' ,hll'oili'lll 11'1"111. As /\ drops to Zl'I'O

I Ill' sollltioll ,lppI'OCldll'S the G'llIss-i\'I'\\'tOIl 1111'lhod (Gilll'l ,d .. EJS1)

4.2.2 Minimum Structure

TIl(' Illillilllllill Stl"lll'llIl'l' ClPPI'OCll'h ,lllgI1I1'llls III(' flliidioll Ill'illg lilillilllized (Gill el ,d ..

I~SI )

(Ll2)

\\'ll('re ri)" is III(' 111('ClSIIJ'(' oflliisht (Sl'l' l'q, ~U») ClIllI qJ", is allll',ISI1I'l' 01'1110<11'1 sll"lll'lllJ'('

TIl(' lIIisht. illl'llIllillg l'slilll,l1es of thl' 1I11l'I'rt'lillties ill III(' dCllil. is

(~1.1 J)

Di\-i<lillg In' 111(' Illl'ClSlll'l'1111'1I1 1I11l'l'rl'lilllv pillS I<'ss 1'llIphasis Oil <1,11,1 \\'ilh IIIOJ'(' 1111-

This is Pllt illto IlICltrix I'mII I

Gl



Th(' W d Illatrix is c!iagollal for 1I11('O!T('!cll('c! 1I0is(', i,(', rr" = 0, Vi l' j, \\'hi('h is

IIswdh' aSSlllll('d to 1)(' III(' ('as(', Tllis 11I('aIiS lIois(' ill 011(' III('aSlln'III('lIt clot's 1101

c!('P('IIc!OIl or iSllllilfk('I('c! In' lIois('iliallot!l('r. Th('('OIIlI)()II('1I1 ofIII('Callss-\'('II'loli

Ilcssi'llilIl'ltrix frOiIi 0" is thn('foJ'('

Th(' III('asllJ'('ofIIlOc!(,1 stl'\J('IIIJ'(', 0"" (',1111)(' l\Titl('1I as

II'hn('Wxistll('lllall'ix

(1.1(i)

1 1
~ ~

o 0

(1.17)

This 1('1'111 qll'llitifi('s III(' diff('J'('II('(' ill III()(kl par'III1('I('r 1)('111'('('11 'Hlj'I('('1I1 ('('lis ill III('

x-diJ'('('liOIl, This h'ls th(' dk('1 of Illillilllizilig til(' l'mi,lIioli of til(' IlIod('! p<lrallll'1('1

ill Ih(' x-dir('('tioll II'h('1I illdll(kd ill ('q, -1.12, Silllilmh' W y alld W z Illillillliz(' 1'<Iri-

alioll 1)('111'('('11 ('(,lis ill the' \'- alld z-dir('diOlIS r('sp(,(,til'('I,I', 11I('OI)(lratilig <)'" ililo til('

Illillillliziitioli pro1>I('1I1 J'('sllits ill Ih(' rollO\l'ilig C:allss-\'('II'IOII s\'sl('111 or ('qll'llioIiS

(J;'WdI'Wd.J, + /\ C?;:W;I'W,)) (llll,

= J;'WdI'WdJ,(dObs - dl)l'd) - /\ (2,;: W:'W,) III, (I.I~)

This ('(jlled iOIl is I II(' ('SS('II('(' or I h(' illl'('rsioll pm('('SS, It lI'illl)(' IIs('d 10 01>Llill SIl('('(,S-

sioll of Earlh IlI0d('ls, gin'lI hI' m+6m, (it('rnlioll illdinll('d hI' i), prOl'idilig )..',('II('I'alh

1)('lt('r d'I\;1 fils 1I'llil(' J'('lIlaillill)..', ns Sill'll!(' 'IS ('ailed for In' til(' Irad(' off pma II 1('1<'1 /\

G:2



4.2.3 Straight Ray Travel Time Inversion Example

TI',II'('ltillJ('S for s('islllic l',ll'S trilv(']lill).!, fl'OIl1 II'HIISlllitl('l's ill H l<'I't halld 1J()J(,llo!('

\lTI'(, illl,(,l'l('d to l'('prodll(T ,I 1I10d('1 fl'OIl1 s\'lllh<'lic d,II,1 \I'ilh C:illlssi<\11 IIOis(', TII('

diff('J('IIC(' l)('tl\"('('11 this Ilois\' S\'llt]J('1 ic (olJS<'I'I"<'d) d,llil iliid pl'<'dic('d d,liil I'rolll 111('

IlIod('1 WilS IIs('d to nilcIIIHt(, th(' willI<' of (IJ(' oll.i('ctiv(' fllllctioll. (Pd ill ('q, -1.1;31'01

tlJ(' 111(',ISI)]'('III('111 of ('ITOI'. The 111('dilllli I><'1W('('1I Ih(' I>or('hoks cOlIsis('d of ,I hi).!,h

v(,locit\' I>lock ill H lOll' v(']ocity l>iwk).!,rollll(l. Piv(' Il'iIIISlllitl('I'S Oil tll(' I('rt siioois 1"1\',-;

10 ('iwh of IIJ(' 2G l'('ci('\,(,I'S OIl tll(' l'i).!,h( (s('(' Pig;, -I.J) wilh ).!,Hllssiall Ilois(' add('d 10

I h(' t nll"<'l tilll('S, Th(, tI'HV<'] I illl('s 1'01' I h('s(' nl\'s ,Il'<' SIIOII'II ill Pi).!" .J,2 lIill's (l"II'('llill).!,

l
N

50

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
50

x(m)..
3000 7000

Velocity (m/s)

Fi).!,IIl'<' .J.l Ori).!,illili 1IJ()(k] IIsed for prodlJ('illg; s\'III!J('( ic d,1i ,I ill sll'ili).!,liI 1',1\' I nl\'(,1

tilll('ill\,('rsioll.

GJ



Ihl'Ollgh the cellter SClW ilion' of the high I'elocit\, stnwtlll'e '1IId so h'I\"(' IOII'I'!' 1',dlJ('S

of I rellTI tilill', ilidicCited !Jv dM'1 ill tile ('('1111',11 pori iOlls of ill Fig, ~1.:2. H'I\'s ,11 IIII'

l'llds of this gnlph S,III' 11101"1' of thl' low \'elocity !JCI('kgrolllJ(1 '1IId so h'II'I' lJiglJI'r 1',dlJ('S

oflrCl\'eltillll'

60 80100120140

Ray Index

The dM'1 (ShOlI'1I 'IS poillts) fOl' the 1I10de\ iliid ill Fig, ~1.1

tight httillg l'IIl'VI' fits the d'll'l !Jill fits il lot of lIoisl' ilS :-'11',lsllI"I'd

(o!Jserved) Il"ilvel tillil'S ,II"(' shoWIi ilS tr'lveltillll'S pl'Odlll'I'd (predi('tl'd) fl'Olll

till' 1111)(11'1 me ill red lilJ('. H'll's me 'J("('ordillg 10 1relllsillitli'r '1IId l"I'ceil'l'l

fl'Olil lop 10 !Joltolll, i.e. till' t'iIY tr'lYellilig fl'Olli till' se('olld tnlllsilliltl'r fro II I till'

top Oil the Idt 10 the third 1'('('eiVl'r frolll the top Oil till' rigid, the rill' illdl':\ is

= 2U x = 2U x 1 + 2 = 21). sll('h t hilt the top I nlllSlllitll'r llils

the top 1"I'('ei\'I'r hilS 'III ill(le:\ of ;"""'/1"" =()

J\]odel pmilllll't('J'S II'<'!'I' illd(':\I'd 'lI'('ordilig to tIll' 1'('11 ill IIII' I,Jltil'I' fl'Olll II'ft 10

right. lop 10 !JotlOIII '1IId Il"ilvI,1 tilill'S II'hl'I"I' nd(,IlI,Jled throllgh thlJS(' ('1,11s. Fig . ..j.J

ShOll'S 'I Iloisv IIIOI!J,I whi('h oV('J"ht S Ihl' dMCI (see Fig. ~1.2) II'hill' Fig, ~I.~j shOlI's iI

Iliodel Il'ith \'1'1'1' litlle strll('tml' Cllld 'I fit II'hi('h igllOl'es 1111l('h of till' ('11'JriJ("II'r of 1111'

ollserl'l'd d'it'l (sel' Fig, ~j,G) Fig. ..j.U sllOWS '111'11'('0111011,11 iOlI of Ilot h l'llils. (,Ollt'lillilig
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50

50

x(m)

3000 7000

Velocity (m/s)

Figllle -l.:J l\lodd result illg frolll t igIJlh· hIt illg o!ls('rl"<'d In\\·(,1 1ill1('S

us



........................................................................................................................................................................................................................................................................................................................................................................ ........................................................................................................................................................................................................................
50

50

x(m)..
3000 7000

Velocity (m/s)

Figllre ~l.'l flJodel l"l'sliiting frolll loose!y fittillg ohser\w! t ril\'('! t illl('S

Ray Index

A loose lillillg ("lII've Illodels !('SS of the Iloise hllt d()('s Ilot fit til(' dilt'l 'IS

Tnlvcl tilll('S 1)('("0111(' i\ rl'f1edioll of rm' Piltll lellgth throllgll ,\ 11,11 lIl('dil\lI\

strJI("tllJ'(' is lost C'OIIlPill'(' with Fig, ~J.2

(j(j



I
N

50
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~1.7 A ('()lllprolllise 1)('111'('('11 tiglil fil alH! lo()S(' fil giw's ;l of 11)('
phvsinil process. Noise is 1101 O\'('rblted. IJIll 11lOd(,1

COIIIJ)Cm' willi Fig. ~1.2 alH! "1.5
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,I IIIOd('l'Clte "IlIOlillt of stnwt lire (esl"hlished In' \'iSIl,d illspe('1 iOll) \\'hi('h does 1101 lit

11111('11 Iloise hilt does lIol Illiderfil til(' d"I,1 (S('(' Fig, -l,7)

4.2.4 3D MT Inversion ~ Program MT3Dinv

.\IT3Dill\' Iises ,I G'I1ISS-.\('\\'tOIl ,dgorilhlll ,IS descril)('d h\' H,d)(,l ('I,d, (:2(J(J(Jh) (F'll-

qllll,lrsOIi el ,d" 2(J(J2) , This Illel hod soh'('s eq, 4,l~ Il'it h " (,Olljllg,I1(' griHli('111 idgo

rilhlll (F,lr(pdJ,lrSOlI ('I,d" 2()()2), pn'('()]Hlilioll('d Il'ith pmli,d LU de(,OIliposilioll oj

th(' Iml1ri:\ W'rW + (J,lI, when' I is the id('lItit\' Illatri:\, i\IT3Dill\' ('OllihiIH'S Ih('

fOlll',lr(1 ,llld ill\'ersioll IIIOdl'llillg PI'O('('sSl'S 10 pl'Odll('e ('()]ldll('1 il'il i('s ill " l'<,('t ilill(',11

IIl('sh, Th(, f()J'wmd IIlOdellilig pl'()('('SS II',IS hriefh descril)('d ill }j 3,3, Sll'1wllll'<' lI'<'iglll-

illg pCll',lllIders lIlm' 1)(' adjllstl'd diff('l'<'111 h' ill thl' :\, Y, alld 'I. dil'<,(,t iOIlS, 1100I'('I'('r ill

this thesis Ihese pi)ralll('I('l's hawaii 1)('('11 set eqwd so lh,,1 st 1'1 wI 111'(' is Illillillli'l.ed

<,qll,dh' ill all dil'<,ctiolls



Chapter 5

Particle Swarm Optimization

5.1 The Paradigm of Particle Swarm Optimization

P'lrtide S\nll"lll Optillli/,atioll (I'SO) lias 011(' foot ill artiiicial illt('lligell("(' (ill s()("ial

S\·SI.'IIIS). 'liid tli(' otlier ill ,"'Ollitiollarl' or gelletic algoritlllils (1\('llIll'(I\" '1I111 F.:ber-

Ilmt. 199')). Tliis is'llilOIT II11H!<-rll optililizatioll teclilliqll(' \\'liicli \\"Orks 10 filld till'

global Illillillllllil of 'I flilid iOIl. 'IS opposed to t Ii(, Ili0IT d"ssind lIlelliods \\'liicli filld

lond Illillilll<l (e.g. I lios(' of CIi'lpll'r. -1). II takes its ("ill' frolll grollps of illdi"idll,ds

ill I IiII lire \\'liicli IIS(' iliforlilatioll slimillg 10 filld r<'SOIlr<'('S alld tlills me abl(' to filld

11('\\' sOllrces qllickl\". III lli('s(' s,·st('IIIS. tlie 'l(h"llIlag('S of iliforilialioll sliarillg S('('III to

Ollt \\'l'igli ils disad"'1111 'Ig('s. i.('. gl'ilill illg pllblic ,I('('('SS loa !)('rsollid sl <lsli. '111d 'lie

ellsllillg r<'SOlIIT" tililillilig. For ('X'llilple. scliools of [-isli lookillg for food ,dl S\\',JrlII

to till' S'llIH' sOlln'('S \\'llos(' lonlliolls arc sli,m'd 1)\' IIH' iirst to filld lli('111. '1IId. ('\'('11

t Iioligli " lililit ,'d good is lH'ilig sliared ,)(TOSS till' colle('1 i\'('. t Ill' good of t IH' gl'OliP

S('('IIIS to 1H'lIefil till' illdi,·idllid. ]\('lIl1e(I\" 'IIH\ Eberliart (1!)9')) begall d"\'elopllll'lll 01



III(' PSO ,dg,orillllll ill '111 <l11('lllpt to IlIilllic soci<lll)('lIm'iolir ill 11'11111'(', Tllis d('\'('!op

111('111 o!" so("ialillillli("k('!".\, g,r('\\' ililo all ('xploitatioll o!" tll(' '1I>ilil.\' o!" tl)('sl' col!('clin's

to "optillliz(' l'II\'iroll1l)('lIt,d 1"11"<1111('1 ('I"S" (1\('1111('(1\- illid 8lH'rllart, jl)!)S) illid ilpph'

Illis al>ilit\' to Imltll('llialind Optillliz'ltioli prol>l('IIIS, TII('s(' allillors slllllillmizl'd 111('

III(' ililililid killg,dOlI1') I3l'("'lIIS(, it Optilllizl'S, \\"11,11 is '1l!,ood \\'m' to sol\-(' l'lIl!,il)('('rilll!,

oplillliz<llioli prol>l('IIIS') :\lod('lil1l!, sociilll)('lIm'ior" (1\('111I('lh' ,llld (1)('rllml, lUI):))

A I\'pind PSO ,dl!,oritlllll tri('s 10 ('Xpl('SS 111(' I ('lId('I)('\' 01' il1di\'idll,ds ill ,I I!,rollp

10 do tIl(' !"ollo\\'iJlI!, (PI'd('rs('11 alld CllipJH'r!i('ld, 2()()(»)

j 01>(,\' ill('rl i,1. TIi(,\, t nl\'(,1 ill til(' S'lIll(' dir('("t iOIl 1I111('ss illflll('llc('d 10 do olli('r\\'isl'

13(' drm\'ll lo\\,<iI'(lllieir I>l'sl klIO\\'I1 positioll, 1\('111)('(1\- '111d (1)('rllmt (I!)!);)) nil I

tllis "Sill1pkIlOSlall!,ia",I('tmllilll!,toplaceskIlO\\'I1 toliost I('SOIl]'('('S

J, FoI!0\\' tlie 11"Hkr. 1\('I1I)('lh' 'llid (1)('1'11,11'1 (199S) ("ill! tliis respolidilll!, 10 "pllhli-

ciz('d kIlO\\'kdl!,e," or 1I100'illl!, 10 III(' I)('st lo("alioll tll(, I!,rollpllas ]'('C('llth' !"Olilld,

Tliese I Ii 1('(' poilllsspl'l'ih'IiO\\'l',wll partick \\'il! sl'arcll !"or !ocalll1illililil ill ,Ill l'f!"orl

13('nIIlS(' I!,l'opll\'sind ill\'('rsioll is so ("01111'111,11 iOllill1\- IiIXilll!" ill\'('rsiol1isls ilr(' ,i1-

\\"I\'S lookillg,!"or I1l'\\'III('ll1ods !"or IIIOd('! COIIStl'l)('lioli \\'lIi('1i Illil!,lit I'XI)('dil(' or ('1I1i,IIII'('

111(' proC('SS, 1'1i1' \\'Ork dOIl(, ill apph-illl!, rso 10 a pilrl i('lIlm I!,('opll\'sinil prohl('111 lilill

\\',IS 1111(\('I"I,lk('11 1i('I(' \\',IS IlIoli\'al(,d h\' 'I d('sir(' 10 1('sl 11)(' 1I)('IIIOd's poll'lIli"llo 11('111

\\'illi I!,('opll\'sinil ill\'('rsjoll, 1'lil' 1('st P('l"!"orIlI('d 11('1(' is!"m lli(' II) \11' ill\'('I'SI' Ilrol>

It'll I SlIm\' alld Sri\'<lslm'a (2007) !"olilid PSO 10 h(' il Silllpll' 1001 !"m IIS(' \\'illi II)
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DC I'('sisli\'ily, II', ellld ~IT dell ,1. ell'lll'i\'illg Icsllits ('olllp,mlbic \\'ilh (11)('1 illU']'sioli

so!'t\\',)J'(', \\'1]('11 pl'Odll('ilig l'OlllhICI i\'il\' III()(!(']S I'm ,I Ihl'('I' !,I\'I'I'('d E,I1111, SII,I\\' eilid

Sli\'ilSI,I\'iI (200T) I'('prodll('cd (,ollllilCli\'ih' \'edll('S g('III'I,dh' ,I f)OI;' Illillgill or I'ITOI 01

II)('migilledS\'IIII)('li('IIIIHII'l.illlposiligelsl"IITIISjJiW('Or,d)()lItoll('pO\\'ClorJO,\lod

cis Pl'OdlllTd ill Illell iliSlellll'l' ('losch' IIleilelll'd thosc prodlll'l'd 1)\, ligid Icgl'('ssioll ,lIId

gCllcl i(' edgolilliliis elIH! obsl,],\Td '1I1d pl'('di('II'd dellel I'm tli,ds or I'elell 1\'1)(' or ill\'I'ISiOIi

5.2 The Algorithm

Tlil' lililill IJllellll itil's ill el rso edgmil !I III mc 11)(' posil iOIl:i ill Illodl,1 :ip'WI' or I III'

p,llli('!I':i, \'I,I()('ilil':i or 11)(' pellli('](':i, ell II I :iOIlIl' oplililed pO:iilioll:i, All illdi\'idwd':i

\'I'!O('i!.\' is l'('pl'('SI'lllcd elS V ellid ils posilioll elS X TI)('lc ell(' 1\1'() oplilll,d posiliolls

l'('III('lIdH'ITd b\' l'eW!I IlCllli('!c: 111(' pl'ISOlled l)('sl, p, \I'!li('!1 IH'ILlilis 10 poilll 1\1'0

ill till' pl'('\'iOIIS sc('lioll, eilid tll(' m'('lellI 01 ('ollc('li\T l)('sl, g, II'!I iel I i:i 1'('11'\',1111 10

poilll 11111'1' ed)()\'(" TI)(' I)('hm'iolll' or I hi' opl illliZeil i011 nlll 1)(' Iliodifil'd 1)\' ,Idjllsi illg

\I'I'ighlillg IHllelllll'II'IS, T!I(':iI' \I'('iglltillg pellalllcl('J's dc('idl' Ilm\' illlpmLlll1 1',wll or 111('

poillts listl'd ill I!lc plnnlillg :i('('lioli lI'illl)(' 10 illdi\'idwds ill 11)(' SII',II'III w', C:'" , <,""

ITpl'('S('111 11)(' \I'('ig!ltillg or poillls 1. 2, alld J I'('SI)('('iiu'h

T!)(' g('II('nd ('OIIIJ)OII('lIts oj' 'I rso edgmilhlll aI'(' ,IS slI('11 (P('dCI:i('1I '111d C!liPI)('I-

ficld,200U)

_llliliedizct])('posilioIlSOj'edIIHllli('lcSlIsillg,llIllirmlildistlil)(llioli iIIS('ill('11

Sp,wc, i,(', 1lllirol'lllh' m'l'l 111(' IOlall,llIgc 1'01 ('eWII Illodcl pelnlllll'I('1
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• ("dl'lilale fllll('lioll \"edlll'S Il'ilh fOl'\I'illd 1110delll'l ellid les('1 g ilgilill. \\'ilh l'iwli

parlicle's posilioll IIpdeiled, il is 11('I'('SSal'\' 10 I'('nlklilall' Ihe fIlllI'lioll I'idll(' I'lli

,dl pmli('les ill oldel 10 filld till' 111'11' pI'l'sollCd hesl of eileh pall i('I(, ilild ('he('k il

il 111'11' pmti('le has hl'ell fOlilid Il'illl iI lowel fIlllI'lioll I',dlll' 11,,111 Ih(' ('olll'I'lil'l'

hesl

• 1\1'IH'al IIII1illhe d<'sit'('c110\('I'alll'(' of Illisfil is l'('ell'llI'd

5.3 Example 1: Finding a Point

Code WilS wlillell illlpl<'III<'lltilig rso 10 s('il!Th a 20 SPiWI' 1'01 a gil'ell poilll 1I'IIil'Ii

II'ilS hicld<'11 1'10111 Ihl' parlicles, J70 pall i('ll's WI't'(' dislrihllled IIl1ifol'lllh' ill TOSS el

SpiWI' of (1,1I)f[-50, 50] x [-50,50] 10 look I'm IIII' poi lit (I, I}) = (10, -JO) Thl'

PSO sear('h pmellll!'1<'l'S 11'('1'(' W = (/)1' = ()" = O,il so 11,,11 eell'h (,OIIIJH)JII'111 of "pall i('II'

)}('hm'ioill" was e<jllalh' weighll'd, 1'111' fIlllI'lioll heillg Illillilllized WilS Ihe silllpll'

Cilll<'siilll 11I1'11'i(' 01' distall('e, lIIisfil = +J(,I- 10)2 + (II + JO)2, The lolel'illll'(' Il'iIS

101 = l,O x 10- 2
, so li1al Whl'll lhe glohid !}('si pell1i('le ('ilille Il'ithill Ihis disl,lIl('I'

(lIIi,'fil < 1(1) of IIII' sOllglI1 ell'1l'l poi 111 , t Ii(' edgOl'ilhll1 fillish('d, Till' I'('Sll)ts (SI'I'

Fig, 5,1) sholl' IIII' poi III IHIS I'011 lid Il,ith ,I Illisfil (distclll('I' 1'1'0111 IIII' I'('ill 1"lhll') oj

O,OJ25 ill 57 ill'lelliOIlS, Fig, 5,1 shows six pelilS of snillel'p!ots silowilig 1111' sliill' 01

till' ,dgolillllll ill six itl'l'elliOllS, The snilieipiol ill l'ell,11 !Jelillill}('lleci "p's" gil'l's IIII'

PI'l'SOllid !}('sl of I Iiii I pcll'ticll' lip 10 Ihelt poillt ill I Ill' idgolillllll so Ih,iI I Ill' spl'('illl oj

111I's<' poilils sllOlild g!'1 ('ollsiSI('llllv ('los('llo tll(' sOllglI1 al'1l'l pOilll, TIll' s(',iltl'l'plol

ill eiwh pail l,d}('l!ed "X's" giV<'s Ihe 1'lllTI'III posil iOIl of l'eW1I pill'l il,ll' ill Ihiil il I'l'iil i011

ill I Ill' idgOl'ilhll1. whi('h shollld g('III'l'idlv g('1 c1osell0 the sOllghl ,d'll'I' !Joilll hili !'illl
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IIIO\"('illl'H\' frolll il ilioliesIH'('ifi('it,'ralioll, Pi!!" 'i,2 shows the disIHII("('S H\nl\' frolll III('

sOIl!!,ht after pOillt, 1'11(' <ll!!,orithlll updates Ih,'o\"('ndl ('Iosest pHrli('!,' (poilll)!l tilll('s

I)('fol"(' fillishill!!" Tll('al!!,orilhlll isqui('k to!!,<'l ('lose to tll<'so]ulioll poillt (s,',' it,'ratioll

II I"('sulls ill Fi!!" 5,1), but Ih,' Illajoritl' of Ihe il<'rHliolis HI"(' SIH'lIt (,OIl("'lllralill!!, tile

Sll"lrIll as ('I'id"I1("('d ill til(' SIOII' drop illlliisfil ill"ter ilentlioll 11, Sil\(",' til(' disLu\(",' is

nd('u"lt ('d 011("(' for "H('h pHrl i('I" ilt ('<I('h it,'rell iOll, tllis 1I1,'a1iS I II(' illY,'rsioll I"('qllil"('d

1)(j!.JO fUllci iOIl "I',dmll iOllS ill toLd, Sec Appelldix B for souJ'('(' ('ode

5.4 ID MT Modelling with PSG

Th,' illlpl"III<'lltiltioli of rso ill til(' pl"('Yious s,,('tioll was IIs,'d Oil III(' 10 ;\11' illl'('!"S('

probl"1I1. TIl(' fUII('t iOIl I)('ill!!, Illillilllized ill this nIS(' is I he I\'pind dHIH Illisfil fUII("t iOll,

i,(', til(' SUIII of SqUHI"('S of III<' dirfe[TII('(' \)('t 1\"("'11 obs('r\"('d Hlld pl"('dicl ,'d d'll a, (s,','

I.H), TIl(' obser\"('d dat H 11','1"(' S\"llt hsized usill!!, ,h,' forward Iliodeller Il'it hout 1I0is('

1'11(' Illet hod of ~ 3,] II'HS IIsed 10 build, II(' forward IIIOd,'!I('r. Th(, ('od(' for' his

PSO solut iOIl 10 I h(' 10 \11' problelll is gi\"('11 ill ApIH'II<!ix 13, The I'ariablc Illodel

p'lnllll<'l,'rs for both ('xmllpl<'s (,ollsid,']'('d 1)('1011' <1r<' III(' ,hi('kll('ss('S of III(' lop 1m)

5.4.1 PSG for Synthetic 1D MT Example

1'11(' reslills, SIIOWII ill Fig, 5,3 alld 5,·1. sIIOlI'lh,'d"I,,'loplll"liI OfH IlIod,'ltll1'(lIl!!,11 100

il,'nltiolls (Ihe globed I)('sl fit I ill!!, Iliodel is disp!el\'ed ill ('il('l 1 step) alld III,' d''('J'('as,'

ill !llisfil, TIl<' reid Hlld illla!!,illill\' ('OIIIJH)Jl('llts of illlf)('dall('(' 11'('1"(' produ(",'d IISi!l!!,

III(' fOl'\l'ard IIlocl,'!I,'r Il'ilh H s"t of ,'o!l(lu("til'ilies Hlld Ihi('kll('ss,'s for 1(j fl"('(l'l('ll('i,'s



S.1: Eewh pelir of plots (I'·s ClIld X·s) sholl· el Sllelp shOI of S"·'1l"I11 posilioll

opt illliz,iI iOIl ("odc' t"lIIIS. s('elr("hillg for Ih(' r('d dol. p·s J"('pJ"('sc'lJ1 tll(' !H'!"SOllCiI

I)('st 10 r('d) kllo\\·1I positioll. ,,·hik X·s J"('pJ"('s('lll til(' ("I 11"1"('1 It posit iOIl of (',wi I

forthatit('ratioll

IS



Iteration

F'iglll"l'5.2 Disl,11ICI'oftll(' Ilmticlcc!oscsllol!J('solllliolllloillt (mllcctiw!>I'sl) ill;J

rso Iri,d vcrSllS it·I'rCl1iOll 11I1111!)('1
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The code II'ilS 1"1111 lestillg 1IIIIltipk I'idlles for rso pill"illllet('rS IIl1lil COIII'('rg('IIC(' Il'as

il("hei\"('d alld a S('lIsibk cOlldllct il'it.', sl nI("l lire prodll('I'd, The lokr'III('I' for 1h(' SIIIII

of sqllillTS diH'el'('II('(' })('III'I'I'II Ihe IG COlllpOIlI'lIls of thl' obS('I'\'('d alld pl'('dicled dal'l

\\'iIS fUll. 1'1)(' 11I111I1)('r of part ides IHIS s('1 10000, illl IIpp('r Iilllil dill' 10 111('11101'\'

('Ollsll'ilillls, ill ordn to S('(' ilS 1IIIICh of t hI' sl'arch SpiICI' ilS possible bcfol'(' ('olllTrgillg Oil

011(' 11I()(le!. rmlicks 1\'('1'(' illtiidized o\"('r a r('sislil'il." s(';lJ'(,h Spil("l' or J-1 000000 S)'"

alld il Im'('r thicklless SPil("(' (for Ihl' top tll'O lil\'('rs) or 10 - 10000 III. SI'lilh(,tic d'ILi

(iq>piln'llt resist i\'ity alld pllilS(') me ShOll'l1 ill Fig, 5,3 ilild 5,-1 I'or 11)(' origillid Illod('1

ill blll(' (obserV('d s,\'l1lll('tic dill 'I) alld Ihe rso 1I10d('1 ill gl'('('11 (pl'('dickd s\'lllheli(

d'lIil), '1'])(' rso pal'illll('ters which gmT 11)(' I)('si COIIITrg('III'(' lITre uJ = 0,5, 1/)/. =

0,-1, alld (,),/ = 0,3, based Oil spe('d or ('0111'('1'1-',<'11("(' to sillisfa('(ol'\' I'('Slllts or 1IIIillipie

t ri,ds, 'I'll(' algorit hili Il'as rllil Il'it h I'ilriOIlS rso IHlralll('t('rs 10 filld I'ahl('s lI'hi('11

COlllbilliliiollS S('I'llIl'd 10 work, a larg(' W SI'('lIll'd to IIlailllilill SOllie of t])(' I'illldOlllized

pari ide I)('hm'io\ll' or 1hI' begillllillg so that 11101'(' or til(' s('aITh SPil(T \\'iIS ('xplored

})('fol'(' cOl!\'ergillg 011'1 sp('cific IlIode!. :'Ilore pmt ide's 11'('1'(' 11('('ded ror I he :\[1' ('Xillllpl('

t hilll t 1)(' poilll filldillg I'Xalllpll' dill' to t])(' dl'('I'('as(' ill pilrt ide d('IISit.I' ill :'lIT's Ii\'('

dilll('llsiollid seilrch SP'II'(' frolll tl)(' poillt filldillg {'Xalllp!("S 111'0 dilll('lIsiollal sl"lrch

Sp'II'(', ]I' the' pilrilllll'II'rs llil\,(' poor I'ahl(,s or thl'l'(' iln' 1101 ('lIollgh pmlil'les 10 S("lrch

I he SPillT, t])(' algoril hili IlilS dif'ficlIlI." filldillg a good Illillillllllll.

5.4.2 Modelling Nechako Basin Data

TIl(' II) :\IT rso roillilll' II'ilS applied to Ihe N('cll'lko l3'ISill dillil idollg lilies 1\,13,

'Illd C' (Ihe Sill 11(' roulille Ils('d ill ~ !J,-I.l), Lille A \\'iIS IIlad(' of GD siks picked ,II
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rq~ulm illternds illOlig til(' Iellglh of" III(' profill', lille 13 used 12, illid lillI' C' used :)(i, li'i

f"1"l'</ul'lIcies \\'I'I"l' used \\'ilh iI logilrillllllic distrihulioll illlhl' rillige [S,-I x JO 1,i'i,i'i'< 10:1]

liz, III ordl'r 10 do Ihis sepmilll' dil!;1 files \\'el"l' cOlllpiled f"or I',\("h lillI', TIl(' dillil

ill\"('rled \\"I'I"l' Ihe umotilled I"l'ill illid il1l'lgillillT X\' COlilpoueuts of" Ihl' iIIlIH'llillll"(,

Il'IISor ilt l',\("h sill' illid f"re</II('II("\', ilS \I"l're used 1)\' ,'prill I ,111(1 ('r,I\'I'1I (200i'i), Thesl'

I"l'slilts 'lI"l' shO\\"I1 ill Fig, 5,5 105.1, II SI'I'IIiS Ihill ,dollg lill(' A (Fig, G,G) III(' rso

,dgorilhlll 111m' IrY illl(l dnd \\'ilh ilS f"e\\' dillll'IISiOiIS ilS possihle so Ihill Ihl' smf"'\("I'

lil."I'r 1"l'llIilillS ilhllosl IlIlif"mlll!." Ihill ill I'dch lill(', i1l1d OI'Ullif"orlil I'olldllli\'il,\', 110\\"('\'1'1

'I IIIOI"l' likl,lv l"l'iiSOII f"or Illilllll'r l'IVl'r gl'II('l"iil iOIl ill I Ill' rso IllllllI,1 IiI'S ill I II(' 1111

IIOl"IIl,dized 1'lTm IlTII\. c,~" = LJd~'''' - d~H"f, \\'hich \\'olild df"I'cl i\"('h' \\Tighl l'ITors ill

Imgl'r-high f"1"l'</IIl'III".\' tl'rJlIS IIIOI"l' Il('ill'i h' thilll lo\\"('r f"re</uI'III'." IITIIIS, Tllis 1l('llil\'ioul

is relll'dtl'd f"or lilies 13 (Fig, 5,G) 'Ilid C' (Fig, 5,7), TIl(' I D illvlTsioli ill Fig, fl.f) \\"iIS

dOlle 1)\, SPl"iltt dJl(I C'rm'I'11 (200i)) usillg the \\'iIiClillk' ,\I COl II II Il'rci,d illl"l'rsioll loo!.

Thl' cOIllpdrisoli f"or lillI' A ill Ihis fij.';llI"l' I"l'\'l',ds thilt thl' thill smf",I("(' COlldl\("lor is

likl'h' dll mtif"dcl of" III(' PSO ,dgmilhll\. rso does reproducl' ,I resislor (>J()OO S2 Ill)

100nmi thl' smf"ilcl' 'Ihout 100 III thick shO\\"I1 1)\, Ihe \\'iIiGlillk'i\1 sof"t\\'ill"l', 131'IO\\'lllis

Ihl' rso 1I10del"s hdSl'III('1I1 drops ill resisli\'ilY to lOO 0 III ilS does III(' \\'iIIClillk / ,\1

ill\'l'rsiol\. Lill(' 13 sho\\'sil II'sscolitillilousshilIIO\\' (J50 Ill) resistor. \\'hidl iscolisisll'lIl

\\'ilh til(' \\'iIiClillkI"AI ill\'l'rsioll f"or lille A, Lill(' C' sllO\\'s iI f"e\\' strollj.';I'r I"l'sislors ,11

surf"il('l' 'IS \\"('11 dS f"mlhl'r dO\\'11 ililo h'ISI'III('111 (500 Ill) rollghly cOlisistl'llt \\'itll 1111'

\\'iIiClillkTA'illl'l'rsiollresulls

All rJIliS \\'I'I"l' dOIIl' ill ulldl'r J()O itel"illiolls \\'ilh 10000 pmlil'll's '1IId ,\("ll('i\'ed iI

drop ill Illisfil of" J ordlTs of" IlIilgllit udl', s]IO\\'ilig l'o!l\'I'rgelll'l' of" I II(' ,dgorillllll,



Fignre 5.5' COIlqlilrisoli of rso 1D Illode! of lille A of III(' Necll<lko llilsill llilh sel

(10\\"1'1' llililel) \\'ilii tlIe IIIOd('lprodnced by Spnil t "lid ('r"\,('11 (2()J 1). rso IIIIH!I,I

sIIO\\'s IIigli cOlldllcl i,·it.'· ill red 10 onlllgl'. IIlod('rMe illwl!o\\" 1012,1"1'1'11.

,1111110\,' cOlldllcli,'ih' ill gr(,(,11 to bille. Re,,<ler slIonld 1I0tl' snIlI' fo lop ilISI'1

silllilm 10 lol,d snIll' of hOttOli1 IlIodl'!
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Figure 5.7: ID conductivity model from PSG for line C. Conductivity shown on the
colour bar as log(Sjm).
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Chapter 6

Data and Model Preparation

Tlie rollO\\'illg clielp\('r is ell I el('('Ollllt or tli(' \\'Ork dOIl(' to PI'l'IHIl'l' ,1I1d mgalliz(' til('

della 1'01' ill\'{'rsiOlI. alld to ('['('eli<' tli(' 111(H!e] 111('sll, V,lriolls piec('s or code tli,1I \\'('I'l'

\\'rill('11 In' tlie ,1111 lim to elid ill 111('s(' !)l'OC('SS('S \I'i11 !)(' ('xplelilled, edollg \I'illl 11i('il

illpllt S eliid 0111 Pills, Tlie resll]ls or I lie illV('l'siOII l'I111S \\'ill])(' ,lllelh'zed eilid illi<'rpl'l'led

I'm g('o]ogind re,IIIlI'l's ,lIId sll'lil'IIJJ'(' ill Cllelpl('r 7

TIi(, prognlill ;\IT3Dill\' (discllssed ill ~ '1.2,2) \\',IS Iised to pl'Odllc(' 3D ('olJ(liil'1 i\'itl'

IIJ(HI('ls 1'1'0111 tli(' ;':('Clied'll l3elsill dMel sl'I, Beillg lliell lliis c()(I(, nlliliol dil'l'('I!Y r('ad

d,II,1 ill EDI fOl'lmlt (lliM ill \I'liicll t!1(' dalel \\'('1'(' pl'O\'ided), tliel'l' \\'iIS a sigllih('iliit

illllOlllll or reorgellliz,1I iOIl ellld rdorJllatl'illg or datel hies elIH! set lip t Ii ell Il('eded 1(1)('

dOlle !>({O['(, stmtillg llle illY('l'siOIlS, The ill\,{'I'siOIl PI'O(,('ss \\',IS d('snil)('d ill g('II('r,d ill

~ ·1.2,2, ,Illd Illon' specihndh' I'm til(' nlst' or i\IT3DiIlV ill FmqllliilrsOII (,t ,d, (2002)

S('I t illg lip elll illversioll reqllired ext nl('lillg til(' rel('V,lllt i111i)('daIIC('S 1'1'0111 I II(' EDI fil('s

alld sililpillg 111('111 ililo el sillgle dellel file elS I'l'qllired In' l\!T3Dill\', Th(,s(' dilt ,I 111('11

held to 1)(' Illelllipll]elled illto III(' p!O!H'r coordillelte S\'st('111 \I'hich 1'l'(l!lired il liliitrix



rol,l1ioll, III order 10 check for "hCllldelhl<'ss" of III<' coordiml1e ,I:\('S ill :--IT:IDilll'

l'l'rSIIS III(' 11I('ClSlln'III('lIt oril'lIt'ltiOlI. 111'0 sels of illvnsiolls 11'('1'(' ,dso perfonlll'd flll

l',1('h p<ll',llIl<'tn cOllfigllUl1ioll lI'itll Cliid lI'itholit CI sigll CII,lllgl', 1'11<' fill's for Ihe

illl'l'rsioll p<lUIIIl<'tns, Obsl'l'l'ed d,l1<1, <llId th(' Illl'sll lIel'ded to 1)(' pCl('kl'd ill <I bllll(lle

wit h il job cOJitrol file iliid sllipped to tl](' ACElIl't c1l1sll'r for nlellded c,dcIII,1I iOlls

OIl il p<ll',lIll'l COlllPlitilig Sdllp, Tipper d<lt ,I II',IS 1101 Ilsed dmillg I Ill' comSl' of I iIis

thesis, All C COdl' ,1I1d shell snipts d('snil)('d ill the fol!O\l'ilig sect iOlls \\'('re IITitl l'll 1)\

I II(' ,1111 hoI' <llId ,IJ(' illc!lIdpd ill Appe!l(li:\ 13, The process for sdl illg IIJ) ,Ill ill\'('rsioll

will 1)(, Sllllllll<ll'i;l,ed ill Fig, G,!.J

6.1 Spatial Data Selection

The i\IT d,l1,) <Ii(' stored ill EDI fOl'lmll (Wight. J!.JS7), £,1('11 ED] fill' cOIIl,liIlS III<'

illlJ)('d,lIl('l' d<ltil lI'ith resppcl to freqll('lIcI' for Olll' sile ,IS \\'(,11 ilS sitl' coordill,l1es

,llld ilCqllisitiOIl p<lUlIlIl'1l'rs, All illil i,d, prelililill<lry l':\elTise ill d,lt ,I lIl<lIliplll,lt iOIl

\V,IS IIIH!ert'lk('11. The l':\l'ITise illvolved i(',lllilig 1,ltillide/loligillide sile posiliolls fro II I

e,1('h ED] lill' ,lIld plotl illg tl 1<'11 I IIsilig Gelleric i\1,q)pilig Tools (GAIT) (\\'ess('1 ,llld

Sillit iI, lOll) ,IS secII ill Fig, 0,1. Not ,111 silc's frolll the Gl'oscil'Il('(' 13(' SIII'\TI' lI'l'I'('

lIsed: Oil'" I hose h'iJig illside till' bo:\ IIsed ill the JD illl'l'rsioll lI'l'i(' illcilldl'd ill til<'

1i1l,1I d,l1<1 fill', The l':\l'rcise of 111<lppilig thl' d,lt,1 il!sO serwd ,IS ,I checkillg IIH'cll<llliSIII

10 ('IISlll'(' Ih,l1 coordill,l1es ill Ihp d,II,) fill'S 111<llcll<'d lip lI'itll those' plotled lip ill

t!1<' lileul1lIn' (Geos\'stelll-Cilll<I(I,1. lOO?), Lltit!l(Il'-loligillldl' plots lI'l'i(' ,lIso IISl'd 10

l'hl'ck til<' UTi\1 sitl' coonhll<lt(,s ill ordl,], to check lisls cOlllilillilig site cooi(lill<ll<'s ill

botiI COIl\'('lltioIiS for c<JIISistl'II('\' TiIe UTi\1 coordiml1l's lI'er(' IIsl'd ill III<' ill\'('rsiolls

S-I



TIll' C plOgl"l1ll pointChecker,c, listed ill Appelldi:\ C, is IIsed 10 Ollt"ill il list 01

,dl sill's th,lI lic' Il'ilhili il spe('ified 1('('LlIIglc', This ,11('i1, II'hi('h is 111('i1111 10 c,lilllill<ll('

pOl'liOIiS of Ihe SIIrV('\, Sp,WC' whi('h do 1I0t I"I\'C' il(!c'qmll(' ('()\'(,!, 1'01 JO illl,(,l'siOIl, lil's

l)('tl\'('c'lI C'iiSliligS UTi\! ]0 -1]OOOO--17S000 III il1ld 1I00tlliligS !iS27S00-SSS7S00 III. Till'

0111 pili fik ('OlllililiS Ihl'ee ('OIIlIIIIIS Ivith (',wh site's filc' 11'1111(' ill 1(1 :\-\' ('l)()J'(liII<IIC'S

Sil(' dl'llsitl' II"IS ('Oll('('IIII'i1led ,dollg Ihe 20 lill('S, ilholll fil'(' t illil'S 11101'(' sil l'S Oil

IIll'se lillc's t hill I ill Ihe I'esl 01' t Ill' sllIch' ml'il, This ill('J'('ilSed ('01 J('C' II I nil iOIl (',IIISC'S till'

illv('['sioll 10 foclIs Ili0St of III(' IIlOdel slrll('III1(' alollg Illc' 20 lilH's 11'1ll'l'e il h,IS tll('

gl'eil1l'sl dfc'd Oil 111()(kl Illisfil To i1l1c'I'i,l1c' Illis pl'ohlc'lIl th(' silc's ,dollg Ihc'Sl' lilil's

11'('l'e thililled Ollt

Silc' thilillillg I('qllired sepilr;l1illgsilC's illto c',wh oflhe lilIC'S A, C, C, "lid 0, Sl'llillg

I Ill' ol!Il'I'S 'Isidc', The sc'('olid step is 10 go Ilmlligh thlOlIgh c'iwh c'c,11 f,J('c' i1t I Ill' lop 01

I Ill' 111('sh, filldillg idl sill'S wilh cool(lill,l1es Ivillg illlh,lI ('(,II. Till' plOgl('ssioli IlmJllgh

('ells 11'('111 fl'O 11 I west to (',lsi, wOl'killg ils Il'm' 1'1'0111 1100'th to sOllth, TIll' ill lI)('d,11 1('('

C'OIIIl)(IIIC'lltS fl'Oll1 ,dl sitc's withill thc' Silille ('ell ill tllc' iIIV('l'sioli IIll'sh II'C'I(' ill'c'nlgc'd

illidilll('II'sitc'II'iISIIliHlewilhllll'iIVC'l'ilgc'dlll('ilslIl('lI1('lltsililhelll(',IIIOfIIIC'silc'

!o(',lIioIIS, l',g"

"Z;'{' = LZik/JI' (GJ)

11'\1('1(' /1' is Ihl' 111111d)('1' of sill'S ill Ihill ('ell heillg i1I'C'I'i1gc'd OIl('C' till' silc's 1\'('1('

ill'('nlged, c'\,erl' third sill' ('ollid 1)(' ('hOSC'11 ,111(1 wrillc'll ililo tllc' d,lI'l Iilc', 111 tllis

WilY, ,I 11101'(' IIl1ifol'lli lille]';d distrihlliioll 11'i1S ,whil'I'c,d \)('III'('C'II till' SLltiolis ,dollg I Ill'

prilililrl' plOfilcs illid I Ill' fill-ill st,lIiolis
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6.2 Frequency-Based Data Selection

I)('(",IIIS(' IIsill!!, all of Ih('111 \I'as C()]llplllatiolla!h- illf('asihl<', Th(' fl"('Cjlu'llCi('s to})(' IIs('d

ill Ilu' illl"l'rsiolis \1'('1"(' ChOS('11 bas('d Oil rl hislo!!,ralll \I'hich displm'('d Ih(' 11111111)('1' 01

sites \\'il h IIU'rlSIlr('d fr('(pu'llCi('s h-ill!!, ill III(' nlll!!,(' of ('rl("h bill S('('II ill Pi!!" G,:2, For this

(1<IIrl-S('I, all sil('s \\TI"(' shO\\1I ill the' hislol-';nllll to hm'(' d,lIa ,II the' S,IIIU' fr('CjIl('llCi('s

This IIU'rlllt th,11 bilillill!!, a s('I('clioli \\'as 1101 rill iSSIl(', 11I1"l'rsiolls IIsill!!, dilr('I"('111

1llIllIhC'rs of fr('CjIl('llCi('s chosC' il sllbsd of frC'(pu'llci('s disiriblll('d IlIlifol'lllh' I)('I\\T('II

0,000-12107200 Hz,

C
:::J 400
o

U

Frequency (LOglO Hz)

Fi!!,III'(' G,:2: J-1istOl-';ralll displm'illl-'; 111(' III1JIII)('r of sil('s wililill Ih(' S('!('clioll I"('CI;IIII-';I('

\I'llich hmT IIU'aSIlI"('JII('llls \I'il hill ('rl("h fr('CjIl('IIC\' hill, This sllo\l's ,I !!,ood ,JIIIOIIIII oj

site's 111('rlSllrill!!, ill (',IC,II All frC'Cjlu'lIci('s ,II'(' IIIC',ISIII'('(! I'm (',IC,II site' so tllal

,dlal"('lIsd'lIlforlh('

'7



6.3 Data Plotting

011('(' sil('s 11"('1"(' pick('d, ;1 C-III;I(TO (impPlotter, c ill AplH'lldix 13) Il'as IITill('1I 101"(';1(1

ill ill Ij)('da Il("l' illfonllat iOIl fl"(llil t hl' EDl hll's for I h(' sit l'S IIs('d alI(I plot t }I<'III IIsilig

C\IT, A C-shdl snipt plottl'd t}I<'Sl' illlj)('dallc('s l'l'rS11S fl"('qll('I1("\', Il"ith til<' sqll;1I"('

root of t}1(' nlriall("l'S frolll til(' EDl hll's dn1\I'1i as ('rror hars (Fig, G,:)), Allo! hl'r C-sh('11

snip! plol\('d lip app;1I"('llt I"('sistil'itl" ;l1ld phas(' agaillst fl"('qll('IWI" (Fig, G,·I),

OIlC(' I h(' illll)('dall("l'S II'l'I"(' I"('ad frolll til(' ED] fill's, 111("1' ('Olild 1)(' l\Till ('II ill!o d;lI il

fill'S fOI'1II;llll'd hI' I his a11lllor I'or \ITJDilll', 1-I00\'('I'l'I', 111(' EDI fonllil1 ('oordillil1('

iIX('S (z-axis illtO Earth, \'-axis d11(, l'asl, x-;Ixis dll(, 1101'111 (Wighl, llJKi)) diff('r frolll

Illl' aXl'S IIsl'd ill Illl' illV<'rsioll so!'tll'm(' (z-;Ixis Ollt of I~arlh \'-axis dll(' IlllI'tll, x-

axis dll(, l'ast (UBC-GIF, 200J)), alI(I so ;1 t('lIsor ro(;11 iOIl Il"as l'l'qllil"('d hdol"(' 111('

data fill'S 11'('l'l , IIsdlll. Iln(' a Sl'l'OII(I stagl' data pI"(H'('ssilig C-III;I(TO (impRot, c ill

App(,l1dix 13) pnforlll('d th('chill1g('ofcoonlillilt('S, (!<-snih('d ill App(,lIdix :\,:\ sigll

challg(' lot h(' oll-diagollid ('1(,111('111s II'ilS pO\('lIt i,dh' r('qllil"('d, alt h011gh 1111("!<-;lr ill I h('

dOC11I1I('lItatioli so th;lt III(1d('ls Il'ith alld II'itho111 th(' sigll ('hallg(' 11'('1"(' r11I1, This

gmT 'III midi! iOliid 111('aSIlI"(' of dilll('llsiolialil\': Il"('r(' III(' lllOd('ls Il'il h ;ll1d Il'it h0111 sigll

dlallg(' IITI"(' Silllil,lr. til(' Eart h prod11c('d ;1 2D I"('SpOlISl', II'h('I"(' 111('1' IITr(' dissilllil;11

il prod11('('d a JD I"('SPOIIS('

IIlIjH'dall('(' II\;II)S of the' OhSl'I'\'('d ;l1ld pl"('dil'll'd dil1'l 11"('1"(' plott('d l1sillg C\IT to

l'OIIIPilr(' Ohs('I'\'alioIIS Il'ith illlTl'siOIi r('Sl1lts, Exaillpil's of 111i1l)S of ohs(,l'v('d d;lla ;11'<'

shO\l'l1 ill Figs, G,G alld G,G
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6.4 Mesh Making

III mdel !"m I lIe hOUlldCll'\' cOlldilious uSI'd hy i\IT:3Dill\' (dl'sniIH'd ill q :3.:3) 10

IIold. 1lI('SIII'S 1l11lS1 II el \'(' l'lloug,11 I)CHldillg, cl'lls so tlIed III(' hOlllld,II'\' o!" I!I(' IIII'S!I

is sufticil'111!1' !"iII' !"IOJII IIII' ('('lllnd ,,(111(' o!" i1l11'l'es1 lllell III(' S('COlld,Ir\' Iil'ld is closl'

l'IIOIIg,11 10 ;!,1'J'(l. AI 1III' S,Ulll' lillI(' I lIe Illesh is l'equil'l'd 10 IIm'I' IIig,II('1 J'('SOllitioli cl'IIs

ill IIII' l'eg,ioll o!" illt('J'I'sl ill mdl'l lo!)(' slmdll'l l11C1I1 1111' skill dl'plii ,d 1111' IIig,III'sl

!"ll'qUI'11C1' uSl'd ill oJ'(I('I!"m IIII' Iillill'-diffl'll']J('(' solutioll 110110 dl'll'lionll<' (,IS S('('II ill

Fig,. G.7). USillg, I'q. 2.J:) !"Ol skill dl'plii willI f = IH: ,llld (J = O.O]Sjl/l. Cl Iypic,d

skill dl'p1 II ill til(' f'\1'c!Jcdw I3elsill is 12.G kill. IIo\\'evl'l' 1IIis \'Mil's cOIIsidl'nlhl\' \I'ilil

SUI!"'J('(' cOlldudivil\'. Full 11ieipS o!" skill dl'pl II ,11 ('Clcii !"J'('qlJ('IIC\' !"m I II(' 111'lill III(H!('1

pl('s('III('d ill I IIis tlIl'sis ml' illcllJ(ll'd ill Fig,. ('.I-C.12



TIl(' C COdl' meshWriter. c (see ApIH'lldi:\ 8) n"Hls ill I II(' '\IIIOIlllt or desired

p'lddiIJ).', 10 1)(' prodllced ill tIl(' IIl('sh. Ihe l'o()['dimlles or III(' slll<h- ,\1'("1 lililits. til('

resollilioll ill Ihe stlldv ,\1'('a. ,\lid til<' 11111111)('[' or cells ill I',wh din'clioll ,llId ).',1'111'I"III'S

III(' Illl'sh pmallll'1ers ill the rOl'lliat rel!lIin'd 1)\' 'dTJDill\·. A geolll('t ric series is sol\'I'd

rOl,llle:\IJlJlIl'IItial ['atl'orilllTl',\seil1cellsi/'l,rrolll III l'stlllh-,\1'("IOIiI tlllllll).',11111('

paddill).',cI'lls:

o(~) =~.
1-/

/I' = /1- 6..1//0
2

(02)

(Cd)

Wh('J'I' /' is the 1':\pOIlI'llli,d n\te or ill<'!'("ISI'. 0 is thl' cell ITsolliliol1 ill till' ,In',1 oj

illll'n's1. 6..1/ is tht' \\'idtll or the me,\ or illll'ITsI. ~ is till' total IIl('sh \\'idl h. /I III('

toLd II1I1I1I)('r or ('('lIs. alld /I' is till' 11\IIIIi)('r or p'Hldill).', cells to III(' Idl ,llld ri).',111 01

III(' slllll\' '\1'("1 ,I., pml rmTd ill Fi).',. o.~. TIII'se el!IICltiolis ,IlT solv('d \\'it h ,\ !>rlll e rorcI'

al).',orithlll which Silllpl\- loops tlllll1lgh vaiJl('s I'm Ille 1':\polll'IItial ill('J'l"ISI'. ,.. IIl1til

Ihl'sl' ('Ollstl'iliIIIS m(' satishl'd withill Ihe dl'sin'd I Oll'l'il I \('1'

_6y_

120130140150160170180

I I I I I I I

Fi).',lII'l' o.~ Cell ['esollilioll hen' is 0 = 10 with all e:\IHJlII'lltial ill<'!'(',lse r,wlor oj

,. = I.S wlli('h wOlild lIol'lmdly 1)(' solved I'm. ~ is thl' lol,dllil'sh \\·idth. 6..1/ 1111' sll1l1\

,\1'(',1 widtl\. /I 1111' tot,dllllll1!>('J' or cells. alld /I' Ih(' 111111I1)('r or pmldill).', ('(,lis 10 III(' 11'1't

'1I1d riglIt orlill'slllliv ml'CI



6.5 Data Formatting for Inversion

Civell 111<11 tl)(' illvel'sioll code \\',IS rIlll Oil High P('rforillill)('(' C'olllplll illg C'hls1<'rs.

(C'oIlIJlIIlilig. Sililldiitioll illid Lill)(hllill'k ViSllidiziltioli chisler !oc,lIed ill III(' :'IIU:\,

8mth Sci('II('('S Depmllll('llt iliid th(' }\CEliel 1II'IChil)('S IOl'ilted <I1'olilid Allalli ic C"III')(\;I)

III(' !>lIl1dle of ill\,(,l'siOII files illid ('Ollllllill)(ls hild to 1)(' ill'l'illiged I'm pill'idlel ('OlllJllllilig

Th(, ,io!> schedilier 011 !>oth the CSLV illid Ihe ACEll('t IlliWhill('S is :\'1 C:rid Ellgille

\\'l'it t('11 Silli i\Ji(TOSvstelils. This provid('d Ill(' III("IIIS of .io)) slllllilissioli. d(,I('1 iOIl

Illollitmilig. illid 1ll'lllipllliliioli. This illfol'lllillioll IJillldli' \\'iiS prodll('('d frolll :'lIT d,lI'l

pro('('SSI'd ililo EDI hies illld il pilrillll('lel' file ill Xi\lL fOrlll'lt, Th('s(' fil('s \\'(')'(' 1'(',)(1

In' vmiolls C' Progl'illllS IH'l'fol'lllillg Illillh illid fill' 1/0. \\'hich \\,el'(' ill 1111'11 ('OIllpil('d

illid rllll In' t hI' cOlltrol sl)(,11. TIl(' !'IO\\' of illfmliliit i011 Ils('d 10 fOrlll'l1 til(' illplil d,lI'l

('I('ill(' ill(' illpllt !>lIl1dl('. illld start illl illversiOiI l'1I11 is laid 0111 ill Fig. G.!)



~
<pointChecker.c>~

EDIFiles
Preliminary

'--. Site List Output Data
~ . Directory

,p,,"m_d~ 1
..--....----------+<makelnvDat.c~

FIOII"("h,ll"t or illrol"lllCl1ioll How dmillg III(' Sl'tilP rm ,III ill\'('\"sioll SI'll"lillg

is S('('1l ill pillpl(' Cllld gn'('11. C ("oc!l' ill rl'd ,lllgll'd hl"ill"k('1 s.

fil('s ill V(,1l0\\' hoxl's. olltplll fiks ill hl,l("k hoxl's. ilild I"l'l('Wllll ("Ollillll'lllds/filcs

illil i'li illg HII illl'l'l"sioli ill gn'('11. Codl' is ill("llIc!l'c! ill Appl'lIdix 13

!.J(j



Chapter 7

Results

7.1 Introduction

III tllis ("11'11>1('1' til(' JO ill\"('rsioll I'('SlIlts for til(' \1,("11,11\0 Basill datil-sl't ,,"illll(' SIIIII-

IIHlrizl'd" idl'lItih"illg k('\" fl"ll ml's of 111(' ill\"('rsioll IlI0dl,ls illld ("olllp'lrillg 111('111 ,,"it II

til(' 20 :\1'1' ill\TrsiOiI n'slilts for til(' profill's illid ilifonllCltiol1 fro II I 01111'1' SOllITl'S" r\

slIit(' of III(Hkls II"ilS dl'I"('lopl'd 11"lIi("1I is lisl('d ill T'liJk 1"1. All r('slIlts ,II'(' ilwllld('d

ill App('lIdi("('s C' illid 0 Till' l"ariolls III(HI('ls 11"1']"(' 1'1111 so as to SI'(' I II(' n'slill S 01

111(' illn('as(' ill 1Ilod('1 n'so!lIt iOIl" sigll ("1I,lllg('" illld sil (' IlIillllilig OIl I Ill' I"Olldll("1 il"ill"

st nwl 111'('" TIII'sl' n'slllt S 11"1'1"<' 1101 fill' 1'1I01lgll ,dollg" 110\1"1'1"1'1". ,iI III(' I illl(' of l\Til illg

fOi illl ill dl'plll ('Xilillillillioll



T,ihl(' 7.1: Sllllllli,I!"Y of illl"<']"siolls th,lt \\'('1"(' rl\ll

]\0 :'\0 ('<,lis \0 F'!"('qs F'n'q !\HlIg(' (liz) ('OIlIIIII'llls

SOxSOxSO [G.~ x 10 I. G.O X 10 1
] wilh Sigll

SOxSOxSO [G.~ X lO I. GO X J()l]

G2xG2xG2 [G.~ X 10 . G.O X lOll \\ilh sigll

G2xG2xG2 [G.~ X lO-l. GO X J()l] 110 :-ilgll

7Sx7Sx7S [GI) X 10 1.GO X 10 1
] \\'ilh sigll

7Sx75x75 [GI) X J()-I.G.O X J()I]

SOxSOxSO ]G [-1.2 X 10 1.7.2 X J()I] \\'ilh sigll

SOx50x50 lG [-1.2 X 10 1.7.2 X lOl] 110 Sigil

G2xG2xG2 lG [-1.2 X lO-l. 7.2 X J()I] \\'ilh sigll

10 G2xG2xG2 lG [-1.2 X 10 1.7.2 X ]0 1
] 110 Sigil

75x75x75 lG [-1.2 X J() 1.7.2 X 10 1
] \\ith sigll

12 75x75x7S lG [-1.2 X lO-1 72 X lOl] 110 Sigil

1:3 50xSOxSO :3-1 [J-l X 10 . is. is X 10 1
] witll sigll

I-I SOxSOxSO :3-] [J..J X J() 1 is. is X ]0 1]

15 G2xG2xG2 :3-1 [:3.-1 X 10- 1. iSiS X lOl] lI'illl sigll

IG G2xG2xG2 :3-1 [Jel X lO . is. is X ]0 1
] IIOSlgl1

17 75x75x75 :3-1 [:3-1 X 10 is.is X 10 1
] lI'itlisigll

Itl 75x75x75 :3-1 [:3-J X J() l.iS.tI X ]0 1] Sigil

1~ 7SxG~x70 IG [-1.2 X J()-I. 72 X 10 1
] \\'ithsigll

20 75xGI)x70 ](j [-1.2 X J() 1.72 X 10 1
] IIOSlgl1

2J 7SxGI)x70 1(j [nxllJ 1.7.2 X IlJl] lI'ith sigll. I hillllillg

22 75x(jl)x70 ]G [-1.2 XIJ~O
I.72 X 10 1

] 110 sigll. lliilillillg



7.2 Low Resolution Model with 16 Frequencies

7.2.1 Inversion Parameters

JG fr('qu('lIci('s II'('H' iIlCorPOf<lt('d ('ITllh' ill log span' m'('r 111(' rallg(' [-1.:2 x J() I, i,:2:-;

IOI:l TII(' IIl('sli dilll('IISiolls (11111111)('r ofcl'lIs ill III(' x, \', ,111<1 Z diH'l'Iiolls) ,II'(' 11., = SO,

lI y = GO, alld II: = GO (111(' 111('sli is sllmnl ill Pig, G,I), (,<,II Iyidtll ill till' m('a 01

illlnl'st is :2IGi III E\\', 2000 III ,'\S, alld 200111 l'l'rlintlh' TIl(' ,11'("1 of illll'I<'sl is (iiI

000 III 1',lsl-\\'I'sl ,ll I< I GO 000 III lIorlll-solltli (1',ISlillgs -IIOOOO-,li;)OOO III ,llId Ilorlllillgs

S~27GOO-G~~7G III ,IS dl'siTil)('d ill ~ G,I), V('rt ic," n'll tllicklll'SS st ,Irl s illiTl',lsillg 11\' ,I

f,lI'lor of 1. J ,Ifl 1'1' ,I dl'plll of 2000 III. A lI('gal i\'I' 1I11t11 iplil'1' for IJlI-diilgOlICti illlJ)('d,IIII'I'

l'II'IIII'lIh Il'as illdlldl'd, All -IOJ sill'S 1I'IIicii li(' illSidl' III(' ,11'(',1 of illl('r('si I\TI<' us('d

ill Illis illl'<'rsioll rUII, TIl<' 1I1i1.ioril.\' of I1i0sl' sill'S ,II'(' l'OIlI'I'lllnil('d ill 1111' ,I pJ'Obll's

1I'lIicli 11TH' us('d for III<' 20 illlTrsiolls (Spnll I alld ('nll'l'll. :2OJ I), AS,I I<'silil SOlIlI'

n'lI COIUlIllIS IIm'(' 1I10H' Iliall 011(' sill' Oil lop so ll1al t 11('s(' n,lIs aH' pH'f('1T('d ill III('

III1H!<'lIillg proC('SS alld g('t 11101'(' of III(' sII'III'II1H' l)('nl1IS(' of f,lr gH'aln ('lIlpll,ISis ill 111('

dat,l-bltillg portioll of til(' illH'rsiolllliall a c('11 willi OIl<' sit(" Also, aHl' disagH'I'III<'lIt

1)('111'('('11 sil<'s killg Oil tll(, Sillll<' c('11 f<1c(' is ,l11110s1 ililpossihl(' for III<' illl'('rsioll 10

r('prodlllT, This PH1\Td, 1I00IT\,('1'. 1(1)(' all Ohl'iolls issll<' at tll(' sl1rf;)(,(' of olll\' 011('

cI,1I COIIlIlIII. TII(' ilI\'('rsioIlIIlIHII,1 lI'as prodlll'l'd ill-iG ill'raliolls lI'illi a sl('p f;lI'lor ill ,I

ol'O,G, sl,lrlillg 'It lOOO ,111<1 l'll<lillg al 2,S-lx 10 II (Ij is 1111' Inull'-off pilnllll('II'r 1I'lIil'll

1'()\ltJ'Ols ,1111011111 ol'lllodl'l stl'llctlll'(' lisll'd 'IS /\ ill I'q, ,I.I~), ~ lIodl'S OIl IIII' A('EIII'I

CIlISII'1' al 7 C:I) 111<'11101'\' I'aell II'I'H' IIsl'd alld (',11'11 il('nilioll look I('ss 111,111 2S0 IIOIII'S

COlllplltalioll lillu' (Oil (',1('11 1I0d(') for ,I tol," rllillillll' OfuIlIII'r II :2GO 1I01lrs, Tllis

ill\'('rsioll lI'as cllosl'lI (1I101kl 7 ill Tahk 7,J) to 1)(' pH'SI'llt('d ill til<' h()(k of Illis t III'sis



lH'n\lI~I' il lIeld IIlldergolle 1111' Illo~i i!<'nll iOIl~ eilld 111('l"l,fore lIell! III(' le\rgl'~1 dl'Op ill

~')d. EX,llllp!('~ of illlpede\lWl'~ ~\'lltll('~izl'd fl'Ol\l IlIi~ Illodel (pl"l'dicled 11<11,\ \l1'lp~) ,11

:J:J Hz call 1)(' ~1'1'11 ill Fig. 7.1 alld 7.:3. ;\lcip~ (of holll ollS<'\"\Td e\lld pl"l'dicll'd dell 'I)

fOi ed! oilier fl"l'I"ll']wie~ nlll !)(' fOlllld ill Appelldix C. TIII'~I' illlped'\lw(' Illap~ \\"('\"1'

III(' pril"'lr} loo! fOi cll('ckiug data hi. :\'111111'rind \'edlll'~ of IlIi~fii \\"('1"(' 1I~I'd Oil 1\. fOI

c)l('ckilig Iliode! COIIV('I-gl'IICl' 'I~ 111('~I' \·,dlll'~ nlll over ~ililplih' :JO 111(1l11'! IlIi~fil.

11('1'('~~elr\' 10 kllow \\'II('l"l,/hO\\' 1111' 1I1111le! i~ deviellillg fl'Olll I lie Earill

A~ ~1'1'11 ill Fig. C.1-C.12. i\IT \I"I\'e!ellgll1~al"l' ,dI"('ell1\' Ill'llelnll illg 20 kill illio I!II'

111(1l!el ill ~0I11(' me'l~ hI' O.S!) Hz. WII('l"l'el~ ill 0111('1' ell('el~ 1:<:i\1 W,\\'l'~ hm'l' ,dl"l"llil' dil'd

olll \\'ill1ill tile IlPlll'nllo~l ki!OIl1('lrl' <It Ihi~ frel!1l1']Il'.V

111 Fig. 7.S. ~evend feMlll'e~ ,Jr(' illllll('di,1I1'k 'lppell('ll1 AI ill(' 1111'1'1 illg poilll

of !ill('~ A. B. C. alld 0 a ~ll'Ollg cOlll)llclor i~ Pl"l'~I'III. wliicll i~ illlerprel1'd a~ 'I

~1'dilll('lll mv dl'po~il. perllelp~ 1Ill' IlIo~i prollli~illg hnlrocarholl ('xp!onil i011 I,\rgel

Tlli~ mee\ i~ ~Ilppo~l'd io 1)(' OVl'r1'lill \\illi re~i~live ha~edl. !lII1Iikeh'IIII' lllicklll'~~ i~ 1101

1'llllllglI fOi i\IT 10 dl'1('d il Il('re Illil Illi~ i~ \'i~ihl<' 'llljm'I'lIi 10 1111' \\'I'~1 COlldIlCiOl~

io l'illl('r ~ide of iii 1(' B me pro!wh!v fallll~ rllllilillg ,dollg~ide a h,I~I'IIIl'lli l"l'~i~IOI

JII gl'lll'\",d. IIIOl"l' l"l'~i~1 ive ell('a~ 1,,11'1' hl'('11 illll'rprl'1ed el~ \'(lil'allic dl'po~ii~. \I·lIi!I'

I<-~~ re~i~live fee\llll"l'~ IIm'I' I)('ell ililerpl"l,t('d el~ ~1'dilll('lIl'\I'\' dl'po~ii~. C'OIllliwli\'il\

fl',111111'~ me eX'\Illilled 1I10l"l' illol'Ollghlv ill COI]lpmi~OIl \I'illl oilier dellel ill ~ 7.2.2.

72.:J. ,\lId 7.2.-1

i\LII)~ of fl"l'l!lll']WV h'I~('d oh~ervl'd 'llid pl"l'didl'd dalel ~lIow pOOl dala fit ,II fl"l'

l!1I1'IWil'~ ahove !)OO Hz (~el' Fig. C'.I:J alld C.1"1). AI !)OO Hz IIIOdl'!IT~pOII~I' I)('gill~ 10

ht 11](' daLl \\'(,11 \I'illl IIlo~il\' el 20 l"l'~POII~I' (Oil dielgolled tl'II~OI 1'!('IIII'III~ ,II(' IlIo~tll

~i]lIilclr 10 oh~erv('d illipedallcl'~) 'I~ ~eell ill Fig. C.lf) Pl"l'dic!<'d d'ILI COII-
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for JJ Hz for data l'Olllp11II'd for till' hll,d IlIIHII,1

till' lIIIV('II'sioll diS'('l1SS,('d III 7,2, ne,d o!Jsel'ved data 'Ill' ill Fi~. 7.J. Sel' AplH'lldi:o; C
for IlI,ipS of dMa for ,111 otlll'l' I'n'IIiIl'lleies illeilldl'd ill tli(' illvnsioll
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E

t:::::::

Fig,1Il'(' 7.2 IIIHIg,iIlClr'· pClrl of illllH'delllCes for JJ Hz for dilt el ("()! II pll I ('d for Ill(' Iill,d

Illode! of 111(' iIIV('l"sioll dis("llssed ill li 7.2 ohser\'('d dedel art' ill Fig. 7.-1
Sec App('lldix C for 11l'lpS of dHlel for HI! oj hel illc!lld('d ill I he ill\·nsioll
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F'iglll(, 7.3: [1('<11

iIJljJ('d'lIw(,s ar(' ill

ill('llId('d ill tIl('

1()3

d,II,!. n',i1 jJr('dicl('d

r,w '"'''''' "I·,),,j,, for all otll(T fr('qIH'lwi('s
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SI'I' AJlIH'lldix C ror IIlclJlS or dill il 1'01 01 lil'l
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lillll<' to IIlellch I hc observcd dalel \)('1 tCl' t hl'OlIgholil I h(' I'csl oj' lhc frl'qll<'II('\' l'illlg('

Oellel fil is VCl"\' tight ,dollg thc:20 lill('S, bill is good al illfill sil('s elS \\'1'11. Al (l.~)D

Hz (Fig, '?'?) Thc Oil dielgollal illll)('d,III(,(' (,I('III('llls of 1h(' obs('I'\'(,d del1 el I)('gill to ('X-

hibil strollg('1' ellllplill\(lcs elild prl'diclcd della slmt 10 ('xllibit silililal' chClIIg(', SIIO\\'illg

ill(']'('asillg dilll('IISiOlledily of I II(' 111<)(1(,1 at lowcl' fn'qll<'llCics, Skill dl'pl h 1II'IpS sho\\

sill'S elrollll<l!\'elzko ell'(' pl'('(IOIlIill'llltlv 111('as1Il'illg I he 111>1)('1' III0st 10 kill of til(' E;ell'lh

Cit fn'qll('llcil's ed)()\I(' 0,215 (Fig, (',10 eliid (',11) 1I1("IIIillg I IICI1 I hI' dilll('IISioll,dit\

ill(,],('ClS(' Il('rl' is fail'h' shed 10\1' alld thel1 strollg COlldl\('li\'il\' is \\'1'11 t-itt('d ill 111(' d,lI,1

Frl'qll<'llCi('s below 0,50 Hz silO'" sCllsitivilv to el Illid (']'lIs1 al ('olldIiClol' id('111 ifil'd

ill ~ (,:2,2, This IlIid-(']'IISled COlldllclm is well fill('d 1)('1011' 0,50 I-Iz ill til(' (hiLI 1)('1\\'1'1'11

lil\('S A ,llId C ill til(' of'f-diagolled illll)('deIlIC('S, ho\l'('\'('I' oll-di,lgowd ('\1'111('111 S of til('

obs('I"\'I'd dalel ShOll' 10\\' ellliplilllde ill COillpell'iSOl1 alld elrl' 1101 ('xllibiled ill pl'('dicl('d

(\;11 ,1. Sligli1 oll-diagOlled fil nil I bc S('('II el1 0,073 Hz ill Fig, ,?,?, This Illid-(']'lIstcd

111'111\' ilcnl1iolls (',g, Fig 0,31 01' 0,10)

(h'l'ndl. obsl'l'vl'd 'Illd pn'dicled del1a IIIeipS qmdil el1i\'I'h' sho\\' ;1 good fil 'II ,dl

sitl's ill til(' d'II;\. wilh CI lI,llllnd ('lllpheISis Oil :20 lillI'S dill' 10 ill(']'("ISl'd sil(' ('OI\('I'Ii1I'CI-

tiOlI, The 3D ill\'I'l'siOII helS edIO\I'I'd I'm IlIm(' ']('('lIlelle lel1l'nd ple]('('II\('111 of ('OlldIlCli\,(,

f('ellllrl'S, SOil\(' of which lie off til(' 20 IIICaSIIJ'('III('1I1Iill('s, As \1'(,lllh('s(' f("ltllJ'('s hel\'('

(sllcil ,IS lhl' (']'lIsled scale falillillg S('('II ill Fig, 7,10)

lOG



7.2.2 Comparison with 2D MT Inversion Results

TIl(' 2D ill\Trsiolis !H'rfortll('d In' Sprat t <lIld C'r;l\TII (2010) IJrO\'id(' ;1 IIiI',II l"<'sollll iOIl

illlag(' of tll(, su!Jsmf<I('(', ,'ill("(' til(' :JD III(j(kls aI"<' lilllit('d 11\' ('OIlIJJllt('r 111('11101"\', 111('."

11;1\'(' ;1 IlIu("lI lo\\"('r I"<'sol II I iOIl Iliall t 11(' 2D III(HI('!s. IIO\\"{,\'(,I". t 11(,." do IIa\"(' ;1 sl rollg

sllil: a I 1I1"<'('-dilll('lIsiolial alld 11('11('(' I ru('J" r(,pl"<'s('111 <II iOIl of III!' ,l("1 lIal dilll('llsioll;dil."

of I II!' Earl II, III I lIis s('("1 iOIl I II!' 2D il1\Trsiol1 I"<'sulls \\'ill 1)(' ('olllJ,al"<'d \\'illl I Ill'

porI iOlls of I II!' 3D 1110d('1 \\'lIi("1I ("oill("id(' \\'illl 1II!' 2D IIIOdl'ls,

Figlll"<' 7,G H('I<1f i\,(, posil iOllilig of ~IT 1111';ISIIJ'{'III('1I1 lill('s ,111(1 III(' IOWII of ,'\ilzko

o\'l'rh'illg loud I',l'ology, ,If!('\' Spultl alld Cl'a\'I'1I (2010)

2D ill\'('rsiolls \\"('1"<' I)('rforllll'd In' Spral I ;llId C'rmTII (2010) O\Tr 20() il('ult iOllS
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,11 freqll('lIcies ])('1\\'('('11 10000-0,001 Hz, Th(,s(' dal'l \\Tre illlTrled \\'ilh ;lpp'\I"('111

n'sisl il'il,' aIII I p]I;IS(' ('IS Oppos('d 10 filiI illlped'llw(' I ('IISor 1';dll('S IIs('d ill I II<' :11)

illl'('rsioll), Error floors for d,l1a lI"('n' tV< for 'lI>p'\I"('1I1 n'sislil'it" ;lIId 2" for ph'ls('

Fig, t,t jllxt'II)()S('S III<' profiil' A 20 illl"lTSioll b.'" Spnll I ;ll1d Cnl\"('l1 (2010) \\'it II ;1

slic(' t hrollgh Ihis alii hor's JO IlIod('! fro II I illl"l'rsioll t (S('(' 1"lhle t,l), This lille rllllS

rollgh1l' ("ls1-II"('sl Ihrollgh Ih(' Illiddle of III<' '\1"("1 of illl('n'st (S('(' Fig, G,I), 1lllllledi

,II (,II- 'I great drop ill resollli iOIl fnl111 I II<' 2010 I II<' JO 1I1<)(1<'i is evid('llt 'lIld f("lllIn's

\\'hich ,\I"(' sh'lrp ill I he 20 sect iOIl ,\I"(' SIlI(,,\I"('d 0111 ill III<' :jO IIIOd(,1 '1IId ('ITII '11)1)("11

'III"IV fro III the locatioll oflh(' f(',lIll1"<' ill Ih('20s('ctioll, TIl<' n'sisliv(' Cllilcolillll<ls,dl

ill I!I<' ("1St of tIl(' s('('lioll, l,d)('lIed "k' is IIIOIT 'II>P'IlTIII 10 til<' Ilorlh of Illis lille ill

I hI' JD 1'0111111(', Th(, Illid-nllsl al COlldllc1or (E) is dillllll<'r alld d('('I)('r ill I he JO IIIOd(,1

Oil this lille I hall ill 2D, hilt 1)('COllles hright('r 10 I II<' lIort 11<"lsl of I his S('ct i011 ;11 d('plll

Th(, smf,we COlldlll"10r ill th(' \\'('st (1) 111'1\' 1)(' 'III aggn'g;II(' of COlldlWlil'it" S('('II ('X-

lelldillg pasl III(' data Cllt off ill tIl(' bollol11 sel"1ioll, 1'llis hrighl spo!. i,('. high('1

Crill'('11 (2011), 1'11(' HaZ('!loII has('1I1<'1I1 (O+C) appears 10 1)(' robllst 1)('1\\'('('11 bolh

IIlO(kls, bill slight 11' Ilion' n'sisl il'(' ill 20, SI nwi lin' 1111<1('ril-illg I II(' COC('II<' I'o!<-alli(

alld sedilll('lll'lI"1" rock 10 III(' ('asl of I hI' dark Hazelt Oil haS('III('1I1 resislor II I ill' 1101 II('

resoIl-ed ill JO 1)('UIIISe of 10\\' Illod('1 sellsil il'ill' 1)('lo\\' I he brighl spot ill III<' 111>1)('1

\\'('sl porlioll of III(' IlIod('1 s('("tioll, il is Illw('J"laill hOll' tll(' 20 illl"l'rsioll ,dgoritllill is

hall<llillg I}I(' drop ill sellsilivil", Cretaceolls sedilll('lllan' rock (F) is cl('i1r ill bolll

20 alld JO 111()(I(,ls, I1nlild s1l1'fici,d el('III('llls agn'(' d('c('1111I' (F, II. J), 'IS 11"('11 specific

('Ieilleilis are silllilar bllt so a less('r degn'(' (A 'Illd C)

Profil(' 13 (see Fig, t,~) rllllS SOli I II frolll I Ill' tOIl'll of :'\azko alollg til(' \'azko rilTI
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Fig1l1'{, 7.8: A !'OllljlclrisOIl of aslin' t iJrollglJ 3D Ill()(I('1 (lop) ,dollg IIi(' S,illl(' mil'llt iii j011

as prohl{' 13 alld I Ii(' 20 SI'!'I jOll frolll Sprall elild ('ra"('ll (2()J()) (hoII01I1) I)I'snipl iOll

ill lll<lill I(':-;!. ('olollr heir sll()\\·s 1I11ils ill \2/11 for hot II Illod{'ls.
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A falllt rlllls Ihroll!!,h Ihis aJ'(',1 (Spnill alld Cr;l\Tl1. 2(11) lI'hich ('ollid cOlltrihlll(' 10

Ih(' dippillg slroll!!, ('OIldlll'lor (1I'('ak J'('sislor ,II [i-vOO III) I( ill Ih(' lIorlh porlioll oj

this s('('liOIl, This Eo('('I 1(' COIldllclor (I() is ('I'id('111 ill holh til(' 20 alld;)1) s('cIiolls

SlrllclllJ'(' off Ih(' sid('s is sllpporl('d 1)\' Ih(' illljJ('d,1Iw(' IIlaps for J20 lIz 10 O,21rl liz

ill AplH'lldix C, II is also possihh' Ihal hig;h COIldIlCI,1IIC(' al III(' smf,I('(' is 100ITrillg

s('llsilil'ill' 10 III(' J'('sislor illlh(' JI) I'(JIIIIII(', \lillillllllll-sll'lwllli'(' illlTrsioll dra\\'s 0111

til(' drop ill COlldllClivil." for Ihis ho(h' illio III(' J'('g;ioll lI'h('I'(' il has lilll(' s('llsilil'il.",

p('rh'ips th(' hig;ll('r J'('SOllllioli (alld ill('l'('as('d sll'lwlm(') or III(' 20 1I10d('1 h'IS <lIIOI\'('d

cOJl(llIdivili('s to Viii'.\' IIIOJ'(' ill tllis ZOII(', This ('OIl(llIclor is s('lIs('dln' rJ'('qll('lJ('i('s ill

I II(' rallg(' -1,7 lIz - O,07J liz, alld ohs('r\,('d alldlll()(I(,j J'('SpOIlS(' iIIlIWdalw(' II"qIS (S('('

Fig;, C,20-C,2-J) ror 111('s(' fJ'('qll('lwi('s shOll' g;ood ag;J'('('III('111 ill Ih<ll ,lJ'('<I, Skill d('pl II

Ir('lIds gil'(' a good id(',1 or s(,lIsitil'it.', ill Ihis aJ'('a (s('(' Fig, C'.~-C,12), Iwillg 11,,11

tlIPI' sl;1\' shallOll' (I('ss lhall 1 kill for rJ'('qli('llci('s ahOlT III liz) for Illosl or III(' nlllg('.

th('11 qllickh' J'('i\ch Ih(' hollolll of Ih(' IlIo(kl ill ,11'(,11' rJ'('qll('lwi('s, This ili(lical('s <I

I<l<'k of ('Illphasis ill III(' ndndalioll of d,llil lIIisfil al III(' I lOll 0111 or III(' ('OlldllclOl

Clohllhlr cOlldllclors illlnpr('tTd as CJ'('liH'('(JIIS s('dilll('III,IIT rock (L) hy Spnill alld

Cnll'('11 (20lO) m(' colh'cl('d Ihillh' 101\';11'(1 I h(' sml'<H'(' ill I h(' IIpp('r illlag(' alld iII'(' IIIOJ'('

la1<'ndh' COlli illllOIlS, Th(, lond izal iOIl or III('S(' ('olldllci ors aroll lid poi Ills is 1101 ('Imrl h."

ill Ih(' 20 s('dioll, Th(, 0' III(,tll()(1 stal('s thai i\IT J'('SPOIIS('S sl('l1l1l1illg rrolll <I lillil('

s('1 orfJ('qll('Il<'i('s aJ'(' J'('prodll('(',ihh' IIsillg; hllil(' s('ls orr) rllllCliollS (I'ark('!' <llId13ook(,1

ID~)(j: i\li('lIs0PIISI, 20J()), This III('aIlS Ih,il spike's ill ('OlldIWlil'ili('s ('all s,ilish' i\IT

J'('SPOIIS('S dmillg 1I10d('llillg; or dHlil. lI'hicll ll'Oldd O(TlII' ir 111(' 20 ill\Trsiol1 is lll"d,l('

10 sllllici('lIth' low('r III(' IIlishl IIsilig s('lIsiIJI(' IIIOd('ls, This spikill('sS ill 2]) 111;1\' })('

'Ill <lrlifil<'t rrolll ('ss('lItialh' OI'('r-hltilig th(' dHtil (idlhollgh III(' 0 1 lII<'1hod h<ls 1101
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1)('('11 SlIm\'11 to apph' for filII 2-D iIlH'rsioll). or. pOtl'lIti,lIh' misillg frOiIi '1IIisolrop.'·

All (':':,11111'11' of allisolropic )"('SPOIIS(' frOiIi cOlldll("\ors call 1)(' SI'I'11 ill BOl'lI(')" ('I ,II

(2000). Also risillg to siiallo\\"('r d('ptiis. III(' r('sistor lal)('kd "Old(')" m!<-allic rocks"

(\1) is dos('r 10 t II(' Slll"faCl' ill 11)(' JO IIlod('1. p('riiaps IH'UIIIS(' of ,I hwk of SI'IISil i\·il.'·

TlIis fl',I1I1)"{' ,IIso aplH'ms 10 IIIO\T lIorlll\\"itr<1 ill tlI(' :30 \'0/1111)('. ,lItlIoligli IlIis cOlild

hI' ,III artifact of 1III' !H'rsIH'("t iH' of tl)(' JO IIIOd('! illlrlgl' ill Fig. 7.13. At :\. I II(' lop oj

III(' s('("tioll g('ts IIIO)"{' )"('sistiH' ill :30 tiiall 20. TII<')"{' is lill!l' diffl')"{'lll"(, 1)('1\\'1'1'11 tll('

IllOd('! pn'sl'I!I('d II('n' alld ils cOllsill \\'itlIolll t})(' sigll dlilllg(' ill Fig. 0.2 illiph-ilig 'I

20 !)('I"lviolll" ill 11)(' E'lrlll

PI'OIiI(' C (Sl'l' Fig. 7.0) ('ov('rs tl)(' Ilorll)('rll-lllosl porlioll oflll<'stlld\" '1I'l"1. rllllllilig

lIorlll-\\Tst tosollllI-l'ast. TII(,(,<lstl'!'II-lIlost portioll ,lppro,wl)('s \m:ko, alld I'IIIIS ililo

t III' S,1I111' ,1I'l',1 as t II(' \\"('st ('I'll port iOIl of prohk O. 011(' diff('n'II('(' \\'IIicli is n',ldih

ohs('I'\'ahk ill Fig. 7.0 is tl)(' dl'\'iatioll of tlI(' Illid-nllstal l'OIldll('tor (P) to 11)(' ('asl

ill 11)(' IIpIH'r illlagl', As 1I)('lIt iOIl('d p)"{'\·iollsh·. t IIis l'Olldllclor IiI'S 01lt of profil(' '1IId.

ill additioll to til<' diff('n'I)("I' of til<' flll1 ill)('d,lI)('(' t('lIsor h('illg lIs1'd 10 d('ri\'l' tlI('

111'1'(')" illlag(' ill cOIliparisol1 to jllst 11)(' off-di,lgollal 1'!('II)('llls IIs('d ill t 1)(' lo\\"('r illlag('

l'Ollld ,dso 1)(' ('llIplI,ISizl'd lI('n' ,IS ,I )"('slllt of strll('ll1)"{' IlIillililiziltiOlI 1)\· III<' illH'rsioll

(pl,l('illg III" ('olldll("\or ill tl)(' ("('1111'r of tlI(' 1\1'0 )"{'sislors as opposl'd to clos('r 10

('illll'!' \\·IIi('II \\"()lIld dfl'('li\T}\" ill('J'(',IS(' 11)(' II)(',ISII)"{' ofstl'l)("tlll'l'). 1'1)(' 20 ill\Trsioll

11"1\" ,lIso illl'lgl' III<' ('olldll('tor 1)('ll1'!' 1)('1)(',1111 till' 11,lzl'ltOII 1I11il ,1I1d phw('s il Oil

sl'("tioll hl'lll',1I1I 11,,11 1'('sisliVl' f(',I1II)"{', TlIl' 20 ill\'('l'siOII is 111('n'fml' likl'h' 1,11(')",1111,

Illispl,willg I III' Illid-('J'IISI,1I ('olldllctm hl'I',IIISI' of ,I gl'olll('ll'i(' lilllil'llioll. As \\"(,11. it

is 1I0t app,lJ'('lIt frolll III(' 20 ill\Trsioll \\'})('1111'r IlIis COlldll('lor SI'('11 ill hotll lillI'S 1\

,llId C is }M('ralh' ('0111 illllOllS past 11)(' st 1I1h· ar('a hilt JD )"{'s\lIts slIm\' t II,II it is 1I0t
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F'igllrc 7.0: A cOl1l1lilrisOIl of cl slicc tllJ"()lIgiJ JD lIlodc! (lop) ,dollg Scilll(' ori('III,lIioll

ciS proh!(' C' cliid thc 20 sectioll fW11l SprMI alld Cravcll (20]0) (hottolll) Dcsniptioll

ill IliclillIl'xl. C'o!ollrhmsiJO\\'slIllilsillf2111 !"orhotiJ 11l()(!('1s
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,111 I'Xll'lISi\"(' strik<'d (l'('lldilig cOlldllClol hilI a lilllil I,d J"l'allll'(' 1I0( S('('II 10 I Ill' SOIl( II

oJ"lill(' A

r\ Iclrgl' a11l011l11 oj" ('olldllct '111<'(' is also illlag('d Ollt oj" S('l't iOIl al 0, ill ilddi( iOIl

to 111<11 \\'lIicll IiI'S ill tll(' SCop(' oj" tll(' cross s('el iOIl oj" I Ill' :JI) I1I0d('1. Till' I Liz('lt Oil

grollp (Q) idso aplH'ilrs 11101'(' drmnl Ollt ill till' 3D ill\'('rsioll, o\"('rlaill ill hot II illlilg('S

In' a (llill cOlldllclor al n, TIll' Ilpp('r lIortllll'l'st sl'dilll<'lIliIIT rock ('oll<!lIclor ('1') is

clos('r to 111(' SI1l'J",1('I', J"or \\'lIicll poor I'('sollll iOIl cOllld 1)(' 1ll'ld I'('SIHlIISihll', r\gilill 111('

1IIId('rh-illg I'('sislor 111m' 1)(' pr(,s('lIt ill til<' 20 s('clioll (or id)SI'111 ill I Ill' :H) s('('lioll)

IH'I'iIIlSl' oj" ,I lack oj" IlllHlcl SI'IISili\'ily ,It tllelt d('ptll, IH'lo\\' I Ill' l'ilSI ('lid or I Ill' T

1'011(11)('1 or, TIll'I'(' is 110 IIlajor dill('I'('IICl' 1)('(\\'1'1'11 Illis 111()(ll,1 illld its cOllsill Il'itllOll1

sigll Cililllg(' SIiOlI'II ill Fig, 0,3 (illlph'illg 20 cOlldllcl il'it." sll'l)('1 \))'(,) ('xl'('pl J"or rill

1011'<'1' cOlldllct il'il\' ill till' Illid-nllstal ('oll(lIwlor 1I'IIicil sllollld 1)(' pl'('S('1I1 ill P.

Profill' 0 (Sl'(' Fig 7,j()) I'Xtl'll<ls luosth' Ollt oj" 1111' im'a oj" illtl'I'('sl alld 1I10st or III<'

dala II,IS 1H'('1I olliittl'd 1'1'0111 1111' 3D illH'rsiOlI. HOIITITr. SOIIII' ill(nl'slillg S(I'I)('(I))'('

is 1'\'idl'lIt ill 11ll' 3D r('slills, CI'('tac('olis s('dillll'lItal'\' rock ilt Y is 11IId('r1aili In' a

I'('sistor, \\'lIicll is pOtl'lIt ialh' \'olnillil'. TII(, Illost prOlllilll'lIt sl 1'1)('1 111'(' ill Fig, 7,11) is il

pot('lIli,d pair or J"aliits ('xtl'lldilig d('('p iu(o tll(' nlls( (l), TII('sl' J"alllts ilPIH'ilr (0 1'1111

pmallcl 10 il r('sistor (\\"), \"lIosI' lal<'r,d ('xl ('111 ill till' ill'('a oJ"illtnl'st issllOll'1I ill pall<'l

Ill. III Fig, 7,j() palll'l III till' (11'0 onds (\\') illdinltl' till' I'l'sis(or 1I'IIicil dil'<'s 1111d('1

il l'OIl(lIwtor (V) ,lIld rlillS 1)('(11'('1'11 1m) cOlldllc(ors (LJ) approxilllal('I,I' II0rtll-soll(1i.

Tllelt illlelgl' I'Xll'lIds rrolll 31)()1) III 10 lS1)1)1) 111 dl'ptll, Till' 1I1'ilr vntic,dllatlll'(' or Illis

r,lIdt is l'vidl'llt ill hoi II :JD (ill palll'l I) ,llld ill till' 20 ill\'l'rsioll I'('sldts, TIll'llI'I'l'h'ilig

cOlldllctor (V) is slrollg('r ill :30 011 tllis lill(" also ,I hit tllickl'r hilt Illorl' lilllill'd ill

1,lll'ral ('xl<'111 All ,ldjac(,111 cOlldllelor (Cr('tan'olls s('dillll'lll) ,1I1<11'('sistor ill I Ill' 1I'('St
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Fi~III'(' 7,10: A ('OlllpMisOIl of ,I sli('(' 11Jl'(JII~11 JO 11I0<!(,1 (lop) ;llolli2, S,IIII(' mil'llLlliOl1

,IS pmfill' 0 ,lIl<! 111(' 20 s(,(,tioll fmlll Spull1 ;III<! ('nl\,('11 (2010) (IJOllolll), 1';111(,1 I

sIIO\\'s 1II,jill s('('lioll of IIIO<!I'I for ('Olllp;lrisoll, p;lII('1 II sllO\\'s ('J'oSS-s('('liOII of I'illdl

!JOIIII<!I'<! ('olJ(liJ('lm 1111<!l'r1Hill rl'sislor. ;l1I<! PHII('I III sllO\\'s a <!I'plh sli('(' ;11 :1000
III I hJ'OII~h til(' fH1I11 !JOIIII<!I'<! 111I<!l'r III(' ('OII<!II('IOi O('s('J'ipt i011 ill Illilill il'xl

('olo\ll' !Jar shOl\'s IIl1its ill \)//1 I'm !Jolh 11J()(kls.
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arl' ro!JII~1 c\(TO~S !Jolh Illodels hilt app('cll' !Jl'ii!,htel' cll\(1 1,los('r 10 I he slll'f,\('(' ill :)0, TIJ('

~LII't of all 1IJ](lerh'illi!, resistOl' (\\') m(' illso ('I'idl'lIl ill !Joth se('t iOlls, III Fig, 7,1 II II tlJ('

('0111 illllclllCI' of Ill(' (,OIldll('tOl'~ is illlcli!,('(1. Till' fclllit-likl' 11,1t IIrl' per~is1s ,I~ 11'I,11 iI~ I Ill'

l'Olldll('lor-OI'('r-rl'~istol'SITII('IIII'(' 1)('1\1'('1'11 Ihe I\\'ס fcllIits, Herl' tlJ(' Slll'f,\('e ('01 II !I1l'101

i~ sp,11 iall\' (,Ol'l'elatl'd I\'ith IWlppl'd (,OIIi!,]OIIJ('l'<lt(' ,1I1d scilidstoll(' ([3ol'del 1'1 ,d .. 2111]),

]1 is illlPOl'tclll1 to 1101(' t!I,11 d,It,1 ('01'1'1'<112.(' h('rl' li('s ill ,I lill(' aIHlI'(' Ihe rl'si~IOl' \I'itll

,I fe\I' siles Oil t!Ie I'ii!,hl h,llId pOl'l iOIl of llielt fe<l1111'1' i\lillillllllll-stl'lll'tlll'(' illl'<'l'siOIl

\l'()lIld 1101 illcilldl' this exira SITI II't III'(' IllIiess it \\'('rl' rl'ljllil'ed hI' the d,I1,1. ,lIld 1111'

1'1111 illlped,lIll'l' 1t'11~0l' giV('s illfot'lll,l1ioll ,d){J1I1 w!I<lI is haPIH'llilli!, 10 III<' sidl's of IIJ('

111('iI~III'('IIII'II1 lille ,IS \\'ell ,IS dirl'('lk 1IIIdl'l'll('alh. TIJ(' II\(Hlel LI('killg ,I sigll ('11<11112.1' ill

Fig, D,~I shOll'S less s1ll'facI' (,Olllllll'til'itl' al V, cllid cl slrollgl'r I'esi~tol' ill \\' illlph'illi!,

,I 1I10rl' 3D rl'SpOIIS(' to 1'0111111('1 ivitv sll'lll'l III'(' ill I hi' d,lt ,I TIJ(' sigll-cll,lllgI'I('ss IIIlHII,1

,dso is 11101'1' ('Olldllctive cl1 X alld Y

7.2.3 Comparison with Recent Geological Information

Resliits frOlIIl'l'I'('llt i!,eologind Illclppillg Ill' [3ol'dct 1'1 al. (21111) ,\l'(' ShOl\'l1 ill Fig, 1,Ill,

('Olllp,lll'd with illV('l'siOIl I'esliits ill Fig, 7,11, Chilcotill [3,Ndl illl('l'prl'led ill IIJ(' Iwo

,llld lllrl'(' dillll'IISioll,d s('('1 iOlls ill ~ 7,2,2 is I'el'\' I hill (JOll III) ,It IIJ(' 1',ISt ('lid 01

prolill' A ciS \\'('11 ,IS a!Jollt t\\'() Ihil'ds 10 tlI(' \\'('sterll side, This is cdso 111<1I>I)('d III

l30rllct el cd, (2OJ]) ill Fig, 1.10, ]11 ('losI' proxilllit\' 10 Chilcolill l3i1silll 111<1I>ped ,It

111(' west ('lid of prolill' A, scllllpl('s classified ciS !J,lscdl ,llld s(,Ol'i,1 \\'('rl' 111<1ppl'd ill

till' 1I10dl'nlll' SlIl'f,\('{' I'('sislor to tlJ(' smllh, i\lo"illg ("I~lw<ll'd ,dolli!, profill' f\, IIIOdel'-
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C' DAC' GLASSY. C' DAC). ;\JII('h of I Ill' m('<1 ,llOlIlId plOfil(' 13 11,ls 1)('('11 111;lpp('d ;IS

('011[.',]011 I('r<l t<'. s<llIdslO1I('. ,11Id 11IIIdstOlll'. 11'lli('1i ShOll'S Ill> <IS ,I slIrf<!('(, ('oll(llI('tor 1'1111-

lIill[.', III(' fIJiII(,II[.',th of tli,11 plOlil('. To tll(' sid('s of lliis plOlil(' I><ls,dl S,lllIp!('S lim'('

1>('('11 fOlilid ill ,1I'('<lS wlii('1i ill('1'(',IS(' ill I'('sislil'itv. JII t Ii(' Illiddi<' of plOhl(' C' <III ,11'(',1

1I1;1PI)('d ,IS .JlIl"lssi(' ,1IId('sit(, <I[.',IW'S Il'itli ,III ill\('rpl'('I,llioll of Ih(' H<lz(,lloli [.',lOllp ill

1)0111 2D ,lIld JD S('('!iOlls. willi ,1110111('1' l'('sisl'm fl1l'tl)('1' SOIIIIi-(';ISt (·OIT('SI)()lldill[.', 10

d,wii<'. A 1,11'[.',(' <1\('<1 111,IPI)('d ,IS N('o[.',('II(' I><ls,dl (CJ3AS_l\EO) ('OIT('SPOllds to ,11,11'[.',('

Sl1l'f'll'('('OIldlldo!'. Tliis;JJ'(',1 sholiid 1)(' l'('sistil'I' ,l1lll('sl1l'f<l(,(,. 1>111 ,11'('sislol' is 1101

SI'('II I>v (,it 11('1' llil' JD 01' 20 illV(,l'siOIl, Lik('lv lliis p;wk<l[.',(' is ('illi('1' sll"dll'l' \1"111 til('

\('soilitioll oft!1(' IIIOd('1s (,dlholl[.',1i lllis is plOl>,d>lv 1101 tli(' nIS('. 20 I'('SOllitioli is qllil('

[.',ood). m t IJillll('r IIJ<lII disl<1l1(,('s 11·lii('1J nil I 1)(' 1111',lSl1l'('d I>v 0,IT (skill d('pl IJ ,llOlIlId

·J(JO III fm II r('sisliV(' SOOOUIII I>odv ,11 7200H.::)

7.2.4 Comparison With Gravity Data

TIi(' JO ('olldlidil'ilY IlIod('1 dis('lIss('d ill t 1](' IJl·('('('dill[.', S(Tt iOlls is ('Olllp;II('(1 Il'it II

,I [.',nll'itv 111;lp fl'0I11 ;1 C,IWllli,111 HIIIIII'r Exp!onl1ioll Ltd. ('XI)('dilioll ill Fig, 7.12

(SPI'<lt I <llId CnIV('I!. 2(10). III [.',('lll'l',d. [.',l'cll·ill· tTOII[.',IIS ,di[.',11 Il'it II IJi[.',IJ ('olldll('t il'it it'S

,llld [.',r;ll'it\, IJi[.',lis ('oill('id(' wilh ('Olldlldil'ity 1011'S. Typi(',dh·. s('dilll('III,lrI' lO(,ks (';111

1)(' ('olldlldil'(, witli lOll' d('lIsitv. wllil(' i[.',II('OIiS lO(,ks ,II'(' \('sistiV<' Il'illi Ii i[.',1 I (f<ollsit\

Till' sil('s of I Ii(' IIlid-('1'IISlid ('olJ(llIdms S('('II ill Spl',11 t <llId Crm'I'11 (2010) ;I\(' 111;ll'k('d

01111](' sli('('s ill Fi[.',. 7.12 ;lIId ShOWII ill Fig. 7.U,

TIl(' [.',I'm'ill' d,it<l ,dOlI[.', lill(' 13 SIJOII'S ;1 I>IO<ld lOll' <llllplillld(' lii[.',1i slIppmllllg

illt ('l'p\('1 ,Ilioll of <I J'('sislol' ell' d('plh ill lhl' JD I1I0d('1 ;IS 1i;II'ilig <III i[.',III'OIIS 11,11111'('

IIi)
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AIOIIf2, lilll' C, f2,I"H\'ih' Ilcls SliHl"pl'IIl'd, Ii if2,1 I Hiliplilwic !H'cl!\s lilllitl'd ill l'xl(,111 to III('

posilioll ol"smficicd l"('sislmss(,(,11 illlli(,COlldlictil'it\'slic('s,l1ll'Ssll1<1I1 GOO III d('plll

LOllf2,l'l" WclVl'!l'IIf2,11i low f2,Irlvitv I"('giolls hmcld(,1110 Ilw IH1(,I"HI ('xl(,111 01" d(,l'IH'1" n'sislol"s

,It 2000 10 '!OOO IIi. TIi(,s(' HI"(' lik('ly sml"cwl' \'olnlllics cliid dl'l'IH'I" \"()!cHII ics, '1'11('

d('('p('J" \'o!cclilics cIPP('rl!" cliclllll('lizl'd ill IIc11111(' SIIf2,f2,l'Stillf2, How \I'HS din'cll'd ill I II('

pcdl'o-pliysiof2,ulp!J1' cdOIJf2, riv('rs cllld \'cdll'vs (HcII'WHl"d cllll! CcdVl'I"I, 200!J), A Irl l"f2,l ,

cOlldllctm <lrOlllid ;\'Hzko is pmhHhly cl s('dillll'lIlrlrY p,Wkrlf2,l' ,IS sllllpmt('d h\' lOll'

f2,rm'ilY, tli(' pn'Sl'IW(' 01" f1l1ids ill I"Hlilts ('clll cdso l'OIltl"ihlll(' 10 ('olldl\('lil'il\' Tltis

l'Olldl\('tm Cltclllf2,('S cdllllplll' 10 H n'sislm 10 111l' w('sl COiliCidillf2, \I'illt ,I dl,lIlf2,l' 1"1'0111

loll' 10 Ilif2,1t f2,ul\'il\'
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Chapter 8

Conclusion

TII(' 3D im'l'rsioll IIHHI('I p1"('Sl'lIl l'd ill 111(' Iliaill hody of Illis Ill('sis pori rm's I 11(' ~l'll-

('rill pro~r('ssioll of cOIHII\("1 in' 1o r('sisl in' ;llld I);\("k 10 a IIHHI<-ral l,IY COIHIII<"I i\'l' 1,,1,,('

IlIl'lll \I'illl ill(T('a"ill~ dl'plll, 1'11(' aC"("II 1";1('\' of Illi" 3D illn'r"ioll i" lilllil l'd 1110,,1 h' In'

1"('''01111 iOll, Tlli" r('"ollil iOIl lililil al iOIl i" a di1"('cl 1"('''1 JI I of 111(' IH'm'\' COlIII>lII ,II iOllal

1"('(1i1i1"('lIlc'lll" for IlIi" I\'IH' of IIICHI('lIill~,

:\10(1<-!" ill Illis III('si" ralW' frOlIi 125000 ("(,II,.; 10 -121 ~15, 1'11(' 2D mlldwli\'il\'

IIHHI('I,.; of Spral t alld ('nl\'l'll (2011) 1"('fc'1"('II("('d ill III(' p1"('c('dillg cllapll'r i" I-I roIl'S In'

:313 COIIlIIlIl" for alolal of 23lG2 c('lIs (frolll !H'rsollal COllllllllllinltioli \\'jlll ,I, Spnlll)

sllOl\'ilig tll(' 1"(,1 aI in' l'aS(' of 2D IlIcHl<-lIillg \'" 3D

A";I firsl l'xalllill;11 i011 of I lIis IlIocl<-l. it \\'as cIH'ck('d ;Igaillsl 1"('("('111 gl'olo~ic,d Illilp-

pill~ dOIl(, ill Cor<l('1 l'l al. (2011), TIl(' 1II0dl,1 displ;l\Td cOlldllcli\'ili('" cll;l!ill"IITi"lil

of rocks IlIilppl'd, l'x("('pl ill sillliitioll" \\'!H'1"(' Illosl' rocks "'('I"(' 100 Illill ;111<1 rl'"isli\'('

for \11' 10 1)(' S('II"il i\'c' 10 Illl'lIl ;lll\'\\'m', (',~, 1I1;IPI)('d ('lIilcol ill ha",dl arolllH! \"ll:ko,

\\'11('11 \'ariolls sll,dlll\\' 1;I\'('rs of I!I(' Illilill IIHH!('! "'C'I"(' jllxl ;!JH),.;(,d \\'illl ~r'I\'il\' l!;11 '\.
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illl('rprl'l'lliOIi ofro('k I,\'P(' of\'ariolls ('olldll('lors 'Ilid rl'sislors ""IS sln'lIglll('lll'd, Till'

10\\ d('lIsit" ,Jr('as rollghh' illiglJ('d "'it h I he ('olldll('1 i\'il,' 1II'IXililii. ,,'hik high d('llsil,'

lo('aliolls ('oillci(kd ,,'ilh dl'(T!'as('s ill COllllllcti\'il\', 111 g('lll'nl! 1}l('s(' 1"'0 fOrtiiS of

dal,l ilJ(licall' Ihal IIl1ils ,,'hich an' IIlost likl'h' iglll'olls, I)('(";IIIS(' of high dl'lIsil" alld

IIhiqllilOIiS

Pl'rh,lps thl' Iliosl illllslr,lIin' 1('sl 01 I he JD 1I10dl'I is Ihl' COlllp'lrisoli ,lg,lillsl 111('

:2D ill\Trsioli rl'slilis pn's('III('d ill Spr,ltt <llId ('n1\"('11 (:201 I), This h'sl d('lIlollsl r,II('d

SOllie of 111(' lilllil<lliOIiS 01 JO illvl'rsioll 'lIld 20 illVl'rsioll, JO illV<'rsioll, lilililed Ill'

('Olllplllatioll lillll' (1IIall\' IllOlllhs \'('rSIIS a 1('''' w('l'ks), sho\\,(,d <I sigllifi("llll d('(T('as(' ill

rl'sollil iOIl frolll I Ill' 20 n'slilts, 20 h<ls 111(' sl rollg lililitat iOIl 01 Iliispl,lcilig ('olldllCI i\'il"

sl rtll't lin's dill' 10 s('lIsili\'il,' 10 ofl-pl'Ofil(' f('<lllin's, :2D is IIl1ilhl(' 10 (";q)iLdi~(' Oil

'Illdil iOIl<l1 gr<ldil'1I1 ill fort 11<11 iOIl pn's('111 ill 'I hill illlpedall(,(' I ('11 SOl'. (h('rall 1(',11 lin's

ill JO ,\\'(' dillllll('r Ih<lll ill Ihl' 20 IIll)(kls. This cOlild IH' ,III dl('cl of l'ilhl'r 111('

Img('r 11111111)('1' of it('r<lliolls n'qllin'd 10 cOlllpll'l(' 'I :3D ill\Trsiol1 \'S, 'I :2D ill\Trsioli

(1llakilig it Ilion' difiicIIl1 10 g('1 a light('!' fit) or, <III ,1I1('lllpl 10 IIIlHI(,1 'Illisolrop,' ,111l1

off-lilll' f('<lllin's ,,'ilh Img('r fillclll<lliolis ill ('OIlllllcti\'il\', II,l~l'lt()1I grollp h,IS('III('111 is

pn's('111 'I (TOSS hoi h set s of IIIlHI(,ls, as is til(' ('rl'! '1l'('OIiS s('dillll'1I1 'lr." grollp Sllllll'ilig

lilill 111l'S(' I("IIIII'('S 111;l\' prod lice <I 20 ['('SPOIIS(' ill ! h(' daLI. TII(' Img(' IIlid(TIIsLl!

('ollliJll'lor ill I he Illiddl(' of 1II(' JO III0d('1 is ('ollsisl('111 \\il h ,,'h,lt :20 ill\'l'rsioll \\'(lIdd

S('(' il il 1I'('n' 1)('11V('('11 profil('s A ,111l1 C :2D I)('illg slill S('llsiliv(' 10 111(' ('dg('s 01 111('

ofililll' cOllliJll'lor, n'qllirillg JD ill\'('rsioll. A s('1 of f<llills ililaged ill IIII' :2D 111(HI('ls

(',III ,dso 1)(' Ir<lc(,d ill 111(' JO illn'rsiOlI lor <I 1)('1 In IIl1d('rsl,llldilig of III(' sllhsIll'I,J('('

'I'll(' JO '-IT illn'rsiolls ,Jr(' ahi<, 10 disl illgllish 1)('1"'('('11 n'sisl in' nJI(";llli(' litllologi('s
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illld s'llIel\· pilckil/2,l's. ,,·hich ilrp I hp tilrg('1 or oil ('xplonI1 iOIl ill til<' hilSill. All hOllgh

III(' hotlOllls or t II<'sc' pilckilg('s ,liT difhClllt 10 ilililgc' t h('ir 1,11 ('rill lilllils 'Ir<' c',·id(,111

TIl(' JD ill\"('!"sioll hilS \r'ss ,·c'rliuJ! '·ilriil1ioll ill cOlldllc1i,·il'· ,,·hik Ih(' 20 ill,·nsioll

Chilllgc'S <jllickh· so t h,l1 t II<' hot tOlllS or cOlldllctors ill"<' 11101"<' SlIl<"Ir<'d ill JO this cOllld

'·S. horizollliJ! strt\("llII"<' ill ('ilhn ,J!gorilhili. SlIl'llI('r suJ!c' rc"llm('s. sllch ilS rolds illld

I hrllsts ,m' 1101 illlilg('d 'IS \\"(,1\ ill JO 'IS ill 20 ilS il I"<'Sllll or I II<' r('sollli iOIl lilllil. L'lrg('1

r(',lIm('s sllch 'IS nllsl,J! suJ!(, rillJ!lillg ,m' illlilg('d \\"(,11. '111d 1II('ir hl1('!"iIi cOlllillllil\

C'III C'VC'11 1)(' c'slilllillc'd ill 111(' JO 1'0111111<'. 1'11(' IIIOd('l·s 1II'Iill rc',l1m(' or illl('r('si rOI

hnlrocmholl ('xplonl1 iOIl is I hp lilrg(' howl-like cOlldllctor silll,lI('d ,11 III(' 111('c'l illg poill!

or lill('S A. 13. C. iliid 0 (ill '\(ilzko). This cOlI(llIclor cOllld 1)(' il POrollS SillldstOll(' idc'iJ!

ror'l I"<'S('IToir (sllpporlc'd 1)\· gnl,·il\· dill'l ill tll(' m(',l) ,,·ilh til(' ()\·('rh"illg ,·oICillli(

rocks IIIi1pp('d ill til<' ill"<"1 hy BOl"<kt c't ill. (20ll) pro,·idillg il h\·drocilrholl S("II. An,·

'I<llIlligilll ('I ill. (199-1) to h'I\"(' holh SOlll"<·(' rock P01('llti,J! ,,·ilh IIIO(krili<' (~'I.) porosit\·

ill I II(' EO(TII(' sc'dilll('III'IIT rock illld SOIll(' S('COlldilIT porosil\· rrolll rrilcillrillg ill 111('

('I"<'I'\("('OllS rock. ('rllsl,Ii suJ!(' rilllitillg ill th(' ill"<'il 'llIgllI('llls Ihc' COlldllC1i,·il\· or Illis

r(',lIl11"<' 'Illd cOllld pr()\·id(' 'I rr'l("ll1r(' Illigr'ltioll 11I('chilllislII rrolll illll· shillc's ill I h(' ill"<'<1

pro\'idillg hnlroulrholl som("(' pol('lllial

Allol h('r illlc'I"<'Slillg rc'alllr<' is III(' dOlll<'d IlIid-nllsl,J! cOlldllclor ill 111(' hiIS('lllc'lll

S('c'lI ill holh III(' 20 illl<l JO IIIOdc'!s. lhis COIldllclor is ill!('rpl"<'lc'd IJ\' Sprall <llld

('r'l\'c'll (2010) 10 1)(' a pol('lIti,J! !lilrli,J! Illell ZOII<'. III :jO tllis rc'alm(' is pJ"('sc'lll

1I11\("h d('('pc'r alld Iliis il 1111\("11 Ilroildn rorlli. II is illso shirtc'd rrOil1 ils positioll ill

20. 'I displa\· or III(' rl"<'('dOIII JO ill,·('rsioll hilS ror plilcillg '1lIOIII,J!i('s 11101"<' <I("{"lIn1l('1\
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A S('('olld t('('lolli(' r(',ltll\'(' illlilppi In' I!J(' SlIn'('." is I!J(' piliI' or nllsl,I1 S!'iIl(' Llldts

d('s('('lIdillg 1'1'0111 til(' sid('s or profill' 13, \I'!Ji('!J !'ill I 1)(' I )';I('('d t !Jrollg!J III(' ('olldll('1 il'il."

h{){h'

TIl(' 1\'OI'k ('Olllpil('d ill l!Jis 111l'sis !Jad till' ('lid gOill or t'lkillg iI J\) \IT Slln'('."

illld prodll('illg 'I ('olldll('t il'il." IIlOd('l rrolll it, T!Jis illl'o"'('d \lTil illg pl'{)('('ssillg snipl S

'1IIlI illltOlllClt illg joh il(')';)1 iOIl Oil ('OIlIPlll('1' ('llIst('rs ill ilil orgillliz('d 'II III ('0111 roll('d

\1';\\', TIl(' JO \11' dil!;\ \1'('1'{' illl'('J't('d illld ('Olllp'II'('d ilgilillSt 0111('1' rOl"lllS or (h,l;, 1'01

illl('rpl'('I,iliOIl illld I('slillg or III(' Illod('!s. ilS 11'('11 'IS qllillilillil'(' 'ISS('SSIIIl'llls or 111('

Illisf-ils I'{'s\dlillg 1'1'0111111(' illV('rsioll IriiIls, A ",1101(, SlIil(' or illl'('rsiolls \1'('1'{' 1"1111 ill

01'11('1' 10 ('!J('('k IIH' rohllSIII('SS or dif-r('J'('JII (,Olldll('lil'itl' r(',llllJ'('s 'lg'lillsl '111'11'1';\\' 01

rOl"lllil!s 'I\HI pilrillll('I('rs,

III mlditiOlI to I!J(' JO illl'('I'sioIlS, !'SO IHIS ('X'lIllill('d ror III(' :'lIT ("IS(' '1IId III('

l'{'slIlls or t!HlS(' triiIls 1\'('1'(' ('XilllliIH'd ilgilillsi 10 J'('sldts rrolll ('OIlIIIl('J'(,iill sorlll'ill'(',

rolloll'('d hI' d('('!H'r ('Olldll('1 il'il.", 10 J'('slIlt S prodll('('d ill Spr'lll illld (')';1\'('11 (lOOK)

displ;\\' Silllihlr ('olldll('1 il'it.', Hl!JH'S ,II I'm." S!J ,II 10\1' d('pl !Js, T!J(' rso ,I1gorit hili \I'ilS

1101, !JO\l'('I'('!'. ilhl(' 10 J'('prodIH'(' d('('!H'I' sl I"Il('t II\'(' dll(' to 'I lilllil ,II iOIl 011 1IIIIIJi)('r 01

hl."('rs ill I!J(' I1I0d('1 iI!I(l iI pr('r('J'('IH'(' 1'01' lllill, slliIl!o\l' ('olldll('lors

TIH's(' IIlod(,ls 11('I!H'd 10 prol'id(' il(lditiOll,d illrorillill iOIl ,I1lOlIt I!J(' slIhsllrril('(' or 111l'

f\('(,llilko 8'ISill, T!J(' illv('rsiolls \1'('1'(' ,lhh'10 I1I0d(,1 SIH'('ifk l'O!c,\lli(' J'('sislors 'II I!J('

Sllrril('(' SII('!J ilS porliolls or ,II'('ilS IIli!J1p('d ilS ('!JiI('olill hilS,i1I, !'wlllill('111 ('Ii\sti(' 1IIIils

\1'('1'{' 11'(,11 illlilg('d ilt 111(' SlIrm'(' ('oill('idillg \I'it!J g('ologi(';11 IlIilppillg, l\IT S\H'('('ssrlllh'

illlilg('d ill'{'ilS or illt('I'{'SI to !J."dro(,ilrholl ('xplonllioll 1'01' rllrl!J('r ('x'lIllilliltioll illld



c\('lill("ltioll.
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Appendix A

Impedance Rotation

TIl(' mlalioll is jJ('l'fol'lll('d 111l'()11i-',1i kfl alld Illldl ipli(',tI iOIl hv rol ,d iOIl 111,d ri('I's 'Illd

Ill('ir InlllspoSl's

(A.I)

\\·III'n'R: is a rol,dioll 'lhOIlI 1111' z-axis 'llid R r is 'I mlaliOiI ,t!)olll III(' x-axis" III

lliis \\"m·. I iii' orii-',ill<t! illllH'dalll"I' Il'llsm is hrsl ml,dl'd ('011 I111'r-('lo('k\\·isl' ,t!)olll III('

11](' z-axis. 111('11 ml,dl'd ('Ollllll')"-('Io('kwisl' ,t!lOll! Ilil' x-'Ixis
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011(' to sigll ("oll\"('lIliolis ill :\IT:30ill\' (i.('. Fomi('r tnilisforJll ("OIII'('lIlioll)

(A.(j)

also 1101 (lIlh· 1I('("('SSaIT 10 apph- I!I(' illllH'd,IIl("(' rolalioll hili a ("01II'('l"siOIl to SllIllils

dO("IIII]('lllalioll) <llld so illl'('J"siolis I\'('J'(' l'Ilil II·itll. A.I alld II'itIIOIiI A.~ il
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Z'=--17TxlO 1 2,y' -2.,...' 0

2,)y' 2 y.,· 0

Z' = -17T X ]0- 1 2,.,)' 2,../' 0
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Appendix B

Code

Tliis HPIH'lldix is ,I ('olle('1 iOIl or III<' ("Ode \lTit 1<'11 dmillg 111(' IlIld('rl ,d,illg or Illis 111('sis

TIIl's(' progrHllls ,lIld sliell s<Tipls Hre ('X p};1 illed ill ('1"lpl('r G. S(,(, Pig. G.!) ror Sllllllll;ln·

fIO\\TIiHrl or ,dl ofH'rHI iOlls. Tll<'se ,Jr(' lonll ed 011 HII ,l("ll<'d ('d-rolll

1-11



Appendix C

Data Assessment

Skill d('pth \I'ClS (',II(,IlI,II('d ,,'ilh ('-('ud(' fur (',wh ('Uhlllill ill th(' Illud('1. This \\"iIS dUIl('

In' SlIllllllillp, t h(' t Il('ulTI iced ,llllplillld(' drop (lisillp, ('lj, :2,1 Gill (',wh ('('II ill iI ('Ulllllill

uf Ih(' 1lJ()(I('1 IIlltil III(' Cllllplillld(' J"(',wll('d l/r uf its orip,illill "CI h 1(', Eff(,('ti,'('h", 111('

,1Ip,uritJIlIl ced('IIIC1I('d hO\"IIIII('h skill d('pth (proportiuIlClI('l\') ,,',IS ,whi(,,'('d ill (',wh ('(,II

iJCls('d Oil thi('kll('ss ilild (,Olldll('ti,'ill'

C.1 16 frequencies, 50x50x50x, with sign change

C.l.I Skin Depth Maps

1-12
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C.1.2 Observed and Predicted Data Maps

d) p]"('dici<'d illla~ill<ll\" ill IJH'd;]]J("('

Fi~III'(' ('.lJ: Obs('!"v(,d (left) ,lIld pl('dict('d (li~llt) illlp('d'III(·('S. both ]"(',11 <llld ill"l~i

11M\". Skill d('pth ,11 11('1111('1 In' 7200 II~ shO\\'1l ill Fi~, C,l

ISS



Figlll(, ('.1-1: OiJs('I\·('d (1('1"1) C1lld pH'dic!('d (rigll!) illlj)('dilll("('S. Iwl!J r('id iJlld ilililgi

llill\· Skill d('p!!J ill fr('qlw!w\' 20(J(J Hz s!J 0\1· I I ill Pig. C.2

150



(') obs('rv('d illlelgil1Cll'v illljJ('dclI J('(' d) pl'<'di('i<'d illlilgillilrv illli)('d,IIH'l'

Figlll'<' (',lS: OIlS<'!\'('d (Idl) ellHI pr('did('d (right) illliJ('dcllll'I'S. both 1'(',11 ,llId illlilgi

1I,lrv, Skill dl'pl h ell ['['('qlll'II('V DOO liz showlI ill Fig, (',J

1S7



I») p1"('<\il'll'd rl'e11 illljH'd'II\('('

()

d) prl'<\il't<'d illielgillill'l' illllH'(\;II\('('

Pigllrl' C.10: O!Js('l"\Td (Idt) '"ld p1"('<\il'I('<\ (right) illllH'(\;III(TS. !Jol h 1"(',l! '111<\ ilililgi

Ililn·. Skill d('pl II ,II 1"1"('(111('11("\' J20 Hy. ShOll'll ill Fig. ('.-1



il) o!JS(,]\,(,d l'(',d illlp('d'111('('

c) o!Js('J'\,('d illli\gillCll'V illlp('d'11IC('

!J) pl'('dictl'd I'('id illlJH'dilll('('

d) pl'('did('d illli\gillill'V illlJ)('delll('('

F'iglll(, C,17: O!JS('IITd (lert) '\lId pl'('dict('d (I'ight) illlJ)('d'lll('('S, !Jol h 1(',d ,llId ilililgi

II eI II', Skill d('pl h ill fl'('CjlH'IICY ISO Hz showil ill Fig, C,5

150



c) ol>served ill1C1gillCiry illlJ)('dClIICe d) predict('d ilwlgiwlry illlJH'dClII('('

Figlll'(' C.18: O!Jserl'('d (left) ,lilt! pn'did('(\ (riglit) ililpedall('('s. I>otll IT,d Cliid ilililgi

l1ilrl'. Skill d('ptli at l'reqll('IIC1' -lO lIz SIiOlI'11 ill Fig. e.G

l(jO



d) pJ('dicled ilileigilliln· illllH'd'lllCe

Figllll' C.EJ: Ohs(T\,(,d (left) clild predicted (riglil) illlpedeiIICl'S. hoi Ii J('iJ! iliid ilililgi

lIe1r\'. Skill depl Ii cd fJ('qll('IIC\' 1:.\.7 Hz Slio\\·11 ill Fig. C.7

1G1



a) obs('["v('d ["('cd imp('dC1l]('l'

c) obs('rv('d iUlagillCll'v ilJlp('dclll('(' d) pl('did('d ilmlgimll'v illlj)('dc\I]('('

Piglll'l' C.20: Ohs('lv('d (Il'fl) alld pr('did('d (right) illlj)('dall('('s. !)()\ h l'l',11 al](\ ililagi

mllV. Skill dl'plh cd fll'qlll'lleV 4.7 HI: showll ill Fig. C.1l

1(j2



(') ohs('rv('e! illl'lf.!:illClfV illlJ)('e!ClI11'1'

lJ) pH'e!iel('e! H',l! illlJH'e!'IIIl'I'

Fif.!:IIIl' C.21: OiJS('I\,('e! (1('1'1) ,11Ie! pH'e!id('e! (rif.!:ht) illlp('e!'IIII·(,S. iJotll H',l! ,11Ie! illl'lf.!:i

11m\'. Skill e!('pth ,iI !'J'('(I!II'II('V 1.72 Hz ShOWl1 ill Fif.!:. C.!)

1(j:3



(') o!Jserved illlclgillClry illlpedclll(,(,

!J) predi('led n',t! illlIH'dillj('('

d) predil\('d ill1Hgiwlr\' illlped,llll'('

Fig\ll'e C.22: O!Jserved (Idl) HlId predil\('d (right) illlJJ<'dcl]W('S. !Jot II Il',t! illId illl,lgi

1l'lrv. Skill d('pth HI f't'('(j!H'II('V O.:;!) Hz sllO\\'lI ill Fig, C.IO

10el



iI) ohs('rv('d !"eed iIlIiJ('dClll('('

d) predicted ill lelgillil 1'\' iIlIiJ('d'IIJ('('

FiglilT C,2J: OhS('I'\Td (left) eilld p!"edicted (right) illli)('dClll(,('S, hoi h I'('ill 'Ilid ililelgi

1lCII'\', Skill (kplh ell I'! ('(PJ('ll('V O,21S Hz SIIO\\'ll ill Fig, C,ll

HiS



el) observed real ill lJ)('deli 1('('

c) obs('l'\'('d illlagillCln' illll)('daIIC('

b) predic!<'d ['(',d ililpedilll('('

FigllJ'(' C.2-1: ObS('nTd (Idl) iliid predicl('d (right) illllJ('dall('s, IHlth reid iliid ilililgi

l\iln', Skill d('plh al 1'J'('qll('IICV O,07J Hz shoWII ill Fig, C,12

IGG



C.2 16 frequencies, 62x62x62, no sign change

Fignre C.20 Ohserved (Id't) 'liid !)J('did('d (right) illllH'd'IIJ("('S. hot II rI',d '111d illl'lgi-

1(j7



eI) ohserved IT,d i\lll)('delIH'('

d) prediel('d illl'li',illill\' illqll'dillJ(('

Fii',\IJ'(' C,20 Ohs('1Vl'd (Idl) ,\lId pl'('(lil1ed (rii',liI) illq)('d'IIJ(('S. hoi Ii [('ill iliid ililili',i-

\lei I'."

IGS



<I) o!Js('fv('d [,(,ClI illl[H'dCllll'l'

l') o!>s('J'vcd illl<lgimliT ilII[H'lbllll'(, d) Jlr('did('d illl'lgillill'\' illl[H'd'llll'('

Figlll'(, C'.27 OhSl'I'ITd (ld'l) Clild Jll'('(lil'l('d (rigiJI) illllH'd,llll,(,S, holll J'(',d i1lJ(1 illl'lgi-

WJ



el) obsel'ved I'eal illlj)('dell\('('

c)obSl'r\'('dilll'lp;ille\lVillljH'de\l\('e

b) pr<'dided I'eed illljH'dell)(,l'

d) prl'dicted illl'lp;iIliII'Y illljH'd'II)('e

Pip;lIIe C.2<::\ Obsl'l'n'd (Il,n) eilid ptnlicted (l'ip;lll) illllH'de\l\('I'S. bot II I'e,d '111l1 illl'lp;i-

J7()



a) ohserved r(',d illllwdalln'

d) Im'diet('d illlagillilrY ill II H'd,11 1("('

Figlll(, C'.2~ Ohs('J"\,(,d (I('ft) ,llId prnlicl('d (right) ill lIH'd,lI I("('S. hot II ITid iliid ilililgi-

J71



Fii',lll'(' C,JO Ohs('lvcd (11'1'1) rllld jJl'l·di('ll'd (Iii',hl) illliJ('d'lIll'('S. hotll IT,d ,\lId iIIICli',i-

172



,I) obs('l'v('d l'e,d illl\led,llIc('

Fil-!,llI(' ('.:31: Observed (Id·t) ,llId \lredicled (ril-!,IJI) illlJ)('dClIJ("('S. botll reel I ,llId illl,ll-!,i-

17:3



Pigllll' C.J2 Obs('n·('d (left) cllld Jllnlic\('d (Iigll!) ill ljJ('dcl I J("('S. bot Ii 1l',1! 'Illd ill\i1gi-



(,) obs('J'\'ct! illlclp;illcllT illljlCt!clll<'('

Fip;lII'c C,JJ Obs('!\,ct! (Icft) cll I< 1 jln't!i('lct! (!ip;ht) illlJH't!cllJ('('S, both I'<',d clllt! ilililp;i-

liS



el) observed r<'et! illljJ('dallC('

c) olJS<'I'\'ed illlagillCll'y illlJ)('dallCe

I)) predicted n"t! illlJ)('dell]('('

d) pn'dic(ed illlilgill'll'\' illlJ)('d'lll(,(,

Piglll,(, (',J'] Observed (1<'1'1) ilwl predicted (right) illlpedelll('('S, hoi h n"t! '1IId illl'lgi-

J7G



<I) ohs('rwd r('id illllH'dr1IlC('

c) ohs<Tv('d illlilgiliHrv illllH'd'IIICI'

h) pl'('didl'd I'(',d illllH'dillll'l'

d) pl'edieted ilililgillill'\' illllH'd<lIII'('

Figlll'l' (',J::> OhSI'I'Vl'd (It'fI) Hlld pl'l'diclI'd (right) iIJlIH'dillJ(I'S, hot h 1'l'<l1 iliid illl<igi-

177



(') observed illlill';illCln' illlJ)('d,II\('('

b) predi('ted ['(',d i111JH'd,111('('

Fil';llI{' C,JG Observed (krt) Clild IJtcdi('«'d (ril';lit) illlJH'd'II\('('S, bol Ii re,d ,11\(1 ililill';i-

171)



Appendix D

Comparison With Other Models

17~



Figlln' 0_1: C'OIIIJHlrisOII II-il!l 20 fOI prohll' A_ E<lsl !o WI'S! I(j h-I'I!IJ('llCil's_

S()x5()xS()_ II-it!lOlit sigll C!l<llIgl'

lS()



Fii-',IIn' 0.2 C'OIll1l'lriso\l witll 20 1"01 plOhll' G. :':011 II to SOllth. l(j I"r('qlll'llCil's.

lSI



Pigllrl' O.J C0111parisOIl \\"it!l 20 ror pmhll' C. SOllt!lm'st to ;\!ort!ll'ilsi [G rrl'qlll'll

cil's. :JOx:JOx:JO, wit !lout· sign Cllclllgl'

1~2



FigllJ'(' D.-I C'Olllp,llisml \\'itll 2D I'm profil(' D. \\·('s( (0 Eelst JG fl('qll('lwi('s.

SO:-;SO:-;SO. \\'it!Jolit sigll c!nlllg('

11)J





Figllrl' D.G C'OlllpilrisOIl wil" 2D f()) prohlc 13. :\'())tll to SOIlI" 1) frl'<[II('lwi('s.

S().\S().\S().\\·it"sigIlC"Hllg('.



Figlln' 0.7: C'OIIlIHll'iSOIl \\"itlt 2D for prohll' C'" SOIlIIIIl"I'sl 10 :"ort 111',lsl S fn'ql\I'!wil'S

1S(j



1~7



Figlll'e D.!.!: COIllpHrisoll wit Ii 2D for profile A. EilSt to \\'('st I) fn'q\i(']wi<'s. ;)(l:\::iO:;::iO.

\\'itIIO\il sigll cililllge



Pi).',IIl"(, D.W: COIllpclrisoll willi 2D for profill' 8. Nortli to SOlltli iI fl"l'qlH'!wi('s.

S()":J(),,,)()\\·itliolllsi).',IIc11<III).',I'

Iii!)



ri~III'<' 0.11 COI1IJHlrisOIl witli 20 for profile C. SOlitliW<'sl 10 l'\orllil',ISI K fn'<pl('ll-

cil's. S()xS()xS(). "'iIIIOlil si~ll cIiHll~I'

10()



Figml' 0.12· C'O)llparisoli II·itll 2D for prohk 0 "·esl 10 Kist .'\ fl<'qll<'IWil's.

SO"SO"SO.witllO\ltsigll("lia11 i',('

191



Pil-!,llJ(' D.lJ COlllparisoll wit II 20 for profile A. Easl to W<'sl I~ fJ('<IiH'lwi<'s.

7SxG!.h70. lI·illi Sil-!,Il ClIillli';<' alld sit<, tlIillllilll-!,

]!)2



F'igl1l(, 0.1-1: C'olllJmrisoli witii 20 for profill' 13 Nortii to SOlitli jt\ IJHI1I('llCil'S

7Sx(j!h70. lI·illi sigll C!ICllIgl' ,llId sil(' tililillilig



Figllrl' 0.J5: COJllpmisoll willi 20 for j>1"Ot-i11' C. SOIlI!l\v('sf 10 NmllIl'dsf JS fr('qll('ll-

('iI's. 75xG~x70. willi siglJ ('IIelllgl' dlld sill' (IIilJlIillg

J~-j



Fi).';llI<' 0.10: COlllpmisOlI witll 20 for profil(' O. \\'('sl to E'ISt. I~ fr('qll<'IWi('s

75x(j!Jx70. wit Ii si).';11 dlilll).';(, ,llld sil<' lliillllill).';



Pigllrl' 0.17 C'oillpmisoll witii 20 1'01 plOfilc A. East to W<'st. i\ I'rcqll<'!wi<'s.

(j2xG2xG2. \\'itiiollt sigll elIelll).',!'

ElG



Figll["(' 0.11';: C'olllp,lrisoli wil!l 20 for proh](' 8 Norl!l to SOli I !I S frl'ql1('lwi('s

G2xG2xG2. willlOlil sigll ('!I,llIgI'

]!)7



Fi).',1II'(' D.l!.! COlllPillisOIl wit Ii 20 I"OJ" pwfik C. SOil! !l\\·('sl 10 ~OJ"IIJ(',lst 1'\ I"I('qll('II

("i('s. 02x02xG2. ,,·itliollt sigll ("11<111).',('

I!.!S



Fi).',lII'(, D.20: C'Olllp,lrj~OII \I'jlli 2D 1"01 profill' D. \\'('~I 10 E'I~I. .s I"n'qlll'll('j('~.

(j2:d.i2x(j2. \\'jilillill ~j).',1l ('Ii ,I 1l).',l'

1!J!J



Fig;lII(, 0.21: COlllpmisol1 willI 20 rOJ pror-i!(' A. Erlst 10 \VI'St. ltl rr('lpll'l\('i('s.

7Sx(j~h;7(). \\·illIollt sigll ('IIallg;I'

2()()



N ProfileB

:[4000

'E. 6000

~8000

Older volcanic rocks

Fig1ll'(, 0.22: COllljHlri~OII II'ith 20 fm 1l101i11' 8. North to SOllth IS fn'q\I('IJ("il'~.

ISxG0x70.IYitholilsigll('h'1IIg('

20J



Figlll'c 0.23 COlllpClrisoll wit Ii 20 for profill' C' Slllll!l\\·cst to ;'\orllil',lSI IS fICIIIII'II-

cics.7S:-;(j!.J:-;7lJ.\\·illiolllsigllcIiCllIgc

202



:i=~T~~1~~07·~
, \~~- RliSoU,

riglli"(' 0.2-1 C'olllJklrisOIi witli 20 for profile O. \\·('si to EelSI 1::-\ freqll('lwi('s.

2()J



ri[';1Il'(, D25 COIllpclrisoll willi 2D for pl'Ofil(' A Eeisl 10 \\'I'St. J.'\ fn'qlll'lwi('s

75xWx70.witllSi[';IIClielll[';I'



Fi!-',lIre D.2G: COlllpelrisoll willI 2D ror profile B ]\orlii 10 SOlltli HI !·J"('qli('J\("ies.

7SxWx70. willI Si!-',II ClIelll!-',l'

20S



Pigllr(, D.27: COlllp,lri~OlI wit Ii 2D ror profil(' C. SOlII 1i\\T~t 10 ;'\0I11\(',1~1 J~ rn'<[\\('II-

ci('~. 7SxGVx70. wit Ii ~igll cli,lllgr'

20G



Pigllr<' 0.2.'): C'OlllpMisOII "'itll 20 I'm profile 0 W<'st to E'lst 11'\ rreqIH'lwies.

7::ixWx70. "'itll sigllciJ'lllg<'

207



Fi12,\Il(' 0.2~ COIII\)rlrisOIi willi 20 for profilc A. EHSI to \"·csl IG fn'<!II<'IWi('s.

70:\ 75:\7S. willi Si12,11 ('IiHII12;<'

2()~



Figllrl' O.JO: COllljJdri~olj I,·ilb 20 for pmfil(' 13. ;\'orlii 10 SOIlI II. Hj fr<'ql\('I\("i('~

20~



F'iglll<' O.~\J C'OI Iii lill"iSOI I "'ilh 20 1"01 profil(' C'. SOIlI h,n'sl 10 l\01III('ClSI J(j I"n'<lII<'II-

ci('s. 75x75x75. wilh sign (h<lllg<'

2JO



Pil-',lIn' 0.32 C'olllJJelrisoli II·j1h 20 for profile O. \\'('si 10 Eelsl 10 fn'l!II('lwies.

75:\75:\75. II·jlh sigll cllillll-',('

21[



II,



Pi).!,IIJ(' 0.3-1: C'olllJJ<lriso!1 II'jlh 20 for plOfill' 13. :'-Jorth to SOllth Hi fJ"('11i11'!wil'S

G2xG2xG2. II'il1101l1 Si).!,ll ChilI I).!,l'

213



'5000~

Fij.',III'I'D.JS C'OlllpilrisOlI wit·11 20 for profile C. SOllt!t\\·I'sl to :\mt!tl'ilst Hj fl"('IIIII'II

cies.(j2x(j2x(j2.\\·it!tOlllsij.',IICllilllj.',I'

21-1



Fi).',Il1"(' O.JG: C'O!IIPMiSOIi witli 20 for pl'Ofil(' O. \\'('sl to Er\st IG fr('ql!('llCi('s

G2xG2xG2. \\'itliollt si).',11 ("Ii <I 11).',(,

215



Fi~lll<' D.J7 C'OIllpclrisOIl witli 2D rOI prof-il(' A. East to \\'('sl IG rl<'<Iil<'lwi<'s.

G2xG2xG2. witli si~ll ('Ii'lllg<'

21G



f'igml' O.J1\: C'Ollll>,lrisOlI \I'itll 20 1"01" profik B .\01"11\ 10 SOlltlt IG hl'ljl]('I]("i('s,

G2xG2xG2. Il'itlt sigll 11t,lllgl'

217



Figlln' D.:.!!): C'olllpclrisoll witlt 20 for !>lOfih' C'. SOlltll\\'('st to ;\'orlll(',lsl IG fn'(IiI<'II

lies, G2xG2xG2, II'jtlt siglJ IIIHII)!;f'

21t:]



F'iglIr<' 0.-10: C'OlllpMisOli \I·itll 201m prohll' O. \\·('sl to Eelsi l(j Irl'ljll<'llCil's

(j2x(j2x(j2. \yitiI sigll Cll<lIlg('

2JU



Fif.',III'(' 0.41 COIllpclrisoll willI 20 I'm profil(' A. EHst to ""('st. tl fn'qll('llci('s.

7Sx7Sx7S.\\'itIISif.',II(IIHIIf.',('

220



N ProfileS

g4000

'5. 6000

~ 8000

Piglll'(, 0 ..12: COlllpclriso!l ,,·itll 20 for profil(' 13 :"ortli 10 SOllt Ii t) fr('qIH'lwi('s

221



I 6000

E. 8000

~ 10000

F'igllr(' O.~IJ COlllpmisol1 wit 1120 1"01" pwfil(' C. SOlllllw('st to Nort !1I'cISt i'\ 1"1"<'(1'11'11-

("iI's. ISx7Sx7S. willi sigll ("iJilllg('

222



7Sx7Sx7S_ II-jlh sign change

22:3



Fi/2;lIn' O."JG: COIlllJilrisOIl willi 20 fOJ prohlc A. Ensl 10 \\'l'si. <'\ fn'lj!Il'!wil'S.

02x02x02.\\·illisi/2;llcliilll/2;('

22-1



Fi).',lIJ'(' D.~IG: COIllp'lrisoll wi! II 2D for profile G. ;'\orllI !o SOli! II S 1·r<'l\IIl'IWies
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