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Abstnll't 

fhe geophysic:l1 :lnd lithological hClerogcnCllus nat l!re ,)rthc (hd(w iciau ~l 

Cicorgc(;wupCarhouah:S ColilpliC:ltcs thcc.\plor:ltioll proccsson the \Vcst COi lst or 

Nc\\'l\.llllldliind . t'rcrercntial h}dn,thcrmal doloulitiZ:ltioll.up litiaiongtlll'SI. (I,'org" 

lJncunformi ty. and lI1ulliphase struclllra i derormation ilrc resp()ns ihle tI,r rc~cr\'oil 

dCl'clopmcnt inllll" lJ p~r SI. Cil"<!rgl' Group. Thc abi lity to map porlls i t~ in a 

lll"tcn'gcncollsdoIOln itizcd rcservoir slich asthc UppcrSt . (icorgc (inHlp. pri,)rh' 

dril ling. () n 2-D s<: ismic dm:l is particularlyadvanlllg<:OIISrOrC<lstctTc.:!i\'C 

C_,pIOr:Jli'lil. l'orosity altcrs thc:lcollsticresponscorscismicdalaamiasynthl'l i..: 

scismogram sllldy is designcd 1o re\'C~11 Ihe cn'c.:! "rporosity on l\aVl,j;'rm. Bit,ci-.. 

poro~i I Y modc I s :Ire d<:si gncd b~ stat ist i C~1 1 ~mill ys is in rescrvoi r i nterv a Is k n<l\\ nil-om 

I\elliog data ill the Upp..:r S1. Gcorge Group_ Thc hlo..:k lmldcb arc rCl'rc . .,entali" n ~ "I' 

pctroph~ s ical changes in hulk Jensil )' .md suni..: intc rva ll ransitt imc C, l ll~cd by in er<:a~ing 

pOmS; I}. S ince Ihe synthetic sl-i smi..: trac<: is a prodll<:t Or the two pell\'ph~ s ica i 

paramdl'rs, bu lk dcnsi ty anci sonic intcrva l transit limc'.altr ihulc'sdispia)ingch'lIlgl·s 

Irom porosity C ~lIl be recorded and Il sed as I'rP.\ics I;'r linding pon> . .,i t ~ rcbtcd attribute 

changes(1n::'-JJsl·ismicdala . FOll rl\<:llda ta scts onthcPoI1au Port I'en insub(!'ortall 

I'u r! - I. Long Ran g<: i\ -09. St. C;,;-orgc's I~ay 1\ · -'6_ and Long ['" int i\1- 1(») arlO u ~l"ll ill 

gc'ncrali ng modcb j('f this stuuy. Syntil<:tic s<:i s ll1ogmllls iln: lksigncu Ii-om hlm-k Illl ldcb 

at O. 5. 10. and 15% porosil}' at 20. -10 anu ROil" Riri-..n \\avrl~t s. i\·lultiplc Rick~t 

\\<tvclelsare iml'Icn1l"l1 lcd \0 (ktrnnin';-I\hich rrcqu,;-ncybcst rcvra ISIl<m,si tycITcclS'1!J 

t he~ynthcti ..:s. Comple.\ trace allrihutcs ( Inst:ll11a ncous phas,;-. instllllll ll)eOliS Ircqucncy, 



ami ro:lledi<ln ~tr~lIgth) arc' mwl)Zcd on each Illodc k d syn thctic s ~i s nl(l gr;nn. 1;lIilllakl \,. 

this rrocc~ . .., lTC-atc~ a predictive t(1<) 1 for Ilwpping porosity in Ihc vicini ty "\;I 11,'1l in 2-1) 

sci~lllic sCl'lions hy lIla1l'liing atlrihutcs frolllillodcl s 10 :l11ribuks fl"0lll thc rC:11 scismic 

data 

Kc\'wunls: St. Gcorgc Gruur. 1 ,Ollcr Onj,lv ici:111_ \\cskrn Nc\\ l' llIlldlaml 

hydrothcrmal dolomite. Aglia thllll:l FOI' I11<1I;on. C:II(lchc 1:,)rl11:1li'lIl. rC1r,)ph)sil"a l 

nHl(k-ling.conlpic.\tl'acc:lttribtIlCanal} sis.l lilbcnTr:lnslilrln. lnsla lll:IIlC'llISph:1SC 

InS1:!nt:mC<lllS frc411cncy . 1{Cllcd;nn s trength. Syntildic ~ci~ lll(lgralTl s. Nuis,' sL' n~ili,' it) 

:Ina lysis 
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ChapIn I: Inlroduclinn 

f. f ""rpus£' l~lSI"dy 

I he Cunbrian-Onlovician ea~lern North American carhon:l1c rl'~cr\'"irs, ill 

particuiarthl' St, (je"rge('nHlp« ()nhlvici~n)'lf\\e't.:rn N..:\\llllllldl:lnd and itsc"l'\al 

strala ,hal,'hl'l'ntargl'lsofman) eCOlHlmic and academ ic geol"gic,tI swdi..:s( ..: .g, 

Ila)\lick 1911.j; I.;me I'NO: Coop,'r, Weissenhergerct al. 2001: ShKkmat. Slingsh\ et:tI 

200.\: I\.n igh120(7), In p:trtiClll~lrhydn't h..: rm:tI dolomite playc"llcepK innwrginal 

marinl' 1;ICics"flli l' Appalachian,." han'rn.'en thl' ha~is()f Tllany rl'l'l' nl pwspl'l'l iw 

minera l ~lIld h}dl'<lCarhon exploration stlldies {":,g Kcrans 19119: 1. 111 (lie 2005: Smith 

2410(, ) 

rheh)drotherm:lldolulllill'rcserloirunibillthc l\ gu;l thlinaandCatoche 

Formations of the St,G..:orgc Gwupar..: latcmll) het..:mg..:n..:ous andcontainint..:r­

t,mnalion w rl ical l1u id I1ml barriers. I ktewgene il )' in this Cambrian-Ordovician she lf 

l'a rh"nah: sUl'ce,si"n is I) pil'a ll) allrihllll'd 10 Illu l liplw~,; ,h,I"llliti.wtion and teet"lIk 

dct,'nnali,>n aS~'lCialcd IIi1h thc Tacoll i:lII . Sal in ian . and Acadia ll ,m'g,'nics « '. l('Pcr. et 

at. 200 1), The paragellctic ~ lll·C..:ssio ll (.fdok' ill iti/:ltioll :lIld ,,:clllentation has bcen 

inl ric:llci y donnncnled (e,g. I la)'1 ick I \)1\.\; Lane 1')1)0: A/TTl) 2UOIn, Whik Illail) 

sludics addr..:ss k..:y gcophysil'al. mitinalogicat.stl'llclllr:II, ,tratigraph i c.~lIldgeochel11ic:tI 

Ir,lmCllork "fthc St, (,e')1'gc (jrOllp carbnnll tes"f\\'cslel'll r-,.'ell!'llI ndbnd,IHlIll' hall' 

c(llllpic1l'd integrall'J gc'()physiL'al ;II1J geo logil' Ilw dclillg Sl lldio.:~ Uil ro.: ~"l'Ioil 



sl>isll1ic\\a\dimnallrinUh.:sandp(lws il~ . 

Ih~ <lim orlhis lh~si s is 1<, rurlher eh<lral'lnill> lhe Sl. (il>,'rgl' (inllip carn,'n;,k" 

re~erloirs. il11egr:lling geoph} sieal and pdruph}sic;1I tlal:1. h) I'nl\itiing a ge(lph}~il'a l 

llThniqul>lU rl"l·ugnill-hl·t.:rugl· nl·uu~l)<1W,il}. Wilhlhis in place il \1 ill he p,,~ ,ihic 10' 

tldineah:rcscnoirs in areas llilh lillic Ilell and ~eismicconlrnl h} pnll'iding 

pCln'ph~ ~icall1lclh,'dologics 10 e.\k"nd horchoic ,!:ila alIa} rl"<1mlhe immediak" hore h"k 

reginn inlnthc surrounding rock. To nll'd lhes," aims Ihl' :ll'(lu~lic rl'~I)<In,c h, l'h:ulgillg 

p'H.,,~ il) H'ndilinllS II ill he motlekd in I-I) S) nlhdil' seisl1l"gr<lm~ anti s}nl hclkall) 

gl"nnall'd 2-J)seismicdalahy Ihl·USl·"rc()l1lpk.\ lraccallrihules. 1-l) s)lllhclic 

sci>llh'gr:lI11s II ill he 1Oener:l1ed (I.~ing Pl'lI"'ph)sical inrormalion rl"<1T1l "irelinl' "l>III"g' 

Synlhelic 2- 1) seismic lincsare gl'nlTall"d using a 1inik"dillc-rcncc Illodclinglll\'graill 

cawlngueti;:lliJringc<lrrclatinnsofcomplnlraceat1rihull'shdl\el'n 1-1),)llllll'lil' 

sei,m"gr;lI11 ~ .Ij-omlhe II ell hurl'. In 2-I) ' l·ismil·l illl>allrihull>, 

1. 2 1_onlfi ml llll r/ ,U ellwr/%KI" 

rhe auh..;hlhonllllS SI . (ie"r1Oe (iI"<HI]1 (Urdovician) shdr sU c'n>~si'HI "r"l>slc'rn 

Nel\tiHlIldbndc.\k"udnl·arl) 400 km tj-ollllhc I', 'rt all I'nr\ l'cninsuiatnn,'r1hllesll'm 

Nc" liHlIld1and (Figure 1.2.1). The lilh"~lr:l1igraphy. st ructural gl·"lugy. gC·"l·hl·luical. ;lIld 

paic"nl"I"gic;11 sludies"rlhe IJplx·rSI. (jn'rgl' (ir.'up hasprni"Usl) Il-I:cnd"clIl1lell1ed 

(c0 .g. Iln)llick 19S-.l: Waldron I 993:Cn"per. Wci~s':nIX'rgerl'l :11 . 20()1: I\.ni1OhI 2()U 7: 
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I' ig,url' 1_~ . I I .nc"'i"" ,,, :op () f Nc'"fi"mdla" J ""dlh,'P"n '''' 1'.",I'c'nj",,,b.I\I""g "ji ll "..II 1.", :";",,, 



;\zll1y2(08). Forlhisstudy. tourl\il"c linc log data suitcs fWllll hc 1" '[1 Au I'orlI 'cn;nsula 

nrl';lI\l'rC-;lcqllirc-dfroll1thc-Cnnadianl\'cllfolindlandOtTsilorc l'clWIc' llllllloard 

(CN LOI'Il) and thc I\CII f~l\lIldland and I.ahra(h'r Ikrarlmcnl oj" I\alural I{csollln'~ 

(i'JLDNR1(Fi glirc 1.3.1). Wclld,lli\SlIitcsfrum: SL(icorgcs llayA-3(,_l'ortAul'orll 

I'AI'- I. I.O II g Rnngl' ;\ -09. and Long Rnngc- ~'1-1 6 IIclis (Fig \l r~ 1.2.1) s,uupkd lh~ 

completc sun·e~.,ion thwugh Ihl' St. George GWllp CMoon:Hc Group. An ; I\~rag~ ,'f ~S[) 

III ofs~dimcnt through thc SI. G~llrg~ (,I'<) \IP is cxamined t"r rC1wrh) . .,il'al rl'lalionshil'~ 

in cach \\~II. Th~ I\c ll dala is init ially filterctl and rrmT . .,,,'d in ,\ilinosoli [x~d 1\11 

applicab lc rangc' and linear rq~rl'ss i"ll ItloJ..:ling, l\ill1lt ipk slal istic:11 :lI1al~sc s t'li 

pdrophysical relationships to porosity arecond\lctcd 0n Ihc Ilcll dal:1 su ilcs W..:l l cunl'~ 

arcassiglll'dstrucllIrn i andslratigraph icpidsin l,andmark(ic"ph)siC:II()pcll\\"rks 

solillarcappiicnliOIl Slratll'0rks. l,ill1dlllark (iC'lphysical ()pl'n\I"rks:lpplil':l1i"11 S;'-II1<",1 

is Ilscd in Ihcgcnn:lli <1 1l of all synlilclic, sei . .,nwgr:lI11s and alln illgol""clll'U,·\\.'s tilr 

hiock porosity modeling. Wcl l straligraphicandslrudliraln,rrl'lalionmollc'l sarc';d",nm 

inSlral\\orks_ 1':lllpiricals)nlhcl icscism"gramllaVl'formgcolllctricsarcmC;islIl"cd in 

SYllto,,1 while nJil lpil-x Irace attributc analyscs arc cl';lliwtcd ill 1.:lIldm:lrk (i ,'ophysiral 

OpC Il \\orksapplirati 'l11 S~is\V<1rks ( 'omple.\ tr:llTallribull':tnalysc-s arccl:lIl1atcd ill 

Sc;sWorb 2- U sunwarc' Ull 2-D scislll0gl"ams. 



1.3 H('~i"III1IS('/lil/~ 

Wl'stnn r-,'e\\ li)ulldlaml lits in till' 1Il\r1Ill"astl'rn rq~i(lI1 u fthe ( ' :l I I~ldi:ln 

Appalachians. Sptcilically it is locatcd in the I llllllbcr lonc "hidl i~ thl' 11Il)~t wl'stnl~ 

prol'incc of lhe four tectono-slraligraphiezoll~sdel1ned hy(Will iall1s.1979) in 

NCIl 1i.l\lndland. S1nHigraphic~lIy lhc S1. Gcorg~ Group {Ordovici:1I11. localcd 0 11 Ihc 1'<'1"1 

au 1'''11 Pcn insula. isconlincd((llhc I IlImbcrItlnc. Thc llilmh~rltlnc is ill1crprckd hlhc 

th~ Calnbri:ln-OrdOl'ici:1II contin~1l1almargin ofthc Iape tus OCC:III . Scdimcnl:llion intlrc 

Il umher /one II as initiat~d in till' ear l ~ Camhrian li>l loII ing ri ning o t' (jrc'llI'iliian ~Igc"d 

baseme11l {eirea I Ga}(Willia111s. 1984). The 1;I\:i c~ in thi s stiCeeSsil>lltransili"n IIrwards. 

initially from arifl f:lcies-clasticsassoeiation in lhc cariy Cam hri:m . h>silirlasl icshcll 

deposits ofthl" I,<lhrador (iwup :lIld then 10 prl"(l omilwllll~ carholwl,' depos its by ~\-'liddk 

tu I tpper Cambria 11 limes or t h~ POt'l Au 1)011 Gl'OUp (Figurc 1.3. 1). Sedimcntation <'f thc 

carhotwtcs cont inued II ith link i1l1~rrllpliun through tothc ~arl) Ord"l ici:1Il (Knight d 

al.. 20(7). I) lIring the middle Ordovil'ian. h<l\ll"vl"r. <I I ':lcil"~ ~h i n tu dCl'pn IIwrinl' 

cumlitillllSOCelirred . This is 111arked by thcdcPllsili(lnofcarh"n:l1l"s.and shail"s ( Iahle 

1il":ld (iwlIpJ hl"forl" rma lly l'vlliving into a tlysdr s lln: ~~siullliwi r~cords the cnll;Jpse "j 

thcslabICCllntincnlalmargin(Stl"ll/cI. I'}')O) Suhs idl" IKl" uftlll" rial l' \rTnPl'l"llrrnl I'ri,>r 

h> l'mrl:ll"l"nll'nt "f all(>l"hthl\m'u ~ ~Irata (1 Iull1bl'f Arm Supcr Group) from th~ cast and 

tran ~r()r1e d \lest'lard (Cal on. 2002: Illinkn. 20(4). In the Port au Port :rr~:1. thesl' 

allo( hl honOIIS stt'alit arc 'lVcriain h) thl" n~(>a l l,>dllll(>ll(\lls UpplT r>,'liddl<.· Ordovil'iall Lnng 

I'oint (imllp. i;,lkming \\itil Ihe Silurian- Devonian CIa 111 13ank Forl11:11ion and thl" 

Carhunifcr0lls Codroy GrOllp (Wil li nills. 1')7'lj 
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Chapter 2: Geologic Framewo rk 

2. IPr('I 'io /l.I- Work 

I h~ sl raligraph~ "I-lh~ rarh"nak sh~ l r s IKr~ssi<ln s in \\c.q~rt1 0Jc'll I'HmJ I;mci has 

hl'~n stuJi~J hy many autlwL' s i nn~ thl' miJdlc I R(,(l's ( Ihr lirst ~tuJ~ is L"ga n I X(,3 > 

Ih~ nam~ Sl. (i~"rg~ (in'up na l11<: has h~~n usrd sincr ils inil ial usag~ hy (Schuhl'rl and 

Dunhar I'J_H). Sinrr thc'll.h"llrH'LtllrstraligraphyhashC'l'nrc-Jl'Iinnlnl;m) timl's . ll- .g. 

KinJk 196 5: Collin ~ 19 75: J..::night 1977: I la)" ick 198~: \Valdwn 199 1: Co,'per ~t :II. 

2001 : Knight 20(7). I nthi,~ludythcmost recent rcassessmel1l "r stral igraphic 

n'Hllenriaturr ~md strudurallraml'"orl.. is useJ (e.g, Co"p~r ('t a1. 200 1: Lavoil' 20116: 

Knight d al. 20()7: I\m!y l'l ~ll. 2008). Tlte St. Gl'orge Group plnlt'J l"Ill carbolla t~s and 

spl'cilil-aI IYl ite AguatitunnnnJCnlOche iormatiolls. have also i:>c l'n the su hil'el "I 

C.\ ICllsil'c lilho logic .diagcllctic. geochemiclliinvesligalionsas\\l' lIaspalinspaslil-

r~nm.qrudi"ns . I-"r insl;mn~ (C''''PLT d ~d . 2001 j ,;onduul'd an eXlells ive basin 

recollstrllctiOIl;m;l l)sis in the 1{llmher/ollc anJJiliJeJ IhcGlrhonak SUlTl",si"n inh>si.\ 

kdl>n<l -Slraligraphi,; mrga-Sl'qurn,;cs. Studi,;, (c.g. Cumming 1'168 : Collins 1 '175: 

J..::nigitli'J77: Ln'csqur 1978: I ,ml' I'I'}O: Knigh1.l'tal. l'I')ljh,hl'lll'rundLTSlan.i 

minl'rali/~Ilion in lhc' L""c'r Orciolil' ian ~ lmla. linked to thl' pl'esellel' "fn:g ion:1i 

un~<Jnfonn i lie s. has !,'ellcrmed nlileh research int hc i):mici' .' 11 ~lrh(l ur arl'a. Ih,' nlmple>; 

pilases"rl-"'IlK'nla tion and du I 01nili l: ali o ll . l~ricnl of Orct,wician rcsLTI'" irs in the 

i\ppalachi :m Glrh<male plalf"rm. hal'e hC'l'n ,;areful l) J uulIlh:nll'd (q,: .I I ~~\\i,;k I <J::;-t : 

I.ml,- 1990: Azm)' ~l ~I. 20(8). The subsequent ddimllal iollal hiqory and p:ilinspasti,; 

rc'l"HI~lrtld i o l\ Ofllll' Ordovici~n carbOllak shdfand has in is d is(l issed in tidai l in 



(Waldron 1991 : Waldrnn I'N] : Cn,'p~r. W~'i~"l'nh,: rgn ~1 al. 2Ofll : ("linn 20112: Jlur,k l) 

201l..j: na\'k~ 20D(,: Smilll 20116: Waldron 200X). (hnalllhl'~" ~xi'lin g. muilidiseil'linal) 

d~~cripli()n s and ~lrehil~l' llIfal wn~lr:1inl' nlr mnlkling ( 0 li'fm llh: ha,i, nflhis s(ud), In 

imp.-n'I~lIl1 hllHll~ Ih~ t\:s~r\,'ir lmi(, II ill h~ d i sell ~s~d in the (Onll·.\l "frq;iun.1I and 1" '11 

au I','r( ar~:1 Sl.'ak (n illu ' lfa(~ k~) spatial I afi:ml'~ s "f(h~ g~"I , ' g) 

2.2 Ulllfl.l/rllfi;:mphy oI l/I<' ('lIIm'/I<' Formllfioll 

t:t>nlilflll:lhl) upon (h~ l\;Irh~It:( ('t>I~ M..:mh..:r or(h~ lIil~1 Ilarl" ' \l f I'nfm,l1i " nlf\nighl ,'1 

al. 20(17). The al..:rag..: l· .\I1<.,,~d (hiek1K'" has ht.·(,·n r("l'nnlnl:" I(,U m frpm (t\. nigh( ,.( al 

2U/l7). Th..:('a(nehl· Fnfmatinn. all\'11au (,ho i.'_ (2()Okm fUrlhnnn rl h from (h~ar(,'a nl 

,(ud~) i:onlaills hH' unnanwd nwmh(,'(s n,n,i , ling OL I 1,,,\(,'( lim..:shHl<.' ( 110 Ill) and an 

UPIJol.T dol ,, ';\(lIll' (ha( is 40 m thid,. rh~ uPIX.'r dnlos(w1~ nl<.'mhn ... ·.\(l·nsild) 

Ihal e~1I\ h~ II idd) m:IPIX.'d on Ih..: POri ;lU Pnfl P~ninS\lI~ 1 ;lI1d adjan'!\I thrust slad., 

(Cu"ll<'rd ;11 . 2(111). Ih: uppe'f n\l·mht.·rdul(l~ I"tI~ from I'or! au Cih.i.\ is (Ill' tinl<.' 

~(Iui\ak!\l of(ll<.' middk m~ml"':r(40 m)"f\lhiw d(,lnshm..: ,'n (he I','rt :IU I'<'fi l'll'ninsula 

Thi, is dll~ 10 in(,'(l'as~d d"It'miliJ'atiw1 ()f(h~ 1()'H'r m~mIK'r lilll~ 'I"I1l'. tH'" unl~ IW m 



lhirk as "J1I")1,~~tll" 120 m <lll lh~ I'orl au Pnrl. Th~' r~lIwining ~() III "flh~ Ca1<,l'Ih: 

F<1rm;llinll i ~ all upl'x:r tm:mh~r c;ll~g()ri/~d as lh~ Cusla Hay M~ltthn (I : igur~' 2.2. 1), 
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Ihe Imln limestune memhn "fth~' ('atud\~' FOfmation is a lIell hnldnL ,br~ 

gfl') , d"I,'mitic, hinturhah:d limeshme that \\~'athns as a S<..'ri~' ~ h,\\ ,'lilr ,ltId ,tc'PS I,hc!! 

e.\amined up\\ard "11 cna.,tlinc's. (Plall' 1.1 .1) (I\.night d al. l 0(7). It c'l liltaitl~ ~h'ktal ami 

thed,'minamlitholog) in the Iclllernl\.'mher. ( ;astrnpmb.largc'str:light ,mdcoikd 

l"l·phal"l'"ds. hrachiopods. crinoids. and trilohileS cn mpnscd n1<lSI ofthc macl .. ' fauna in 

Ihcl"llcrlimcstil11c(H")cc 20()()) Simple tuhular hUlT()IIs o,ulr a Imostc'lc'ry\\hl"l'l'and 

sparsc kn-'Cs (If,,~ek tal. grainstune. alld fud stollc' OlUl1' ill tl\l: mud dominatcd t;lcic~ 

(11;1)" irk t ')84). ~'I ,,~t oft h~' Sl' grain) kll'c ~ cumain ~tal'\cd rippk m;lrks .. ,illll ,>lIS ;ltId 

~traighL I,r plancd rippk marks (1'lalc 2.2.1). RudshlllcS inthc lirst 11) m I ,fth~' l,lIlc'r 

member typicall y c,'main discoidal. ccntimctcr si/c pchhks of pink t" rc'd lil1\~' l1\udst,'f\c 

Kecc~,ilc \\cathcring heds ofsparsciy hioturhatcd assueiatcd "ith lOll diwfsity f,lllll:l pi 

largclrilnhitcsand graptnlitcsarcpcriodicallyintc'fGilatc'dillth,:h",ldcdh"'cfmcmhcr 

linll'~ hIlK' (l .anc'. ]<)(JO). SClaal h",b oi"thwl11h"lit ic miCfllhial l" ' IUldst,'ncs ranging in 

si/": af": pr..:scnt in th..: 1"'lcr mcmhcr limesto11e. hulmost l)eeUITelll'~' S afe in lhc uPI);.;r 

half"fthememha.SI",nges. ren'pt;ll·ulitids. tril"hites.andl,lrg..: m" llusksarel"lllllm,ln 

illthenh,ulldstflictur":s lIith gwinslilncfring,,'s/intnm,,undlills (1'1:i1,' 2.2. 1). 

Ihe middle- memherofthe ("atoeh,' r Onll:lti"n b - 50 m thick and \\eathns lan-

gw~ . Ihe memhn is IlhiquiW(Lsl) nHlllled;lIld is highly do lomili/l'd . hloU1Cfnp.large 

d,'malllhllitidsare pr .. 's~' nl'd ill lhed"hlSIIIIIC ;lss,)ci,11Cd lIilh inkl'l1hllltltid"lar .. 'nit .. , 

(Pial,' 2.2.2\. I'orosil), in this IInil \'<Irie~. nut includcs ink'rl·r~ ~tallillc. I \l gg~ l'al ~rn,'w, . 

and hrec~ias por,,~ ily (llak~r. I 'J"3). Il i gh~SI p(lf(l~ it) in th~' middle memher i~ :I ~.~,,~i;ll ..:d 



with the coarse hydrothnnwl dolomitc. It i~ .'pcculatcd thattlw middk dui lls lllnc 

mcmhcr. rnlill it ~ largc numocr ofcomplc:-; m inuhial nWlll1d ~. is part ofa nK'llnd tw it 

that 1('rmed ;1 sur.stantia l harril'r l"<mlpk'.\ <m thc shell' S)S I~lll in I\r~n i g tilll~ 

rill' Cosla B~I ) I\'kmher o rthc Catoche Form,ilion is iI unit (,fwel l beddcd. ,.n 

\\hitl'. rie;m, gra iny limeShllll,that is readily mappedanlund the I'orl OIU I'ort I'eninsuia 

(Kn ight 2007). Thl' mcmtx.'r is ofcc<ll1<'mic signilicam.'e dm.' 10 high purit) limestonc il 

oliltains (I'lalc 2.2.2). In thc IIl'slcrn rcginn<,rl'orl au I'nrl.lhcmc mhcrlnscspuritY :lnd 

transi lillilsintoJcl')"lCrllatl'f,I(lSsi lricli.cyciic limcsl(lllc(ll'Crlainhy athidp.'r<lus 

do loSl<lne ( 11o)'cc 20(0 ). Poros ity in this dolo~ l ll ne cap can range as hi gh as I O"t. ()n thc 

IIl'~ tcrn .. iLlc nftlll' Nor1 hl'rIl I'l'ninsula. thc Co~ t;1 Ilay Mcmhn is c:-;lcnsiwl) 

dulomitizl'd ami i ~ ho~tt" the IJ,Hlil'J" s Ilnrbour Zille minc ill a reg iun II ha..: it is ridl 

hytlmlhamal L1ol"milc cnmplc:-;es. Thc ('osla Hay mcmhcr W,IS also host to an c:-; hum\.'d 

oil lield inthc l'nrtali Choi:-;are'I\COOperd;iI.20(1).Spl'l·ii"ll"allyonthcl'., rtaul'ort 

I'l'ni n~lI l a. till' ('{lsta Bay i\'kmocromsisls "f \\h ilc 10 ne' lm . and I\l"GI~i<'llally r ink and 

green. sty"li lic limeslones th:Jt [(lIlge frum crosshedded. peluidi ,11 gra inshl!lc. t" hUIT""cd 

packslonc.tokncslra llim":SlOnclaminatc.andlinall) nodularlohlirroll -ll lOltlcdlimc 

llludsh 'nc;mdllarkcSl'111c\ llakn,I'),)]). l.i'GIII Y"lll hl'I'<,rl au l'nrtllll'tnClllh,.'rl·,m 

comprise sixte..:n cuar~ening arld sha lloll ing IIp\\ard par:ls..:qu..:nces Ih 'l lrompris..: 

hllrrlllll'd lI:lrh'SI<1tlC to gra instonc . I','[(\US dn l (l~IllT1c marks to lOp or till' p,l ra ~c'(IU~IK~S 

in ~omc I,,(al iolls (I'lak 2.2.2), (jl os~y. hrighl gl-"-~Il shalc lell ~~S arc' "h . .,~n~d ill ~OIlir 

hcds ~mong stylo lites. vlIgs. and ruhhle zon~s I\h~t'l~ limestone' appl'ars to h..: dissolwd 



(Ho~ce. 2UOO). The Catoehe h'l'l11a tioll is cOllt'mll:lhl~ merlain h~ the pril11ar~ 

Iilflll:1tioll "I' interest in 1his sHldy. the i\gll:lthllll~1 I'nrl11a1ioll. 
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Ihe Aguathun'l Formation (Fi gllre 2.2.1) i~ ~I st,leked slIeeessi,lIl oj e~dic mete'r 

thick pl'ltl(mn limeshllle and dolomites present C\er)llhere in the Iles t~1'I\ Nelll"tIlHII,IIl,t 

Nl'\lruundland. In'Ullll.'lu\·atimls.,ul'llas l'ul1aul"huixtu[)anil']' s ltarhour.itis 

exdlls il'd~ lind~ n)~talline dol ll, ((>ne I\ith minor shall- (Kni ght I ()K7). On tit.: I'or! au 

I'on I'eninsula. lime, hlTle is in1er~alated lIith doh',((>nes :mJ shales (Plate 2,~ . 1\ ( l'/m~ 

et al. 20IlK). Detailed slUdies"rthe Agllathuna h .rmation rn'(\1 1'''1'1 au Ch"i .~ t" D,lI\id 's 

Itarhour hale sIH)\\n il i s ~(.mp, )sed "I' tIl') inl,mnal memlX'l"s separated h) the St 

Agll:lthuna FOl"million is preserved ilild mapped in all ofl\eo;t.'1'11 Nel\l(llilldland. 

hOlu'l'er.tlll'onl) area\\hichh(llhllll'mhcrs:l reprl""r\l'(lis th,'rq;i"tlhdll(.:c-nl'llI1a ll 

Choi.x and Daniel' s Ilarbuur (Kni ghl 1')S7). On the 1'011 all I'orl p~lIins ulil. (lnl ~ the I,"\el" 

Illeillherofthe I\gll:lthlilla FO!'m:l1i,lIl is preserved and \ ' :tri~ s inthidlless fnlmthe 

amount o("eros ion as s,,~iated lI;th llw SL Gemge lJ nnl11t~>rmity. I'm the n'nt(.' .\t "rthi, 

,((Id) ,,"I) the["lIIerr..kmhel"lIillhedisulssedinlhissecti,'n . 

Th..: LUII ..:r /I.'lcmh..:r"rlh~ AguathluW ]'unml1ioll fmm l'Orl au ('h"i, 111 ]);llIi,'I', 

11:lrh,ltIr consists ofa '>Iack-,d SUlTl'SS;(lIl nmlpusl'd (,f mdcr thi..:k b,-Js "I' hum", -

m(ll1kd dolustlln..:. dolo lam illite "hich is l o~all) , h:lIy. h..:Js of s tr(lmat()lili~ d"I,'st""e. 

and ~' Ille units ofgreen-gre) shale (LII\~. I 99()) (Plate 2.~ .1). III this region, the Ml'mhel 

is III' to 60 mthi~k. hut 111:1) he as thin as (, 1\\ as:t result "f,'I\'siulI fnHII the St . (i"'H'g,' 



IJno.:onlilrinill, A distino.:lil'( hUl"r<nlo.:d-nHlllkd, h;lsallllafk~f lillif to tl\o;Il'( lIlo.:lo.:rs thick 

O(o.:nfS in tho.: [):lni~l"s Ib rhonr lin..: lIlinl' arc;1 known as thc " Dark (jrl'Y [)OI<1I1litr" 

(Lanc, 191)0), ( Lanc, I <NO) dcso;rihcs thc lithnlng~ in thc Lmlcr MClllhcr as;1 scrics 01 

rqx:titil'c uq)llsiti(l!) q~ks, Th..: q~ks h~gin lIith a trllno.:alilln SUr1;Io.:~ ,'r cnlsillnal 

su rl ;II'l' ~, sharpl) olalaill h~ ullti,~silirc[(>u~, IIllldo.:nll~~d ,haks and (h'l<ll;lI11inil~~ , 

Ilurnlll nwttkd to Illassilc dillolllil~, p;lI"1i;lIl~ to ;;nlllpkto;ly hulTtnlcd ;md tlln-h'IlC d:lr~ 

grc) h,hIlITlicathl'rillgappcarancc,<lInlictlll"1.h,h,I'II11illik"indil'atiw"fdl"l"lll'nitlg 

c)..:ks (Shccllan,I')S..t),Thcbufrllllsrallgcinsi/cliphISf)nllllino;r" ss-sC;;li<ul:lnd 

Icrti;;ally Ix:nctraling I f)-Sf) IIlnl, Shcll) I~'s sil s a r:lrc in Ihi~ IInil II ith hra..:hi<1pml~ 

pcirc)pods, gaslfIll)l,ds, and hr)llln:lns. Cnm,donts rcnllncd from thi s unit rq)[l'.'l'ut till" 

indicalil'(oi";1 rcslrio.:lcd, h~pasalinc', shall,,,\ dq,,'sitinnall'l1\iwt1ml'nt(Knight ct al. 

dnclIlll~nlcd h) (Knighl 19X7: 1.;1I1C 1')')0: Knight 2U(7) in thc 1.'"ln i\'kmhl'r fwm till' 

1','rtau ( 'hoixcanhl'corrl'lah:d"iththcl ,(l llcrMclllhcr'lIIlhcl'ol1;Hl I" lrtpcninsula 

()n Ihc POri au Port pl'n i ll~lIla, onl~ tin: 1.1)11 a Melllh..:r "i"lh~ :\gll,llh\ll1a 

Form;lIion is prcsCIll . Thc Uppcr MClllhn ha, li~dy I"-Tn rl'm'''"I'd b~ nosinl1 :lssod,lll'd 

lIith thc St. (jl'orgl'Ulll"lll1furl1l i t~, l in..:, thc LUllef /I.'kl1lho.:rc,'n~isls,'frcpClilill" 

Ul'l)llsitional Cyl"lD similarlu 11ll' Port all (,hoix o.:)o.:Ics, IUlIIcll.'f. lhcrc is ;Ihllnlbnt 

limc'hm..: illla;;al;tlcd II ith Ih;; dnlnlamini lCs. "Ih" Ihi..:\.. f..:ginn~ "(1 11l' I., '"n rllirml"-'1 



arellph' ItI3 mdespileevidenee"f SlIhSlalllial,'nlsi"nfn'mrem,nal nfthenflh"I Jpl"'1 

i\klllher( l lay\\iek,I')X",I, l.ime~h1n,· forni, si .\ nwrkcr ullilS in the h",,'r X5 111 "fthe 

L,l\HT Memher. 11\ 0 hI IiI,' mcter~ in Ihi ekne~s. The limest<lne IInih ;,I'e l~pie;lIl~ gre~ h' 

"il·llhile. hllrt'ol\ · m(lttled. unl, )s~i lit\:roll s mudstones ;111<.1 II:K kest"nes. 1.".;:111). ~ p:II'.''; 

skeletal. pclni(bL n(l lili.;. :lIld on.;nlilil g l'ain ~ l(lne S iLild pa.;kst,ule, :Ire (lhsened , Ihe 

~keletal comp"nentsni"lhese lime,lones :lre c" ll1posed n rlrilnhites. hra.;hi"p"ds. and 

<lslr:K",b. The nHlSI prnlllin~ntlimeslnn~ is IUei lled 20 m ahol'e Ih~ haw of lh,' 

Agualhuna I'ormalion 1III<.'r,· il is hOSl 10 a "id" , 'aril'l) of li,~sils. d"millallll~ ""l,oIite ~ . 

This ullil calltra~ed li,r,)I'cr 15 kill :l1'lIlg lhe S\' luh II cst se(:li'lIl "f l',.n all I'<'rl (11, ,) ,·e. 

20(10). Sirnmatolites occur in III<.' linl<.'ston,·s nfth,· 1.1"','1' I'-'kmher. hut arc mt>sl ""111111<'" 

i!llh~ upp.;rp;ll'lpfthememher. 

1)"h"tonesilllheL,)\\eri\kn1h.:rnflhel\guathuna Formation onthel",rtaul'" rt 

I'enin ~ ul a arc l·hara.;leri/ed h~ hurnl\\ -nH1Uled :md laminated dqll,si ti'lIlall;lhri,'~ ~imilal' 

((,thl,I",rt;ItICIH ,i :\ ~l,ctiol1s. ll1e.\rowre.thed(""Shlileappear:m.;,' \al'ie's fr,'m 

mlliti.;nl,'red striped t;lhries. tnlllmp~ f:lhri,'s l'IlIllaining irreglll;u' "i,p~. al'gillace""~ 

se;um (lla)llkk. I'IX",). Mudcra.;k ~. smallklK'e st ructures. r:lre' "hite quartl tloduks. 

el'llSS lamin:lti,m, thin b"ds " I' d"hllllitj~nl rudsl,me. and h'lal p'Kkels l' fhrelc i :t~ arc "I I 

pre~nl (Knight. 2(07). Cire~n and gre~ sh;J1c lenses ;Jre mmmnn on the 1'''1'1 au Port 

peninsula imereai;1led in the d"I"laminil,'s. (Plate 2.3. 1) Th~ ~halc units :Jre l'cnlimeler 

thick and ''I.·eur as p:trtings. \lith the thkkesl shakhedsheingtL 75 m(pl:tk :! .. <.I),Thi, 

lhi.;).; sh;11e lies ill th~ X5 III mark. jll ~ l 17 111 frUin the (('I) (,rtlle' l\ gualhu!1a F,'rl11<1li"11 

rhe thi"k shako lies up,'n an irregular ~lIrfa ce Ilhi.;h lhe dnlnS1<lIle hel" 11 is e.\lellsi,cl} 



hr~'niated ;lIld fractured. impl) illg a di ~eollflJrmit) (Kni ght et ,II , 2007), Ah"I" this RS m 

mark in the Aguathuna Formation, the lithnll>g) is ,lInll'~ t ~'xclu . .,ilel) dol,,~t"ne ,Ill.! ,-,Ill 

he tm~ed ro r 22 km in outnop hclml the St. (;eorge lJn<:nnfDrmil) on Ilw <:a,krn Pori au 

l'm1 I'<:ninsula . (1'Ial<: 2.3 .1) l'ako -di ~sollilinnGllitie s in hedding pianl's ofllll' llppel 



1":lIl·2_ l I:I0\IJf.l .\JI\1J1I1\ 
,\Gt l,\I/II I ~' \ 

FlJI\ ,\ltII 1()'1 

I"j~ur"''''l' ,,~~jjli,",1 
1;-,,~q"'''~11I :'1107j 

'I. j Cka'I""",,,,,.,, 
dol"",il,' a""" "II". ~_, 
"'CI,', """~ ill 110,· "1'''':1' 
" ... ·1;'·""1'11,..1."",., 

' \ !;'""I""lal",m:",,,,, 
(I .,',,-,C"I'''''.-n,';,, 
,calcltC""·",;-",,, 
I\ND(lOJ ""m Ilw 1'"" 
\ul'nnl','ni"",I",1 

II,) Ilh;I"a""""";""!.,,,,, 
",,..,,1;,,, hor;~"" 'if 110,. 
l"po(alhid !;r:"'''I'',,.. 
110,,1 .lomi"""., 110,. 
'";d.lk""n,,(,, 
,ha/l"";'I!;",,,,,,,,.l 
/im,',,,m""""2U m 
"""",'110,·"",,:,,1'111,' 
' \!;"al/'''''''''''''''"i"" 
I'!cda,rnllJl'l''''I'ln 
gl'l','" ,hal,' '}'''!;'''' 1/". 
!;r:, j'''I"",· hCll. ('"r"ln 
II ... · 'i!;hl "I'll,,· 1"""'''Jl 
j''' I}pi,'aln.,J'I''II,'"f 
1/" · '\!;I1"II0"",,-(I.,'''' 
'·"pi.,kml 

(·-I')o""""""'il",/,,/,j(,. 
arrm"'a"d/l"",,,, 
lIIullkJ .l"''',I''lIn 
!hl:oda ... uII,'"flh,. 
1\!;","la"",/"",,,,,,,;,,,, 
!("'"'f,,,,,, lhc I\ .")O(JI 
,Irilllk·k, " on All 1'0" 

Pl'";"',,''')_''''''''''I';.' (,,,,,,,,,, ,,-":01.-



1.4 SI. (i<'or;.:O! VJ/ /"I lIIji",,,ily 111111 'I ilhk I'oinl N"'''lIlitm 

Ihl' den'lopmenl ofponlsil) ,md pall"O-l"rl>si,\n ofrl'~l'l"I"ir ~I rala. nlaking il ililpUriaTiI 

lhis sludy. I'rniuus rewan.:hers hall' SUggl"SIC'd Ihe S1. ( Ic'urgl' Un("unliml1il~ lIas pari "I 

a I lIuhi-~'lI1linc'nlal ("Ielll marking a gh'hal ell~1alic dr"1l (A/m~ ~I ,II ;!Omn. Allholigh Ihe 

S1. George l Jncontilrillil) docs mark Ihe Sauk/Tippl'GlIloe I\(HIIl(b r) in 1\l'~lnn 

Nl'" I',undland. il dues null"orrc·lalc· "ilh olh.:r Ll\lr~nli,1I1 ~uelalllIK<lnl;'rlllities (Knighl 

clal. 11)') 1). This ,II10lll,IIous c·harael.:r,)flhe SI. George l Jne'lIlllll"lllit) suggesls I')eal 

ll"ehll1isllll·onlrulkdils dnelopmell1ande.\tent 

TIll" SI. Grorge lJnconlilfillill d~leh'pcd prim:lrily due 10 :lll"clonism shift along 

the pale(lC,mlinenlal m;lrgin (,f I.aurenlia in Iltc' i' ... liddk ()rd,'1 kianfl"ae,'nie ( ) r.'gen~ . 

Iluringlhe />.·Iiddk Ihc.\ian( ( )rdmici:ml. pri"r h) relalile SC"a le l c·1 t;dl.lhl·lran~I"rm:lti" tI 

c:nlsing cessalion ofwdimentalion "nllte 1':lssil"l" Margin Mq~aseqllenl' e hegan. The 

p,lssilC margin Iral1sfofllled ill\(':1 Cil1l\crgelll plal l' houll(br~ duc' h' 'l anHlil'-rl"l:llnl 

dnd"pn1l"nl of a t"rehulgc' l·omplc·.\ uhinw1cl~ rC'~p'lIt sihk for pon'sill del ~1"pmell1 in 

thl·S1.Cic·orgcGwup(Knight clal.ll)'ll). Asdnciopmell1of lhl'wnl'l"rgc'nlmargin 

l"<,ntinued and lhc' forc·hulgea:-.ismigr'lIcdl"",ml lhecarh.>nalepialtlmll.paicnreliefin 

Ihec:lI'hiln:llepl:lttimll "asc'kl'aied slihaniali)(Figurc·l.-J.I). Ikp"sili" !loilhe 

l\gll<llhuna Fnrmalioncnnlinll l·dalllll"tillll,.,flilrc·hulgemigralil>n.hul\elerdep',_,itioll 



I\';lS term in;ucd ;I~ p;den-rciicfand c:\puslirc ,)(clirred. Karst katllrcs. c(l liapse' d(llinc ~ . 

19')1) 

Duc tu mctcorie Ilatcringrcss. and subacriale .\p()~lIr..:n1'tl1l"St. G.:.-orgo.:liroup 

plattimllo.:;IrI'l<,nates. m~Ijnr diag~nclic and ~ru s i()nal chang~s uccurr.:d n~;lr tho.: s url~I~e ul 

the SL (ienrge lJnconformil}. These chang,'s cm he daS.,illed in1<1 tlun' ..:atq;ories: I ) 

Spittial.thid;.ness.;mdl;Io.:ies \';lri:nivnufuvcrl)ing:mdimmediil1eunderl\'ingsedimellh 

2). Surfao.:epablkarstlCat\lres.3).Sui>surf:ll'epalc"karstli:at\Ir,'S 

Erosion al(ll'g the llnennfui"lliity C:t llscd signilkant ~ ratial.l;1l'io.:s. :nld thio.:kn .. 's' 

o.:hanges to strata directl y ahu\'C and helo\\ th~ surlace, In areas IIher~ p;llco-highs arc 

prese'nt (I','rt alll,<,rt I'euinsula, ( 'ape' N,'rman). the Upper Memhn"fthe' Agllathllua 

r "rmatiun lInnJnlfurtahi) lie' "n (':ltndlo.: r"rmati f'n (Knight ,·t a i, 1 'NI). Conl'l"I"sl"i:-. in 

ar~as of palco-loll s (1"'11 all Ch"i:\ . (vlaria I sland~) Ih~ ' I":lhk I',)i nl 1'0 1'l11:l1 ion is:11 ilS 

lhio.:kest and the unconl(lI'1llit: in immediate'l ), umJcrlain h) th,' l lppn I\h:mhn,'flho.: 

f\guathllna l'ormalion{Knighl. l'IX'J).I.itl",facies in lhe')'ahle 1'"int l'nrmali '"1(see 

di~l' lI ss i o n in Im..:r in s..: .. 'ti(ln\ and changes arc rdaled to thickn~~~ o1'lhe sliccessi,'n, 1\\0 

small di~o.:(lnj(lI"1llili es "o.:C\lr in lhe Springs InlL'( i\'kmher "flh,-' Tahle )'"int Formatinn as 

disc()uformilics ar~ repn.:so.:nh:d hy surl:lccs ofcl'Osiullai rcli..:falld ahr\ljJL di~c"ntiH"lnahlc 

changes in l itho l og ~ 



W[ST II[W'OI)NOU ,NOPlATfORM 

AUTOCHTIION THIlUST 
l~O ~M WIOfI .. ..... ocE$"- R[eo<IO 

_ .. O[POSITIONAl.SlT[or ~ 
COW HUDGfICKlP 

.. ANO AS$OC 'A TED R(lCKS 

F;g"'~ 2 . ~ , I : S~""",:ui~ ,j iagr:"n sllO";ng ,10,' I''''gr~« ~,,'''I< Ie"di"g "I' 1<1 dl',d<1I''''~ nI ,.1'110,' SI. (i~<1,g" 
1 '"collli,n"'I}. D;agram., di, pla) 110,' bas;" ,war,j m;gra, i"" "f" 'he"";'; O'''g.<'''') ,d"ll'd 1i''''~ Ll I~~ a,i, "",I 
iIS i"'l'lica l;,"'s 10 d"I"";I;O,,. "I'I ill . ",b·:,,',;,,1 ",,,,,,.,,,', "",I ,,,h""I"C,,1 c"";" ,, "flhl' SI. (i~,,'~,' (im,,!, 
( ' ,,1>.\""1.". rig " r~""><lilil',j I'm", IK";gI1l!"1 al. 1'/<)11 



Surface kar~t fcmllre~ along the 51. G.,:orge Unconforlllit) inciudl' ~Ill"oth :lIld 

plan~lr S\lrf:!ce karr~n as a resu lt 0f so l(lt ion suliptUfe. Smal l irrq;ular L'''III\n'tnlllutc~ 

and depress iolls \IP til 0.2 111 ill kngth lleellr incised ·H)·(,O I\\m in int~rb~(kkd 

dololaminilc in thc !\gll~Hhun<l Formation (""ight et al. 1<)')1). Larger karren. III' h' (),{, 

III long II i[h 0.1 m [roughs. occur un gen[l~ inclined ~urt;'l'e~. K~lrrcn kal llrl'~ arl' rarl' on 

thc uniformity sud;".:e 1ll0~t I i kcl~ due h) either the lack of an~ ~igni li\:~lt1t ~klpC ('I" lhc 

i1llpcrvi'Hls nalure ,)flhe miCI"<Kf}stalline !\g)lathuna h'rmati,m dolo,tolles i Knight . 

I<)S<)). I ~ubb l c brl'cl·ias"lIwlhn . .,ur!;lL"<.' karstll-al llrl' . dsoon'ur<llollglilc SI. ( ;c,' rgl' 

linconformity. Ruhble hr~C\: ins contain thc litholog\ <'flhc und~rh ing stnHa alld :II'C 

similar h> \\calhnin g <llId soil pn>lilc~ on top of i\'li~~issippi;1!1 karstilicd carh,>n:ltcs ill 

Unconformity lies on hip ofCatodll' Formation. the nlbhle hrl·('l·i:l is cOlllp"sl'd "I 

hUI"n,)\\ m011kd ,l:Irk grc~ doh)~wnc defiled frl1l111he CH"dle Formation. Un the I'Of( :1lI 

I'of( Pl' T\ ill~UIa, tl1l' rllhbk hrc'cL"ia is n'mpo . .,c'd (>f~cllo\\ 10 hulTll c'alhnilig dolustuuc' 

(lcrivcd fmmlhe Agual111111:1 Formalion , Suh·surfacc br~ t kil1urc~ arc m'H'l' Cl'mllHm 

than SUrl;\Cl' kar~ll"c'alurc' s. Suh-surf<ln' karsll"c'<lturl's inl'iudc' sh,d loll fracturc' ~~slc'm ~. 

porositydcvci,'pmcnl.gl'opClalsedimcnl.lol"alrClllov<l l oflime . .,ltl1lCheds 

I ..... ,dding!strucllirall} controllcd c:1\'e,. ruck malrix breccias. alll! ,ub~ickn("e and ~,'lIap,c 

dolincs. :>0 mm - 0 . .1 m irregular dogleggcd. :In<l't,'mosing IlCI\\<' rks "I' fr~Ktllres oe~lIr in 

Ill" Costa Bay Melllhc:r (C:lto"h" hmnalioll) arc CI'lIlIlHlIl ill the I'islokt Bay i\r"a alld 

I lar~ Ilay. hu t arc n"t prc'scnl in thc' (\Icri)ing Abualh ll na Formation i"nibli l d al. I'N I). 

l'hcSl' Ir:ll·tur~ nctl\urks Pf(>I ide nlllduil, 1(11' n\rn>~i\T 11 ' l'l~,'ric' I\alc:r ingrc,'>S 



1\'lillim~l~r III IO' s of millim~h:r ~~:lIe. irr~gubr. I:lm in:lr. :lnJ f'lori[ s[le"diw J111n,sil~ 

lilled II ilh tin~ d"lomil[ sih is ;Ib" [OmnHlIl imm<.:di:ltd) od,>\\ thl' unwnf"rmil} in 

r<.:sp'."[liw m[mOnsnflll[SI. ( i[nrgl' (iwupundnl)ingtlll"un[nni (H"lUil}.l'rdnl"nli:l1 

dissnlulionlolinl[Slon<.:o[dsu[:lI[Sundul:llinglnpograph}.1Ionglhl'WI["nllllmil) ami 

:I!so pwdun~d laoular [avcs ;IS nOll"d 011 11ll" I'<,n au Port l'l"lIin,ula ("lIi ghl l·I:l1. I 'j') I ). 

I·aull._aml rr;l[llm:s l\l"r":l·nl:irg..:d 0) tluid ingr..:s~alllll"unn>llli,nllil) ;lIldsiglls"r 

solution "'nbrg"'m":nl OHlir lip hl 120 m odo'l Illl' 1e·1":1. ril": r..:suiting ",luli"l1 .'il"amS arl' 

lilled I\ilhminnali/..:d pr..:[ipil:lt..:s. n)mlJ<.,s..:d "rl·hl·nsJ d, ,h>111ilc"sli">111IIll"l Jl'p<"l" 

Aguathull:l Furmatiun" allli d",lomitilatiun Nfl[S up 10 0/, nlli'"m th..: t~Hlh wrb..:~~ 

("night. II)SI)), Th ..: pr~S~IK~ of r.khris Irom Ih..: IJpp..:r Agual llllll:1 I'ormalioll n>nlirms 

11ll" lill..:d Ii'adur..:s;mu faults l\l·r..: a.'SlKiaku \Iilh Ih..: unnmliH"l llil) . 1{"d,lIwlri.\ 

hr..:[[iaslll"arlh..: ulI[onformit) arl"d':lra<"lni/l"d h} a malri .\ "rlin..:~ t o m~diutn· 

u)'lallin..: grl') d"lomill' l'r}slais and prnbtc ..:pig":lIcli~ hr..:~das Il ilh s"ddk d"l<lmil": 

..:nnl·1I1 ( l.anl·"I'N() ). TIll" hrl"r.'l';as r..:bt..:d 10 th..: li!K('nkrmil) ar~ str;l tal'k,tllld hodi..:s Ihal 

li~ll;Ir;lIklloh..:ddillg.":'lIllmonl) illl"iI..: s..: \nal hl'(kamJ loan o":s":ll"ral hUlldrni 

ml"lnsalwIgslrih·.Alsll.llwhrl·lTiaSl';lIlrnrmwrlil':lldis..:ordanlI mlol50mllid..: 

1'k,di..:sal,'ng1:illits:mdfra<"lllr..:d IhalunSS<.:1I1Sl"I'nalhlllldrl"dlll<.:1nSprSlr:tligral'h)al:t 

liml' ( "ni ght ..:1:11. I 'NI). Thl" ~ol11p,)siti'1lloflh..: hr..:([i:ts lar i ..:~ .'paliall) . hilt hasil"all} 

1'k,lymi<"lil"hrn'..:iasarl·l'har:l<"lnil:..:dh)di s(""rdanl.ruhhlel(ltn:t tri)\rich"gr:ullIlelo 

h l\,~~ s;I . ..:d [lasts ,If lighl gl''':). hurro ll m011led hi massi\..: d,II,'sh>n":. I)ar~ [hnl is 

l'a riahlyahlindanland":IIC:ls..:d inl'itrl"'"ls.dark lin..:grainl·dd"I"mit..:;1I1ds"lll..:l"Iash:lI\: 



di,pla.:<'d S()m from 1h.:ir (Knigh1':1 al. 19'11 ). Oli gollli.:ti.: hr':l:l: ias ;lfC 1~pil:;llI~ 

~1ra1arn,und and charal:1.:ri l cd h) l"ra gnlcll1 ~ " rhurr(lII lll()l1lcd d()h)~ l()nc ;lIld dl~t"1 

C(lllar~l' hr<'l"l'ia~ arc abo ahundall1 and rOllnd in grca1c~ 1 ahlllld:IIlI:': in d()lil1': ~ and 

infdlcdGll'l'S1rlll"111rl's. (Figurl' 2.4 .2 ) 
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r;!;Uf~ ~.4_2 : Schematic di;,!;r:II " di ,pl,,) ill !; ,ari"", ~,'''''1 t\:;II"r,'s I".al,"" al ",,); Ill<" SI. ("''''10'' 
l lnc""I;"''';I) . ,\re," "f , ,,h,id,"T\c," ,h"" k",,", (lf~ liddk I\g"al h", ,,, "",llhic~ I "bk 1',' i11l . 1-;);",,' 
",od i li",] I'm", IK",ght"l~l. 1')<'11 



[J"lincs <1\:~ur inlhc SL (icurgc Group a~ a rCSll l1 nflh..: k,lrsti(ICillil'n 01 

lilll":-;[(lncs. :II1J f...,m suhsidcncc prodlKCd ilsthc a~isnfth..: 1(lr..:bulg..:migfatcd 

Sub.,iJcl1l'c J<llinc~ afC 1)l'ically chararlcri/cd h) Ihc prcscnn' "flhc :IIHllna l 'lIl sl~ (10-7(1 

III) Ihid, Middlc' ,\klllhcr {>flhc Aguathuna F,>rlllali,l n. Thcsc d<llillcs I,'rm IlHISII~ ah{ll c' 

frolll Ilonhc:lst trending highanglc laults pcn..:tratcd frolll thc llnn 'nf,-,rmit~ 1<,lhl'lIppa 

("atoch..: Formation. P"I)lIIktil hrccdas till thl' \..:rtica l collap,c d"linc'~ and tillli"LJlll thc 

unc{lnloT"mit) surLlcc lip 1(1 a dcpth 01"50 m (Knighlct al. 1<)9 1). Thc f'.'rnwti"llofd"lincs 

:mll nKk m:nrix hrcl'cia~ hashccn dOCUT11l'nlc'J inlhc t(lllollingscqucl1l'Co{c\'Cll1s: I ) 

Dcp,~sition oft hc L,}\,cr Aguallllll);j Formalion. 1). Partial ~uh~ urt;lco.: dissolution "ftlw 

IJppcr ( ':lhlchcl.illlcshlncand slral:lh<llIndn,llapscnfill1crhcddcddnIOlllik'shlt,'rm 

~aggingufsirat'l toncatc broad suhsidcnc.:ciolincs liuringlkpusiti"l\ofllwll1iddk 

Agll:1t il una (l .al1c, I 'NO). Sl'd imcll1alion gcnl'riil l~ kcpt p,IC": 1\ ilh suhsid..: nc..: d llr ing Ih..: 

dcposili'1110flhc fI.'liddk AgUillhU ln" ) Lnillsl'nlSSClll and displaccdoligolllidic 

in Ihc Calochc Formation. r"rming c"Ii:lpsc d(llinl's up I" 50 III dcq' al IIIl' unconr"rlllil~ 

(Kuight d a l. 11)1)1). To C(lTiCIUlk. Ihl' ~1. Gcorg .. ' UnconfLJnni l ~ lias au .. 'fusiunal and 

brSI..:vcnl. cnntmlicJ prilllaril~ bya migrating t') r~hlll gcassol'iat..'d\\ ilh thc i"ac<'nic 

Or"gcn)"\cl'((lni.'IIl, lead ing to signilil':lIltJiagclldic and strul·tllrall·h'lI1gl>~ inllw 

Agualhuna ,md Cal(lch .. · Fo rmali,'n "fill(.' Uppa St. G..:orgc (iruup. III th .. , nl'.\t part f.1 



this ~~ctioll. the: (kp()~ iti o ll.llthid;Il~~' "ftli..: T<lhle: Point F"rm<ltiun ontnp nftli..: St 

(j.:orge Un..:onformi ty h1jlugraphy as <I signiti..:ant iudiral<lrll rp<llL·ll-r..: l iet"aud Pl)fllSil:-

r h..: rahle' tka tl (iroup..:ompriseslhre..: t""rmali"u~(Figur~2A.J)"ftill"l:LlIld 

1'1:11 101"111 . The sp..:ciflc lmil l,f illtc'I"<'~1 i~ the: Tahk I\, inl F, 'flllali'''1 (Figurc' 2..1 . .1) <llld 

hm\ ils Ihi.:kne:ss rllrrct~ltes II ilh Ih..: pako-re lid a l'1I1g Ih..: S1. (i"'rg": Unwntill"Tn i t~ . rh~ 

tahl~ Point hmnalinn is", shaltll\1 marine.m;)ssive-Io-Ihirk h..:dd..:d. g r..:~ tim,,:s\<ln..: Ililh 

minnr illlc:rh..:dd..:dd"lnS1<lIl": inlh..:basal tO m. Linwslllll":Sc" hihil ,I~t<l-nodutarl(l 

PS":Ud"l"llllgl"mnadi,' t;lhri..: (Jam..:" d <II. t l)XtJ: Sku.'..:1 t'JlJO). thc' iim..:sltlu,,:S l"lllllaiu a 

dil e:r~..: numh..:r "j' s he:tt~ I~Hlna including illa..:nid :Ind halh) uri,l trilohit..: s. artirulate 

hra..:Iii"pod~. (lslronx b. and ullin hi gh-spir..:d gaslwpmb. n·hiu(llkrm~. hr}(l/(lans .• md 

re:phal'll}(){ls(Bllyr..:. 1')')7). Thc Ihirkn..:ss nfthc "l"ahk I" linl I:lri,,:slj ll il": I ll:lr ke:d l ~ 

aUlllugsl its" IXl li.lldislrihutinn. In Ih..: Pllrlau I'nrIAr":<I.ill':l ri ..:si nthirkne'sstl·nm 1(,Om 

al Cap" Cornlllran1. Ill.J 3 m :lllhe' I\gu<lllnma Quarr) (Slc'll/.d . 1 l)')O). lJc'~pik spalial 

I h irkness l';lri ,l\ inn. I il h(lt~t c ics i ~ s i m i 1,lr in most iU'e::IS 

rh..: facie:softhe: Tahk I'oim Formation is ini..:rprCle:d l" be: ofshaItOIl Ilatcr. 

T1l:lriIWe'llIiruunlC'niS)ne'hnlIH1US:lnd t"llll\\inglhe' t"r'lgnll"IlI'lli'1!J.upiiti.andcTl,s illll ll j 

Ihe:plalt(>rIlIcarl}(lIlale:soflh,,: S1.Gcnrg..:(ifllup. the: lhirkncssofthc l"ahle'P"inl 



I:HlIl blo(ks and stibs id c'!K~ dolincs " f th~ undcr!) ing platform. SynscJ imcnlar} 

slumping and sliding (<lnfirms dcp"s ilinn Juring .wismiG!liy adivl' liml' s 





1 • .iS/rII (,/ lI flll FflllJli'fI'ork 

rh..: "estern nwrgin o fNtllfoundlnnd. specil1cnlly the Ordovician St. (j~(lrg" 

(jnHlp, ha,,,, ulldng,mo: rl\lyphasl' d..:I()nllati llil aS~"l'imnl \Iith t il<" Ta(oTlic . Sal illi(. and 

Ac~dian Ol'Ogcnics. Each ofthc IouI' \\clls \i\~09. A-36. Pi\I'-1 ,lIld ","'1 · 16) in this stlld~ 

targets :l specific strllctul',ll rcgi,' n 0 11 Ihe Port all I'orl 1'~lI i ll ~ lIl a alld I\i ll he disl"lIsso:d ill 

dda il in Ih is sn: lioll. T ho: slrudural hislory "flho: Ilum[,,:r /(\no: "flll'slnil NO:I\ I,'ulidlaml 

am] rl'SC'rvoir quality 0 11 Ihl' Port au I'ort Pellins tlln "i ll be disctlssed in thi s stlld~ 

Tlteo:arliest recorded Tncoll ic tectonism ililhe 1 IIIIllh~ 1'7<'l1e\\'asrec"I',kd ill 111 0: 

rm'la llwrphil" so k' "fth.: orhioli t i..: r(\ct...s ill tho: St. Allthol\y Compkx at .\'10 Ma 

Tectollism in thc S1. George Group begall d ll ring the TaWll i,' ()1'<'gO:II~ \\ il h. as 

thl'plalforlll fr"I11I":ldiligofthl' llulllhcrArmAllochtl1(lll . As theh:lsilll\;lsup litied :lI1d 

pal!tll:lysl()r thc thin sk inlled t hrustst~ck systellls (Waldn1l1 o:t a l. I <PH\). I)urillg lho: 

Salilli~ OmgcllY. dcfol'lliatioll shi lled frolll th in sk illned ~Xll'l1,ion :1i I;lll ililig 10 ro:gional 

m~lallwrphic Elhri( do:wlormo:nl. 11"1\l'IO:r. durillg I h\.~ S~linic Orogcnl'. most 

Illc tamorphi sm \Ins constra illcd 10 thc Ilul11h~r I\rm I\lIo..:h tll<>l1 ill dn "IOI'I1IO:lIt ot 

Ckal"lgo: a lld 1" Id fabrio, !o:a\ ill g 11ll' w,'b oflhl' Upper S1. Gcorge GrOlip I:trg ~l} 

ull"n,:cled (Figurc 2.5.1). Amphibo litc and Grel'nschi Sl 1;ICi~ ~ II ~ ro: (,)lIIm<)]l 

Il' mp<.-r~lure rr~ss llre (onditiolls :ltthis linle, The formation "I' Ihrust ~t:t(ks <'n th~ 1'01'1 



au Pnnl'cninsu1;!llcrc,l1!riolllcdlollcadian Orog,'ncsis. l:ilc Silurian III cari} i)cIl>ni,1II 

limes (SI(lckm,1I el al. 20U~)(I ' iglirc 2.5.1) 'lhcOrdn"ieiancarhonall' pl:ilf(lllll 

ul1(krlll'nlhasin il1ll'rsionduringlhcllradian,'rugcn) Ilhichrcadil:llCdl11an) IIllrl11 :11 

fall lI s in rCI'c'rscscnsc. lhchasin il1lcrsionand mullipic'lhru .'>1 '>1 arks) .,>k'mseom!,osclhl' 

stI'lKll1rall'lrgdsforlhcIiIIIO\lingc:-.:plnrali'lIlllcllsnnthel'<'rlau 1'< '1'1 . (I ,nng 1{;lngell -

09. 1'111'1,1111"'1'1-1 I' II I' - \. Long !'"illl M-1 6. and S1. (korge' S It!} II-J(,) 

rhcrllurc.\rlr,ralillnl\dls largclcd sel'cra ldifkrcll1 ~ ll'lIr1Ur'llk;)lure s in the I'"n 

:IU I"'rl arca. The liN \\cll to hc drilled. thc I' /\I' - I( (Figurcs ~.5.2 and ~.5.3) largdl'd :1 

small onsiwre slruelllral trap in Ihe Ordolil'ian I'bll<>rm d"l1n plung" of" larg<.:r olT 

slWr,'slnll'lure in 111l'fo"llIall on 111l'i{,'und Ikadlhrw,I(Figurcs2.5.2 and 2.5.3), I'III ' ·1 

d,'mllllslrall'd lhalll11' Round I kad lhrusl had prn ious e.\ll·n ~i"n al hi ~lI'r) and li'oll\<1I1 

shurt cuI anliciinallraps lin I) del doped in arC:lS prcI i"usl) e~ten(kd (("",'pcr ct al 

:WOI). Well II-t/')(4)O;o 2r 51.21 N. 590 I~' 55 .32 \V (Figul'e 2.5.2) is I"ealed 

appr".\inwtl'l y 1.5 ~mlll the immcdialc sOlllllllesl urthe 1'111'- 1 \\cll ina slight I) up 

pilinge location. The st l'llrlllre in Ill\.' 1'111'-1 ,lilt! II-()9 IH'II is l'onal ( l' iglU'l' 2.5,-~). rh..: 

11'1-16 (~K" ~5 42.26 N. 58° ~r 2~.X4 \V) IIcll lIa~ direeliunalll drilkd 11\,mthe nllnhl'rn 

lip 011.1I11g I"'int (l-igllrc 2.5.2 ). easlllani henealh I'url au Port lIa). rhl' 11,,11 ~puddl'd in 

Ihe nortll\\c.'> t dipping I.ourdes Formalion (Figur..: 2.5.,1l in the hanging Ilall"rlhc rca 

( '(lIC thrust (Waldwn. 1')<)3). Crosssl'dionlitH.'s l1l'arlhl'\\l'1I ~h"" (I' iglll''': 2.5 ..1) Ih..: 

n"rth"l'~i dipping Long Puinl Gwup and ~\'lIngcr Slr,na orlhc Ilumher "I'm "1I,,<:IlIhon 

hcnC:lthlhcrc:I("(llelhruSI(inicrprdl'dhliK'lhehasil1ll<lnls ide "fllll"tl'ianglc-/ol1l'.) 

rhelleillhetll'<lsscd IhH1Ugh <l sl'ril's(, f illlhrieall'lhrll~lsl1l'dSl\ilhinll((lllh..:r l\rm 



Alln.:llthon Ocl(H~ lin:ill) rx.'ndrating th~' oas;ilthrust at till' hullom ufth.: I hllnha Ann 

AII'Kthon :lS indi!;:lt!;d 0) a sh<-'aunll<-' on th<-' Formation ;vli<"rn , h~'ar( 1-' r-\' I S) I,' g~ (C"UjX'1 

d al. 20(11). Tile' l\'l·j() \\<-,11 ~'\l'ntuall) lnminat<-,d in Ih..: I'a~sil <-' I\brgin M<-,ga-S<-,qu..:lIl'<-' 

h,,'I,m Ih.: ~h<-,arl.(lll<-' Ilha<-' slnH'l i ~ dipping 15°N\\, ,md Ih<-, I'MMS is .:I<-'Iat<-,d al,,"<-, 

n:gi,mal kids ;lIlh<-, Ildl, Th<-, s<-, g<-"'Illdri<-,s sugg<-,sl St' Ill<-' has"'IlK'nt ;11\"h,,'d 

<,:(lmpr<-,ss ion s imilarl"th<-,I{ound Ikad thrust , must hal<-' I'Hwided thl'uplili;n till' 

I'M MS. O ver,ili. the Lnng I'oint M-I(, \\<-,11 denHln~tral<-'s a <"ross s,,'diunal arl'l\itl .... ture "I 

the Iriangkh'neh) asaiesimbricatl,thruS1S inllll'l lulllhl'rAnl1 l\lIoriHh"lIl"lnhiIled 

"ilh th id, skinnedlompressiunall;lUitingof lh..: ()rdoli .;ian Carhonate I'btl~lIlll (( ','ol'l'r 

et al. 2011!). Well /\-3(,( ,p~o 25 ·O.J.'HN. 59° I()' 2'.1 ,2')\\ ' ) (Figure 2.5.2 11arg":h:d lh..: 

sall\~' sh"r\l'l ltllJUt"ali anlidim: unda the I{ound 11..:;ld lhrUSl as PAP- I (I: igur..: 2.5.5.) 

1\-36 is lo<.:at..:d\lppltmg..:wth": s,,ulll11esL hu t dUl,tothicknl'~s ufllll'T;lhk Po;nt 

Formation (YO Illl . this is inlaprdl'd I" lx, IOGltni jOn a pako j, ,,, all,ng the 1";I<.'"ni.; 

fnrehu lge (kliHmatiun surl;'l"'~' (SI Ge(lrg'" lJ n~'ll nlilrlnit~). rhe ri'\lf 1\..:11, aim..:d at 

~p..:~' i(k ~lruclllrallraps on lh..: 1\'11 au l'nrtlX'ninsula d..:scrih,,'d in this sn .' li"ll "n .. ' 

ta rgdi ng .. 'umpk.\, h~'l<-'r"g<-'n"us, p"wsit) s ) sl..:nl~ in the IJppa SL(ienrgl' (ir(lup 

('arhona1es. The diag..:ndi .. , his!"r) ,111<1 suos..:quenl po.'r"sit~ d~'I 'd ,' ptnelll \\ill he 

disl'llss.:d in selliun 2.6 
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1.(, J)ill;:(''' I',~i.\.J)IIIIII" ilizllli/l''.IfIIII I'lIm.\·il)" J)(' , ·dllll/l1 elll 

rh,; Camhro·OrJ", idan pa~~i \,; margin ..:arhonat..: pl"tlilflll "as ~uhi,;l1..:d h' 

pn\}ph;lse ddilrmation during Ihe Taennic. Salinic. and Acadian Orngenies. rhe clTl'l'h 

,'fth isnllnplc.\ 1l'chmil' hishlr) l'ausl'd multiple phasc's 'lfd"I,'mitil'ali'"I.l·l'll ll'lltali,m. 

and p"wsil~ dndnpllK'1l1 in 11ll" lJppc'r SL ( ic'urgc' Group. Snl"f,1I sludil'~ in rn· .. ·nl lilll,' 

hall' dOnnlll'nl"'d ( .... g. Collins 1975: Ila~"id 1')~4: Lanc 19')U: Baher I')'),, : I,al'"i..: 

:!005: "nighl el :II. :!O()7: A/I11~ ..:t :II. :! OO~) Ih..: diagcn..:tic hi ~ lnrl' in Ihe ..:;n'I"lll<ll..: 

plallilflll.Th..:rescf'oircol1(cpll11(1J..:1 inth..: l'orl:lu llill'1areaisanalngoushnlhltllhe 

karsl ,;nnlwllc·d rcsl'rloir m'H.Ic·1 nfille" El k nhl"fgl"f Carh"tlaleS in \V,;sl r":.\:iS (Kl"f:ItI~. 

1 ')~''l:ll1d stnl(llIrall) ,,:ol1lrolled h)drnlherm;lI,ln lolllile playsdl'snih.:d h~ 11):l\i,;s. 

200(,). I leterogeneilyisalllaj'lrfad"raSSlrltl:luraln'l'nIS anddiagl'lle"li,;prt1l'l'ss ll<l\l' 

nc"alc'd a "ide ,arid~ "fr';sc'f"(lir 1~ll·i .. ·s. Th,; parageneli.; selillen..:e ,,( c'erl(S lhal 

alll'dl'l! r';sl"fV(lirlllWlil) in Ihe Upper S1. (;l'orge (;mUIl ,;an he hroken dOlI 11 ill In 

dul, 'lll ili.wli(lI1 . ..:elll..:ll1alion.lllinn:llil :llinl1.;md sn itllinl1nl'I11s( l-" igur,;2.6.1) 

(1I:l)\\ick. I<)X·LJ .:IIK·.I()')(l)ha'l·idenlilkdlhr,;eJilli.:r,;nl 1O":l1er:l1i'llls"t 

dnlnlll i1l'inlh,,·SL(j';(lrg,;(jwupCarhnl1a1l's. spc·l·ili..:,lIlyllil· /\gu,lIhullaanJl;.I(l..:h,; 

h'l'Ill:ll i<>ns. Chnll1(11" gil'a ll). Ihe tir~1 g..:neral i'l11l1fdnlnmill' (1)1) "as ,\,;pnsi1l'd in lidal 

mi\il1g/11n';sl,ilh a Illd,;uri,; and~l·a"all'r. j)"lulaminilcs il1lhe 1\10,,;11111111;1 Form<llillil 

1~,1I inl" this ..:at..:gor) "I' dolumites. Thc~e ;Ir..: (llm ll-llsed of t il1cl~ cr)st:lliinl' . unifnrml) 

Illlllil1c~(..:nl. ,mhl'dr;ll dolominile. ( 'nnlinll,;d gm\\lh :llkr hurial is .,uggl·slnl h) n':lf,,·r. 

hdln /(\I1,;d l'r~slals in MlllK' d"l\Jlal1li n ilc·~. 



rhe secolldgelleral illllllfdolomite (I J2) c'1I1!prisesmalri, and m(,ulcJ"I.nnilc>, 'I hi , .. 

postd:ltcs supratidaldepositional lhebcgi nningofbul'i;llandc.,mpactiun<,ftheSt 

George Group. Mat ri, dolomi tes in the nne grained lilll est(lne~. and l1111tlk dolom ite in 

the(D2) forlllirolllion g lived. mi d-burinl hydrothermal diagenetic elcnts, \V it hi n 

I1wdsl<lnes and l\ackestone'S. malri~ dolomite form clear clihe'draL nOI1- l"err. ,an, tine' i} 

cl,}slalline ( IOO fl m) (Ita}wick, l'lK4 ), [\'1:Iu'i , Julomilc (1)2) in ellarSe' grailled 

lil llc·~tUl ll'S<l lld pal'l.. sl<1nes i s nlar~l'I' (200 - 50() Illn) and has vcry irrcgularc t,)s tal lillc 

uli tiinesl\hcrl' it abllts 10 uthcr graills , Luminescence iszoncd and color r.lngc" from 

purple to rcd . Thcdl'lomitc is porc-till ing in grainstlllles.and posldak~ n,\II- f,."l'man 

caic itc ccnlcntOl aywick. 19S4). lli, like l).hcc'Hlse o flhe l' :II'::ingnalllre<II 

c<llh"d" l lIminc~cem "'\n<lli"n~ Ihal. Mn:+ ami Fc~+ ~o ll eell1r:llions var icd II ide II du ring 

(h, lum ili7ali (\n. ;\'li n~ra l i7ed 1l\lids were' inlmdllced Ihl'llllgh lIlKl'menlcc! mieru-p" l'(lsi t} 

in Ihe limestune' and di<lgenctic fradur,'s \Ih idl allollct! fur prolongcd t(1l"mali,'n "tt h~ 

m~tri .\ dolol1lilc~ (I'b ywick. I !)84) , (D2) \'arics p~t rllgr;lrhica l l y and in Ilim inescence 

Kholll bsarel1nc to medilimcryst'll line {501( 150)11ll ). id i,\m'\fphi,'h, .\ l·lHI(('pic.IHHl-

7<l11ed 10 e'ce[)ti,ma l 1\~ 1I 7on~d. :md I'ange in Iliminescence rna!! [lllrrle- 10 brighllyd 

(i\.(nIY. 2008), Thcdcgreeolr~)1I:Kem"nl" fich IHlli ,ssi l s is \a riahle. S,'me hllrf<'\\sarc' 

l'Ulllpktdy rc,plaeed \1 hi le ot hcrs arc only p~lr1i a ll~ n:plac~ . or nOI lerlan'd al aiL Ih is 

sllggests s'lme'lfbll rrt'llswcrc li lk'd Ilith '<l' T1 ulo[l i( Illusnic; lIld thcn il\ ftlkd in the 

rel\tn b~ spa r ~;llcitc' l'<'ln t lll (I'b yll ick 1(84). R~ lat i onsh i r to slyl"l ik s and c\'ide' IKc' .\1 

dolom it ization beyond ceillellta ti'lil events ~lIgge st s that 1)2 d" I,'m il i/.;lli'''l II;!., a lall' 

dingenct icc\,ent. 
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Ca\'it~ 11IIillg,addkd"lo,hlne (D3)preeipilated as e).:posure;mder.,sinn o«IIiTed 

Illl Ihe Sl. (;eorge (;roup carbonate pl:it«mll. rh~' sedimnlllhal <'<mll,,-'ses the cl\'it~ 

Iii ling dolostune is nwsll ) romp,,~ed "fpl'~'-\'xisting l-"mjl"lh:ni> sudl as ,(I)I1<'dral 

d"l"mi1c. feldspar. miras. Jlh,,~pha1c grain~. ,lI1d ria).';, 1J"I"mit~ is h) 1;11' tl\...: 11I"~1 

ahund,lIlt min~'ral. nul olha al'l:"-~'''I'~ Illin<.:rals ,,';In Ilwk...: up to 1 5 "~ "flhe C,\\ il~ rdls 

CI')~I,d s ill till' taVil) dolo~l"n\' rang...: fr"11l 10 pm - I:m ~c,(1c and luminesl:e dulh ( i\ll11~ 

l'lal.,200R).I'arag...:nclitali),tlll'Clvil)lili ingdoloshHlepostdate,lhe])I,j.,lnSh'ne 

re ).:1\II'a ll} , this is ind icated h) lilling sediment heing "nl'n I,,-'nclratl'd in I" th~' rod., h~ 

clltsalgal slruourl:s in D2d(,I" (lliteilllhe Walls ll ighl Form<Iti "ILlnlld,,"'sn"trea.-il'lll) 

higher. (Whil-h indil:ales 1).1 p"~tdatl's initiallJ2 th,hunilil'<lli"II) (I .anl:, 19')(11, 

I'enasile ()2 and ()3 saddkd"hunil<.:delrl.'ped as rapid huri;II"flhe pl;l1l~lrm "n:urred 

(-'r:lrlures aSSl,,:iat,,'d 1\ itll 1<.:~'hHli s lll provided Ililid 11011 p;ltll\\a~ , during the ACldi,1I1 

Or"gell), The minenll,,!;) ,'flhe ()J , addk d,llumile and Ihe lJ2 do!"~h\n",lf" id...:nti"'1 1 

andlhnd"r,'callh,'di,cussl:das, 'ne. 1)"lomilein ()J,;lddlcand()2d"h"h1lll'i, 

medillll1 rr)Slalline (IOU In 2110 pml. «1I'IllS ~l'll\'h'pir nH'sa i r~ , Ichll\,I",sils and 

g;lstl'llpodsaree)':lrell )el~ Ilell preWl'\ed.l n lerrr)SI:lllil1l'I"1I'l'~pan'\\itllill 1111: ,,"'fl:l,il\' 

simil:lrt'11Inposil i(UL saddle d"lolllite,'cl:urredaldillcrentI imingrelali\'e l(l ()2 dul,'mil,' 

Ilhenlerhmismllas<.:re:llingfraclUl'enc\I\,'r\..sinth,'St , (il",rgr ( ir,'up, l'hrc'lI11pirle 

S) n"psis of d"lomite s~stems in Ihe SL George (irnup is r"mpk .\ I"r tlK sn'pt: "rthi~ 

Ihcsisalldlhe s)Slemsaresimpl) introdul'l'd he'I','aimed al I'isuali/ingconlpir~it~ ol 



~igniticanCl' in 111l'diagl'Ill"lic dncl"pmelll"flhe n:ser\"oirlilliI S. 

~t)I"lili"lIinl1;IIlJ fraclUril1gal1al"gou~hld"l()miti/;lliunnCI1\s (m:lrinc. suh:lcri:1I 

>:.\pOslirc/meleOric.shallu\\ hllrial anti llc.:p hllrial). Marine di;lgl'nesis al'eoml'anied lile 

depos ition of min ill' and minilii." algal' l'eml'nl (Cl). skch.:lal ,,,mjl()lh:nls. ,111.1 a,:nclion 

of ~edinll"nIS. Als,'. isop.ll·holls flhrous marinc' l"ellleil l (Clh) II ilh il1lel'l1al ~edimenlS :lIld 

l1l i cruh()ring~ (A/Ill) el al. 200K) (Figure 2.('.1). l Jpon Slihaeri;l l e:"I"l<,sure and ;Issorialed 

dis~()luli"nhklelupl1lelll (If ~ewl1dar~ pore s~sl>:m in 1<' the underl~ ing Agualhuna and 

Cah'clll' h>nn:llions. IHIII -lumineseenl mell"orii." "quanl n'nll'lllS (("2 ) preeipilaled helo" 

Ihellalerl;lhk. l\sthec;lri.,OIJ;H>:pl;lt1i>rlll lIas initiall) huried.n'mpaclion I"·aturessudl 

as in-silu dosl' packed grains. liltl'd fahrie s. ,md mitro~l) 1"lite~ Il<:gan 1<> ,'rclude p"ru~il) 

(A/Ill) cI OIl. 200K). Ilighcr al1lplilUtle ~I~ loliles li'l"l1led \1 ilh increasing burial depth along 

\\ilh p)rit>: minerali/illion in Ir:lClul'es :Ind l"l<ll'eS. l Jp<'1l dewlupnK'nl "flractllr~ ~ ill dn'p 

hllrial (1~lte di;lgene~ i s ). i."ilki\e ~enll"nt (("3) \I~rludes \ (lid span' ,md ~Ilgulfs p~ rill' 

crystals (A/my cI al. 2()OK). Th~ li~l~d diagelle\ ic >:I'en\s ar>: inlerpr>:ted ;IS s~nrhnHh)US h' 

dolomitiJ'ali"1l l'\enIS prl"l iousl) dl·~crihed . The ~l"Ien l\peS " f cement :lI1d lhree 

g~neril\i'l1ls,)fd()lumile inlhe IJpl1<."rSI. (ic,lrgl' (irnupplaY'lmaj,'rrnt.: in Ihc 

dl"ld(lpmCIlI ofporosil). hclcrogcllcil). and p>:rnW~lhilil) o fthc r>:serlo;r units and thc 

1',,11,,\\ ing di~u~~inn pr,)I'id>:s ~"mc dew;1 ahnU1\h>: re~crlnir rh"raclrr;slics Irom \\cll 

int'lrination in Ih;s s'lI[l~ 





rlH: ini tialtargel reser\'()ir~on Ibe I'onaul'orl pl·nin.,ula Ill'I"elbe IJppel 

I\gualllllna and Caloebe I'ormati,llls ha~ed llnllll' suhaerial e'pnsure. k:IL'1 illl"hed 

m"del rl' ~e r\'oirs "rlbe Elknhurgn Furmalinn in Wl'~1 r .. ·.\as (J..:nans. 1'110:'): 1.1I .. ·ia. 

IJnwnl(H"luil) seems III he minnrin Ibedew("plll\.·nlorlhe I"" ,r"sily-penllc"ahil il) ~)Sll"nl. 

[I.'lnsl "rllll' purl' space neates inlhe~l' prutl'~~l'~ has hc .. "n diagelll'lil'all) 1"I:(1I'IC· .. "d 

((\'"p..:I'':I'11. lIlOI ). Theciomin:tlllmeebanisml<lrre,ervnirdncl"pmenl inlbes)sll'm 

i~ inlcrpreledas b)dl"\'lhermald"I"mili"ali"n s1l'nll11ing i"mm .. "I,,'nsi'lllall'<'llap~ .. ·,'i"lhe 

pl:lltimn prel'i"usl) descrincd. Some inilialdissnIlUi"np(ll'llsil) dnclnpedallheliming 

"i"lheS1.(ienrgeUIKllnt(lrIl1it) :ilonglhetilted.suh:leriali)exposedplalt<,rmhl"..-b.bul 

lIas nn:luded hyeemenl:l1inll and carl) tllllnmiti"alion. Inlhe rar!) In Middk Iln"nian. 

:ilkr huri:iI hy Ihe 'bennie :md Salini .. · Foreland hasins. A"-: ldi,mll'r1<'nbm "a~ "c'rurring 

intheeasl.ll)dl"<'lhennallluidmigratedupltw .. ·.\lemilln:llraultpalllll:J)stluringlhis 

linK' as supported h) isotopic n ' id .. 'nCl' Ii-om (L,m .. ·. 19'm) in thr kad-/inc min.:r:ili/:l1i,1I1 

:'ll)anicl· s ll:lrbourMin.:.II)drollwnnal l1u idmigratedup"ardin sIKCl'Ssi"nuTllillh .. ·) 

cam .. ' inloennlal'l Ililh a signiJitanl pamrahilil) harria ((;'h'~e T ic:kk (iroup). AS:I 

r,,·sult.lhc: h)dr,'lhennall) altered rnc:ks an: 1"c:aledonl'al"·"highs,,i"lh .. · rau ll hl"..:(.. . ., 

(Co"per elllL lOO I) "here Ihe Iluids prdel .... nliall) altn,,'d Ih.., porous and I>;,;nnc:ahk 

Agualhutla and L'alo<:he Formali"ns. IlydrOlhl'l"mal allc:r:llion :md P"fIIsil) d,,·I.:!npm..,1lI 

is grcal..,M inlh.., pal..,uhighs having lhi!\nc'~1 dn..,j"pnll'nl "flh..: Tahle I'"inl F"rll1ali ' ''l 

and p'H'r..,sl in p"k"lu\\ s (Knighl.lI107) (K..,1i:rh, Figllr.: 1.r..~), II is impnrt:1I11 \<) IHlle 



\1..:Il..:noughlog..:nl'r'licrcsl'n'oirconditi'lIls.l{ocksinlhehangi ngwallsl'cti"nsarc 

in \'ariahl)lighlanJilis appamnhyJn'lhcrmallluitistlitllllltinliItralcthc.'careas 

IlIlhe Port au Purt I (PAP-I) (Figllr..: 2.6.2 ) well. the str:lI~ inthe hanging Ilali l'! 

the ROllnd I lead Thrust issil11ilar!ClcOntiguous oUlCrOp. Log p01"\lsili..:s indiC;Ii..::1 

nla\imUll1 "f--l'\{-' Ilith m' )Sla r.'a~ (I,)sc 1<1 l.er\'.lloI\Cl'cr. inthl' f,,,,lllall scdi'"l.1h.'rc 

linconfo rm ity inlhc lipper Agualhuna Formati'''1. Thl' I.<lnl' i., - 20 nl in t hil'k IK~ S. 

alerages I 0% porosil~ and 2 1 II1d in pernH;:;lb i l it~ ((\'Ol'cr CI nL 200 I). Cavcrns hc lO\1 

the ~1. (;corgc Lm:"nf"rmil), appc:lr Oil I-'MS logs. This rc,>cnoir inl.'I'I:II pwduccd ,)il;11 

ma.'l.imllm r:lIC,> of I 750-2--100 bbl /da:- andappro.\im;11..: 25%\l:l1erCU1all'rc'Sures"f2 S 

i\'II';I . SCI'cr,11 ml'i..:l's ah,'ve and hcl,m Ihe cal'ern, arc IUgg), slI l'n '., ic tln l,\mill"SIIIal 

h:IVC a p,,~., i hlc /chra-tlolol11ill' 1<.'.\llIfC Urill cU(ling~ cumai n abll ndnnt sparr: II hill' 

lhd"mill\ p)rile, gakna, and spilalcrik. The \l'ell pwduced 50 12 bbl i)foi l ;md 27-'7 hhl 

"I'\lalntl llr inga seH:n day lesl M vari;lhlc r;ll..:s \Iilh;l grad l!a l decr~a'c' in rai..:and 

pre~ Sllfl·. The \IIH.kr l~ illg ('alolile FOI'lll;ll ioll is al~,) e.\I":l1si\'el) dol '1Il1itih'd buln,,1 as 

porous. having 15 111 of')'% p<1l"" .. il ) (C""pl'rdal. 2(0 1). Sunh: \\hitl' tI,)luspar is I'n,:s":l1l 

indri li cutt ings. bill Ihere is 11 (l indiCiltion otlcaJ · /illl' mill.-ra li/a li"n. Thl'illlc'rl:tI ] 5 15· 

3('()0I11 11,)lI .. d XUO hhl/cby "rllll'l11alion \lain. The Tabie I'oin t Formation is (hin inthL' 

1()(,tll :tll .'lTtioll "rlh.: 1'/1 1'-1 \leli indk~ t ivcofn paieohigh seClion olltlw I;\lt!lcd 

platform. ~'li nemliz~tion ill the drill cutt ings furthn indil'ates a paieohigh in \1 .. 11 as 

hydrolhermald"I,'mili/:lli"n prd~r"lllial1)' altnc'd I'OI' ks int h.: vkil1il~ 



I h.: Long R'tIlg.: r..,' - 16 ( Figur.: 2/1. 2) 1\.:11 .:).:hihil ~ poor.:!" re ~.:n,'ir qllalil~ lhan 

""" . " Both lh.: /\ gu,uhuna and Cllilch~ Fomwtions arc li gh1. the laller "nl~ ~ Ii g hll) 

,h,I, 'mili/.:lI (CO,lper et al . 20(1). The ~·1·16 I\d l li.:~ in :1 ~true t ljr:lll) 1,\\, 1'I:gi' lil ,'nIh," 

EIUIl hlocks u fthc plall"fm indiealcdh~ a Ihid, .. h" l\ing uflhc rah1c I'"inl Formalion 

re ~p,,:cli\'l"I ). rh..: ,\01 -16 I'cll lias primaril) drillnlto pruw thc g,"" n1l"tr~ "I' til<" Iri,lIlgk 

I<,ne at the 1cadin g edg..: "fddi'llnaliun and lIa~ ,,: ~s"ntiall) a dcli'h:ali"n IIC II(C" ,'plT ct 

:II. 2(01 ). The S1. G.:org..: 1\·36 ( Figllr.: 2.6.2 ) Ilell..:IKOUll1er.:d a I,'rgel~ d"hllllili/ed. 

but tighl ilHerlal :l llhe\(lp oflh': l'ariJ;,ll1at.: plall(lI"Ill . COr.:tak.:nfmmthe "gU,l1huna 

Fon ml1i,}I\ di ~ play~ a light. pcrililiallamiml1ed muliShllle hI pade~hlne 1hat has pinpoinl 

"il ~I<lining iI11h.:matri),: 'lnli a l,l!lg 1i-'lelU!'e .. (Cn"l)Cr.:t nl. 20tH). The thiekness "rlhe 

pro.\imil) Inth..:"""-! 1\(.,11. rhi s lac\.. "rh)dr,'lh..:mwl alleralion is illt..:rl'n:l..:dt" 

an :nnnl t,,!, Ihe lad ofpor,,~ il) dClcl" pmenl inlhe Ill-II . III IIdl L" ng 1{,lIlge ,, _(II) 

I,. 1'1\1'· 1 inlhe l'llles it O,UI I"S. The pall"l,rl'lid'is ~ il1lilar It>lh.: 1',\1' -\ lid\. h,nleler. 

lh.: ;tmounl nfhydnllhermal minerali/a!i, ," and d" lumili/<lli ,'n is k-~s. N,' ilhlT "il'l<'r 

1\'lt.:r ~ h (l\\ ~ 1I00re reco\'er,'d from tesl ill the " -0') I,ell II ilh ,,"l) minimal ga~ <"lIlting,., 

(C""pl"I""laI. 2001 ). 



A-36 PAP-l 

IL 
I-i);ur,' ~.(,. 2 ('"rrd"I;"""r ,\ _16. ,\.Of). PAP-I. a"d \ 1- 16. y Gam",a Ka} ' 1_ :':'-ILlnm I ·, ' ""i(~ I' Bulk 
(kn~il} \ !"ltn:oI l ramil lillie ISi'noe I"b l. 'I ht, "';UN 1",i"l "fthis lib"'" i, h> >110" Ihid ",'" ",riali"'" " I 
II", r,,~k I'ni m For"':lt;""" indi,-,,! ;,," or pak,.rd icL SI. (;corge l l,,,,, ,,,r,,,,,,i t} l)atllm 



rhe SL George G roup (OrdOI irian ) is a l'ompln, sUlTessinll " I' linu:s!tHK' ;1Il.! 

doloSlOne, dil'idcdinto l\lo.lhinl-onicrsequcnres oflrelllad(lcianandlhni:1Il 

(Arnligian) ag~'. (Knighl 1987: 11)89) ami (C,l(lpcr ct a l. 20QI) suggesllhese Ih ird .mler 

SC'jurncr s arepart ofa Pass il'e Marg in Meg;lsequencelh;11 is char:U:leriFed hy a lhre~' parI 

intern;11 archilcl'lure. This Iripart ile archil~'l'lurl' inl,11H.lcs a Ihin. )(l\ll'r perilitlaluuil. Ih irk 

middic suhlidalunilandlhickuppnpnilidalunil. The y"ungl's l ( lhexian) l\rcnigi:Ullm il 

in 11ll" Upper SI. (;l'orge (jroup. Ihal conlainlhe unils ofill1rre SI in Ihi ssllld~ (l\ gU:llhun;1 

and Calol'iw lilnllalions). is hounded h.:lul\ hy Ihe 110:11 Ila rhour di so:onli>rrnil~ ami 

ahoIT hy 11K' SI. (,('orge lIIH:onlonllilY (Figure 2.7 ,2)(Knight ~ t al ~(HUq . {heralilhe 

o: arhonalcinlervals oflhe UppcrSI.(ieorge ( ;muprepresenla smalillimi.l\\,ina 

rcl:llivci y iarge hlork liml'. o fpa ssill·marginal shall .,11 marinedrp, ' s ili(lIl, The Passile 

M;lrgin r"kgaseqm:u.:.: (1'~'I~'IS) repfCs.:nb a perind deposi lion, IlI-' g inning II ilh 11ll" 

Forte;)u Formalion (E:lrly Camhri;ml (Figurc 2.7.2 ) and l'uding "ilh Sl.l'n,rge 

Uno:onl(mnily mIlK' lop "flh.: Agualhuna I\ ' rtllaliml (Ordovkian). Thrnllgh lime Ihe 

limcstones (Devils COlT M~mher) inlo tIn'per marine shales. r hi , Iransili"n likd) 

I'n.: urn:d in response 10 thermal s llhsideno:e I(l ll(lliing cessal ilHl1,fadileriliing 

(Williams.I')87). The I[al'ke 11;1) Fort1l;1lion (Calllhrian)(Figlife 2,7, 1) 1:K'ies is shalll"l 

m;lrinl' sandsIUlle,transitioning east llardiI110Ihin s:mdstolU:I urh idill's andlhirk,'hanlll'l 

Il(lltndquart l arenitesoflhe I'engllin COlT. SumlllCfside, anti Irishl\)lln fl 'rlllali ,>ns. 

(Fi gure 2.7. 1). In the upper I'MMS. Iher~ is a I;lcies shin In shclfGlrh.>n;lle dl·[l(, ~ ili " ll . 



S ('l ,I1IU{ Rtfi t'{IOI ~ @ CongIoorwftt Son6Iton. :: ~ :: ~ C"... 
1 LtI ItHnlof Snlih· ';' !\oI.ou 80 "-""'* tJc~ .. 



~f n 
; :f 

'i! 
t[ 
1"1 
U-

n 
if 
~ ,r 

;-

; ~ 

i ~ 
~ 

PROTEROZOIC CAMBR IAN ORDOVICIAN 
LOW ER MIODLE TO UP PER LOWER MID DLE 

CRt~,'l ll~\ SASE~'E"T .;,sq;,oo:(GQ.(}JD 

t pr Wp ~~(j 
~<H 'dd''§, 
l lH! q ."c. 
1 . <l I l~~ ~ 
1 ; ! 

'. _ 16:W-\ O'.,..n ROCK 
I~H~' ~~E\Ki: lJJ.\1~\' 

TAU GOOSE 
PORT A~ PQ::t" G~OU? 5·, GEORGE G~OU? H:AO ·K><.E 

mct'es ,-.---, 

G~O'.JP G~OUP 

'~r4~r~~r 
o~\ ~ ' . I'l I L ( 
~'; 0 . ' , • 

\~\ , ~, , -
i 
! 
i 



rlw lIPlwr I'MM S i~ n<:arl~ <: .\d ll~ il<: l ~ ( arhonal<: allli WI1lI1l~tK':S Ililh th~ I."" c' r 

1'011 Au I'ort GrollI' (C~Hnhri~lIl) ( l' igur~ 2.7.2\ (Chml I(N 2\ allli <:nds \\ilh th. IJPl'l'I'SI 

:I;.so.im.d \\ilh a tran~gr.: s~ i,;n that i ~ li("~I~ l' lbtalk (" ni ght.:t al. 201H). Slrat<l in th.: 

1'lvl i\'\S n:olrd cy.:ks Ilfchanging \1<lIl'fdc'rlh "I( thl' GlrI)<, ltl<ile' plall(lrttt <lnd <lbll rlTIlrd 

F"rmation(Figun:2,7, 1)("nighl':laI 20()7), Th.:rn.:ks llflh.:S1.(;.:org.:(;mup 

r.:rr.:~':111 d':P'lsition in a swhl.: ~hdf .:n\'i mnlll~l1l . Th~ st!'(lmahllit i ~ amlthn'lIlhlll)ti~ -

rid1, hUlT(lII moul.:d linW~loncs ~ lt1d do lostoncs o flhc W:tlts Bighl l' ormali,1I1 (figure' 

2 ,7.I)suggC~llhal prior 10 rcg ion:ti dolomiti/.atiull,llll'sc rnrk s lIl'fl'mOSII) li(..l'I) 

dcrositcd in a slIhtid:ti ~ hclf1:tric s (Knigh1. 1977; I.l'Il'SqUl'. I'nX ). rh. Calol'iw 

Formaliulloflhc middle Sl. ( jcorgc(jwur is dllminall'lJ h~ lin1l' mmblon.:s and 

\1:t.:(....:;.hm..:sandr.:gi"naIIYII\crrril1lcdh) dnl,"nili/.:tti,1IlIll'arthl'h'p,l)l'I" 'Sil i'II1:11 

faril" fur Ihl' Calorhl' is al so Ihought to hl' " fsuhtid:ti C()IH.liti,'n;., Th.: Il()~ II II "rho lir and 

Agllathuna Formatiun. o flh.:r-. 'hddle andI Jr pcrSt.(;.:org':(;!'(lllrr.:-'r.:dill'l) (Figurc' 

2.7.2 \, lIa.: dcpositcd in sh,tlloll.:r 1\a1.:1' 1:l\;i.:-, than otitn (,' rm:lli"tt s Ix'GIlIS<' " ftlle' 

ahutllJ.itltd"lo lamillil..: h.:dthq contain . Th.: i ntcrpr~lali l 'n " rllPlwr - tid:11 ittlatidal ­

supralidal I:tcics has hccll s lIggcstcd h) (1.n'CSqlll' . II)7X:I'r:lt 1.1')X())I(l rthos.: 

l(lfItlationssimilartn pr':S':ll1c"nditions til rm ing intidallbts. TllCd..:s;. i..:ali" nn:I":(.. s. 

tqll'l' , trudur..:s, n yptal gal and millimcta scaled 1~lIninati'Hl ~ . thc lark " fahllndant hl,d) 

li l;.s il s. ~lIld n" cvid..:ncc o f C\ ;Ip"ratc minnals iL'ads to Ihl' inlnprdali',n Il f ,hal l,'\\ \\ata 

origin 



I'he inlerhedded d(,ln lal1l inil,' - lil1lcsll>llC lilhl) I( ,I:') I,flhc 11,)all lar h" urand 

!\gu:llh lilla forl1l~lli(lns. hal'e been interrr~ted as the result s (,frepcalcd sh()<l ling 1II'\\al"<I 

cydl'S ill a shorclill l'tidnlllnt (Lnl'sq lle. I<f7S: Lanl'. 1(90). T he l ithologic 1:ll"ialiun in 

thcsc cyclcs ( i,c, frol ll mud~hllle hl grnillstoill') II~S l':\pl~illcd hy ( Ll'VCSqUl'. I <J7SI as Ihe 

periudic 1\ inTlll\\ in l:' of"ull i idal mUlb. most lii-..cI) through ~wnn :lu i 0 11 . Thi~ II inn(ll\ing 

is tl l0ughtto rcslIl lill latcmlly di swnlinu(lllsgra inS lonc lila l int<:rl1lixcs\\ililllwllcari>: 

1ll1ldstOllCSilild 1\<lckS1<lncs_l\ ,(lmriclcSI1<1aling lIrw~lrd ,'icqul' ncc I\ultld IhlTCf(l rl' 

c,'nsist Ili" s lIlltiJal s lnllna hll ilil' (lr lhn ' mll(l ii til' IlUlT<lWI II,-,ttlc·d rucksoi" llll' inll'nidal 

/oncanJ linally illlu~upralid:tI dul(llami ni lcs 

rhcai msoi'thi ,'i l'hapICr\\<:rl'tninlroducc lhccolllpicxgcology"ft he 

(Ordovi,'i:mj Upper 51. Gwrgc Group C~l'bon~lt.:s (Aguatlwll:t alld Caloc ilc ulm:ll iuns 

Ihis chllplcrhasd iSl'l lsscd lhcforma li(llls"pel' ilicllly. hutals(linthccontl'.,tPfl'Cgiun:tI 

1'<l r ial inn amJ rc l ati"lI~hipt" Simla abO\c<Jnd bcl'-'II', In chapt.: rIhrec_ data i'n1m Ih,' 

~i"orcl\lcntioncdl\cllsl\il l bcana l)7cd fo rpctmrhysical fclal il)ll shipsaTld mc<lningflil 

pclrophysic~ll Imd porus it)' informatio ll II il l hl' uscd to huild l ~lJ s)Tl th l'l il' sl'islI\(lgrali ls 



Chapter .': Synth etic S('islllogralll Ana lysis 

The SCOIll' l>ftlll' stllJ~ ill chaptn tl ll\:<' is h ' d;:vdup a "k<:) ,. fur rc·cu~J\ i !.ill~ the' 

elTed (lfporosity ill ~l'isTl\ic \Iavckts across rdkction horizons. Th..: sllld~ h..:gins II ilh 

,\C·lIdatafromthefour\\cllintrodlicedpr..:viousl):i\·09.i\ . . ,(,. p t\ P· I.and i'd - I(,ln 

order 10 rel'cal Ihe p,)l'osity elfecl "n seismic data. the ··cl'lect'· mu~t bl' charadcrih 'd. l ile' 

llil)' this study chal'ackl'i/es Ihe elrcrt of porosi ty is h) intq;ra t in~ the porosity 

inlilrillation into I-I) synthetic seism,'~rams , Then. onc Gill oh~crl' e. (lITr a mult itudc' o r 

com pic" trareallrihutes.lhedl'crt that pornsit) hason 1'~II ' eforlll d\aradcr. Til" I-U 

.,ynthl'1 il' sl' i sn\(lgr~1Il1s an~ g,,"n~ned Ii'om petrophy s ical II ell log dala "flh\.' j('UI 

af"l'cmclll inncd wclls. TIll' lIe ll u lrvcs analy!.c-d arc' l"l lipn. bulk d":lI~ i t). ~onk. gamma 

ra). Ilid neutron IXlro~it). 

rhe calipcr log is ~impl) a 10,,1 ill~l'l'1cd ill 1<' the IIl'll I,, 're with mC'l'h~lI1il'al arillS 

Ihal measure Ihe inncrdiaml'1er (,ft hc "d l bl>rc. 'f his USl' (>fth" h>(,1 ill this stud) :t ss i ~I S 

lIith assessin~ in tl'[,'als "fcrn' r in thl' IIl'll data. C'.g. ITl lc'nals ofborehoic '\ashout ;lnd 

1')10 too l error. 

rhc bulk dcnsilY tool is used tn wmj1l1tc the l(ltal dC' ll si t)' of the Wl' kunit 

i n riuJi n~ lluid/gasanJ '(lid spac" "'!IItcn1. The10ollll":asul'eseicclrond..:nsit)' in Ihe 

nwtri .\ of the forma tion b) locusing charged phOlons fmm a g:1I11111a ,'mill ing ~,'urCC. 

When the photons inlnad II it h the ekl'tn1n." the)' do notlllah- it hack to 11K log t<)ol 

rhercrol'e. the greatl'r thl' l'icdron dl'nsity. the k~s photons ar..: record..:d and the nH>re 



dense the mek (Hig..:I\lII. 20(2). Th is hhll is parl i,u larlyIlscful furaidi ngl i!lH,lo!,!} 

identiflcalion and can indi rectly assis t in m~asnring )loros i t~ 

S<mic log ((",Is m~a.sure th~ ~1« lUSl i l" inl~I'\'al transillinll' (>f th~ 1(>l"mal ;(H1 h~I\\"~ l" n 

:1 SUIII"l"e and a ser ies of recei\"er~ along Ihe hH>1. Velocity i., nll'aslIred hcllleen the Sl>lllTe 

and l"ece i l"Crsassk,\\" n css .l11c a~uringthe dl(r;l\iun l,ft r,ll"c! id islaIKe r;]ther than 

di,t :l1lc ..:il ime ( lligeill\\. 20( 2). i'Ol"Osi ly inheremly slo \\s:lc<Hlstir \"e l ()(it~ o fs<>ll1ld in a 

rnckhyincreasingvuid spaceandd..:creasing theal"<lust i cwnn":clivityiTlth~matri :l. 

Despite hl"ing sensit ive to <ll"<lustic efl"ccl ofplIwsity, the soni l' to,, 1 ~h"lIld 1101 be: so l d~ 

used tolllcas lIl"epol"Os;tydlle of nlllllel"Ousi;lClors intl uen(:inglheacollstic I' ro rerlil's o l 

mcks Ihes<mic1<)(l1 isa ls<> uSl·ful forassisl ing ill the interrrclat i,'n (> t"lil)l< llt l g~ . 

(ial11l11:1 ray and neut ron logs funr tion simi lar l} h~ l11~a.,uring lhc ,1 1I1"Uli t "I 

n:llllral radial ion ~milted t'I"<\111 <l Iimllat i(Hl. Th~ ganllll~ 1(l"lllIl'asure:s S ll<"cirl ca ll ~ gamm~l 

rad i,ltioll l'milted fro m r" l ~l.,sillm. uraniuill and thor iu lll . lhes..: lhre..: min..:ra ls :lI'e mo-t 

olien :tSSOCi;lt..:d \\i lh cla~ rich lilhol'lg ies :lnd make this ((",I a \lilkly uSl·d 

n~lIln>ns ililu thc rock formation (Ila llenburg. I 9911 ). The tClst neutrons propagal l' ill a 

360degree pallernandi nleractwilhtheatol11 icnuc leiut"thl·rod, . Thl' SlllUlo t" thc' 

neutnm ,"missiun is nwclaal,'d by c() lli ~iL>l\s ill the rock's ~lOmk matrix IUlti lllh: neillmn 

either r..:aehes eri1 h":I"I11:11 or Iherl11al ellerg~. lIr is caplu rl·d. I I ~ drogul i ~ the prilllar~ 

~" lIrn' Of llnl1Wn capture ~Ild is nlOsll y conlni ncd within Il ilid Slid] as 1I:lta<lr 



hydnKal'l'lI'lls(llallcnhlll'g.191J!!). Wh..:nlhcnClIlI"'"1is c:lpllI1'..:dh) ahyJmg..:n:lhllll.:1 

lOll nlergy ,·"pIUTC g"mma-Ta} is nlliu,'d. TIll" (001 tUlllains hIP (k tc·,·h'TS. tile" cpillwrmal 

Ihc sourcc. Thc' h>lu'r thc' neutTon nle"Tg~ alld thc higlwT the "m"ullt of 10'" ellng~ 

c"pture gamma ra~sdelc'·lcJ. indicalca high('·Tprc·~'·lle,·()fh)dT..,g.:n(l la lknhurg. JIN X). 

Si nce aimosl alll"1'mali,,"al h)dT"gc'n i~ in lluids. 'IIH.I lluids arc'lotalcd in void ~pa'T. 

the 1.,01 used 10 measurc porosit) . Othcr 1~lclors. hO\ICH"r. inllucntc 11ll" t"mpc'lbatnl 

ncutron tool rcading 

nClitwllandlhcs<:mllsthccorrCClcdl""hl'linanactUralcpol .. ,sil} rC:lding. Sinccd:l) 

mim:rals :lI1d shaks cmn:lin m:ltri" hound 11:lter. il is impml:1I11to apply :I "Sh:lk" 

cllrn:clionll, mitigatc' thc c"ccss h)drogcn prc'sc'nt inthc' IlWa,url·ml·Ilt." ~ Ih..: nculron~ 

inlnaclll ilh the 1,'rm:l1i,\TI Tlucki. thc g":llIllcl r~ dircCl l) alTccls lhc ,11111'11111 Ilfc,'llisi,'", 

:md l'nng~ hI,s ofll1l' al1ilkiall:l~t IlClltnllls (ilallcnhllrg. IIJ'JX). ·lh":l"cli,1'C. il is 

importanttoappl)matri"c"1'1'cclionClII"ICS IOlhc'lIHPUlofthchh'I as all mC:lSllrcnwnts 

:lrcrccI,rdcd \\ilha limC~ hl!\C m:ltri.x calihrali'lIl 

rill' inl;'nll"li,'n pr""kkd illthc IIcll logs 1r.ll11thc ahl\\": Illcnli,'ncd hh,b lIill 

CS1;!hlish a cnrrdali"l1 hctllccn Ihc pClr"l'h) sical pmp.:rli.:s and p"rll~it) ~" that I·ll 

S)nlhl'licscismllgramlllodds l·anlwhllil1. ThciI11Clll111"lhc s)nlhclic scisIIHlgrallls isltl 

sililulatc'lhc :lc' ()u~lic' fI:spon,..: ofa rangc ofl'll>l"Ilsit) c"ndili ,'ns ill Ihc n:sCl"loirs." ~ni.:s 



()f gl'()stat istical :lsscssmcnls and d~t:l liltns ~ r~ nl'Cl'SSary hI r<:wallN'ful pdnlphysil'al 

rl'lalionship~ and ~Iiminatc elTl>lll'OUS J al :1 prim to genl'r:lting synlhdic ~e i smograms 

3, / " l't'limillllfY SIIII;.I"I;('(I/ A ,,','('.\'HlII'IIT 

nl'l'eSsary to conJul'1 an a~scssment of thl' rl'l a tion~hip hl'1\\l'l'lI powsity, d,:nsit y, s"ni ,' 

l'l'l""ity, ami :lcou~tic impcd:lIln' i'lthl' \\eli logs, Por"sity t)'picdly h~~ prcJi"tabk 

clli:<:h on till' pl'1wphysica l prupertil's "fthl' rod,s, Bull..,kns it) of rocks dl',rl'aSl'~ \dll'n 

I (lid spa,'c or pur<!sit)'. inne:b,'s :IIlJ :JCOUStil' vl'i(l~ity ,ka~a~~~ Ilh~n p<!r"sit) 

incr~as~s, Rl'\' ~aling th~s~ r~ l ilti on'hips li nd dist inguish ing lithology in the II ell d:lta is 

tlll'primar) g(la l "fthe statistical aSSl'SSnient, WitllOut cst:lhlishinga rclati(ln~hiphdlll'l'11 

thl'pctrophysiCS :llldporos il )illthl'l\elldat:l.C(l1l1illll:Hionllf thisstlld)II<llildn<lIhc 

\,~llid, Hy C<l1lfi rm ing and constraini ng thc pctrophysical Cllrrl'lation 10 pon,sit). 

pdrnphysic.d modcl, could he built tll ~im u l a t " a \'a rid)' "fp(lr, ' ~it) comlit ions, Th<: ,'lid 

goal llrthi~ chapin is h1USl' th l'~" models to bui ld and anal yzl' I-I) S)ll1 h eli~ 

~ci~lllOgml1t s , A Iso, it is Ilcccssn ry 10 cl imin~ t l' ~Irc~\s of CIT<lnC<JII ~ II ~II data sud, as 

l.l<.)r~hok II':lShOlils ortoolmalfIIllClion. "I'mrs in thc\\'l'lI data are adJi tionally quaiity 

contwlil'd h) usi ng thl' ~a l ipn lugs, Appro.\inlatl'ly 2S0mofl\clld:t1a lithOS\l'atigr:lpll\, 

fl'OlII Table Ilcad Group (()rd'l\'i~ian) tOlh~ iOII'l'f St . (i~(lrgl' (in ' up ()rJu\ ici:III), ar<: 

rhclirstgcostMistic:ll ntlnl ys is iss!:tndill'd X-Y li lll'arrcgressionnosspiutsol 

bulk density (RIIOBL sunil' inter \'al t r:!II ~it lillll' "loIIII<:,s (iI1lCr5<: \ l'lll~' ity) (6t), ~lII d 



Acollstic I mp~dancc (A I) vs, ~>'1ilt ri x (1)"I<lll1itc and l.ill1cshmc) C"ITC(I(d N~ lI ln\n 

I'orosity (NI'H I or NI'OR). (A lll1clItroll porosil y VJlliCS ;nlh( II~II data II~r( <lI"igil1all~ 

f<.'cOI\kd b~ a Sc hlulllhcrgcr C(llllPCIlSiltcd nClItl'<ln tool cal ihrakd j, ' r lilllcsl"n~ malri\ 

rhenclIt f0nt00 1 responds d iftCrell1ly to ea(h lypcofl;lho l ogyml1pUllillgdifl~rent va lues 

based (l ll cJ libnltion, ) A dalahasc 111I~r i., designed 10 relealli tlw log) typc~ 10 

ohje(tivcly nbserve each ;miividu:d responsc 10 Iwwsily. rhl' prilllar~ Il li lln;dog~ typl"S. 

suggested by I;kral\ll'e ;n,'haptn 1\10 (Knighl et aI2007). that e.xist inllll' rl'SCfl'oir units 

arc variat;"ns <'fcakite anJ Jo lolllile.l-inll''>iolle li lhology (Ca lcile JOIll; n;lIll) i" 

separated in the II ell d:lta by hllikdCllsity \';dllcs in till' rang .. · of 2 ,6S -2.7·] gh'n l'.gall1lll:l 

\alues <20 1'11'1. and sonic vai lies inl he r:lIlge"!' I:lS-165~s/ 1l1 . (I:dues fWIll (lligcioll . 

20(2 »). 1),,1,1I11ilc is separated by bu lk Jen~ily \alue~ 01'2.82-2 ,87 g/clI1:. g: lI11nw \allle ~ 

"f < 20 1'1 1'1. and s< 'nil' valucs of 1·12 -1 55 liS/ ill (Bigclo\l. 20(2) A Sdlhllu hcrgn 

~upplied dol(lll1;tc malri .\ p(lrosity (mn:ction ~qu:I1;,m (I"igur~ ".2.1) is apl' lic'd 10 till' 

d<llolllikli lh(ll<lgyl"ohlainacc llralcpOf<l~ily r"':I dillgs, The fu lhming p;lnlgraphs 

diS(l ISS and illustrale thc rclalio l1s hi)l~ m:l\\l'en bulk density. sOllic vekll it~ . 

illlpedanlT. VS. poro~ ;l~ in separate X· Y pl01s 

Bulk Dellsi t}' (R I IOH) is the (Irst petwphysical pW)ll' rt )' l'I'alualnl ;1~aill~1 

l'<'rrer1l'd nl'1l1ron porosity. Ilulk d~ll s ily. in thissliid",. is a eOlllplllal ion ofthc' 1<11:iI roel, 

dcnsi lY inciliding void spacc and pore nuidsarl'<,rd ing 1" (I'ella. 200 1). Th~ inluit i\'e 

e')1C(talioll oflhis e<lmparison is lilat increasing pOrOSil) :- ie lds less rud.: den~i l : a~ n>r k 

v<llllllll'isreplan·db)gasorllllidtillcdl'o lulll\.'.(Figllrc' ,l.I.2 )dl'lll' ''lSlralc's anl· .\alllpl..' 

l-ciat;<lnship betll'Cl'll hulk dmsil) I'~. p"ros il~ ill Ilcll 1'1 -09, Th.: Irend owral!. displays a 



dnTc'asingdC'llsil) Ililh illl"rc'a,c'd 1J<.>w,il) I, hk-h i~ illluilil":. 11.,'I":Vl"r,l hl"rc· i, all 

imTc'asing Irc>nd nfd..:nsil) (2.M{- 2.79 gh:m') from 0 - 5 % Il<>wsil) . This issuc' "ill Ix' 

addrc'ssnl in furll1l'r ddaill,lIcT in ,c'l'l inn 3.2. TIll" Ihr..:.: plhc'r "db. ,,"'1 - 1(., 1'1\1'-1. ,U\d 

A-36,c'xhihiIS Ill'arly idc'lllkal dwrall..:r in th..: ({IIOII I S. NI'Oi{ X-Y plo\>:1 ~ th..: A-I)!} 

\\,,;11 (Appc' lldi.\ A). This t)p..:I)fintuiti'..:,,;<'rrdalioll is..:xpclIcd (0 o(e(lr in Ihe S"ni( 
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Bulk Density vs. Porosity 

hl>""· .\ . I.!: SI"",J:",J )\.y 1'1,,1 "rll"l~ 1><:"s;l) (1(110111 , s, C""ee".,J Ne lllwlIl''''' ',; I) ;" ",'11 ,\ ·0') 
d;,pla);"1> ,I>~ £"II"al''''lId () rd"""'a>;,, £ ,j~n';I) ,,;,1> ;,u",'a';1I1> 11"",,,;1), I'I>~ I>'''pl> ",",a;", all 1;,1 ... 1"1» 
;" ,h,- sm,'pk ;"1\",,,,1. N"I;ce ,h~ re,j c;"'ks "'''''' '''P'''';''!' ,h~ oull) ;11); d",,,, I'h; s "');;"11 ;s ;''''-'1''''1.-.1,,, 
'q",-s~II' '-;Ihn "",ks;,abl,' ",;",'ml"I» .I,,£ 1",,1 ""'Lor oo,~ I,,,I~ ",", 10 ""I ""d "-",,,,,,j f".", ,he ,j"la 
HI"c~ ,n' ;nd;c:"~s d;tle""'" "';II~r"I,, ~) "'I"~"'",,'<I :01 0". In",' I""m; ,) ;11 ~ach ", ;,,,,,al,, ,, ,de'r,'",,' 
IIIe " ""UP" 1)(1"";') ;s c"l;h",,~d ", I ;"'~'h'n~ "'"U;' 



Son i, WkKil}'or in th is ,;IS": Ih..: r..:, iprO,;I I. inkrvaltr;m sit sl\lI\ness time (6tj. is 

an,lth..:r iml'Orlnll1 petroph~ s i':ll prop..:rty lIsed in this sllld~ to n:vC:II poros it~ 

rcl: l tion~hips . In th..: X-Y noss plots. th~ imu itivc response is innl'asing in t..:rva l tran sit 

tim..: (denCilscd :I<:ou ~t i l' w lo, it,, ) Il ith inneasi ng p<lnlsi ty du..: to till' d..:n..:a se in m:ltri, 

wnnct:tiv it" (I{ider. I l)') I I. In th..: A-t)') 1\..:II . ll,I IX NI' () I{ en)ss pl'lt. thl' g..:nl'ra l tr..:nd 

i~ inn":,lsing transil lim..: I\i th i nrr..:a~i ng porosily (Figurc3 . 1.31. Again.tbnl· i." au 

:1I1<)lllalou~J..:neasl' initiall) i"WIll 145- l651-1slt ll :md 0-5'% p<lro."ity. Olltlyiug. highrr 

porusitywillc idingl\ilhwry hightransillimcs nreagain ill1crpr..:ledl <'repl'csenl ci lher 

clay ri, h litho log) or e'dreme ly vlI ggy pore ."pa" i horl'h"lc 11:""h"ut in thl' sample-

int l'rl"al. R..:suits "i"till' lit vs. NI'OR X-Ycross ploIS inlhc Olherlhr":CII..:lls:lg:lin sh,1\1 

vcry similar resu lts as tile' A-O') lI'eli (Appendi.\ A). 'I Ill' lin:tI x-Y l"f" ~S plol in th is 

ini tia i lletta aSSL'SSIlll'u l i .... 11ll' anJll~l i c imp('lb IlCe (Aill's. NI'O R 

A":<Hlsti..: impl'dalll"l' is a Pl,truphysictl propnty l'ale-ula ll"d i"roul till' I'WciUd "I 

bull... d..:nsil Y:lndacOllsli..: Iclocity(in thi s cas..: it is calcli lated i"rom li6 t ) Th i." pr<'peri) is 

iml'gr,tI in tbl'clk ulat i"n"i"rl'lkcti"ncocflicicnls and s)'nt h..: tics..:isillograllls(Sheriti 

1')')5). Th~ linl'ar re i:t tionship ohsn\'l'd inthl' densilY ,mu sunil' sh\\\Ill'sS IS. porus;t: 

pIOls is n')llls pn:l'aknt inthl"K(lu sti..:impl'danl'l'plots. l hllll'l'n.a..:"ustic'iulj1l'tiann' 

dOl'stienl'asl"'I'nall\\i thinn C:ls;ngp"rosi ty( Figul"c3 . IA).\\hic h corr":SI'0ndSllith 

titl'or). Tha..: nrc out lying low aCl)lIstil' impedan" V, tllI":S in h ighn pomsit il''' . sim ilar to 

the oll tl y ing nil tllr.- ofh;ghcr pornsiti l'S in the density anu ~onil' ph\ts. '1 hi ~ olltl)ing diltil 

is in1l'rpn:lcd again 10 be clay rich litho logy "I' ..:~treml' I'ugg)' pOf<'sityi horehole 



"ashollI.Om.:e again. redllnd:UlI infornmlillnis"hsel" 'ed in 1\ ellsl\ -J(, . I' /\I'- I.:lndr-,·I- I(, 

crnss pluis (Appendi); 1\). Allhllughaekarrelali'lilship isesl:lhlished hc1l\e~'nl1<'Wsil~ 

and pelmrh} sics in this stud). ,me isslle rCIIl:lining tUlrkar is the IInl');l'lainnl hehal il" 

urlhe X-V pll11S hellleen (J-YYO, Nl'OR. FurthamMe. earh romsit) parentagl' hat! 

nlllll~mll s pclmrhysir;ll\'a l llcs rorrehl1ing\\ i thi1.Apr(lressis nCl·det!tndc1alllincthe 

l110st acclIf'llcpclrophysic:l i l'nluesat an) givcn p"rosityand thisrroccdllre "ill I ..... · 

disclIsscdin seclinnJ.3andJA 



Sonic Slowness vs Neutron Porosity 
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Acoustic Impedance vs Porosity 
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3.2 Lil1wll!~i(" St'/-:rt'/-:lIlill/l ill WdID<l11I 

A phenomenon in the d:n:l hellleen II - :'i'~" nentn1Tl p<,rosity (lCCli rs in eVe"r} 

1{IIOIl.lI.t.anuAII's . nclItn>np(lmsityn(l,spl(ll. lnthei\-W)pull-.de'nsit) pl(lt( I'igurc' 

-,_1_11 : itllcUlrs;l~anllpllard tlnlel Ir'HlI 2.oR- 2.79 giCI II' In the 1\ -09 s, 'n ic pl,,1. it 

(lCl'lIrs as a Jmlll\I;lrU trend from 165 - 145 ~ .,im (I-'igurc 3.1.3). I ·i nall~ . the 1\-09 Alpl"t 

d i sp l :l~~ th.: phenomenon as a h)(lck.:d region from I (,l)Ol)-1 'JOOO gsir m (I'ig llre' _,_1 _-1) 

Ihi,eventisin tcrp rl'!eJ asancutn>nrmo,i tytoplellixthl'l'Il'l'ndnioll1ilC'andlill1l"slpnC 

(l·alcill").Onl·can o<lminl· (Figllrl'.1.2. I)tobcginl'islla iizingl heefti:CI(1nth.::m"Ill:tlolis 

plotcharactcr intli gllr.:sJ.I.2-.1.I,-tI_ln( ti gllresJ _I_ 2-.' _I_-11_l'achreln>ph)sical 

property hi lS been noted whereearh litho i(l!;Y II(l(tld plOI IlithO%pcrlTnttrllC' p()ru~it~ . 

I"he loca ti<Hl (lfd(llom ite al 0% true' ponlsit) lies on 3% nClllnm tuul porosity in thl' 

l"lltirl·aoss ploIS.This is prcciscIVllher.:dol(lmit':lIithO%pcrcenttruep(ll<'Si ly iic"'lll 

th l' nelltwn tool matris l'(llTl'l'I iun pipt (tigurc .1.2. 1). Th is c.\pla ins the <t 11<l lllalL'llS bre:l~ 

in lilll'arlrl"lldnol.:dabovcinlheu0ssp iots 

I"his scp; lr,l1 ionoflithology in thl' l'ros~pl"ts r;lll h<: fllrthnconlinlll"llli 'Olll:lll 

l'mpirira l stlld). I\simpleelllpiricalmodcl.hasedO(1C1lr.:lithologydataandrh:lplcrt\\(1 

likr:llu re. frOIH lhe tl'llf IIclls spee itically in the Sl. ('l'orge ( jn 'up (Agllath ll n:t :111.1 

C;ltoclll' Formations) i.,l!csigncdto scparal~ iith" logy_ lnterl'als"fkn'l\lnlitlwlog) 

(e ithcri illleslOlll'ordol'Hllild.l'rullllhi . ., Jata:lrcplulh:d separalefroll lillilk litl1<llog\'(l1l 

KII OB.lIt. AI . vs. l1ell t rOI1 X-V pint s. I'or ~sam)1Ic'.:1 cl.:all d" l,'m ite fnlm lhc' llppl'r 

Agllalhull:t FOrllt:lliuli (Well A-09. _'0 I O-D2Sm rvll) ) ~nd clean limestonc' from thl' 



mid.!k Catnell<: !'n rmation (Wcll A-(),). }·1(,5-3475m I'vll»). Thc ,la ta from sciL-ctnl 

lith"I"g) ink"n;,ls is "vcrlain un thc hulk jitJu,j" g) X-Y pj,'tS hI sl\(11\ jitjH,j,,!;) n'Htra.' t ~ 

( !'igurc 3.2.2\. Thc contrast lx·tlln·n d"jomik" ;md jimc'stonc is p,1I1il"ubrl) ;Ipparc'nt in 

thcm~c1lcs;lrcl"'mlposcd ofami"turcofd"jomitl' :II1Jcakitl'. l"his moJc1 furthl'l 

rCClilics anomalous Iwh;1\'ior in lhc hulk I ith()log~ pl(lts and all,'llcd for continuc'd 

imcrprd,nionofthl'porosityclTcdS"1l ditll"l"l'llt Hll"k t)pcs. l.ith"log) l"<llltrastgroupin!; 

c(\mpanlhk h,(Fi gun,; .":!.2) are apparcnt in the remaining pl"l r"ph~s i cill properties (lit 

;md AI) X-Y pluts and in all \Idls. Onl"l" thl' rl'I;ltiollship hc!\\n'n p.lro~it) ;md 

lalues" fp.;troph) skal pr, 'pcrties[(leertain IUlmsil~ p.;n:entages. The i"esuil .' "fthis 

;lssessmelllarethenusedincreatinghlockpomsit) mndc1s l;ltcr'1I1inlhiSS1I1d) 



r" .. poros.<y 
ror.,dic ... ~ 

-~ ...... " .. 
• ' p u l 



Bulk Density vs. Porosity 
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Ne ulronPoro si ly % 

• RHOB(Bulkl,ll>ology) 

. RHOBIDolomlle,Agu3lhuna 
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RHOBI Llme~lone.CJtoche Fm! 

I igll'e' 3 . 2_~: i " aml,I., "ra ""I""I~d a"d b"l ~ lil hul,,!!} :\. Y ""''' plo, "f ll"l~ Ih'",il~ I HI II HlI' , _ '""'UI'"'' 
I",ro_,il} i""d l ,\·lt'I. A"",,'rla} pi", ,,,,hlh"[),,I,,milc'a,,dLim,'_'h'''l'hn,,nal''''''d''''''I.',II>} ,-"I", 
/'I""" dul"",;!c II:" reco,dc,II,,,,,, 1 1IO.11:.'Sm "'ID, ( "Ie"" Ii"",,,,,,,,, '''IS .c"",I.-<I f,,,,,, 1 .U,~. ;.175m 
~11l. T h;, d iagram ,h,"' , Ill<" .1",I,·rill!;"" ,1 ".:paral i"" "f,lI;tiur Ii (l~ ll"g) I}I"·" Th,' i"lc'rllli,j"g 1..-1",-,'11 
Ihe .lui"",;,,' "",lli""',lo",- un the ploL, i, il1l'Tprckd I,) l><: th~ ""t",,: "fth,- ,,,.:b ill this 'IS ,"gg,-,Inl h) 
literJlll«' 



A prnhahil i l~ dislrihUlion an:II) ~ i s is dcsigncd h' '1I1;lIll ilalh <:I) con~lr<lin b"'sl 

rcprcscnl<llivc 1;lIucs of 1{ IIO II <lnd 0.1 ;11 CCI1;lil1 p"m~il~ IlI:I'CCI1l:lgc~_ Thc cnd objcclil c 

oflhis nltcr ;ma l ~ sjs is to idenli(1 lhc pelwph~ sjcal lalllc~ rep re~cnting I .... w~il) ;11 lJ. 5. 

In. ;lIld 15": •. Il~ i ~o lating pclmph~~ical lalllc~ :lllhc ,11l\l\l·l .... wsities.l)tlro~il) can h .. · 

modcled inhl rcsenojr /(mes on Ihe IIcll cuncs (This pnH;C~~ II ill Ill: di sl· U~~cd further 

sl'<:li,'nS 3.5-3.6). This Ii lin is anolhn s1cp in huilding inpuls forlh .. · l - l)s)lI1h"'lic 

rhi s anal~ s i s is c:I1-ricd olU in Miu,)soll Ex .. ·ci onlher:\11 IIclld:ll;1 Irol11 Ilw 

hlllerT;lhicl lcad(if\luplhmllghlhelolluSI.(IeorgeGrnUPi Figllre 3.1.11. I'rciiminar) 

d;l\;lhasc lillers ,Ire designed In lind hulk den~it) and sonic I chx:il~ \ :lluc~ ill Ihe hul~ 

111.·1\ cun .. ·s on-urring <I I ~ct..-.,:lnll""fIlsil) input. I"Ill'I"I\I1\,ing is an <::1,«111)11..- "flhc 

pnlCCSS IIsed 1"lind hulk dcns il~ 'altlcs corresponding tn :1 5" .. nCtltnlllll\m,~ it~ inpUI ' 

Thc datab<l~'" nller scanncd "'Ier) dcplh inln',ll ami <lcnlmpan)ing Ri ll)!! :md nClllnm 

I}\,ro~il) ,altll's. lflK'ulron 1}\)f(I,it) is nlual ",5"(,.lhctl thc filler lIollld n:lurn Ihc "lI u .. , 

ofRI IOII:tlcqu:1I ll..-plh.lfnCUIWtl p"n>~il) iS lwl clluallo 5oo, lh .. 'nllw lilt"'I"II,Hlld 

return FAI .SI: ,II "'llual lkoplh. rhi ~ dalaha"': lilh:r is c:lrricd " ui I" l' NI'(li{ ,alu .. ·~ ,,1'1).5. 

IH. and 15% returning n'rrC~I}\ll1ding RIIOI\ and 6lnulllhcl"s. NO", onl) hulk dcnsi!) 

ands"nicvclocil) lillucs coincidinglli!hspccilicdpofllsil) I"CIll :lincdintI1l.'Iilt"'1 



,\ fn:qul'nC) uislrihuiionanal)sisunlh..: lilial'ddalais l1c'l'l'SSar) loddl'nnilll' llll' 

va tu..: s in a lilia ~"tumll. nil' rang..: uf "ilu..:~ wnsiulT":U <I~cl'pl<1hk I,'r d..:nsil) is 2.(,)-

2.'llfglrlll'and 125-175 ~s11ll furSllllil" inlnl'<lllr,lIlsilli111l', Tl1l'~l' r,lllt,:l'sl-lilllinalnllhl' 

olillying valllcs Ir('111 irllcrfcring II ilh dc~ir<lhk dala. (LilllcstOlll' and 1)"lomitc\ Ihi ~ 

sla li s li~al ,lIlat),sis is nlTcss<lry dUl,t" varial1l'c inll11' ran gl' ofdcnsil) and <ll"(III~li..: 

ve)"l'il) rl'l)rl's<:rlling l',1l"h p"rOSii), (Figure 3...1.1) and IFigure " .4.2.) di~)lla) c~:lI11pk 

hblogram frequcnt:) anal)~o.:s "I' RIIOH and ~L rc~pc~livel). ~1l 5% 1"lt'1'<)sil) in lho.: A-Ill) 

\\0.:11 \\ilh SWlld~lrd dnialion. Il isl()grams.liko.: flgurcs -'.4.1 and 3...1 .2. arl' gl'nnall'd in 

cl'ayllo.:l1 inlhCSllld) a1 n. 5, ItLand 15% porus it) (Ih'fcr ltl Appl'mli:l. A). rh..: 

dislrihuliun is Gaussian "" Illo~l hisl"gr,um al1d l(l\\ ~lalldard dn i;!li"ll ~llld high dq,;rl'C' 

of~'H1tidCI1(:carCC(lml11()n . ThC:1Ccuraq :U1(1 high..:onlidcl1l"c(lfll1l'(j:lu~sian 

dislrihuliul1 is allrihuicd l(l largc !Illlllix-rl, (If d;!la point~ ,nailahk:u SCkdcu rl('r,,~il) 

5"(" I'tlHlsilil'~ "I' Itl-15% cul11l1llll11) did IWI prol idc as I1MI1) ~aH1pk d:ll~1 p.,il1l~ I," 

high I) ~('n tidcI11 IrcquclKY hisl()gl'~lm ~(lnslrudi"n. Thc dala in lhl' 15"" rangc', in ~un1C 

cascs (Wl'lI M-I()), did noll"lJl1!ain c-n"ugh ~alllpk pllinb III huild WI) dcgrc~ "I' 

~onlidCIKc ~lIld is nil! signili(al1ll ) valuahle', Mcan and n1<lda1 I :llul's :ll'l' I'n'llr(kd Ii-.,])) 

Gll'h hi~l"gralll II ilh O,tJJ" ISlandnrd dCI i:n iiln) (Rcfer It, Tahk .1 .... 1 and Appcl1lli~ ( . ) 



o. S. 10. and ISO{, poro~il) in th~ ~aillpk Ildis. Tlw nl:xl ~t.:p in Ilw s)nth.:ti.: ~l·i~nhl!!I'alll 

~\(Idl inloll'.:d gl:na'lIing hlol'k purn~it) 1ll"lIds ha~.:d un \al ll ':~ fr"ill this I'r':'III\·n.:) 

anal)si~ 



Frequency occurance of Bulk Density at 
5% porosity, Well A-09 

Standard Deviation = 0.049 
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Bulk Density (RHOB)gJcm' 



Frequency occurance of Sonic Slowness at 
5% porosity , well A-09 

Standard Deviation : 5.41 

.nllil I 11111 II .... .. 
Sonic S'owness (lIt) fJs!m 

, igll'" .lA ~; Graph oJi,pb) in;; f, .... , "c",·) ,1i 'lr ill" li"" "rs""i~ Sl"""c" (tllil" ,, ' "I .~". N,'''"'''' 1',·,.",,1, 
(NI)(H~ISI;"\(I""II)~,ia{i",, 5AI. ~k"n 1.'711.' III ~"~d ,' 1 <;.t,,, III 



A - 0 9 A- 36 PAP-1 M -16 
8t,O%, M ean 157.064 1 55. 835 157.388 155.125 

8 t,O%, M ode 1 58. ()(X) 1 5 6.000 

O"stcd . Dey. O%llt 3.074 

8t,5%, M ean 1 5 7. 258 

8 t,5%, M ode 1 54 . ()(X) 

O"s td . Dey. S%llt 5 .036 5 .082 

Il.t,10%,Mean 164.163 162 .688 

.o.t,10%,Mode 164.000 163 .000 
O"std . Dey. 1 0 'Yullt 6 . 1 80 

Il. t ,15%,Mean 164.875 1 62.714 1 68.000 n/<l 

Il.t,~5%,Mode 164 .000 J60.ooo 169 .000 n/u 

O"st d_ Dev . 1S'Y..Ll.t 10_658 nfa 

p,O%, M ean 2 .730 

p,O%, M ode 2.740 2 .7 40 2.700 

O"std. Dey. O%p 0 .0 23 0.017 0 _04 3 

p,S%, M ean 2.790 2 _820 

p,S%, M ode 2 _800 

O"s tcd. Dev. S%p 0 .051 

p,10%, M ean 2.73 J 2_730 

p,~(Y'A.,Mode 2.740 2 _71.0 

O"s td. Dey. 10%p 0 _070 0_024 

p,15%, M ean 2.692 n/<l 

p,~5%,Mode 2. 7 3 0 2 _730 2 _690 nfa 

O"s td . Dev _ 1S%p 0 _078 nf a 



J.5 11Io{'kl'omJirrM"dd\' 

rill'hCslrqJrc'scnlalivc\,duc's tiu'hulkdcnsil),St>nil' ink'f1<111ransillimc. lilt! 

.Icouslic impcti:mcc'tielcrlllincti lhrough lhc rrc'quCIll") anal)sis\Scrlion.l4)arc uscd in 

gcncr;lling hluck porosil~ \\clling Illnd~l s, Thc conccp1 ora block poro~ il~ Tll<1,kl inl hi, 

slud) is quilc simplislic Thc Ill"dcls inlhis ,Iud) .Ifccon,lrurlc·d inl.andm:ul 

(il'oph),ir;d su1l\\ar,·. ( )jX'n\lurl..sl S)n1lJol un lhc ,k'nsi1~ .1I1d ~"nk in1l"1"\;lllran,i11imc 

Ilelll" g ClIrlCS. /\ s prc\'i,'usl~ mcmi'lIlcd. acollslic imlJ<:d;lIKC is a con1rolting I ariahk 

in lhc scismic rcspo nsc ora mcdium (Shcrill 1<)<)5), An,usli"iml'c,bncei,"1h"I'I'<,dUrl 

"ra mcdium afTc'l'11hc s,' i,mit rc~pon,c A hl"d pOr,)~ il) mudel all~ml'b hi silll(lI~'l~ 

I)Or<>si l) CIli:":lS nn sonk and lwlh d~nsil) Ilclllog d~lta h) :dt..:r ing llw IUHlIl"l"i.- dala or 

\lciling curvcs 10 rdlcTl ..:hangc·s asso..: iak"ti \I ilh por" Sil), Ih'sl"f\'uir 'lrl'ililcrlur..: lhull 

":,g. (C(l(lp~r":1 ~ll. l/101: Knighl":l al. 2007: A/m)":1 ;d. 20/lX) is mainlainc'd in:J 25 m 

in1l"1"val"rlh..:uppnAguathlinaFnrmalionalllla 15 Inin1hchmcrAgualhllnaanduPPcl 

Calot.'ht.' !'t>rmalion inl1wm,'ekls. Aglla1hun:J and Ca((lchc !'ol"lna1i"nrCSCl"loirl'or",il) 

l(lncsarcmirmrcdfromli1ctilllrllclllogsll ilcs losilllulalc,cismil'changcs rwmhlh\\\l1 

pnwllSl:oncs ill lhc llloticls( lh·t ..... rl<1 !'igurc, 3.5.1. 3.5 .1 and 3. 5 .. :;.andApp.:ndi\IIt<' f 

nCll1rnnt,,'rosil) ':Ol"fclali,111cUl"lcs),("onslrudiunlIrllllllklsin rc,c'n"irunils i, 

h,'m"gclH>usandfJ.\cd"ninpllllalucsnfdcllsil) and Sllllicinlc' l"Iallransil1imc 

dderminc'd from 111C" frcllllClll'Y anal) sis al a sp<:..:irlcd r<,ru~il) . llmlna. pri"l' tll pl;K illg 

11wlll'Hkls<!nlhc Ilcl l l'url':s.:ll'alihwlioll nH)(kl isncccssar) h' lalid:J1Clh~ hl,'ch 



A36 A09 PAP 1 

2..._P . ~--"'---::. 

{ 

hgLlr~ .\..'.1 ('m,da!io" or .. \ -.\6. A-O'l. 1't\F'·I, "",I \1 · 16. V",''',,,,,, Ka) (I' N,'"ln", 1'0'''''1) I' lIull 
(I~n, i! ) '" l " I~r\"IIr:\Il s i ! l i ",~ I S.\ni,- I,'gl_ "'01.- Ihi"ln~_" lIr I " bl.- I'"j, ,, 1-""''''''011 ;ml;,-,,(;,,- "r I'"k,,· 
rdi~r S l.(j~org" I ln"o"li",,,it) I)at"m_ G"'~n ",,,line r~p""~t11 apl".1\;,,,,,,," re,,-'''';' illk'",!' 



TIll' calibraliun uflh~' hlod.; Iwrosil) mudl'b is ..:ompkll'd 10 lkmonslrall' th..: 

mo(kl SlrliClun.::could SllCl'cssrull y rl'rroduc~' II1l'scismic respuusl'urlhl' origil1;II,un -

lI1odekd, S) Ilthclil' ~l, i srn()grams. Iftlie original sl'ismi..: rl' slwnse Gm hl' I"-'produl'ed h~ 

tlie l';lIibraliou bl ,'cl" porusily mudel. Ihl'n th~' calihratiol1l1H"kls are valid. This ahilil~ is 

indical ive that til.: l11ud.:1 is ~'nsi ti\l' l'lll.>Ugh to g~'nl'r;ltl' th~' <ll-ousli..: ..:ontr<lsh I'f<,dun'd 

h) the lith<1l<1g) from the (lrigin~11 Ilell (la(;l, Th~ ~nnSlnKli(ln urlh..:: calibraliollilludds 

illl'oll'ed laking an awrage "I' l'a..:h I'dwpll),s il'<l1 pmpnt) (hu lk d..:nsit) and sonic 

sk) \\Il": sS ) in th~ r"::snl'oiril11nval. Then.th.: ne.\t slepis lal"illg th,:sl'an-rag,·s. <l1Il1 using 

Ih':111 tn r.:pr.:s..::nt (il..:: ..::11\ ire anticipated hlod I11lxkl int~r\'al in l il.: r~sn\,(lir (F i gur~ 

",5,2). With Ih.: a\'erag..:: v,ilues in plae.: in th..:: rCS"::floir iT1ICfl ' ~lls. synlhcli~ s..::ism')gr:lIlls 

arc gl'nnaled fmm th~' ..:alih raliun Ilelll'urvehl"l'k mudels. Synlhdil' seismngr:lIlls Ii-om 

th..:: c~ lihr:Lli<ln m<ld..::l s ,LfC wl11pared to thc s) l1lhelic seisllHlgt'aIllS Ihll11th..:: ,wigin,,1 Il d l 

UlrVl'S 1"'f ll<lvefnfm..:orr,'I<lliun.\I-igures3.S.2 ;1111.1 3.5 .. ,) Ihl' r" ~ llllanl sl'isnwgral11s. 

(fmmthc lII(){kl s)SIIC~c ss tully I'cpro(lIK.:d Ihcr..::llccti<lnchal' a~tcrofth ..::ori g i n :1I 

sei'IlHlgr<lms \\ith in reason. Thc ~lighl variati"l1 odl\eenlhClI10 se..::narios is; lltrihllll'd 

h,pl;ll-inga si ngkal.:ragl' V;111K'ah,ngthl' rl'sl'flu irmo,k l intlTlalsanJ renHII' ingllll' 

multipledin~rCIKCs in Ih..::origin;lldala inlhc r":: sCfluir. Thcohj.:Cl i\'C hne is 10 

dcm(lnSlral":: th~11 Ihe r.:sCf\I,ir <'(> uld indced he a~sign~d a data dri\ell ;1\cr:lge \ :1111":: I" 

r~'presl'lIlllil' l'lIlir<' unil ;lIId slili reprudulT IIIl' o riginal seismil' respOIISl' . I hi ~ pl"t'l'l'S~ 

\ alidates Ihe c,mcept I,f Ihc m"d~ling pr<ll"~dul'e and a ll ,,\\'~d I'lr d~1 ~1 1' ping block 

p,\wsity lIIoJdstu be's\ rl'presl'nl O. S. IO.;lIId ISO/op0f<>sity in Illl'pl'lf<>l'h~ sir a l dala 
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Fig",,' _'.5,~, Iliag"'''' Jisp l "} i ng~u,"p"ri"''''ur!hc,,,igin''' alld,,,lib,,,,;on hind m"dd illte'",,1 It-;""il 
Ii",," (1\1) "",lb"l, ,i.'",il~ "Un',', (pl . rhe k!i. f,'d _,,, ,,. j , lileorig inal \1 nlr\~ _ Th,' 'ighl. red \( "",.'" 
f.'a'"rcs 'he ,-" librJl;"" hl,,,,,,,,()ild ,kri,,'J r",,,,,h.',,,c,agc,al,,,·s,.rJa',,,,'nlh,·,,·,,·,,,,irink,,,,1 I h" 
Idl.blllc;s,I",origi""IIPI.'""c Th.-,ighl.blllccII" "j"hc <:tlihmli" "hh",'"",dd c"",·I;.rlp) 
l«-wr",; ri llkr""b.,r;r\'crc"i"icnol<'d h} "hilchr:.eh'" 
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I'i!;"r~ 3.5.,\ S}lIIh ,' li, '~IS"'{)grd'" """'1''';''''' 11.:1',,·,'" origi":l1 :",.1 ""Iill,al;"", hh:~ Ill",kb :11 10 .. 1(1 . 
and XII 11 / . Nvrma l polarit} . , relk,li,,,, in "hil,·. Hid" ,,,,,,'1,1. N, 'I;".· 110,- ,jmil:";I) III rd!.-.-,;"" 
pall<'"" and \\"·.ti>rmalinhul's h,m"n,h,nrigin"I",,dcal ibr:l1Inn I> 1(l"~" 1< ,Jd"""" '(lgr"",,",,1I 
.j,)mi,,, ,mfrc'4,,,,n<i,, 



rhl' logi~al Tc'a~"tlitlg rUT IwtlH'gc,tli/ing modd, in Ih~ IIlwk' r~ser\'"ir d~al~ II ilh 

Ih~ res"IUlion ,,1'1) pical ~~ i ~mic daw and Ih..: scop..: 1"1" Ihi~ ~Hld~ , C"llc":I'Hlali/ing Ihl: 

rl:~l:r\'oil" units a., "nl: hmn"gl:nnu'> I:nlil) ralh..:r lhan n'nlinul,usl~ \:II"~ing Ia)~rs in 

(Kall\\l:i(. l'ne!: Shl'rill: I')<)S). FurtlwTmuTc', m(l~ l I"l'l>lJluli"n "flhin unil~ ,',lIm"l lx, 

lon~s fall tll'lm\ Ih~ In~1 nflypiral 'l'ismi,' rrsolulion "fah"ul "Ill' qualler '\<lll·kngih . 

3()-SOm lInillhkknl:~s . rher..:l"or..: , Ih..: ~ffn'b "flhis m"del II ill "nl) manikSI ", ,,,hlk 

rhang~s in \\al~kl :t1 trihul,', ralh~r lhan add ilion:iI I"dkr1i"n,. It) nw,kling lh~ ~nlirl' 

Tl',l'fl"oir lItlilS :IS on~ e"n,islenl lalul:, Ih..: ,uhlk I:llcrl "ll th..: \\:IIe1~l b m:l .\imi/l:d li ' l" 

:ocm,s r~lkC1i,'n hlll"i/lln, in 2- 1> dal:1 in Ch:lp!~1" Foul" "f1hi, .,wd). rh~ ,r"l~ "rlh~ 

'Iml) inCh:lpler Illrl'o,:i,simpl)dnc1upinga··kl:)""li,rr\.'I:\lgni/ingp"r"sit)d"ku,ill 

1I:1\ ' ~kIS:Kn)ss I"dkl:li ' "1 horillllls. Thl' d~"ign "r lh~ hh,d, m"dc1s i, l'mpl,,),'d li'l" 

\:)Iu~s I"~pl"~.'~nling 0, S, 10. and ISU,, (Figurl' 3.5.4 and 3.S .S, and i\pl~ndi .\ Il) I'l<.'n' ,il~ 

in ":;JCh ,)f lh..: 1<l\lr\\\:II,1:Jla ~ uil\:~ ,m hulk d~nsil) :md inknallransillim. '·Ul"lO. rile' 

"hjl'r1ill' in gl'naaling lhis mudl'l ami) iSl11cr..:al"::ll1lixingnll>(kl ~c~n"ri" in IIhidl 

p"w,il ), nwdc1s. and Ih..: suhs..:qu..:n\ s~ nth":lic s..:ismngrams . ..:nuld I~ ..:" ml);lr~d and 

l"Ilnlr:lslcd al dillcr~nl p<lf"sil~ kll"ls ~imul1anl"HI~ly . S)tllhl'lic , ci'itI\lgr:un, g":lll'fall:d 

fmm th..: p"msi!) hl"el.: m,'lkls ar..: prnc..:ss~J and disnlss~d in l'mpiri ~al and l"I,mpk'.\ 



.J 



r ,~",~ lS~ Illo.:~ ""Jdd "ell .'ur,~ di,,~r;,," for ""Ill, '"1<',,,,1"''''''11''''''« \'1) '" \\<"11 \·0'1 "illl 
N~III"''' PO,,"SIi} ""'Td"I"'" cur,~_ ~ I ()dds Isll<"'" In r,'d ) pm!;"'" r",,,, ""g",,,1 \1 ,'''',<, h.",,,dd, mil. 
,~. 10. ""d I~·. J",..",il~_ \'"I ,,~, I,,, II", I""",il~ "'Ioc~, in Ih~ 1I~ .... lds "". la~,'n I""", Ih·<jll"".·} ,,,,,,I),;, 
N"r;"e in rhe ~~"Ir<'" I"~ Ipu'ple "u"c) I("'~' "rhigl,,·, I",,,,,il)_ I h~,,' /"n~s 'Ire """II", II!.- ",,,,,.,~ ",,~Id 

~,,,,s.rlll:l;"'I, Coree" 'inc, represe"l >(n'li~raph;, r,~n",,(i()n 1<>1"'_ Whi(.· ... "'''~~(' ind,,,,,(,, ",I.'" ", ",. i!\l~" "'1 



r~'~'" gniJ:~'d din;'-,r~'nn' s in rdl.:~li"n 1)o.>laril~, ,>r pha~.:, ()h~':lIn: al1d .:h:lI1g.: Ih.: :unplilmk 

\IIi.:.:: Ilrsl Ililh norm:1I p"laril) Iho:n Ililh rnl'r~~' (SIh.'riIT 19:-;S), rhi~ apl)w:n' h did n,,1 

1:11.:0: illhla':l'l>llllllhl' dflTI'lfphasl'llllllll'dal'l and l\a~ :II\\..llard lIIIO: h ' lho: ~pro:ad'>1 

amplillldo: ill(;.mllalilln fwm rl'\~'r~~' :lIld n"rm:1I p"laril) 111,11 di ~ pla~o:d Ih~ compklO: Ira.:.: 

':lllo:lnp.: inJ~po:ndo:nll) "~f pha~o:, ("his 100.:lIlliquo: lIas o:las~ifll'd as r~'lkdi, >n ~In:nglh :UIJ 

.... >nlain;;d Ih;; :unplilml;; "flho: llrigillallr:KO: II ilhnul phaS\.' int;',rm:tlioll. A Ilid,' 

_'p.:o:lrum "I' allrihllks. ll~illg Iho: Ilil~rllr:lll ~t;\nn (lllwdralur.: Ir:ll';;j (l'iguro: 3/,, 11. II~ rl' 

n~'al;;d si nl';; AI1~IO:~'S iniliall;;dmiqllO: 1;,1' II~O: in so:ismic inll'rprdali"n. tlll'l lilhnl 

lr:n,,(;.,rm applio:sa ')Odq; r~'o:ph:l so:s hift I" Iho:origi nal ~ i gnalal1ll 1;'l'lllS :t'lll:ldr,lu,r.: 

lr:I(O: (WhilO: 1')') 1). 1 1l~1:1Il1:IIlO:'\US allribllks " flh;; O:lllnpl..::-. lra,'o: (qlladralllr~ Ir,,~o:) \Iill 



rhi~ ~Iud~ II ill IItili!.c lhrec c(,mpicx tr:H:C a1trihll!c~ : in ~ talllanc,'u~ amplill1lic 

(rclkctiOI1 strcngth). in~lal1tnncoll s pha~c. nnd in>tal1tmlc"US frcqucnc) (platl' 3.6. 1) 

rhl'selhree:lttrihutesarecomm"nl) compllteJ from thcc,'mpic "seismielraec:md 

interprctation. The~o.: attrihutL's t:1I1 ho.: dclillL"d from the l','mpic" tr,Kl' h) (I:<III:lti,'n .\.(, . 1 

and Platc .'.6.1). 

X,= RcIA,cxpIj9,11 

Recorded sei5mic trace: 

Complextraceoranalytic~igna ' : A,expIjO,] 

Quadrature trace ImIA,expIJ9,) ) 

AmplitudeenvelopcorinstantaJlcous ampli l udc A, 

IJlstaJltaJleous phase: 

InstarllaJleousfrequency: (t!2lf)d9,!dt 

In ellualion 3.(,.1. '" represents the rL"a l cllmp"nl'nl "fa cOlllpic.1 ~ignal A,exl'.iO, A, i~ Ihe 

;lmplitudo:o:m'chlpcnrinSl:Ul1:tnenUS;lmplill1de(rclkcti,m ~tl"l:nglh). rhc imagin;u) p,n·t 

llfllll" <"(1IUP!.:.\ signal is callc"d till" qu;tdraturl' Iran' and is fllmll"d n~ appl~illg a 'lUo Jlha~c 

shill (llilncrt tr;II1Sform)hllho:rc:lllr;lcc. A, and O, ;lrelho:t\\"ha,ic in~t,ml,mClllis 

atlrihules (Ilames 2()()7) ,lnd arc dcrived from the rdatimt~hip hcl\\ccnIIK'lllladralure 

Irace and sl'ismic Iraee hy a C:lflesian - polar eunl l"rsi"n (I'lale J .(I.I) I-"I"<'m 11lL"~l' III" 

:lllrihulo:s.;111'llhcrscanncdcrilcdlhrough l ariulis funeli, ' n.' 



OnglnalSelsml 
Trace ' I-- ... 

e 

Ampli tude E fwelope 
(ReflectIOn St"mgth ) 

... 
-

e ~ .. 

Instantaneous r,equenc , 

Quadrature 

- .... . 
~ ~ -... 
~ ..... 

(-- --t'''---.L---+c-- -o> SeismiC 
x (t) 

,\1 . D;"!;ra",d;'I}I:o);" !: II"'d~r;'''I;n",,f''lIr;''''I''_' fr"'" " " '; , ,,,;e Ir.,e,· ''';'',>;llw 11;l lwrt Ir.""r;"", 
\ 1<J<l;li~d lin", I\\'''; I~ 199 11 

11 .1 C:m~~ ;"" and !'" lar pl"1 , h" " ;,,.'; th~ d"r;,,,I;,,,, of ,,11) ;"Q""I"n"",, '''''I'I;I"d~ I ",lekel;,," 'Ir~".';lh 

"nd I) I nS1""I""'~"" ph.,,' II.';ur~ ("'''' 111"",,-, 201)71 



(E.g. in s t~nt:mt(lus Irtqutm:) ;;~n 00: do:ril'o:d (rom tht dill";;rtn t i~1 of in ~lalll,Hll"()II~ ph:N' 

(llarnts2007 )) (I :qllat i(ln 3.6.1 and Platt 3.6.\). !"hisstparati,'n'ljamplitmkinlill"lllali' "1 

Irom phase dala in a s..:ismi..: signJI is ,,:ss":lHia i l~ Iht pllrpo~t " f wmpk.\ Iran' an,d}s i ~ 

Instantan..:ous atlrihut..:~ d":~LTih..: IIIl" ~hilii ng. or panili"ning. "fl·n..:rg) al gin'n s,nlll'lc' 

points ~Ionga ..:o,npkx lfa":..: . Th..:) ar..: ": .\..:..:I k nl aids "h..:n Ir}ing hl inlnprd ..:il'lIll'cS 

1:lln:III}:t":l"<lSsrtlk":li(Hlh(lri/onSllns..:ismi;; data. II(l\I.;\ ..:r.l\ilhlhtt\..:tpt i"n(11 

is"la ll"d gas~,mds.lhl") slwnld Il<ll hc uSl·d li'rdircct intl"l"prl·tati(ln hl"l'allsc"fthc man} 

dilkro:nl illtcr(\:ro:nco:dT":ctsonlh..:s.:ismicsignal illloll..:d in th..:g ":lll"r:ltiunol 

allrib\l1Cs. Tht 1ll"::lI1ing oj cadi allriblltc is IWI ahla)"s sll"a ighl j,"'llard ,lIld ha~ T"<" ' lll 1,>1 

C\pl"rati(1I1(,fdcfmiti(1I1 

Inslanl:tnc(llIs amplilmlc (rcllcdi(lII strcnglh)mc:lsurcs . inllll""f).thcJimcnsi('n~ 

nlth..: lra.;c..:n\"c!0I:J<.: and OJ d..:sign.mtaslircsth..: str..:nglh"j";lrtlk';lion.i\II:llllplil(uk 

inf"fm:,li"T1 in llll" scismic lr,(l"c is nlnl"inl'J Ililhin lhl' rclln:li('n SlrCnl'lh ,m<ll~~is :111.1 

quant ilics il ind.:ptndtnl iy ,'fph~sc and )"Iol;ll" ill (1Iarn.;~. 2()07). In'lantanC(lIIS phas.; 

.;ss tl11iallyr.;pr.;stnts Ihc stismictr:KCll ilh al l amplitudc inli'nnali,'n1'cnulI.;dallll a.:h 

as lh..: p.;rf,;ctalilomatil· gaill..:ntllflll (i\(jC) (iJarncs. 2007) . lt s\" alu..:~ rc!;:rh' lill' 

,llIp:l1'CI1l p',siti(HI (Iflh..:.;,)sinusoid f()l"llh i.;h pcaks(Hllht sciSllli';lra..:.;()O phas..:.ll"tlllgh, 

halt 1800 phase . dOlI Ill\<lnll...:fll ..:ro~~illgs h:lI": ,I <)110 ph:t~..:. anJ upllard 1":1\) ';1',,~s ing 

lI"I'c _900 phase. III ~ t:l!lI"ll":(IIIS I"rl'qlll'!lC) is I\\~asllr..: (II" :tpparl'1l1 ~pa~ing b":I\1 ,''':11 

rl·lkl"ti'l!1sallu gi lcsthcinlcrp1'cll·1'anidl·a h(IWlhl"sl·i .,mi.;1I:l1'l"is p:lrl ili(lIIing(lr 

..:"tll "Iving. TIIlT": :lrl' ~l'wral "liln I)pcs "I"nlillpic-.\ tran' ana i) sis. IlIl\\l'wr ill lhis 

swdyonlythcaj',rtm":lIIiontdthro:..:arctls..:d. Th.;comlll.: .x mathtlllati,;s :lndtht"r) ,>1 



.:"mple:-. Ira.:.: ,malysis is h.:ynnd Ih.: pllrpos~ s,:"p.: "flhis Slmly and Ilill noll'>\; 

dis<':llss<.:d in fllrlhnd~wjl. Th.: purp"s.: 1',r<':(lIllpl..:.\ Ir:l<.:.: ,m'll) sisinlh': Sllld:- is simpl l 

lu g,lin a qllalilal il <.: 11l1dn~lal1lling '>II 11:11 .:[',rm ch:lngc~ ~,' Ih.: (,h~':fI.:d :lllrihlll<.:' .:WI 

h.: u~~d ,IS pr,,).:ics for p"rnsil~ "n r.:al ~.:i s mi<.: dala 

l·hcnn.:dimcnsional s~ntl'>\;ti.:wi sm('gramslm"lurcduscminimllillph:lscl{irkn 

\Ian-icls. A I{ id.:nl\al .. ·lcl is plac"'d un 111l"(,riginallraccdala,11 ::!O . ..\11" lIld Xlll l /lx'a~ 

li"n.lucnl· YlObeslquantif) ""'.medium and high fr':<llI':lll") in (he sci.smied:I1'I. Th~ 

llalurc"rlhiS SlUd)islargci)e-xplora(()f).c).:alllinillgllluitiplclariahlcsln S':':lIhi.:h 

PIWlll':"::II()fll'lf(landnw:lningfulr':Sllit . Th.:r'::ls,m J()rusingmllltipl.:l{irh·,"al.:l..-b 

d".:snoldiITnli""mlh.: inilial .. ·.,plorah'f) nalur .. ·. Th"'"im is In uhsl"l"l": Ihc frcllucn .. ·) 

rangclhaldbpla) s lhcmn'lch,mgcinallrihul.:s fmmlh..:cflCcls"fpUl"<lsil) . r h.: 

J()II'l\ling ispi<.:lngfaphicdisclIssi"nnflhc f.:sults"fllll."s~nlh"·lic,,,·i smugram "·(lI11PI..-, 

Ira..: .. · allrihul .. · all"l~si s slud) . 

1.(;. / {hlilli/illil'!" 1111.1 ilI/Wlli/lllil'( ' IIlIl/fl'.,i,,' "I .\'1'11111<,11(' Sd.'III""':I"OII1., 

F"r .:arh oi"lh.: I"ur " .. ·lIs (1' /\1'-1. A-O'). A-36. and r\"I-I('). a s~nlhclic 

sci.,m"gram isgcncr:lIcdal ::! () . ..\O.andXO II / Rid,n":I,d"'lfrnmlh"'urigin:tldala:md 

(I-I S% porosil) hlod mud.:icd bulk ,knsil) and s"llic CUl"\': ~ _ TIll." a..:tll:tI S) nlhclir 

seismogram Ira..:es af,' nlnlaid ulXlI1 Ih.: ..:mnpk-x Iran' allrihlllC :1I);jI)si~ In ,hu" 

n'rr"'lali(lIl 'lIullh .. · pOSiliuli uf allrihulc ch:mg.:s. Empirie:llme:lsllr.:m':ll1s "fllal.:['mll 

g':Olllclries:lrcgr:lphic,tl l) shmln:ls..:urrclalinns In th .. · chang.: in :llIrihul .. ·~ . fill' 

sl:lndafd I('rmal "r.:al'll i nSlan[;lt1.:ml~ allrihulc' anal)si~ is as f()II("'~ : Ead\ ~ lIi(.: ':"Ill;l i!" 



ovcrbin synlhclic scisIllngr,IIl1s gcncr,lIcd fmlll hlud, pOf\lsil~ mudds indilalc ti h~ bhd 

<l llhc holhllll nrcaell panc. lc.g. A-OJ) :!OIIZ n:prcscnls Ihc ~)nlhcli~' g,,·neral .. ·ti I"l"<lm 111l' 

'Irigin;11 Ilclllun cs al 201 11 Rkkn Ilalllel . A-1N lOp :! lfll/ rqll\'s"'nh s~nlh"'lil Irl)m 

\\cll A-IN gcncralcd from Ihc hind. 111"dcled Ilclllunc~ al Ill" " p"f(lsil~ i 10pl. :!1111 1 

Rickcrllalclcl) Originalun-lllmkledcurlcsalldi.pl"<lgressi ng uphl1 5°"hl"d .. 

11I('ll<-kd purosil) al far right. !"Ill" am"unl "f panl's in "'adl slIill" is ,Icp,."mknl "I]llll" 

,'nl~ mudded lip hl 10% . dlle I" lad. "I" reliahk data inllll" 15"" rangc.) An itlll'lll"lanl 

nnle pri,'r hI c)(amining lhe I\ll h>lling allrihlllc anal~ sb b I ... rcali!.c lhc IIdb il1lhi s sllld~ 

imPl'rtal1l chang" 1"I.:1" ..... nlh,· ",·lls is till" \ar~ing lhieknl'ss " f llll" l"ahil'I'"inl l" 'l"mali ' \1l 

alnnglhcSl. ( icmgelJllcnnIi1l1llil) . This l<lrialionall()\\ S lhe l:irge;lIl1plillide I"able 

f'uinl-(ioos .. ' Tid,k rdkcl"r til an"",,·llh .. · r"",,·I"\,.ir rC ' jl'"ISC in IIIl" Upper Agualhun:1 

I'OrllWli(\f\"hcnllll" Tahl..· I'uilil j-"ntwliunis lhil1 . 

\\'cll /\ -09 C,.t1I'lins rciiahle "cll dala eonl rol pui nts inlhc I"I"Cll UCt1C~ 'lI1al~~i~ li p 

loIS°{,I1<.,rnsil).Rl"1l.-rh)follu\\ingguidcd. :mnot.lll'd graphsfurrcsultstlfllll":lllrihulc" 

an;lly~is. NUlc in lhb II ell. Ihe 801 11 Ri<:kcr \\alekl is ';'und 1(1 ctlll1ainnu signitkalll 

characl""I"isti<:sininsl'llll'IllCOll.'phasc.inslanl'lllc"usfrcqllI."nc). (lrrclkl"liun '>lr"'nglh 

Thcdlangcs in all rihull"eharal"ler sho\\ l'ilhcrhl" slIhlk"rl1(l sigllifie<l111 ch:lllgcslh:ll 

can he ditkrenlialcd hcllleenlhe hln<:k po.lf<'~il\ nUl-dcled ~) ll1helic s. I"hcrd!lre. Ihc ~U I I I 



II ill be either sholln il lllstr:l1ing the insignili(;lIl((. only li sl(d in lh ~ arpcndiccs. ,)1' lU ll 

shOll 11 a l h.lgelh~ f. A-IN dispbys \!n iqu~ ilmh i guil~ hcl\\'c~n thl' 0'\" and 10"" p"n1sil) 

model synlh~ l i(s in most oflhe alll'ihu tes ana lysis. It i, imp, ' rtant to n"te IhcTahlc P" int 

FOfmm ioll is very thin inlh is IIcl l.ali(l\\ ing for the large. domin:lIltl'~lk,101' li'"mlhe 

Gtlose T ick lc- Table Poim i ntcrt'K~ to an,xtthc I'~sel'voil' i n l~ I'\ ' als 





F'glll'" ; 6.~_2_ I,,>!anla"l~)'" I'ha_,~ a"a l}",or"dl ,\·(I') 4,)n11,,"I'. "-;s!ll"gm",, in },-II",,). Hid,·, 
w",de! ~m l /. L"",~,T;,h l ~ I lead (,m"p S1. ('L'O'g,· (;"'''p . Or,ginal dal" on Id"! ,,,,d I~",,, it) ",",kl- (J . 

15".lp) I" right. ~Iod~b (lOpIO"o) ""d 101'( 1000)di'I,la) _,i",iiar pha,,' shill pau ...... "s Ih,' nq;ali,,' 
lrough ~n ... g) "r Ih" ,dkdor in Ihc middle 1\);""1"",,, F""" ati"" i_, di",in i ,h~d a,,,1 ,Ik)l' a",hig"il) 
\ lodd 0_11' 15".1 displa),a ph"se' shill p"II"rn rcwml>li"l' I I>~ ",i~inal JlI:n ldi, indi"al ; '~ l1>"t ,,,'wal 
I~"",il} in th,' ""II is ,,'Ialin-I) do"'I" 5" •. I\ I"dcl I~p 115"o)di'l'ia), (b:r~","(lpl>:"~ ,!l;ti a"I ;, ;l)_ ",,"1 
likd} I'm", 0.1.-,,,,-,,,,-0.1 ""',II,, tn'''fh >1",.i .,);, O'cr"I I, "ill> i" ."-,,,ing I~",)_,it), 11,,- d~cr~a,ing ",gal;,,' 
t"'''gh rdl.>.,t'" '-'K'g) f>,.-I"" th., "'''i''' I',,~k F'"inl·(i(~,,,- I'ickle i"t~r""" ,,"""os d~cr~a_,~d ph",,- _,h'll 

""" 'I) 



50.10 

5000 . 

t 40.00 

~ 2000 

~ 0.00 

f -20.00 0 

g -40.00 

60.00 . 

Instantaneous Phase - Top Reservoir 

" Po,osity 

Instantaneous Phase- Bottom 
Reservoir 

% PO.osity 

I igm,' .. . 6 .2.3. h "pi,i,',,1 m~""' '''m~m "finsl:nn:n,,'''u> ph",,: <In II,.. p",,~ amplit"'k. ,\.O'} ~() III Kid ... 
" -,,,del. O,iginall" IS·. po,m»il} ",,, • .lds. III 111,' I.-£"n<l. 1I '~OI I I Origin,,1 ') mhel'''' '",t,mw,.-""s ph" ,,' 
I I' .\:\~O "'I""ls a '1"" 'ili~, I I"'",,il) ll)(,.kl,·<1 ,)'mh~ti ,· . I "I' "'""",i, is indi""li", "fill,' I ' ppo," Ag .. ,ul", .. _. 
r~,~"oi,- 11"11,,,,, r~'~r",i, mdi":II~s II", L,,,,,,, Ag",uh",,,, (""lo,,"h~ r~"',,oi,- n",,,· gr:'I,I" iI111,":",'III,­
lIunK',i" cll"ng~ ""I"~~n pll"<~ ,alu~., in I II~ Ilk,<lds;,1 I"'''~ cr.'" or I"'''gll ,ullpl i lUd~ in Ih~ r~"',,,)i, 
illl~",aL li p" ,· , "'. il d,)('s nol di,pia) Ih,' ~"":I locali,m of ph",,· ,hili as Ih~ ""iabl<- d~,,,il} ~raph ; _ (. _ ~.~ 

,I" .. ',. '1 hcrcf.,,~. lhc alTed I""", il) h:" (In il",,,n'an~,,,,, phasc _an .... · 0l'limall) ,ie'''',1 in II", ,,, .. iahl<' 
d"",il} ~,,,ph" 



F;!;",,' l.6.~A_ In'1Jn1'nc~' ''' I'h,,,· a,,,,I),; , ,,f,,.-I 1 A-()?I <)nthdi. " 'i,,,,,,];,,,,,,, ill ~ell,," I, H;ch'r 
wi"d,1 M01I~, I.,mcr Tabl,' Ile-,d (;"'''p Sl. ('corg,' (;"'''p. ,\rea "finlnnl ill ~b,' ~ h",dd ('ri ~ i"a l 
, )"lhclic,bla " " Icli"n,1 PO"',;,) modd , I;-"",O·15" olpllo r;ghl l,i , .-k ;trll",la,ROII,tI,,,,,i,, ,,,Oi 
1f"I'''- ''''),I"''",,' ;I) d, ... 'sn01n<11iccahl) arf"",,'hang" , inpha,,' , hiO inln'aI<.I"" ,!, ,,,'il,,llc'I'hc ,hi1i,,, ~ 
"f CIOC'!,) ",,,d, i" Ih~ ydlo" ,,' ;smie "a",'_ No c''''piri.-al ""erda,i"" i, """k lor thi s ,,,ile "f ') "lhcti" 
h.,','""w ofll)(' imlilT.'r,·,,' d'fctl"f p',,,,,i, ), "" ,hCalllib",c 



~ .•.. ~ 

. , ----.. I 

8,.lfi,,,t,o,,, . _ __ .. _ _ J 
'" 

- [ 
I 



Fig",,' :Ul." .(' 1"'I""la,,,,,,,,, F"'<I"~"C) " ""I},i., of\\dl ,\·0'1. 4')nlh~li.· ",· i"'~'gr:"" s '" "h'ld. K" 'h'r 
\\'a,d~1 .WI!/. ,-"",., i",hl., l k ,<i ( ;"'''1' ~ Sl. (;~org.· (;"'''1'. O';l;i"al d,ua"" kit :mJ 1"''''''1) m",kl, 
I;-om 0_ 150 0 IpllO ri ghl Se"l~ i. ill 11,-- BI"e~ t"",·~~! " im~r",, 1 "filM"'>!. nW'e' "gai" i, amh;);,,;! ) ill 
tx: IW~~" (h~ lI"olOOpl ,,,d tll"ollOp) modds. I'he' 0)1' )0 0 I1l0dd agai" >1""" th, b'gnill ilk"·n,·.-; ,, 
pa({~ ' n \\hi l,- I$p I~·" ,,~·>Jd " I", ha,,, Ji,(;t>);"i,h.'J J, lr"",,,,,",. I,,-,{ant,ne'''''' fr."II..-n,,} al ·10111 ' h,"" 
1~'lcnl;,,1 to' he ",~d ; t> mappillg 2·D ,dle",!i"n eh""ge" 



41.50 . 

;;;43,40 

!. 41 ,15 

Instantaneous Frequency- Top 

Reservoir 

"' Po.osity 

Instantaneous Frequency - Bottom 

Reservoir 

4300 • 

-40.00 

"' Po.osi ty 

I'i""a' lA~ . 7 . b"ri';~all1)~"''''~l1Ie''l ufi"'I'"'''''''''''' lrc'I,,,'nc~ "n Ihe 1"'''1. a"'pl in,,!.'. ,\-0'1 -Ill 11/ 
Kieh·r. Uri""", l lu I~". P,!,u, il} ",,-,,Ids. I" Ih,' "'"e"d. Ir~UII/ Or; g.'"a l , }"lhl'lIC. in'lama,,_','''' 
ra·'-l"en.'}, IFX;"40 "4""ls " srcci1i,'d poru_'il) "",dekd,),\lheli. , T"l'rc, c"",ri_,indical'H'"flhc'lppc'r 
Ag."alhun" ""cr\l>ir. ll,'U"m,c, cr\()iri"dical<'s lll<" i.''''''' :\g."all "''''' C"h"he",,,,,,,i, .- Ih" ""g.'aph, 
iU",lfi,lc lhe""u,,·.ic changc """,ccn in"unlanc()", frc'4UCtlc} \'ah"'_' '''lhc' ",,,dd' atl.,:a~,' rc''I .. rl,,',,g.h 
'''''l'li{",k i(\ Ille ",,,,, ,,, r imc" "Is, I" Ih"h'I''''><'""ir, il i"tUc '''ling Ihc orig",al and 101' Hr'''I''-'''',il) 
",,,dd "'at.h id""'ica ll) . rhi <c"lIli,mSlhallh,' ",,,dcl<d,, ",dccd""'r~ h) slkming. ll",ah' lil) I,' ",aid, 
",ig.,,,,1 d"", in "ltr,I"'I,-S, 11''''''Hr.l h,- I;I(;~ c,f ~lIa(\g.,· ,,, III,·"I!>" 1''''''''1) ""~kb ,h""" an,l H") ,,,I'lk 
1''''4''''''') ,'hang,- i, diswLlraging rl>r "nrilllll,' Inu;ing in Ihe l· !) , 1",1) I"{helkln,,,,, r",c",,; •. ""'h; ~I" I ) 
C\;_<1 ' ill Il",UU4() ()". and 10-10 1()"""~..Jd s "ga;,, " ilh sublk "ari:oli"n in Ill<" 154<1 15°" ,,,,,,lcI II' , 
;m ,'r"l ;ng l h'(\.; g ",al~Olll.conl:o i " ' X".I"''''_';I) :"'d r"I!,"'""'-" I"·"·,,,I>cI,, .... ,,lh,· 5"., ", .. dd ""d 
11)"" """Jel in r'''I''CnC') ,,,I.,,,. I hi, ;'nJl<"~t~d. ",,01 :Igain <.'ot,linns 11{(' ",~lcI< nr~ 'ndced 1"""'''''01 



Figu,c' \ (,. ~. K In,I,,,n,,,,,'o,,, Frc'4"~ r"') "nal) ,is c,f \\c'll A-09, 1 >~"lhd;~ w;,,,,,,~r;,,,,,; 11 "hil~), Hid c·, 
\\',,,dc'l SOliz. I,,, ,,"c" rabk I k,uj Gn",!, S!. {)~"rg~ (;r""I', lIbd hrach1 i, i "I~",,1 of illkrc·,.1. (lri;inal 
.I"" ,!I' kti 'IIlJ r UmS;I) lIlodd, fro lll O,IS". lp )' ''' ri; !>!. S",Ic;, in III , Nc';al ivc "I "c" ar~ ;ntC'rprc'l~d '" 
~rr"rs . I'h ;, "naly, ;, "I 8011/ <kH,,;nam f,,''1'''''''') proo"cc's "'I) ' ''hli<' d' ;"'gc' ;!\, "Iuc" , hul is ,li ll 
c'",,,;dercd "he" "' :ll'pillg 2,1) ,)]H'_ Amhiguil) ,1111 ~ , i _q, .... 'II""<'l1lhc, 0°. ami 10". P"""" I) modd, 



0% 5% 10% 15% ------

r; !;ur~ H, _~ .<). Rdl~c(j"n Strength """I).<;,,,f,,.-II ,\-O'J . Ric-h', tilter ?O li / . L,",,-r lahk Ikad ( ;"'''1' ­
l lpper SL (;~"fJ;C (i",np. iliad hr:'L~t'I j, inl.",,, 1 "f i"tereSi. ()"g",,,1 data on 1<'11 and 1',,,,,,;1) ",,><1..1, 
1i-,.",O_15" .. 'n,ight Th""""h,hcrc sh"" thcrc b,,'htlt, din",c"cc in rdlccli"" ,,,.'nglhal,>I'!;lhc 
,,,,,.kb. l he difj,:r,'IIcc is "':"g;,mll) ,1(ccp,,,hk ,,,,(I \I ill he ("",i,k."d r." " 'c III the ? -D 111<><1.-1111 ;:_ In the 
middle- "f lh .. , A!;lI"!I",,,,, h",,,,,,;oll there is a" ""'.,,11 inn,-",,- in ,dkdi .. ,,, ,I',-");Ih 
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ri !;"",- 1 6 . ~_11_ rlll!",;,,,1 IIl""""",,,elli "f,dlc'ctio" _""'11); 110 "11 the p,.,,~ "mplih,Jc. A·(I'I-IO 11,_ i'(i,L.·r. 
II h' 15"" I~'r", it ) """leb. In Ihe Iq;cnd. RS·IOII/. ()"gi",,1 ') nthel;,"_ rl'llt'~ti"", ~t"·II£th . KSllil-t 1l '-<1,,,,1,,, 
U""I>o"";I) muddcd,)r\lhctic . r"prc"",,,'ir;, ",dicaliw"fl lw\ lpl"" ' \gll'I1I",,,,,"·"",,,,ir.1\, '11< ' 111 
"'".""ir i"diem", Ih,' Cu,w, 1\);"",10""" C,1\,chc lew""" . rhe" graph< jll"_'lrJll- II", ""men,' d"",!;., 
I>cl\\wn rcllcctiu" ,<uc"glh I;-C'ILlel"') "" llIcs in the " ~,,kls '" p,.,,~ nc>lW I .. "".d. a"'l' lilude in Ih,' 
Ie,."",;, inte,,,',,I. , The dO:lIlg<'" in ,his :utril"'lc \I j,h I"m"il) "'" rq"c~c"l"d \\'dl ~) C"'I,i,i,,, I I'i.,nillg 
ml herlh,,, ' ,ari;,hlcd,,,, it) rcl"\'''-'n1J1i()n _ ,\ lth(),,~h'''''higuil) c·,i>ls,,,,n'a);,,' \\ m:I\I,·,·1I Ih,· 0 "".I 10"" 
1l",.Jds. Ihn.· ,;; ,i);"il,o" ,,1 ,-"r;alinn hel,we" Ihe "II,,·, ",,,dd, ","~ing Ihl> altnhll1 ., approl',i"I., I,) lI>~ in 
Ih.- ~· IJIII\,.Jd'"g sl",I } . 111 Ih.-i<)pr,-s<·",,;r.I lwreis ,I"cr,,">i"g rl't1c"' li",, ,t rc'''gth \lilh I"''''_,il} \lh,klh" 
I>o.Jlh\l1l " .,,"''''' is Ih,' ;"Hr,c. I'h~ in",rprelat;,,,, hemccn Ih. "",higuil) in Ihe () a"d 10". "~,,ld , \I ill m: 
add"·",·di",kl,,il in ll""Ij"·us,ic'"'<"ol''',,lh;,d'''ple r. 
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I lpp..-. SI. (;""g.- () ",,,p , llbc~ hra("hl is in1>"r,,,1 " fi 'OIcrc, l. Ori"i n,1 dOl""" 1.'11 ,n,d 1,,, .. ,,'01) """Id, 
r",,,, !J· I)". Ie' .i"hl . \ lnl ih ' lI", [lrc' i"", ~O l ll "nrihlJl ~'. it no!i.; c,blc , hih in .dl~c!"", , !r~",,! h ,'<'c"" al 
KUl I/ .. ~I ()dd 05p d i, pb) ~ II", l,orgcsI i "c.~",,· ito Ih.- I Pilc r "~""l h" rI" rc,~" "ir "h i l~ hi gh,' ,1 I~"",il) 
,-a,,-,~ d~,·.~a,~, in >I.cnglh . fhc", is " nolcd in",,';)'" i" r.-lke l;,," 'Ireng!h in thc midd k "~"a!I\L "" 
I\ I,\, i,,_ Il1,ldd,OOp and I()p'-" rrd ,u~ 



Jf>.J ,\)'IIIII<'I;C .\',' ;'wrogmlll . Jmlll's;s of )(...II .. I -JI/ 

Wdl i\· 36l:')fnaill~d a lhid ~ lIccc s~i"n Uflhc Tahle Poinl Formalioll ;lIld llle' 

dominanl rctlcC!or nj"lhc ll1aj,)r inlcrbco:dncs nnlocdudc~IS llluc h rC SCl"\oirrclkCli'1I1 

informal ion !IO 11/ in lhis lI.:!ldocs displaY-"'ll1c EII<lrOlhkro:suhs. t\n~'mpiricOlI 

cakulalion ()f i n s lanlanc{lu ~ phaso: 011 .II) 11/ is nol displa}l'd h~TOIUSC insl;ml;l11clluS I'haw 

is t,,-,sldisphl) nl as \' ari;!hk~knsily plots. TIll' tiala ag;!in is rcspontiing10 11ll'.jO III 







I'i~",~ 3,(...1 __ 1_ Iobla"i<""WIS 1'11:"1- :",al),i, "r "dl ,\·O'l.l<i"~~' w:"dd XOlk '-",wr r:.hl~ 11,·",1 
(;,n"p- I 'PIX" SL (i,,"g~ (;"'''P , Urigi"al:1l kli J"d O·I~"" rOmSil) ",od,-'" II' 'ighl ' \! ~() I I/. Ih'-'e ,,,,, ,.' 
'''\!lc~"bk lr~nd, '" I'ha,~ shili \I ith i"",,'a,in!,- rOmSil) . ~Iodds (lOp ""d IIlp d" ,h,r,- , i",ib,. h", "'" 
i,kmical "l1rib'Jl~s , ~lood lOp a"d I ~p :u~ a!,-ai" "~:,,I) id.'mil':lI i" ph"",: ,loin, """ing ,Ii",,,' ;,,!i,,,, 
ditli"" I! . I"'l :IIIl:II , .~\",p l"""j ''' ,''lid ''ltr i hllkan''I),i,i""dl ,\-16 "I NUlI/, h"''''\'''l-ha''g<'' ",,-\n) 
,,,hi I.- t\r~a"fi"lcrc,li"hladhr;,cld 



TllbI&P(HOtTop---____ -----I ____ _ 

---Top ____ ___ -,-_____ "_ 





Instantaneous Frequency A-36 - Top 

Reservoir 

g uo 

37.0 • 

- 42.0 . 

• x 

%Poros il V 

Instantaneous Frequency- A-36-

Bottom Reservoir 



r' i!;lI'" .1.6.3.7. Insl '''' I''",,'''''' Fr~'1 L"'nC} an,I},i, "fwdl ,\- .16. Kidn ,,,,,~kl ~Oll/._ I.,",,·r lahk I k"J 
(in>"I" I lpp<'r SI . (jc~"g,> G,m,p. Original all.-11 ,,,,d 0·15". I".,,,,,il) ",,,Jd, 1<' righl . 1"1,",, ,,1 " rinlnc" i" 
~b,'~ brad,'1. In II", 8U1 I~ "nal) ,i s. Ih,",,' "rc' " 'III<' ,,,bIle- Jifk"'II,'cs b,-I",'cIIII", tl,, ~kl, ,tIL" II"') I", 
lI<eli,1 1;'rlh~2 _n SI"d) in ch"plcrt(lLIr 
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Reflection Strength- A-36- Top 
Reservoir 

" Porosity 

Reflection Strength- A-36- Bottom 
Reservoir 

" Porosi ty 

ri>';L"~ 1.(,_., , 10. Lmpirie" l m~"""~m~m of fe'tl"c-lio" ""'I1>,;lh. ,\·3(' ~o II I .. I{;"~,·r. () I" I ~"., I'<'''',it} 
",,,,Id, , .lnlhcic>,;,·,ut. RS.WII/. (Irigi"al') n!hclic.,dkcl ;"">I,c">,;lh.I{SOO.\()"4""I,:oO"" l'un»il) 
rn()dclc(I,)nlhClic_ 'r,~l'rcscr\'Oirisi "dicatiw"fll"' l l pp<'r ,\g""In",arcscr.oir. Ih,·"- ",:oph,ill ,,,Ir.",' lk 
"",,,,'ric ch;" ' ~c he,,,,','" ", ticctin" stren gth ",hlcs in th,- 1ll,>Jd, JI P\'''~ $1'l,,;mc nc~l I" nc>,;a,i"'lr<'"l'h 
'''''1',;,,,<1, \lilhin the ",>e,\'Oj, inlcr.al,,_ B"un", rc«'r",,;, in<lica,es the I.""n A>,;":o,h"",, Ca,nd,,­
fe,c""jr. T hcl"pr,·",·f\oir inlc,,-:,I,li'l'ia),a.<lighldccrm,ci nrdlcclio,, _Q,,'n>,;lha'pt>rn,il) i"n,-",,- ' 
"hik Ih,- wilo", n:s .... ''';r. a( (h~ po;n( or rn'·" .'"rcn'~"!. ;",rei'SC' ,h,·" d~nc"scs \I ;,h ;nn,·a,jllg. 1"'f<1·'''} 
I,; s ;rn""nan! '0 "ok Ihal ;n'h.- , ·ar; "hk ,k", i() plo( lig.""· .1.(, .~ .~ . (h,· rdkd;,," ,",c"g.lh ;"c,~a,~s ""h 
;"cr~a,;"g. """"il) ;" Ih~ ~1;ddk Ag."a(h""a. 1"1,;, '''g.g.,·S(' ,I,,· ·1011, rdkdin' l ,(r\·ng.(h i, h~'1 ,;c",·d "" i' 
,",i"hk d~"s;l) plol 



I ;!;"'~ J .tt __ I.I I . I(d!.'d;,,,, Su,'''glh """I),;" ,f"dl A-.l6.i< i,·h, ,,,,,..I,', ~()II, . L,, \\~r lahk Ik"d 
(;'''"p' I 'PI"" SI. (;'~"g~ (;,.,up . II h;,~ Il,,,,'h', ;, ;m~",, 1 "f;"ic'''''!. Ur;g;",,1 d",a,'" kll . a",II"''''';'} 
"'n,ld, 1'",,,, (j.15° o '" r; );hl. I'"c""l "I' ;nl~r~SI ;" hlal'~ bf"C~~!. rhe' ,d!.','l;"" 'ICl'lIglh dm,!;," in th; , 
~()II, pnn " 1" he' 1,,,-, ",hi Ie ,.,,,1 , i",il ar Ii" II, ,' in Ih" 2· 1) ,t«d} in ,h"l't~r.j 



3.0_-1 ,\)'lIllwli(" Se;,I/lI/!gm!/l (/milD';S ," 'rell .. II- In 

W~II M- 16 onl y contains I'cliablc. con lidL'1l1 Ilell d:lla (,mtl"<ll in the Ircq\lclK~ 

alla l;.sis ti p to 10% powsit;.. so 15% modcls arc nol indlldcd . XO 11/ alll'ilwlL' ana l:-scs 

arc c~cl l ldcd from lhis sccli,m hCGlllSC "rTHlIl -lISl,rlll inlll rmali, nl in 11ll' 11\(,Jcl~ , ·11l! 1/. 

pIUb:lrl' 1I1iliJ:cdulI lhc·IOI-llinSI:lIl1:lnCollsth:q ucncyandrctkClinnslrcngth . Thl' I'ahle 

UppCI'I\gll:llhtlna l'escl'voirlnhClill-ohsnlrcdhylheJominanl(io(lsc' l ick lc- lahlcl\>inl 



F,!;",,, ,/>..1. 1 I "S1:""" "c~"" ph"s~ ,,,,al) ~ ,, " r"dl ~1 · 16. R'c·h·, ,,,,,.1.0, 201 1/. " ,,"n lahk Ikld ( i'""p. 
I lpp.:r SI. (;e"r!;~ (;"""1'. O"!;'I\,. I ,., kfl "".I 0·1 ~oo f1<",,,i l~ Il\,)dd, I" ' i!;ll1. 1111,"",,1 "r im,·"· ,1 '" hla,~ 
hr:"·~,·'. I h,· ,\1 -16 ,, ~II ""I) t""' '''",·d ,diah le ,,, ,.I s "ni(:i~", da,a Ii" "p h' 1 U"o f1<'""il~ """Ie·li"g. AI 
211 11/. ;"",,,,"\1,,"0,,, ph",,· hJ>di"n""bk dilT,n·"cc !l,:t,,,·,·,, tl,.. I~"''''t) ,,"'de". I~"'e"·r" "'"'' 
,),'~",a' ic. ~Iodcl lOp has a si",ilar pI",,,· I,all,·'" ",OOp. h'" is sli!;h! ""',,. nal'l',·",t,·d in II,.. n,,"<lk " t 
Ih,· ,\p"th"""r",,,,,.,inn 
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I \g"r~ 3,(,..15. t:"'piric,,1 m~a'''''''',,"nl "fiml,,,,I ,,"""" IrC'I""'\(} ,," the I"'a ~ cr,',1 ,,' 1I"'''~h ""'pln."k 
I'ilhin t h~ r~'c'f\()jr illl ,nab, ~I - I(' ~IJ 11/ Ridn. Ori ~i rla l lu 10"., I~"',,,il~ "',~kk I" Ihe Ie!,',·"" 
11 -.101(/ Orig;",,1 ,} mh~\i< .. in>l ,ml""wlIs f"·tt",,,,"} . II-O().j{l "'IUab" U· " I~lr",i l} ",,,,kle,1 ')"IIo,'l i" 
rOI''''''''''';' i_, IIldic"t i\c· " flhc·I ' PI""Al.'lIal h"n"",_'~" oir , l\oU, '", ,,,,''',,; r illdi,,,,,, , Iilc I,""CI 
A~""t h"n;, ("al()d,~ r~s~",)ir. rile," j, all ",crall dC'n,'''s~ in insl:"" '"'''''''' frnt"""") "ilh ill,-"·,,,;,,); 
1"'fU,il} . TI" ·"ri!;i""IIF4011I.illlhcboi!nmrc'oc·,,nird'''',no' .,ecm t<lCOrrdal <' "d l\\i lh ",,) " fIll<" 
",odd, 



rigll 'e 1.6.4.6 IklkCl;n" S1rell~lI' an;,I),; , ,,(,,d l ~ 1 . 16 " ;lI ll /ltich , liller. 1.",, <" 1,,1>'" I "'ad t;mup· 
l lpper SI . G"n'ge Gn'''p Ilr;~;n;'1 u" Ieli " ;Ih 0· 10"" I""",; t) "" "Id, hI ri!;hL Inle",,1 "f i,nere,t II' I>l;oc-~ 
I>r."'~l-l. fI,,,,,hang,", in th;,"' lr ib""-"",,Id oc ",di,' in """ -",,;n,, lonc-s "r";g""r"",! 1,,,,,·,,,,,,,,,;1) in 
Iat e ra I 2 · I) II(\ri"'''m~PI,i''g _ ,\h h''"gh . t hl'rc;,a " ; ,,.,,·;o,,· i nth l'highcsll,,'mS;') IIIl>Jd 
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Fig",,' 1 6. _1.8. Lmrirical "'~"""' '''''nl "frl'll~,·ti"n '1"'''£1'' ~'n th~ p.:"k n ,',1 or ,,,,,,£11 '''''plil"d,' in 11,,­
rcw .... ";r jml-"" I>. ~1·1(,.jO III Rich',. Origi"al,o 10". Il<"",il~ "",(1.-1" I" nwlq;,·"J. KS~(l111 (leig;""] 
,>",io"i,,- rctkeli"" "rcn);l lI , KStHUO c'luals "u ° 0 ",,,,,,it) m"dd~d s}nlh"li~_ rop ,.',,,,y,,ir is ,,,<li,-ali, ,­
"rlh,-l lpl"" 1\£";0110""" " .. ,cn ,)ir. Il,>II"'" rc,~""ir in,lica,<' , lh,- I."" '" AO\lIalhllna ( '",,,-1,,' "',,"'I.ir 
UOlh ,nne,,;, il1ll"nls sh,,'" increases in rclkc1;,)f, ~lrcll£l h "ill, incr,·"",,!: !""",il) . I" Ihi, "nrih,,,~ th~ 
11;.'" ' «'I'" "flh~ ch"ng~ Ill"} ~ I"", \i", ,,li/~J in Ih,- 'a,i"hk d,·m;l} pl\JIS . 



3J>.5 .\)"1111/('1/(" Sd.'/!/O}:l"IIlIIlIIw/ni., 0(11"1"111'£1/'-1 

\Vell PAP- I C<.lntained re li ab le daw in Ihe trcqll~ney il lwl~ ~ i s \l p Il' 15% pOl"lls it) 

N.He Ihal inl his Ile li. Ihe SO i l,. Ricker Ilal"Cic"1 has Ill' s ign ili(;lIl l ~ hara(kriSl i .; s in 

instantancmls phasc. inSlanlanclllls frcq ll cm:~."rrcnc(lion st rcngth . II is import:lIl t 10 

l1<lteth'lt lhc l ahlep.,inl l'Ol"malion is aga inth innerin lhiswell.all()\lingfortlwlarg\.· . 

intcrva ls. l hl\I'<:I"CI". itJocsnot inln lcrc llilhlhc llal'cfo l"m inf" rm:ll i"11 inthclJ ppcl 

At'uatlllln ~ reservoir ililerva l : I ~ much as in Ihe A-I)9 well. This is l i k~ l ~ be~allse t h~ 

l ahle l'oi nt Formation i ~sl ight lythidnin thislocation 







0% 5% 10% 15% .. - ...... --
I 



ri!!",,· 1 (' ,5A III,lallhll'Co"S r 'C'I"CIIC~ """1) ,is ,>fwd l l' ,\ !,- I. Rich" \I':lI ckl ·Im IL 1.0'"'' I "hI.' I k ad 
( ;mllp- t lppcrSI,(;,"(\,!!,·(;r""p. U,i!!ina l ,,"ldi \\iIIl0. 15·" I)(,,,,,il) ,",,Jd,,,n l,,,;!!"I. It\ICfI,,I,.f 
illlc'c,1 ill ~bd "r"d.d, Onl) a slIhl lc d iIK·,,-II'c hcl\lccn Ihc 001' ,,",1 U51' "" "Ids l" ;Sh. ho"c,cr ll1a,·" 
al:l'!!lT(!i Il",:r.·"",·h,:I'''',·1 11,..IOp:(Il,1 15 1' " ",dds. rhc ",hl1c II"I'tr,' (,flioc d"",!!,-ix'l"ccn U "lid 5"0 
"''') nol he d",,-ctahk "I",,!! ;, ~- IJ I~" i ",". h"l illihi s " .-I l.lh",,· is" ,'k" r ,lirtcrc"" - hd''''cII hOI, "lid hi); " 
,onc,,,fl"",";I) 
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h !!"" 1/>'5.(0 Kd1ccli"" , lr,''');lh """,,,;, ()f"~II I' Al '-I_ Kich'r ""'Wkl 201l1.. L"",,, I'''''k 1 k"d 
GnllJI'- l lpl',:r S1. """gc- "'''''I'. U,;!,;;"" , .,,, Idl "ilh U-I -'". Ik'",SIl) ",odd, It) 'igh l, 1111..,'al .. ("i'lI." ,'" 
jOt hl:o .. ~ brach'1. n,n,- i'''''') ",,,hlk dirr,'cc",c locl ,,,-c-" lh~ UOp ,,,,,I 051' ",,~Id,_ h,\\\'~,." II ... ,~ i_' a 
I:"g'>' din"fC'''cc b,:I',,'<·" lh<' 101' :",d I~ p ""kids, 0",,,,11. Ih~ ,,,hlk"~,s .. flh.- ,,,, I"Lli,,,, 'U""glh 
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'. 7 1)i.\'I ·lIn·ilJlIlJf·\) ·IIfI,,·rit." SI'i.\·III11!irlllll !11111~l'-li.\· 

rh.: qtl:lntilath.: ~nd qll:l l it:l til'': :lss.:ssm~1lI o f th\.~ S) nthct ic s.: isn1<'gr:l llls in thi ~ 

I kfur~ Jisl"ussing th~ tlltimatl' l"f>l1dusiul1 I,>r this l"iwpln. it is illlpnrtnTlt "' ~lJdr\.· ss sum \.' 

l"OmpliC:ltiOTl S II ilh this typl' of r~snvuir ~lI1d ih l'tl~l"t un til<.' allrihtlks. TIll' lir~lllla j ,' r 

i~stI" is til" prcs.:n~~ of 111 ixcd l it ho l og~ II it ll in tllc rcservoir intcrvals, As stat cd h.;til rc . 

this rcscrvoi r is a hydrothcrmal dolomi k play and ",mt:lins I"n~~ "I' p"wsity lk\'~luped 

in r~gi"ns uf"ltnal;oll. ralhcT Ih" ll 1,1I~r<lil y l'unt intiOliS r.:~.:noir ··b.:ds·· Alsl.'. ill thc' 

Agtl<ltlTlJlla and Catol"iw Fornwtions. thc iilholog; \'Mics tWill doloillik 10 lilllCSlllnC and 

prcscntsan a lllbiguoussilu ~lionthroughuut Ihc study . Consistently dllringthcallr ibllk 

~Ilalysi s in 1\ ell A-09.thcO% nlld iO'}(,lllln.lsity block Ill<H Ic Is. and corrcsp,mding 

l"Omp ie.\ trac~ ;l llrihuk~ . prmJII<:~J Tl<:arl y iJenticilrilaral"lcr in all ~lII r ihtl\c"s, 'I hc' 

h) pot hcsis bchi nd this phcnomcnon i, i nt<:rpr<:t~d to be petrophysica l sim ilar ities hctllcc'n 

:llimestonl'lIi th awtlTld Ou;., p(\wsi tyc(\!lt"iTls ahtl l]...lknsilyo f 2.71 g/fltt'a lldintn\'a l 

transitlimc of 1 55 ~l slill. Also, the dat:l suggest dill"m ite lIith 10% percent pur" s it) m, >., t 

Ircqucn\ l" contains hul]... dcnsit) of2 .ngicm' and a lm> . ., t n>Tl1nwn i Tltn\', il t ra n ~ilti llll" "I 

I S.'lls/m. Ihcsim ihlrit) tx·t\\n·Tlthc h H1 SCls ofpctrophysi\.'lllpI"<1IlCr!icsis Glrricd 

dir~l'tly iml1 thc r~ SPlJns~ (\fth~ s~ism i.: allr ibu \es, Thc r<: su lt is t il ;,t two c<' ndili'~ ll s l o<'~ 

WI")' simi lar, and somctimes intii stinJ,! ui shahk,i n the hloc]... pt>l"<l si ty nwd<,l sandal!rihutl' 

C"lllparisons as previously di~cuss~J. Ihis fal"lillus t hl' l"<Hl~idl"rnl \\ hell <lrwl)/illt' 

al! r i h ut~ s latl'rally al"ross rl'1kl"liun horizons ill scismi c data , One mllst Cll"chrlly (\m~i d cr 



alt~rt1at~ s'llIr~~s "l' inl('rmati,)ll. Sll(h as all avai l ah l ~ lilhol"gic I"gs. ,nncn'!, 

J at:l /samplrs , alll..I :l1";lilahlr litlTdtUl·C. l<,Jl>trrminc li tl",I,'!'y"l'a I,)lll' (,finlL'rcst . ralh,' l 

in thl' 10'% to 15% porosity llwJclL>J allrihut~ :lllalysis, This is illtrrprdl>J a~:l limitation 

frum thc frC4uc lK~ an:tI)'sis &lta. Thc h~st rcprcscntativc pdwphysical l:tlUl".' at 10"" 

:md 15'l{'ponlsil Y:lfcc ithcrsimilarinthc ah'lIl' \\clb " I' till' am(lllllt "fJata [(llnrol \\a ~ 

insurtil'icnt in thl' ffeLlUl'nC) analy~is at higher p')J'Ositics. 

rhc scco lld majof is 'lIC. as mcn tion~J pr~VimlSI), is till' imlwftanlT of \ ary ing 

th i l"kn~ss of tile 'i';lhlr l'"int l'"rmation along th,' Sl. GCOfgC Unl,mti.Jnnil) and thc 

,>\ ~rlyill!, p,,~ition "I' till' G""sC' Tid';!..:: - Table I'oinl Inl..::rl ;ll":: Thc transition of 

argill'lcl'''U~ d,I~li~' ~ of the GO(ls":: Tidlc FOfm:nioll into tight linll'SIOIlC of till' 'I ahk 

I'"inl FOflllJlion cr..::at..::s ~ d(ll11ill:ning fcll~rt ion in trrfarc. Thi~ inlufacl' dircCl I) 01 ~ I' I ic' 

th~ St. (jc' lfgC Unnmfo fmilyand thus.ti1etopofthcAgualhu lla l' orl11al i,'n rcscTI"il 

units. TheS!. (j..::o rg..:: l lrKolll'ormity itsclfJocsn"trrl>ate a brgc rctl ~ l ti'lll illleri:lccduc 

lh~sil11ilar lith.,log) uftill' iahlL- I'<,illt<lndAgll:lthlinil Furmations. I"hc largc amplitlllk 

ami wavclength ofthc Goos..:: Tickle- Tah l ~ I'o im inlL'rfal'l' m:dlllles the dl~Cl s ,)l 

int..::rl:lCCS I\ithin thc' uppc>r Agllatllllna FontWliol1 . Th~rct\lr~. thc clTcd p<>[(1s it) ha .. "11 

IhcI\avcletthn!ugh till" llppc:ri\glla thun:l rcscr\,oircl11crgl'sas '1uhtir d langes \\ithin th ~ 

n ,nl'rlinn 01 till' ( j ,l(1SC rickk - 'I ahlr I'l,int retl ~c tiOll 

rh"::lomple, trarc and synthl·t il seislll"grall1 nnal) s i s l' fth~ lill lrC\p loration 

Ilclis (l'i\ l' - L ,\·09. A-.'6. nnd ~' 1 - 16) rCI..::al u ll i lJll~ r,'scrloir sl'enari,,~ and III"lk l 



!r.:qll.:nc~ ;lIld r.:~"llIli,'n ;1l1l"ihuI':~ r.:~pund lu onlh.: Ill"dd wwl~ ~is. Th.: "hj':ll il': ul 

Ihis imal)sis is It' lind;1 s':I"i.:s 01 allrihlll':s Ir;ln ~tCrrahk hI a ~.: i ~mi( PI"II(.:~~ill g pl"llgral1l 

lI~dlll for mapping similar allrihlll.:s on r.:al ~.: i s mie dala. (Finding ~ imilar eh;lrill'I,'r "n 

Ilw 2-D sl'i~mic dala is inl<:rpr.:led as P\!ro~il~ eqllilaknllu Ih.: nHldekd pl"<,.\i,·~.) rhi ~ 

llllllpk)( IW(.: an,ll ~ ~i~ nWI~hillg t.:dlniqll': i ~ 1Iltimald~ lI~ed ;IS a pr.:di(li\ ~ h1(,1 lill' 

l1<'r<lsil) in lh.:illlm.:tiiale"icinil) uf lh,'\\.:lIs. 

In II~II 1\ -01). Ih.: he~l (1 1';llil~ r,:~p(lll ~':s did IH'I ,wellr ill alll(id.:r lIal.:kh . 1\1 

2()11 1 illslanlml':lHIS phas.: (Figllre J/l.2.1I. Ih.:rc iSluldisccrrhlhkdin'cr~ncc in phase 

shih p;ll1.:rn ffllm Ih.: original1o 5%, p<lrosily and IU'VQ_ 15o ~,p(lrns il y . ·10111 insl:IllI;Ill':"us 

phas.: ( Figllr.: 3/'. 2.21 lias Ih.: "nl) anal)sis I" sholl;r diffnence h.:llllTn Iii.: nU>lkb ;rllli 

110 III (I' igur,' 3.6.2.3 ) did nul ,lillll , ullili.:m larialion 1"r Inapping laleral eh;lIlg~~. ,\, 

10" ~, 11l"dd~ in all cOlllpkx lrace anal)~is . The in~lanlan":llll s li"cquenl\ an"I~~i, uj 11,'11 

,\ -0') 211 II I again r.:vcab Il\l dise.:rnahk dilkrene..: h.:l\\.:o.:l1 Ill,'dds . ..t0l11 di spla~, 

5"~ and 15% Illodcls. Thc empirilal graph (1Igllr.: .1.6.2.7) dkelilel) displ;I)":.! Ih.: 

chang.:s hel\\.:.:nl lwpllrnsil) lllodcls;llld also di spl;r)"d Ilwl'llrn:bli"1I llflhe<lrigin;d 

(I;lla . ,\1 SO III (l"tgurl' 3.6.2 .11). Ihc insl:lIl1anCllUs fr':{lu.:nq :Illal) sis dll':s n:s<'h c' \(.'1") 

suhll.: dilTnl'lKl' o.:lll.:.:n Ih.: nuxk·I,. II i, llm: , lillnahk iflhisallrihUl.: i, ~.:n,ilil': 

.:nllllgh h' map lalnal dmnges lalel" in lhis slud) . Rdkdilln sl rcngth. in Ihis Ill'l l 

di ~ rlay.:d dislinguishing characler hdlHTn Ilm.:s "f lOll and high POl"llsil) in Ih,' 20 ;1IIt! 



retleel ion strength II ith increas ing r(ln)s i l~. II hi l\.' the middle l\gualh lll1:1 1"')rt11;lti\lu 

i n t~rl'al disrlays increased rdk(tion Sirength II ith iucreasiug Il<ln" ity, Th~ ~ml'ir i (:iI 

plots (F i gl!r~ 3.6.2.II) display changes in t h~ rdl~u i ol1 s tr~n i:'l h stwngly and rnll'id( 

anotherusc1ullODI in qUoln tihing the dl;lI1ges in Iheallribute_ln \\~II I\ -I)<). Il ber~the 

lable I'"int I' "rmatioll is thi n. the hulk "flh" ch~lI1g" in rdll'di"n strength is c"nt~linl'd in 

sn lalkr scale changl's iulhc'middk oflile ;\gll:llhllna FOI'IllJtionas Ild i. I\t SO III (ligun: 

3.6.2 .1 2). the rellection strength inlhis Ilcl l lllirrored the dlanges inl he 401 11 :1I1:iI~ s i s 

ol1 ly at a smaller scaic. 

I hl' wmrln tra l'" analyses ill Ilell ;\ -36 yield a grl'all' r li-nl ll l"lKY rall12" l,f Ils\."l'ul 

resliits than \\~II ;\ -09, Both 20 and 401 11 i n ~t:lIl1:lI1e<lU S rhol~e :lI1d fr"4u \.'n\.' .1 an:ilyse'.' 

rwdlicesignilicl ntchangeshdlleent hcpof<lsilYIII"dl'lsini:trgccnuughrcsuillti()nlphe' 

phase (Figurcs 3.6.3.1 and 3.6.3.2) is th~ abi lit) to dist inguish 7lllles o j higher and 1<1\\l'I" 

rorDs il y,!W 117 in Slaut~lIIeous phase (l'i glll'e'(l_' _') did pnll ide IIsl'ahl" data in thi s l\l' 1I 

unl ike, \\l'1I A-IN. In SI~ntan~ous freq uency. in the 20 ~lIId ·W117 allalysi s (Figllres _,Jl_-' _" 

ami _'J,.3,5). a ls" produces a distinc tion !wtlH'c'n I_Olles of lo\\~ r and high~r pon" i l~ 

eonsislent ]\" The elllpiriC:11 plot (Fi gur~ 3J,3J,j of inSLllllaneous Irequene') at ·WI I/_ 

(<lnfirms the d istinrt dilTl'I""llce hdwl"l'1l 0-5'% ~lIld ] 0- 15"1., lIlo(le-b. At!W III. 

i n ~lanlanc'uu~ I're(III"I1<'Y displa)~ ~ igllilicant var iation bc1\\'eenth~ I'(ll"<'~ il~ Ill<'deb. 

unli]..e atty oth~r I\~I I. Ketkclion slr~ngth produces vcry suhtle (hangl'. and only 



slrenglhlh,esnolsh'1\\' any signiliGmlrhangel\ilhinlhereserl"ir IInils.--IOlll (I' iglll\: 

l'(1..' ,)OretkrliunSlrenglh'1!llypwlideslery suhlleinneases in renerliunsirengih in 

the 10% and 1 5~(, models, The ell1piriral pl"l (Figure :U'.:;')) ill list Liles Ihe snhtk n;lI ure 

oltherelledionstrengthchanges at40117inthis ll'ell . l'e rlhlps thenHlstill1l'OI"t ,lnllrail 

ailolltthet\·36annlysi s is lheamhigllil) all Ihreeallrihutes shar ,-,hrll\eenlhl' l()al1ll 

15"/0, p"nlSily ll1(llkb. I hl' (\I'nall rl'slI lh of allriilll t(' stud) in \\,,11 1\ -36 r(\IKllld~ thi s 

1\l·1I on I) ~ holl s difkrl'n~e b~t\\ ~en 10ll'er ~nd higher porosity Innes ralh~r lhan 

individual perccntilg~s. 

I"he M- I (, 111.'11 r~\'eals deli ned changes in allriilu\es ill inSlall1aneOIl ~ phase. 

inSlall1aneous freljllenry. ;lnd retkl"lion >lIYllglh. I luI\~wr. due 10 th~ lad ,,1' al :tilahk 

pelf<ll'hysiGiI dal:1 in thl' 15% pomsit) ral)g~. only modds up 1<1 10'% are di~I' I :I)l"d inl li ,' 

''''1-1 (, II dl , In Ihis \\,,' 11. NO I II, anal~ ses plOl ide 1)(> lIsl'ab l ~ results nlld Iher~t()r~ aren' t 

disru~sed . lloth :!Oand 40 J-il. analy ses displav ll1ajJ,lbk rhangesll ilh inlTcasingl'"n>sit) . 

Bl>th th(' :!O liz and 40 l iz (Figllres .1 .6.4.1 and .''(>.4.2 ) insl,1I11.1I1eulIs phnw dbpla~ 

sign iliranl phase shin palll"rn ~hallgl'~ II ithin the nl(1d~b as the resnvuir inlnval s"ismi~ 

ampliludes innease owrall II it h inneasing P(\ rosilY, Inslanlane'>lI s tIYljU C· IW;' i ~ t h~ 

Sll'(lIlgest\.-hangingallrihtlleanaIY/nl inl li isl,,;ll.chali gingll(lt iceahlyin Iheeml'iril"al 

ami l'ari.1hlc dcns i t~ I'lillS. (Figllres].(, .4.5. :U,.·I.J and _',6.4.4 ) Instant ,Ulc(\ns I'l'eqllenr y. 

"vnall. deneascs II ith inn~a~ing porusil: nlong th ~ models and 11l'~1 di~I'I:I:~ ~hallgc' s in 

the 20 1lz 1:I1'i:lhlc (lcnsily pl<11. Renedion '>lrcllgth in thl' 20 and ·lOll z (Fi gll1 'e ~ .1 ,(' .·U, 

and .1 ,(, ... 7) display similar ,·h:Ulg<.'~ b) i ncr~ ~ s ing rellertion strc'n glh II ilh inncasing 



porusity. Thl' ~mrifiea l plot (Fig llf~ 3,(),4 ,S ) conlinlls tl1l' lafg~ f~tl~(li (l n ~ If~nglh 

inn~as~ in I,,\\w f~scfv"if lin its of th~ I.o l,er Agualhun:1 - UPI'lCf Cat, ,(hc It is 

n"ll'\\'''r1h~ Ih~lllh~ Table I'"inl Formali"l1 is Ihid.l'r hn~ , :IS in ",'11 1\ -3 6 

rh( I' Af'·1 ,,~II Ji"pla~ s tl1l' m"SI s~qcm;ltie pfogrcssiollS illlhc a(1ribllt~ 

annl)sb. Thl' hehaviof ,>flhl' in .'lanl 'II1~' >lLS phaw :lI1al)sis lIas pf~diC l ahle in Ihe ~t l and 

4011,. (Figllf~ 3.6.5. 1 alld 3.6.5.2 ), Illlhc 201 (L the 111 0~ 1 signili l"1111 ph :ls~ shill, ,"'l'm in 

11ll' Agllal lllilla hmn:nioll as Ih~ lafg~ n~gali\'~ (hlw) phasc inl~n' al illnca s~d ill dllralioll 

"ilh i Il LT~:ISi ll g p"rusil y, Th~ 411 11 / anal) sis "I' in"l:II1I;II1~<lU S pha~ c Ji~play~d Ihc hesl 

r~slliution ofphasl' shin in Ihe Aguallmn:1 I' ''fmalion, As jJ<lI"l'si l) inefcascs. Ih~ dural ion 

of~<ll"h phaSl' shin is slwrkr as Ih~ eompk'.\il) of signal J~n~a Sl' s . rh~ sam~ 1~I'~s 01 

S) Sll'IlWlic :lIIribuk d1<lllg~s <lfl' IHlll'd in inslanl<lnl"<>us frnIUelll") <II 20 to ·10111: (I·igUfCS 

3.6.5.3 and 3,(>.5.4). I'ileh pmOsil) m<lJ~1 displ:i)s signilie'1I11 (hang~s ailli. 01 nail 

l'IC a lISdlll a11ribu t ~ ill Ihi s \\~II al ·lOllz (Fi gur~ 3,6.5.7) anJ displays <.kereasing 

f~tkelion slf~nglh h~I\\~~n "'1Il~~ 01'10" and high porusity (0-5" 0 ilild Ill_15°,,). rh~ 

20 111: (flgurl' 3.6.S.6) fl'll l'l'l i"Tl ~tfl'ngth attributl' l'lwngl' is h> ... ~ubtk fUf U ~l' fOf 111:lpping 

acruss IMcral hOfil<'ll s , Th~ rdkClion strength allfihul~ lfcnds : n'~ e"n lifm~d using lh~ 

ellipirical pk'i (Figure ".(I.S .!;). To rc slal~. lh~ SO II ,. e"mple )'; l rae~ ~HlrihUl~ S in ,,~lIs ,\ 1-

16and I'AI'- I did nOl pf(lvid~ useful inl,)fIll<1lion :l11darl'nul inL"llllkd in Ih i,disclIssiun . 

0, nail. the resllits of this ~hapt~r SllId) pl\>vid~ a s~ fic s oj' pro~ i~s for 1 1I.lI"<'s i l~ 

th;l1 can h~ imJ1kmcnt~d Oil a sp~citie lo(alion hasis in lh~ vieinili~s of\,~lIs ,'n f~a l 



s~ismir Jala, II is w ry imporlant as rvid~ 11 1 rn\mlh is sluJy. Ihal "n~ muslc'a r~ru l1 ~ 

~\' alualr ~a(;h II ~11 inJ~p~mknl ly al a I'arid) or rr~qu~n l"Y r~solul i'lll ami all (;(\ml'ln 

Ira(;~ an : lIys~s , This \yp~ of analysis is nOI a regional soitni,m bul a Inolln ~~kl1d 

bor~h()k information away Ii'om exisling Ile ib 10 aid illl'rediding IXlnlsily il11h~ 

ill\lllcdial~ vicinil),. 1\ vnri~ t " of tr~qu~llc) I'csoilnioll is in11)()11a111 as Sllm~ III th~ I)[sl 

:ll1rihuic" resp() ns~s \\er~ ,onstra i n~d In ~ilher Ih~ .. 01 11 Rid;er Ilalel~1 or "nl) rl'\,~akd:1I 

201 1/, Yet. olher allri blll~~ ar~ ~qllally r~pr~sl>nll'd in till' 20 and"O III fr(;(IUl'lll'ic" . 

Rarl-Iy. th( ROI-I..: Ricker I\<lh'kl provided \l s ~fu l r~ s llhs btll il lIas slili illll'Orrnnl III 

l"(l'ogni..:c lh~ lI sd'u l da ta it did conlaill. The b~Sl r~so lllii o ll ofallrihmc ch:lIlg~ in this 

sllId" is displayed consisknll" <11 .. 11 111 ~lIld Ilil l b~ Ilscd inlhe Illodeling s\ild) of(;hapic"I 

fOllr, The depth 01 pnxedllr~ in Ih is Sl lld" Illusl h~ evaluakd on 1\~Il-h) - II~1I basis based 

'lll k~Jbac'k fr,>l11 Ihe inili:1I l\l' lldala.c·ach fr(ljllcnL') rcsolution.anticachaltr ihlHr 

~11~tI) sis. Thc ohicdi\'C of Ihis dlapler II as 10 r~Vl'aL visua ll) and 1ll1ll1c'rira l l~. Ihe 

changes in seismir all rihuks 'ilemm ing frol1l p,'rosi ty ntl.,\':~ tlwt cuuld h~ nWI' I)[d 'lll 

sl'isl1l i ~ dala . 



Chaplcr 4: 2-)) Seismic Line COlll plex Trace AltribLile Ana lys is 

4. 1 JlllrO/IIII 'liIlIlI1l 2-J)SI!i,\"lIIicAflrihllTi',~IIII~r 

hellH'~'1I powsil) anJ l'<Jlllpk'.'I. Iral"e allrihules in Ihe Sl. (;~'orgl' (ir"up ~'arbolwll'S ,lIId 10 

s~ismir Jal:1. Th~' Ilrsl slep in Ihis Ilurk foeu~eJ on sei~mil' aHrihule informal ion from I· 

I) s)nlhdi l'Sl'islIHlgramstkriled Irolllpeirophys il'a l dala, Th.:inilial inl.:nlion"flh.: 

s.:r.,nd phas.: \,flhb pr"jel'l lias I.' "hlain real 2- 1) seism i~ lin.:s ~h"1 ,"er Ihe 1" \11 au 

l 'Orl l'Cllinsul'I.~'1Il1'lininglhe l<nll'\\.:lIs;n Ihis si lld) :lslI.:1I ti.:s_ allli nm.:ompk.\ Ir,I(': 

altrihuIl' an:liySl's. Ilo\\ewr. l'.\:II11;lIal;"1I Of lh.: 2-1) sei~mi~ dala availahk r,liscd s':lcr,,1 

.:on':CI'l1SlIilh respecl to (bla suitahilil) 

rill'lirsl lll'U"rissul' lIas th':(llIalit) ol'dalailsc11 rhcnalUl'eorlhee,\l11pk,\ 

slflh.:lUrc i nlhc(>rd\lIi~i:m C:lrhonale scqllcnn:onlhc Purl all POri P.:ninsul:I'II-l'aal"f.:.:1.' 

Ihe data qual;l) imm.:n~.:I), I;a.:h on.: oflh.: four IIdl s sdl'('led in lhis s1 1ll1) lias dril led 

Ilm,ughlhrusl I;Ulhcol11p!e.\CSIO I'll,;nClratclhcl(l<lII\,llIhlocks_ Thl'driltingst raleg) in 

IhisarC':i llasa;m.:dalhydrulhnmait)alin.:dfuOlllallhlods"flhrllsbllhnclilcrallirc 

SlIggCSI.:dp<lfosil) p{lt .:nti'II,: .\i sts \ .: ,g. C''''I~ rl't.,1i2()()I). Ihl' ,kformali"lwln"lurc,,1 

Slral:1 IIl'ar .. 'adl linc 1(1l:alio l1 rcslllll'd in iml~rkcl imagi ng ,llong Ih.: de1~'l'Im'd "'n.:s :md 

1,'ss,j famplilUdeinl<mnation_ Thi s l'lSs" fr.:liahlc'ampliluJ.:illl',rmali" npnlll'dh,lw 



allrihuteanal)se~ . l{cllceturs a !"l·ulknuntral',,·ahk lat"'rall~ in regi"nsurdish'lliun 

l'auwdh) th,,' signilieantstruc1uraldcli,rnwt iuu. SUrlC) (IU;lii t) and linl'lueati ,uI Ill'le 

,lis" ,lllditi"U,ll eontrihuting i s~ues in thl' 2-lJ data llualit) . 

M,'~ t ,'fthe 2-D Sei ~ ll)ic lino.:~ ,n~i lahk in the puhlie domain altlw ("NI (11' 11 

(Can'lda-Nell t\lundland and 1.1Ihrad,'r Olhll(lrc I'etrokwll 1I,'ard) arc o lder. I""ef 

ro.:~oliHion lines,\ilh lH1alail;lhilit~ of3-Ddat;l. More"'er. tho.: rlllmhef "fline., 

inlerseetinglhello.:lIsdireClI Yll aslil".Onlyll1ouflhel\HlflleIIs.I'AI'-1 andA -3(,. 

f,."alure lines Iraleling IhHlUgh Ihe 11 .. ,11 hore. The remaining M- I(, ami A-U') 1I,,'ll s d" 

hale lines lraler~itlg in Ihe ne~r ,'idnit). hut Ihe lIelll,ICalions no.:ed It> he e:\tnlp"laled h, 

lie un Ihe lino.:.s. !\n~r "ielling the :ll'ailahlc 2- D scismic data. it lias d .. 'cidcd Ihc .'Iud) 

n"'l·,kdh, (lursucan aitcnral .. ' palh fllrcUrrdaliun"fallriilutl's in 2-D lIith Ihl' s~ nthc1il' 

sebmllgram stuJ) inltwptt:rtlm:o.:. 

4,1.\'illrllltrlcd, Vllrillh,.. I·/lro.~i~r 1-1J .,·d.,mi;· Jill<' J.:<'II<'raliol/ 

Silwo.:ro.:al 2-D ",;ismio.: data o.:tluld nul hClilili/cd. an aitnn:llo.: mc11 wd,'1 

~) nlhdio.:. simplistic rc~crl oil' tnodo.:b cuntaining I~h,;ra l l~ \ ar~ ing ro.:~el"l "if l)(or,,~il) 

I.oncs. Theaimoflhi s model II"<l S 10 simub!e ialcr;1i p,u\lsil) ,ariahili!) inlhel·arhunal .. , 

resnl "ir. TIll' model is IIll'n USl'..! 10 gl'lll'fall' S) 1I1lwtie 2-D ~ei ~mil' dala ul"lt,n 1<lli.:ll 

wmpio:\lraco.:allrihuto.:sarcmcaSllredandcorrciatcdl"lheresuitsofch:lplnlhrec.lnlhe 

:lhwneenfn,;;rldal:l.lhc1ll0deis"isuallydispl:I)lulllrcl1c(li,lnallributcsl\ilhinlhc 



Th~' d~'s ign Ih~'ur)' Ill'hind 11ll' l -lllllO>dds lIas 'Illilc' s il1lpli s li~ , Th.: ;Iim is hI 

.:r.:alc' a dala driwn modd Ihal ~ imlllal,: s; 1 Iilri.:t~ III' g~III ()g i( ~lllldilillll S, SiIK( lh.: 

mlldd~ ;11'( hllil! from 11.:11 dat,I, th.: rrim ; lr~ Ilhj':(:lil": is hI dil':lIl1\..:1l1 hl'\\ lh..: ~..:i smi.: 

..:.>mpkx tra( ..: allrihllt..:s ( hang..: in r':Sl'lllls,,: hI lal":f;11 pon's il~ lafiali lllls;lI1dd":l.:rmin..: if 

;lltrihlll.:analys is mighlpro\' id':'IPf..:di': ;lliWl()(,1 I h.:fol l.,llingg.:ol.'gi..:par;IIl1.:t..:rs 

11.:1'': ~ali slkd in lh..:modds: 

1)l ar)ing th id :n..:ss .:ondilinnsoflh..:T:lhl..:I'.,inl l' ormalion;lI1dllll' Oll'rl)ing prll,\im il) 

Ilflhe (iUllSl' Tid k- r ahl.: 1'(lilll Inlerl;l..:e, TIl" dill'..:r.:nllll .,dds 1\':1''': Ill ;H!.: Ililh ;!thin 

and lhid-, ~ lI.:.:..:ss ioll o[, Tabk l'oinl l'tll'Ill;l\inn 2) Ih..: lllmlds hono urc'd 11ll' ()I'igin;iI 

r..:s..:r\'(lirar..:hil':':ll1r..:des(fio..:dinlh.: lit.:r:ll ufl'andd':Ill (>nstfall'din Iheana l) sis (.fllw 

11..:lilogs. 3) Ih..: Tllodels l'onlained f~'ali sli..: 1:It..:ral p('fllsil) I'arialiuns llilhinlhe re~el'l O i f 

/on~' s .j) till' 11\(,dds s inlld;llc·th~' H'lm'it) "flh.: r~'s.:rv uirs , IHlIl -r.: s.:rvoir ~arhollal': s , and 

;lrgi Ilae":(Hls/silli.:laslic ro.:ks in th.: illlen ill 1,1 ~lUd) 

.'-:!. / .\I"del "lI iMillg j!{If'OIllt'It'/"\' ollll /"·o,,,',IIW<".''''- 11/<, J-n .,Y 'llh, ·I ;' · ," 'j" mi, 

models 

r hc Ill odds ar~'dl'signcd lIsing lh.:r.:s.:r",irar..:hil':':hlf..:kn(l,\n Ihllnlit..:raiurc 

/'''I':S:u"( ilssigncdlll". J llmlhid.inl'':flills inllll'lJppl'l' l\ gllathlltlah >l'Inaliun;!lld 

L,,\\a Agllillhillw-I Jppa Cai>l.:h..: F()I'lllalions. rcspcl'lill'l y, \\ilh 45 m spKing in 

hdllCl'n till' fl'sn\'uir porosit) / " tll'S (Fi gur.:s "' .1. 1 and 4.1.:!J. Nun- r':SCrl., ir ~ Irala 



1\lso. thc T:lh1c 1'<liml'oflllalilHl iSfCpf" scntcd h) n 1n.,tam thid,.ncssallli Sh:lfCS thc~alllc 

1c1()cit)asthcnon-rc· scfluirl:uncsinth,·St.(;corgc(;ronp. r hisrd:lti<'llshipi s 

l'st:lhlishcd fWIll c:><alllining 1",11 d:lta in ehapta three "h~er\ling tile" pdwph) sil':11 

similarity. Tllo modl'ls I\ith din ... ·ri ng thirkn t· . .""fth,' rahle'I'oint F,'rm:lti"narc 

construdcd Ilith thin (l' igurc.J.2. 1):lI1d thicl.. (Figurl·.J.2. ::n ","nlln·nee·.". Ih: 

argill:KcIHls (j{lOSC Ticklc(jmupisassigncda scparatl'Iclocit) to rqlr" scntth,' 

signi lil"ant contrast fmm till" undcr!) ing l·arbonall"s. 1)imcn~ion:dit) int,'nnati"n b 

assigncdhlthcIllIl(lclsant1fcscrlllir/oncs hlpl\llidcarcalist ic scllcltlthc s)mhdic 

scismicmodc1s 

Thcdimcnsi(lllso fthcscismiclincnw(kbar" Sdto 2 kl1ll:Ill"l":III) and 0.(, 1..111 in 

thirkm."ss tllPWvidl·:l1Iad,·qu<lk" rangclIfdataahlllcand b.:1t'1\ thc rC~Cf\llir/llllc.'t" 

l'apturl' :1 11 il1lp()r1:lI1t rl"lkdilln int,)rm:ni,1Il II ithin thc tl)"dcb. I::lrh Id"cit) in lhc 

In"dc1s is a~signcd h:lscd onlhc /(lnc rcprcsl·ntl·d. ddl'rmincd thl"llu!;h thc stati~lica( 

an:dysis illl"iwpt.:l"lhr,·c. AWf:lgc' IClllCilics arc dClcrtl)illcd lWIll :1 IItilllfllclisinthc 

rc~cn,'ir carh, )I]:ltcs. llon-rcscfI'llir carlxlll:I1CS. and argillaccous ~ illicb"tic's (Tahle- ·1.2. 1) 

I hl'l'doritics l:ducsarc :ll"cragcd frolH thl' "'lItirc'd"t<i ~cttllkccpthc m(ldd gcncr:d 
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I'i ~"r~ .t,!, ~. ~·D "ra) ,~ak ",,,del r,-p,.",,,nl;"!> a ( hic ~ '''''(c»;'''' "flhe rahle- I',."n 1'0''''''1;,,,,. r\,,( l' 
wl,"';I} "'al""ilh;t\ lk "'''T",;r'lII;tI(dc''' '{<'d1» I~lro,jl) l>cr",' ''1agc'I. ~laj"ri''I,·rl:,c,·"h()''n'' ' r ,' ,1 
VdOC;1) 1Ilf(",,,:uj,,,, i , ,"bSlilLMd 1'", gr;,) ,",:al,> ",llIc, Ii" lh~ linil,· (!irk,,''''''" ", .. <1..1 



'\ 2-D linite di1rn~n('e mo(k lint\ progrnm i ~ used to gennatl' 2·[) s Yll1h~ti~ sl'i smic 

adl'qllatel y sampk the aforementioned 1' ~l oc it y model s and hI S:l t is(1 th~ ~tahi l i t~ 

l'(lnJit ipns otth~ modeling pmgrilill at 10 griJ n<Hksi shortest Ilal c'knglh I,'r a ma,inlllm 

rrC'ljUl'nry "rIOIl I I/ , Thclllodl' l ."llm:,' i s arlanl'l\al~l\ilh<ll{id,,'r\':I\'l'Ic'lrl'slliling 

in a simu lati,'n "ra normal i'KiJl'lKl' s~i"Ill, ' gralll , I'hl' l -r~qu" IK~ spl'ctruill "rtl'l' ",'urrl' 

\\al,'ld had :11)<,<lk 01'.+01 11 :IllJ llla.\iIllUm rrl'qlll'lKY "I' 10011/. Th.: data i~ liil,'rnl lIith 

an ()rmshy handpass lilt~r(.+ - X - R() - IOOII/_ )I"elllulalc tl'l'tll'st Irnllll'lll' )' r.: ~"llIti(1I1 "ftlle' 

attribute analysis in dwptCf three ('+Oll z Kicker \\awlct), L~ltcra l ,-hanges in p"l'<l,il~ 

iul'iuJed ~" abrupt dwnge in ,do<:it~ docs not OCClIl' bl'll\eell e;h;h Il<.m's il~ l,lIle 

Wilhollt th~ se gradatillnnlchi1l1g~s . ~dg~ rclkc ti,lI1S arc r,-"dll,-cd h~l\lecn pOnl~it) II'l1e 

Ic,rt i,-al h<lllndariesandaIYedalllpliluJeinl'"'1llatillllllllhehl'rihllll:Ilrl' Il ,'l'lillil 

a lso silllulal,'dacl u<l1 g,'u logi,- uHlditiuns iUlhis l)p<.:of res<.: n ,,)il' . The I'<': Sl' l"l'o ir inl~I'\:l I ' 

ar~sepal"aled im" O. 5_ 10_ anJ 15% p"l'(\sit~ mne_ ... \ l-igllr,' .\ ,2. 1 allll ·1.2.2 ) rh.: Sl'isn , ic 

lilll'sgeneratcdfromthis procl'dul'l'arl'imrol"lcdintol.:mdmark son\\ar,'t, <lllaIY/" 

rOll1pln ll'areaurihutcrhangeswililruro ... il) intlll'linal part <! flliis sllld:- . 

4.3 '\:1"11111",;(, 2-D Sd.I/II1t- M mld CO II/plex Twn' Allrihllle AII ,,~p-i\' 111111 Corrt'illlioll 

Instantanl'''lIs phasc'. inSI :mtancOUSrrl' ljUl'nry anJrclkl'liunSlrengtli:lrcanal:-/n i 

l'n the 2-D se ismic models. ~Iwlogous to Ih~ 1·1) synthetics S~ i sIlHl g,r;llll.s illchartel" lhrl'" 



Ih..: fu l iLl I\ ing dis!;ussiul1 ..:\;arnin~ s th..: r..:sults "I' thl' :Ittrihllk :rnal) s ~s and th~ ~"IT~l:rli, 'n 

b..:t\\'..:~n\'nriou s allributesnndrcscn'uirpurosity _ The data arc frrstnarnil1<:d\\itlh>llt the 

add it i "n 0 r any n" ise 1<1 ron Ii rrn t h~ rnnsi sknl' Y II it h till' 1· 1) a n ~rI y'il's. rh l' n. a 

~en~iti\" i t) analysis is l'arrinl (lilt tu lktl'rrninl' till' rohu~t lll'SS o rthe attribll1l"s in th..: 

rrl'~c'IKl' ufrandolll noise. From thi s puill1 on. the tll O synthet ic seismi!; m"dels II ill h~ 

rd','rrl'd to a, ""til..: 'hick and 'hill models. r..:knin,!,' th..: Vilr) in!,: Ihido1..:sS "rtlle' rable 

Point Fornwtion Il ithin them . 

./,3./,2· f),-d .,mit'1I/1JI/d 'lil(llill'tls,\fs,I/II"1!/ 

rhrsynthl'ti..: ,~i"lllil' Illoddsal'ed..:s igned torcIl101''': i l l'1 i t:ldspl'<l(hl~"d Ir'>l11th" 

imperkd slnlc tllrc ol the Ilwde l_ 1{~tler1i,'ns fnu11 th~ sides (,r thl' IlH1lkl and in hclll"~n 

reSlTI,(\ir p"r<lsity /"ne~ inlnkrc' II ith alllpli tude information in the l1l'ri/l1l1tal l\:tk~li"ns 

alll! are rl'llHlVl'd in Ihl'dbign proc..:ss. Fig(lrc", .3. I,1 iS~lIl":":lIl1pk"farlit'l..:tsth:rt ar..: 

r":lllu\"l'd lrom the seism ic lin..:s ,lh..:relk(;li()n~\'Cntsinlhern(\delsarenalllincdl<lI 

sullkientsln.:ngth priorloprc...:eding Ihe(\mrlnlra(Catl i hll l l'~a n:llysi ,. I { e l'-'rh l 

(I: igllrl's..!.3.1.1 alld..! .3. I,Jforlilwllcrsionsof 2· i) sYIl(i1etic seisrn i(lines 
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F;~" ,,- -L~, I ,2 . .'!-f) 'l "II "'I;" " .; ,,,,;" '11<'<1<"1 . Ihid. T~ ~1.: P";,,1 rm ''';,I;'',,_ ~b i "rw"I~LI' ~r~ in r~,1 

P",,,,;I } W I"" Ix,~n J ,'11<, (,' ,,,c'a orr~,~ ,, () i r mwd;"" r-,Ol ;,',' 1M'" l h~ rc-lkd iOll I''''''a~,·> .:10:11'"'' lI i lh 

\; '''lll'~llOm''l y 



2 km 



In g\:n..:ral. in~tantan..:"u~ pha~..: di~pl'I~ ~ ~ignilkant lat..:ral d1ang..:~ II ith \ al'~ing 

phas..: "hiHs h..:l\,..:..:n /.,I1.;S of high and 101\ pornsit). I'his I'c"lationship i~ n'n~ist..:nt in 

huth l lppn Aguathuna ami LUlln Agu,lthuna-lJpP\:I'Catnl'ilc" rc"~\:nuir un it~. h'r 1"'lh 

and 10°-;' porusil) LOIK·S. DC'~pil": ~imilarma.iur phase pallern th\:mes th\: Ihidn..:~ ' mud..:b 

ar..:quit..:difkr..:nt in minorphas..: shiH pall..:rns 

hd"" th..: Tahle Point-Goose Tidle 1r1led'Kc. It is cle:l1·th:ll lIilh increasing p"rosil) , the 

numlx'ro(phas\: pularit) shiHsdl"n\:as\:s. rhisallrihutl"\:hangc" i, idc'ntil-altoth\: pall\:rn~ 

Oh"."fWd in IIC"lls A-O') and PA I' - I ill l'ilaptn thr~\:. rh\: larg\:sl phas\: , hiHs"c\:lIr Ilithin 

th\:Aguathllna l'ormatilln\\ha..:th\:nq!:uil..:(rcd)phascc<llupletci)shilisl<'p<lsit ilc 

I-ormation. tlw magnitudc" uftlw nC'gatiH" ph", \: i,,,ul) s uhtl~ alT..:ctcd h) thc inc"fcasing 

por"sit). In thc k)\ln rcsc"rvoir unit "ftlll" Aguathuna-Catol'il\: Furmati"lls.l'ha~..: is 

1""iti,l'n,rrclationtoth"::llIrihuh:s mapIX'diTll-haph:rthr.:l·andrn..:al"lhIHlIldh\:t\\..:..:n 

S",.andIO'Y..purusit). 

r h..: thkk 1l1(ldcl (Figur..: -1 .3 .2.2) do..:s n,\l {Iisplay th..: anwunl ofinslanlanl""u~ 

phas..: attrihutc' ruhusttl..:~s a, th..: thin mod..:1. Th..: signitk:tnt :Htrihll\C difkrcncC oc(urs 



ll\:tllc~n zoncs of high porusit~ and IUIll'r p<lru~it~ II ithin the re~crv"ir p"f()~it) /, >l1eS 

and largely b~t"~el1 5'\~ and I O'Yo pprosit:, " Th~ muilipk Iwlarity ~hilis prc"sc"nt in thc" thin 

nHlde i arc not present and p" bril }" shift int,'rm: l1 iI111 h~tll~~n t h ~ 0"". :111.1 5" " res~r\'()ir 

/(lIlC"S is H"f~ suhlk"" fhe suhll~n~ ~s "flhe phase shift pallel"ll and dl1lllin:uH;e orneg:l1 il e 

ph;ISC" laiues is l"(lrrei:rliVl" l(l lhc" r-,."1-16anJA-J(,\\ell" hnl"liwlahlel'(linl l""rlllali(ln is 

Ihid;l"[,l'ha"'l"pallc"fns tionOll"h:lllgC"suhslanli;lllyhl."llU"enl"al."hp(lwsil)/I'tle" i)espilc"" 

lhl." "uhtk" ch;lIlgc" I,fillslanlanwus phasc"\\ilhin lhc" thil"k n H>lkL il :lppears ltl l""rrci:rll' t(l 

the ,,,."11 info rtll :l tion and provide di~li ngu ishabk changc "ilh iatnal 1';lrialion in porosity " 

rheh"Yl"haral"lcrislil"si nh(llhnHldc"lsisl hl' llla il1rl'll la rilypal1l'l"Ilshilihdlll'C'llthc:''' " 

;llId 10% poro~it~ /Ulh.'S" 



Ins! Phase (degrees) 
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Ins! Phase (degrees) 
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hg"'" ~3 .1.1, 1",la"I"""o,,, PI",,,' """I) , i> or Ih i"k "'odd , Cl-hj ul' i"i<:rLtCcs , I""", i" re' !. 1',,,,,,,;1 ) 
7_"' '' ' i"di"" I"d hy black bow, and p~rn·nt"g~_'_ r--.ot;",' Ihe' "" ,jor ph,,,,- shill 1'"11",,, b.-l"'n-t) Nm-, 0 1 
l1 igl1""d lo"' p""" il), 



tl!':~lIr h~t\\ccn Ihc 5% al1d 10% pOI\lsil) I,oncs. I'lkcts url hc grad:nil'na l nl<ldl'llks i ~n 

arc apparcnt illthc iIlSI~IlI:II1COlIS frcqllcncy an:llyscs as val'iati llilS II ilhin tIll" p"l'"sitl 

:loncs. Again. both scisl11ic lIlodds d irfcrin Ihc I'Obllstncss and challg~ patlcl'nsl,f thc 

install1ancolls ti'cqllcncyal1ributc 

Thl· thi n nUllkl (Fi~ l! re -L"3 . I)displays rob\lst changcs ill instantancolls 

I"rcqul'nl') IW[IIl'l'U l'(lIll· ,., "rkm and high ))<.l ros il). Th~ upp~r rcs~T'\ ,'ir in Ihc Agll:l1 huna 

FUI'I11:nioll int~I'Cstingly ShOll S highcst in~l:l!1 t;l!1c,'Us t'rcqul'nC) I'a lul's hl'l,lI\ the 

rcscrl'u irpon,sitY/Il I1 Cshcll\Ccnthc(J-5°;,rangl's, Thchigh valucs shiti up intllthc 

rcsal'"ir l(lIICS tx'l\\ccn thl' 10-1 5'/0 ranges. Iligh illslanlanCllllS trequcn,) I al I IC~ 

an()Ill~lous l ) Illlctllat,;lIithinlhc 10% I'cscn"ir P<1rosilY/'1!lCS, Thisehan~c lIithina 

porusit)' ",lllC is most likd) :l1lrihutcd 10 thc gr:IJational I'cluei l) dl:l!1gl'~ dl'~igned illl<' 

thc mlldds alld is r~ l alcd to the cfl~cI "I' gradua l I) l'h:lIIging p()r,'~ity . Tlw b,'l1l'm. 

1 .0\\'~r AgUillh llna- I !ppa ('atuchc l' url11ati" l1 reslTl'u ir l'(lI"'~it) lon~s dl) n,,1 Ik II ilhin 

llll"rl' gionsorIMg~slaltr i blll~ch:lIIgc. The la rgest altrihllic ellangc's li edirl'l'Il) ah" \'c'lh,' 

(0-5%, I.un,·s) and hdllll till" ( 10- 15% {ones) ( s ~~ figurc -t, } ,} , I). The l11aj"f atl rihute 

n ',,'nIS ill the r~scn'oir porosity :I,mcs e,' rrdale II ilh cvenh ill till" 1'/\1'- 1 1\l·11. rhe /\-(1') 

II'cll slu'l\s sOllle (urreLiti<1t1 lu thi~ t1wdl' l. hut il i~ IH'ak. 



The lh ick llludel(l ' igure") 3.3 .2 )ag: lintC:1tlln':S I110re SlIhllc:l11rihll1c"citallgl'.,in 

lh~ IOlu' r r<ml~ i l~ /<1IleS (O-)'Y"). Thcr~ :Irc ll\' ~rall. lll11r~ il11..:r\'a ls 0fhigha 

illslaillall~olis rr~411":IlCY illlh..: l llll~r l'or,,~il~ (0·5%) ZO IlCS. blll lhl' dilh'I'c'Tln: bl'llll'l'n 

O'j;-';md 5% i~ v..:r;. SlIblk . Til..: 10ll'cr porosil)' Z,lIlCS (O-5'X, ). ill hOlh 101' and h"I1< 'nl 

r":~":I"I ' ()ir~ lIllilS. do 1l1111 ic l\ill1illllw inlerlnls "f l argl·~t allrihllll' ,'hallgl' . Inl'<'ntr:lst. the 

higher pmusity 7<l1leS (IO·15'\{-.) du Ii..: Ililhin r..:gi(llls"flarg~Sl'\llrihlllechallgealld 

al'p~ar hl hale lknl·as~J inslanlane"l1s i'r~'-l Il ~ lle). I' he 10'Yo, p"nlsily /,\ne in lhe I.,m el 

AgU:llhllna. IJpper( 'alurhl' I' urmaliun rl' .'erl'(lir lillil :Igain rhangcsla llll' inllTIl:illy, The 

in-r:mlaneulis frclju~ne) allrihllll' is graphiea li y di .'pla) ing hUll Ilan'lenglh i' l'h:lIlgillg 

pur, ' ~ily J:(lll~~. TI1l' allribllll' chang'·s illl h" t hi"k Illodel do nOI s har~ l'()rr~I;\l i oll Ililh 

~\'cills ill IIc'lis A-,,(' and rvl·I(, (Ilelis Ililh lhid. lahle' ['(lim h'rm:lli"lIj. 



Frequency 

2 km 

260;~~~":;!~~~-~-~-!-~-§~"~3 
. • " .. .... iOl · ··· · · ~ ·,, ······ ft ·· · · · · 

figure- -1.3.3.1. luslaul"uwus l'r"'IU"'''') I\ual),i,,,,, Ihe 2-D Ihin ",,~tcl. ~Iai'" i" ... .-I:,,,,', ,h,,'''' '" ,.,." 
!''''''''') ",,,cs i"dicalcd b) bl:,,-~ Do"" "",I P'-"-"""'gcs. Nolie,· Ih"lIIajo,din'-"'-II(" ill i'''I:II'I:tll'~'''' 
rr"'I"'-'K) "'-I\w,'" ~o"eS "rhigh alld 10" pomsit) . .. \1",. "o'e ",,,ia",,,, i" i''''a"'',,,,'ou.' frl.'l.llIcllq "i,hlll 
,he' IOOop" msil) h)",', 



Frequency 

2km 



.J .J.J Ref/cel ion Sll'ellglh IIII<lh 'si,1 0/ 111<' 111".1"1(',, J -1Jsd.ll!l ir 11/(IIld, 

l~dk';lion ~lrcn g(h is a prcd iclor " fporos ilY in blllh sdsill ic IIIUdd s, It di ~ p l :I) " 

SlrPng bteral atlrihllte.;hangl.'s allhc lahlc 1'"inl-(, ,'\lse Ti t:kk Intertil.;cand \Iilhinll ll" 

rese rl'"ir p'l[()si ly /,1!les. Again. Ihe mai,)r lheme ,)rlhi s alll'ilwie rel' e~lb slrong ,;,'nlr;\,1 

hcl\\eenareas"fhigheranJlul\erporosily.()veraILrclkcl iun slrenglhinneases llith 

inereasing run'~il~ . This relalionship is iJenlical in all rUlir orlhe lIe li s pre\'iulI~l } 

e~am i ned in chapter Ihre.: . Thl' thil'k se ismi <: I1HIJe l prodllces a l1H1re suhlle rcsu llil ion in 

allrihll le resp,.>nse Ih~lI1tl1l' thin model. The t hin ~e i smic I1H1Je l prodllces sln1ng l'el1",:li" 11 

rhc thin se ismic model (Figure .J. .JA.I ) rcwalsa clcar :lltr ihlllcd i.Qil1rliun 

hcl\\een rescrl'uirp\ l rosit~ /ones,IIlJ Ji spla) s inne:l.,ing relledion slr<:ngth \\il11 

P"rPsil). I 'un>~il) lias an dferl un lhe allrihllh:s "flhe T~blc l'o il1l -(ll1<,ISe Tidlc 

Inlntilcc rcllcl.'lorhy incrc~s ing relleclion Slrength abrupll )' heilleeill he 5""allll 10"" 

puros il) 1OIlCS. Thc boltonl rcserl'o ir \lI1 il als" dispbys an innea.,e ill rel1el'li'\)1 ~lIn l glh 

hcllleelllhe5 "!.,and lo(% p"ro,il) I.<llll'S. rhl"rl·issllmcd islincli<lllbclllcl:lll.':l(h 

indil' iJu:1I porosily /olles in holh h'p and bUlh'>llI n,; scrvoirul1il S.I\lth()ugh ",:r\, suhllc 

Ihe differcncc maniti:Sls ~IS minor inneases ill relkrliull slrellglh II ilh illcrl' a ~ ing I'llr,,~ il) . 

Ihl' :Illrihule challges in lhis IlHllkl n Jl"rl'la lcs Il> c\cn(s in II'cll l\ -O'>.lu\\leln lhe <:Ienh 

iTt ''''III'AI'- 1 do not corrcl~ltc 

I he thil'k m(>del ( l 'igure.J.,.l,4.2)Jispl:ly~ s llhtlc. but rl'slll':lblc<:ilang<:s in 

rdk(lillll ~lrl'll gth. Tile major allriblltc changc ~g~in occllrs bl:ll\<:cn z"nc~ "rhigher and 



1""np"rtlsily. llolhIOP:lIldh.1UomrcsCI"I"oiflinilsillhCI'\CCIlO-5" "r'llf<lSil) lonodid 

1101 rcsol\l· ~igl1inl·'1111 allrihillc l"h:lI1gc \\ilhin Ihc porosil) loncs or "Ihcr ;Irca~ orlhc 

mtld~·I . Thnc· is slIhl le- dill' .. rcnl"c in h(llh lop ami h, )lhllll rcscn"ir unils anH\Ilg~llhc II)" " 

;lIld 15%, poro~ily I\lIlCS. Overall. rdkrli, ' n ~ Ircnglh innc:lsc~ II ilh inuca~ ing I",,>!"<l sil) . 

N" rclkrli ,'n ~ Ircnglh ;!llrihlliC rhangcs ;If(: " " scncd inlhi s lIlodd allhc lahle- I'"illl ­

(;oos~· liddc inlcrl;'lrc. Tlw rdlcTlion slrc·nglh p:llk"rnS oflhl· Ihil·k mudd l"I.rrd:l1l" [01 



2 kill 

5% 0% 

5% 0% 

," ,1>,' 2· I" llIill " ",.1..1 \1.11'" ,,, 1." ,1,,,,",,10,,,, ,, ,,,,.,',1 
','IIW II,,' "",j,,, Idk""""(I,'''~lh"",.c'a"'h.'I'',·",, 



Reflection Strength 

2km 

I i);"" ~ _ 1.4.2, Renee'li"" s",·,,);,h """I},i, (On Ihe ~.IJ Ill id. "" .. Id , \laj'" ;nl,·,bee, ,11,,"n ill ,.,-<1 
I>",,,,i l} m"c,; i"dic;II""~} h l"c~ h.'~c< ,,,,II pcrc<-nl");e,, ,\l1h",,);11 "''''c ,,,hlk. Ih,",· i, a rdkd i"" 
"f<'n);lh incr,·"", I>o.""ccn """., "fl,," ,,,,lIhigh,,,,,,,,,il} 



-J.J.jIJis{'Ilssioll"/('OIll{lh'x"fi'lIa .. JllrihlllesinlileJ - IJ-"eislllicllllldd .,' 

Oll~ or th~ Inajor ainls o f this (h: lIlt~ r is to detcl"lnin~ if pllrlls ity I'ariati(lns can h" 

mapped b teral ly nsi ng C<lmple>.: tra(~ attrihnks_ r ile att rihutes ~ .\ilmi l lc'd on hoth s~ i sm il' 

mu,kls prow l'hangi ng porosity (ondit iol1s manif~st in \h~ l'omplex tral'~ :Itt r ihllte's_ I he' 

di,tinrtion h~tl\~~n wne'S 0 1' 10\1 poros ity (0-5%) a nd high po ros ity (I O_ 15U ,,) i~ the' most 

(l\lIstandil1g rllarartnistil' in all thr~~ l'<lmpln tra..:~ ~I tt r ihll tl'~ ami in thl' 1hin aml thil' k 

changes ar~ 1l1<'re s lIbtle thick m<ltl~1. I-.:Il'h attrihllte' prl\l' ides a uniqlll' ~l'n ~ iti, ' i t~ to 

..:hanging p"ro., i t~ r"lld i ti(lll ~ bllt til..: \!vrm ll re,l,]l iseonsis k n t t,'r :tll attr ihutes 

Re lkction st rength displays attribute l'h:m g ~ s a l"l1g maj ' lr interl;llT .... anti \\ it ll il l 

the I'es~r\' ll ir poros it y /(ln~~ _ Th~ r~n~rt i (lll ,trl'ngth attrih ll te: d (les sho 'l subtle I':l riat ;nll 

betll~en individua l /ol1es of porosity. hilt the major ~t1Irihutc c hang~ i~ ~ h:lrp e,l11tr:tst 

h~tl,~enthe 5% and 10% porosity L<!II ":S. Th is \' n~ e>.:peeted heC<lllse tlw 5 and IOu" 

lonl' ~ h:ltI the largest prtropilyskal contrast of all~ 70nes ("'l'r~ l:u i (l1l 1<' the majol 

dl<!llg<.'S. in both seismic Inodels, '\ :IS made t,'t ll re~"flhl'I(Hl r\\c' l b inl'haplc'rthr,T, 

Ih..: I'AI'- I "..:11 "as the o nlv \\cli tOllot wrr~I;]1c' to attrihute C\'l'llls ill the: s"i slll k 

mmlels 

JI"jajor p~t1CrtlS of illstantancolis phas~ in hoth nUKIc'Is are: curr,·lat;"..: "ith patterns 

in the II Clls, /I.,linn!' phase patl~rns Jid notl'urrl'btt h(l"":vcr. bUI is nut S\ lrp!'ising hecause 

the data in till' ~e;smi l' li ne'S is h (lilt from :l\'er;lg~s o j all \\ells_ I n ~ t:lI1t:lI1e"u ., pha.w slum 

cle:lr diS1i nction hctll~en /"nes "f highcr anJ Jtl\\lT p,) r(ls it y (maio!' nmlra~l he\\le,'n ~"o 



allli 10% pornsity l<lncs) in h<llh wisillic Ill,"tcls. hut d"c~ n,'1 rcwal allrihutl'd\,nlg l'~ 

1l<.·t\\l"l" I I(l-S% aIllIIO - I S% I){'n, s il~ I"IICS 

Inslanlanl"'HIS frC(IUcnC} is thc kast usdul "flhl' <lltrihlllCs inlhis 'lUd~.lh'l "n l} 

inthis l·haptl"f. hut inthc\\cll an<ll )s is nfchaptnthrcc.1l doc~ n,ll rC<ldil) ctll"rcLuClu 

1ll,ljnr frcqucnc ~ ,Illrihutc (h,lngcs in ,LIl~ ,'f lh..: Ilcll ~ . IHlf tll'CS il pI"III'id..: a ~h<ll1 gc 

p.lll..:rn II ilh prcdiCl<lhk tr..:nds. Thn..: is dislilKlil\l1 hClllccn IIHlCS "rhi ghcr plH"l'~ itl ,HI d 

Ill\lcrportlsil~. Ilith m<ljnr(" ntfaSI hctlH'cn Sou and lOo " portlsit ) l<lncs. rhc lll 'ljl ' f 

d "mg"'s imtantann'us ffl"qUl'IIl:~ IICCUff .. ·d lIulsid .. · llfthl' re,crl "ir po.'n lsi l~ II1Ih:S <llllilhi, 

musl hc <I(wlI!lIcd li) r h~ thc ill1crprct..:r lls ing this .Ulrihutc. IIll..:rpfctalion dilrl(uh~ is 

innc<lscdllhcnusing this.l11rihutchccHlscthcl1lajllf<lllrihUll"changcs l\<luld "rnlf 

outsid..: nflhc sU ~ IJ<:(lC d portlsit) J:oncs in SOllll' pow, itics. allli insid .. · thc I"'rtlsit~ 1"lIl', 

at I,thcr p"nlSil~ 1:IIIICS. Instant:mC"ll , frnIIK'nl'} d()CS<.:IH"fc·lat .. · \Iith thc ,,,nall,,·hang .. ·, 

in inslanlanl'ousphasl'I'ilhadn'r"'aw in h<>lhallrihlllCS \\ith innc<l s ing ptll"(l,il~ 

O\..:nlll.thc rcsults dcnH,nSlr<lt .. ·thcahilit) to dislinguish l<lllcs "fiti gitl'rl ""> 10" ,, ) 

and l(llln «' S"~, ) I"'rtlsil) latl'fall~ a t"ng huri/ons ill sci,mic d<lla hI using ,ompk\ 

lr,t<:..: allrihulc~ . Thc :tllrihutcs cU1Il<ll rcs"hc till" suht!..· dlangcs h .. ·t\\..:..:n illllil itlual 

portlsit) 101ll"S. hut tlll"applicanilil) of thi s 1" ,,1 is,lii!lIsdu I in lh..: init ia l st:tgcs ,,1 

r":scfl,,ir dcwl,'pm~n1. I'al'i icul<lrl) in fC SCfl o irs llill"rc till" pl:t~ is c.\pl"ring li, r "il. it i, 

not g"'ncrall) u,cfullndistinguishhl·l\\n·n/ullcsol'O" \, and S" "()Im'sit). I")pirall) al 

pOf(l~ itics n .. "lo\\ j°{,_a ti ght clrI",natl' r,,"scfloir\\illlll'tll,,\\ ,,: coll lllni<:;til) li:lhk 

:tIllPunb "foil. Th..:r..:! i,rc. hl1 () l\ing thc src..:i1k pOmSil) l.tiUC nCI<l11 S"" i, n,,1 Idnanl 



informatioll. It i~ also ~"n'nlh~,t 11l1ll~~~s . .,ar~ to k,,<l\1 ~\~Kth Ih~ distinui'lJ1 l1<"tl,,'l' l\ 

/Olll'S 10% ami 15% powsity. hn:alls~ ~itlwr /\1Il~ is (ksirabk. Th~ illll)(lrt<lllt distillcti"II . 

initially in r~ ~~I"\' ,)ir (klin~~lliol1 . is to g~lil1 klll)\\"kd!:'.~ II h~I"': 11 ll' "h i):h" t 10-1 5" 0) ~l"d 

low'" (O-5'~·'(, ) po rosity zoncs occur nnd plan future wdlloc.l1i,llls j'n'lll thi, d i ~t illl"t i "l1 

Ihis study sUl"cessfully e0 l11ri bmcs 1<) thl" knoll kdg~ ba s~ and h'ols~1 availabk 1\' th,' 

inkrprl'lcr.{~xrl()ring I\ilh this stlldv· ssl"opcofdala). IlhcII a\1cmpting 10 rl'lc:tllall'l'a l 

\';triati"II ill scismi(allrihUlCSG1 IIscJhYP'lnlsit) 

l"lle altri lWIC :mal)s is rrcs~l1kd in thl' prc\'i,)u., ~cl"ti'lil JCIIHlIlslratl" usl"i"ul 

l"haradl'risti(~. hlltthl' trul'll'st ofarplil'ahili t) r"l]ll;reS an nsscssillent ,1fallrihUIC 

robllslncss wilh rcspccllo noisc. Rcal sc;sm;c datacoUla ill a sig llilic al1t;lI1l<'lll1t"]"",,; ~c' 

Jdermilll'~ thl' quallt it ) "]"Iloisl' ill Ih" data al Ilhich II s.:1"1I1 ~ll!l'iblUC characln is 11<' 

IOIl):n I ... ~"h'ahk ill Ih,; thr,;c cOlllpk\ tl'ac~ il11riblttcs cmp loyed in this stud) 

Thc ;UIIOUllt ofllo;se i, measured h) s;g lla l- t "-tl";~l' rat;o and is apl'licd t l' lh~ 

):e tll' ra ti"ll (>In all alliplitulk r;lIlg,; \\ ;Ih ~q\lal pmhahililY ,,]" 'K,;urr ill ): al earh aml'litmk. 

rh~ eal ; br~ l1 ion of the signalt" n"ise rat; (' i., hasl'J Oil till" Ill~ .\i n lltm 1)C:tk ;lnd minimum 

IHlugh signal amrlitudl'S l"ont:lirwJ I,ithin t h ~ rc s ~r\'l)ir uni1s. In other 1\01'.1.' . ]"or the 

pllrp() s~ of this discuss ion. Ih~ sign:t l to noise Lltio is ddilll'd h~ tltr .";):lIal ~tr';lIglh 1\ il hin 

I h~ r~scr\'();r :I<lIlCS. I'or e\ampIL\ 11, gl' llnatl' n"isl' at n 2: I sign:rl tll n,li s~ l':llio. signa l 



inlilrlll:1lion inlh\: n:sl'f\I,ir UililS "ilh ,Ill ;nnplilmk "I' 1- 2X \\,mld ~i\: ld IHI IS": al 1- I_I. 

1"110: 1(ll h,,, iug is a pil·h'graphi\: disnl~si'ln sqlarall·d inhlll\o s uh~\:..:tion ~ : I) signal h' 

n(li~l· s .. · nsili\'il~ "rlh .. · Ihin T,lhk I'"inl 1-"urmalion s .. ·ismi\: murkl " ilh «)IT\:SI'(lIHling 

\lilh ~'Irr~s rxl!lding allrihuh::\ . 

-! -!. / t\'oi.w S'"II.,ili' ·i1.' · olllll' lhill TaM .. /'(lim r"l"Il/oli,," .,· .. i.\Il1i, · IIIIIdd 

I"IlI." ma:\imum and minimum ;unplill1lk in lh\: ~ignal "rdl"· r"·~"·I"\(lir lInils i~ 

me,Nm:dal t - 2l!. Signal\(lIl<'i~\:r"lio~or 2 :1.1:1.(1.7 : I.andIU:1 arC;ll'plied"'lhe 

sl-ismieda[;lpriorIO;lllrihule'lIlal)sisinllw l hill nHldel. Rdledi(lnSl r .. ·nglhal!rihul .. -, 

ar\: ("ohncnll,," 2:1 ~ iglwll(ll1(l i ~c ralh, displa)ing the maj<'rdill"crCIKC hC1II..:..:n high 

,inti 10\\ powsi!) /"nes\IO%-5° ~,)\ l' igurc4.4 . I.I)'lI1d m;lrginall) (·"hcr .. ·nlal) : 1 signa l 

I"noise rali" (l' igur .. - -L-LI.2). 1\10.7:1 and U.S:I \Figur .. ·s 4.4 .1.3 and 4.4 . 1.-1. 

At1rihul": ~h:l(1ges :Ire rc~ol\,ilhk in inSlall1anCllUS )1ha~c al 2: I t Fil'ur .. - -1 .-1 . 1.5) 

;uld I : I (Figl,rc 4.4.1.6) ~ igllal h' IHl i,..: ralios. 2 : I s ignal I" IH';Sl- rat i" di'pla), m,lj," 

phas .. -shins l\ilhuUllosingmu..-i1 re~"luli(ln fr"JIllhe(lrigin:ll m", lc l. I\ln.7:1 (I' igur .. · 

4.4.1.7) s ignal I" noi,..: ralio. ler) rainlmajor phasc . .,hills in Ih .. · high p" 'f",il~ I"t\\:~ af\: 

slillrn·"gni..'ahk.hu\t!I",I(lrlhcinj<lrm:l!i<ln in lh..:Itlllerres":l"Ioirl'lt,msil) /,lIlcsis 

ma~ked h) n(li s~ . 0.5:1 (Figure 4.4.I.XI rncals no uscrul in)(lrmali(ln and all importa ll l 

phascshinsarC:lllCnUaICdh)noisl· 



In~! all1annJll S fr~'lIlK'lK) i~ no! a r~' li;lhk aUrihlll~ \\h~n lH,is~ is illln )dll!;~d . 1: I 

iFi gllr~ 4.4 . 1.'1) sign;ti h) n" i s~ r;din is margin;ti a! displ;l) ing ori ginal "nrihll!~ ~har;KI~ r. 

hUI (h'~ s di~!inglli~h I ll n~~ (I f higha and I"\\ ~r pllr,,~ i!) in !h~' lIpp~'r r~' s~'fI "ir pnn>~ i!) 

lInit. Th~ n:snluti'lIl in lh~ I(\\\~r rCSCI"I "ir I",msil) 1.<lIlCS i ~ marginal alH.llil'! rdiahk. 1: I. 

0. 7: I and ():5: I (Figurcs 4.4 . 1. 1 0-1 1. r~~p~c!i\ c1) ) d" Illll di ~pla) an! u~d 'ul intill"lll;dion 

allli a ll :l11rihu!~ illl i lflllalioll has h~cll at1cllll:l t~d h) nllb~ . 



Reflection Strength 

2km 

\-ipm: ~A 1.1. Kdlc<:!;oll '1 .... ·1\g.I11 allal),; s <>f lhe lhill modd "il l,,, ~ :I ,i g.llal 1" lI"i,,· rali". ~I:~, 'r 

;nt,·rI',,·,·s ;n n·d . ,,·s(n,';rpuru, ;I) ",",., ill ~\:I,. ~ ",-",., rhe m;'jor ch",, !!c hcmcclI 10" " ,,,I hi g.h 1)(","'1) 
",,,,,is,{illrccog.";nhlc 



Reflection Strength 

2 km 

ri~lIrc' -1.~ . 1 _2_ Rdkc'li" " Slrc'''glh :1II:tI) si, ,,rl h,' lhi,, " ,, ',kl \\;lh a 1:1 "g""II,. '~ ' ;w ,;,1 ;0_ Ikw",,,;r 
1'''''''11) ""'~< i" blad. ... 'x~,. rh~ anr,blll~ ,,,Il,,mati,, ,, i" Ihl' I,,,,,,, rc'sn",i, p< ,,,,,,t} m",' i, 
" "r~co!:ni/:lbk S"I11~ anr i blll~ ,nllmnali""" 'C'la i'lC'd in 11r,' lIl'l" " ,~,~",.)ir I~>n" il) /(OtIC' , hili ""I ) in lit,' 
lti ~locr I,,,,,,, il) ""'gc' 
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," ll "'\ /.~ I I ,I I ,'.uIIL l , 1i " l l l~~\ . " j I .ll ,1.11J'r.11 
1011 

- 1011 -, - - - - - 111l - - - - - - ~ ' 011 - - - - - , ill - - - - - • 
I 

Fig."r~ 4,4. 1 .. \, Iklk"l '"'' 'Ir~"g.l h ;t,,;, lpisoflhc Ih i" """Id ";Ih " 11.7:1 '''g. nal1<' ,,,,i,c ""io. Ih '''T'''ir 
1""""1) 1<""', i" hl ",'~ ooxcs, ,\11 ",,' allrih"I" ;""'rn",li",, h:!> hc~" 1, ,,1 
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, I 

I'lL.:, .r \I~1 :11'1,11' I ~ ~l : " ' " . 1 ~\ Il'J JItL d.l . 
,;;;:.: 1 1 '" , 
,." ... ,' . ,,, . . .... , 01 , . .• .. . " . . . . . . -all • ••• • • 

, 

~ 

Fi!;u rl' -I .-I ,IA. Kcl k,'lio l1 , I'c'Ilglh a"al}" j, of ll,," Ihill "'jlh " O . ~ : I sig""lt .. , ")i,~ ,.al ;O, 1<"'~I"oi r 1'<""'"'' 
""'~, inh lad h.,xc> , ,\11 "'" am ihn lt' inf<1,,,,al i,, " ha, b<'~11 aUctll",kJ b, noi,,-
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2km 
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Instantaneous Frequency (Hz ) 
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l-i);\m:~A . I . lt . 11",:111':",,,,,,,> li,,'l"c"~) ",,;tly,i, " llhc Ihill ",, >(1 ,,1 lIilllaO.7:1 >lg"al l(1 "oi.,,· ",,;,\. \1.'10' 
iIM'I:''''' '; '' 'l"(L n,·"""(1;rl",,,,,;I} /,,"n i" iliad I~"n . 1\1 1 rcw);,,;nhlc ;.llr ihuIC ;nt;"",,,;,,,, i"" iwe" 
i'''lal, h;, r"' ;,, 





1,-1,] ,-\'"is(' S('II.II/iI'ill ' ,,(tIl<' Ihick FaM,' I'oinl Ffll"ilml ioll.l'el.l'mi,' lI/lJdd 

r he ma~il1Hlln ;lnd minimum ;Impliwde ofl he signal il1lhe reservoir ImiL' lIas 

measut'nl al +- 30, S ignal Ill noise ral ios o f 2: 1. 1: 1. O.7: I.and 0.5 :1 are appli.:d 1<' Ihe 

,'.:i~mi.: ttloJ.:b prior 1<1 a(( rihul~ anal) sis. Rdkclioll s trength Mlrihute .:hang.:s ar.: 

resnlvahk \\h~n I: I and 2: I signal In n<li~e rali()~ arc applied III Ihe d:l1a. (flgur.: ·1.·1. 2.2 

amlligllre ·1..1 ,2 , I. re~p,· e l i v.: I )') Th.: (1, 7: I (Ii g ll r~ ~"'.2.3 ) sign:iI In n(l isc rali" "nl.1 

marg ina l I) rewal s Ihe increase in rctle<:li<lll ~ Ir~nglh in Ihe higher (I U-I 5".,) PIln>~il) 

7<1neS_ AI U_ 5: 1 (l'igllre " _,L! A). Ilwre are 110 1,'ngcrre<:ogllinhk' a((ri h UI<"('hallt'c ~ :lIld :il l 

Atlrihule <: hangesare rel'llt'ni":lhk in inSlanlanCOlis phase as 1011 as 1: 1 (I'i gul'e 

.. _ .. ,:U,) signal In Iwi,..,,· r:llil>. 2:1 (Figur,' ·I.·1.2.5 ) sig nal to lloiser:l1indispla)Slhemaj" r 

plwse shifts without losing mu<:h resohl1 i'11l I"I'<11n lhe original analysi ~. 1: 1 signal tn n< ,is.: 

ratio slill retains the ma j<'r pha,,' ~hilis belll CTn l.lll lCS of highcr and 1Ll\ICI' port" it). hili 

I,, ~.:s a good deal ,,1' linc det:lil :l llrihule information AI 0_7: I ( I· igure .. ... . 2,7) sign:iI III 

n~\i se ratiu. 1:lint majnrshift patlcrns in lhe high (10· 15'%) pll r,,~ it) 1.1l1I':S arc marginall ) 

rel'ognil.ahk. hut ;ilml.>sl a ll o li1erat1ribl!le int(ll'm:l tioll inlhe resc'fI"ir P"l'<lsily /llnes i ~ 

Ill:lsJ..ed by lwi se. {I ,5: 1 (]: igllre ~_~_2_X) revc;ils no usdul inl, )rlllation alld a ll i llll'll rt ~ 1l1 

Instaillallc"ou~ frelj uelll'·Y again. is nOI a rciinblc nl1riblile \Ih~n noise is introduce'd 

2 : I (Figure .. _ .. 2-'1) signal I,) noise rati" is marg ina l :11 displa)ing n: ~,' l vabk inlo rtll;llinll 

fmm original allributcl'llaraetl'l'. hut 5lit'll1l )' re~elllhlc s the o ri g il1:11 (!:il a ill highel 



P<'nlsily /()n~~ (10- 1 5%)_ Ih~ r~S() l uli"n inllll' 1()\ln porosilY Z'lI1~S (0-5" .. ) i ~ rn:l l' gillal 

anJ nol rel i ah l ~ . I : 1.0.7: 1 and U:5 : 1 (Figur~ s -1. -1.1 . 1 0-1 1. r~sp~clivcly) do nol displ:i~ 

an: (I',l"ful ili forlll:ll ioll nnd all nllribull: informal ion is all~llllal~d b) no i s~ . 
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Fig"", 4A.2. 1O. 1I"lalll"m'ml> fr"'lu"'K} alia I}'" "f llw Ihid, ",,,del "illl a 1:1 ,i~n"II" ''''',,- rJli,) . \1.'1'" 
inl"'I: .... '·' ;n ",d. ,~,~r\()ir I'<",,,ily w,ws in hlad Ix'~~s. 1\11 "'<"<'gui,;,hk "II,ib ,,"· i"""",:,""" I"" ",., ... 
1"" :"11\"",, ,,. 
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h gu,,' ~A . 2 .1 2_ l"'lamall"""' f"''1l1~ t'''}' allalys; , " r lbe Ihi"k lI " ,Jd " ;th,, 0.5: t , i ~,, ; ,II" ""i,,· ",Ii" 
~ I a i '" im l' rb,,~, ill r~(L r~'~r\() i , fl<'""ily Yom', ill hlae~ f>,;,,,,,_ Al l rcT()~Il ; ~"hk alt,;hlll.' ;,, 1<""1,,1;, ',,;, 
"1I"lIlIaledb}lIo;s." Ul hi,,,,l io 



4. "' 1)i.\"CII"\".I";ml ol'wi.\"" "\""""\";1;";1.1" 1I11l1(r"\"i.\" oIl- I) .1"";'1"111;, "1111111,,1 ' ""IIIf'I. ·.\" Ira ... • 

IllIrihlll.·"( 

Itlllh \ ,lrial inllS "I" lhc ~ci ~mic nH)del ~ Ji spla~ ,Htrihlll~ r~s, ' llililHI ;u r~a"Hlahk 

~ig llal h)llfl i ~c rmi" s lhal ,all hc "hlaillcd ill rcal ~ \."i ~ mi<: d;lla applicalilHls" I n~l;ml ;mC'lll' 

pha~c a l 1rihlllc~ arc rC ~l ) llahk (ll )lln h) 1:1 inlhc Ihin ;lIld Ihick sci,mi<: nH"kl , 

In ~l<11l1;U) C"ll~ frcqucnt.:) is 1l10 ~ 1 ,u ~ccplihk h' noisc allClluali,Hl ami allrihulc l"ilaradl'l 

Ila, marginall y rcn'gnil<lhk al 1: I signal 1" I,,>is.." rali ,,, in 11I>lh ~l"ismi," ml"kls" 

HcnCCli' >I1~lrcnglh prudulcs rCl"gni/<lhlc <lllrihlllC <:h;mgcs :l l 1:1 inlh .. " thi,"k scismi<: 

model alldolll~ 1:1 inlhc thin sl"i",m i<: nwJcl 

I"his IYP,""i" scn, ilil'il):mal) sis pl\1H:S lhal'"Omple -x ll"a'"Camihlllcs<:;mrncal 

lal,"ral .. "fr"""1S"fp\l ro~ il: on 1\:llo.:Iill"lll ..:Iwr<l,"ICranJ 111,lilHain whuslnc,s inth""l'rcsn1c"'" 

" fllo isc" l)opilclhc slIhllen,l1l1I"C OrlhcallrihUlc changcsnf th il' k mndl"i " 11K" n>hu,lnc"'s 

oraltrihul .. " rharadn h .. "IJ up slighll) Ix"lln Ill;In llle" Ihin modd in thc I'rr~cnrc "fn"i,c 

rhrdiIlCr~nlchCl\\ccnthCl\\"nw(kl.,is moslliko.:l ) alirihulnll (l lh .. ","llcrts aml 

pw);imil) orlhc Tahle I>"inl -( i"(l ~,," Tid,k Inl,"rlncc" I hc imcrpn:1Cl" 1l111 ~ 1 hc ,lIurc " t 

lhc~c r~l a li o ll ships IIhcll app l ~ ing Ihis lcrhniqu,"" 



Chapter 5: Conclus ioll s :111£1 futllre recommendation s 

S. / ( olldIlIirm,\' 

rhem<: ti1<1Joiug) i llth i sthe~isisiter;l t i l <::llldnr l uratury regarJ i llgthel\iJe 

var iety "I' ~(ln str~int s ~nd ~1tribllt..:s te st~d . This Sel1i{>!l restates the geology. tedllli<lll~ ~ . 

:lIld r~ S lllt~ from Ihis th~s is. Hle pllfp<,se uf Ihis stlldy is tu den1<1n~trate a tn:11I1 i'lIl<:. IIs ing 

pelwphys irall\elldataalldlxld.gwlIlldgl·ul,\gi..: illfurmatiuli,is:ltqlli rnlfrullluut sitil' 

SIHlrres for lISl' USl"d in this stlld) 

r he r~ sel'voir lin its of inler..:st in this stlld) are ~<lIlstrailll' d \<1 the St , (il'( lrgc 

( iwup (Ordul' ician) carhollate resnvuirs oft lh: Purl ~ lI l','rtl''':l1in s l ,] :I, \\~ ~t~rn 

l\' ~\\ Illl1ndl;lnd . In r:lI1 iCll lnr. this s tlld~ ~xam;ned Ihe' hydwllwrmall) alined 

do]"mit;/ed md.;s urthe i\g llatillll1a and Catudw ]-orll latiun , Thl' Agll<ltlllilia alill ("atudl,' 

I' urmatiuns lIne" suhjl'dcd 1< ' cumple.\ diagl'ndi..: <111.1 ~ tr ll dllra l ~VO l ll(i'lil. The' p":l' ilid:ti 

rl'snl'"irullit."' lI ndlT\\elltthrl·l'g":lIn~tiunsofdololll i ti7:1tion;md t(llIr ge"n e' Llti< ' llsof 

e"<:m<: ntati,m, compl icating thl' pun,s;t; tll'l ,'I"plnent hi ~ tl\r: " i(h lIlultiple pha,es oj 

<Kr illS;Ull and replar<:llll'nt , 'I'hree_ ~erarate . r" l)pha,..,.' lkfuril lati(",,,1 elc'llls ')~~IIlTed in 

\\i ththisstfllclllraldeformationpwliJeJthem:lillllll'l'h:lII ;slIll;,rh:-dl"<'tlwrmailluid 

ingressanJ pllws itydel'elupllll' nt in th..: Agll<lt hllnaand Cato..:h..: Forlll;HiUII~_l'owsit: 

initi;tlly dCl'dopcu. from the migra tiQIl 01 t;JI'~blll g ~ . a lollg sllh;lrea lly nposed I'ab,high~ 



S~wndar" roms i t~ Jevci('red fwm hydrothermal Iluid 11,1\, during the Saliui.., aud 

'\cldi:l n ()n'gcnies. I'he r~serv<, i r intenals. "I' P'\[(llI~ /,'nes. II ith iu the Aguathuna :Iud 

('ah,d'l' Formatiolls arc onllll' ordaof 25-JO IItctn tl,iddll'SS. nil' fUlIrl':-;p ll\l:lti'\ll I,,' I I ~ 

used illthi ~ study targetcd pomsit)" enha nced loolllall bk'cb bencath the R"lIlltl I lead 

re;]..,ti,a li"n thrust fault Allmouels and geophy ... i..,al anal;.sis Iler~ hu ilt Ii-om 

retwphysi..,alJala Ii-om \le i Is: St. (ieorges Ila;, A- __ 1("I'ortaul'ort- I. I."ng Rang,' A-O') 

and l.(,ng l'"inli\'I - I(, 

A prclimin:lrY stalisti,'al a~SC~SI\ll"lll i ~ dc~ i gll,;d to currel:tt<.: p,;trophysils h' 

l'0wsity. I' urtllernwr,,,dal:lrtltersareJesignedtolkterminc\lhirhpl'lrorhysictivallil's 

best rcpr~s,;111 nlly gil'ell porosit). The 1i1t~rs spcci:tlly display reslli ts at n. 5. 10. :111<1 15 

% p"wsity. StatistiGd analysis pn\\,ideJ tile mean, uwJe,:mcl sta nclarcldl'l'iatiuu.,i\'r 

valu,"s. TIll'rl'sltlls"ftltl' pr,"lillliunry stM istieJI asseSSI1l,'1ll nrc sUl1llllaril.ed b~ the 

l(llk,wing sta tements: I\n Jnomalous trend th>1l1 0·5'% ron'sity 'Kcurred in all 

p';lrr>plt: ~ ical properties i ~ Iloticed. The Irend is repn:scnkd by «(lIm!.:r int lliti,e li nea l 

rq,rc'~~ i pn inthl' pl"ts fWll i () il' 5%.1.,'. A risc ill hulk d';IIsit: \\ith inncasing pt)rn~ il: 

hel\\een II and 5%. This is inkrprell'J to bl' l"l'mbi natiwl dfeclsoftl\o nlrh.st;,pl's iutlil' 

plots and tltl' plotting dl~l"I pftltl' nJlllpl'IIS,l1 ,;d ncutron porosit y wol. Th..: I\\(' rod .. , 

t), pes.lk>lomite :lnd lilllestoncs. ~l'e gmupl'd togl'tlwr in Ihis typl' "fplots and thn ,'t(>r,' 

ovcrb !,. rhl' t\lO lithologies II ..:rl' disl illgllisltc'cI 1-1;, using a mlllle.,-ir litltol,'g~ Ii Iter 

dni,,;d frolll illt":l"I:lb of knoll Il rod types illthc we lls :tnd ll~ing Ihe l',)Il1!,l'nsa!.:d 



~'(lrrdali"l1s art: d\:l.:nnin.:d h\:I\\\:\:1\ Ih.: ':W;.;.jl lillS. /\s anlicipal\:J. hulk d.:n ~ il~ 

,kn'::1;..:d ,'I'nall II ilh incrc~lsing p()rn~ il~ and inl.:n ~II Ir;lI1sil lim.: incr'::I,.:d II ilh 

innca;.ing JXlr<'S il~. l\((lu~lic il11p\:J:1I1I:':. h~ defll1ilion;1 pwduc1 of inlen allr;II1.,il lime 

;lnd hull.. ,ic"nsil). d i ;.pla~.:d a dcn'::I;.e,lI.:rall Ililh inn.:a~ inJ; p"w;.ill. /\l\erlI11: 

I'relimitl<1r: a~~~~l1h.'nl. a n'':(ju\:nc) di;.lrihlui'lIl anal)si;. ~ekelt:d Ihe h':Sl r.:pr.:,etHali le 

pelroph);.icallalu.:sallh.: s.:it:C1.:dnHldell1;mlsili.:s (O.5.IOaml15""j. l·het"c""ulhuf 

:lI1al)~is arc 1"utHJ in T:lhk 3.1. V:lIues frum Tabk 3.1 :lre u~.:d in building hind 

in each \1.:11 as J;,:nl"gicC!lIldit il>!bchangl'd. J\ ,",>nltll"tllrail in alll,>urll\:lb iSlh\:~I)111 

Ri.:kcrll:tl't:kl pwduct:d Ih,' b, .. .,1 rt:~oluli"tt 10 r':ll":lIchang':s inal1rihlll.:.:har:KI':1 

I 1<",,"\1.'" ~um.: useful inj,>nmlli,lll is deril cd fmm \1.:lIs 1\-.,(,. pAI'-I. ami i\ 1- 1 (, al 20 111 

(k.:asi"nall). dt:p,'nd,'nl "n Ih,' rahk I'"inl F(lrmal i , > nlhinne~s. the 20 1 1/1~id,'r \\;llekl 

rdlccti l>n .:hara':ln isdominal.:d h~ lh.: larg.: :lmpliludt: ass,>cialt:d Ililh th ,' l ahlt: 1>,>i nl · 

(;,lI>st:Tickic'lnlt:r!;lce. The Ilalt:form ,'ncrg) from Ihi"h>!nin:tnl r.:lk':h>r"h~':(lr.:s 

~ublk 11:l1'.:I\>rm ch:lra':lcrllilhinlh.: r.:sen,'irunilsnf lh,·I Jppcri\gualhun:1 h >rmali'>!1 

nH,J,'ls. indi,::ttil'" Ih:11 nll>sl oflht: u~t:lid rop'Hl~': ill l;'rm:llilln is relc'a lt:d al 1'''I,·t 

Irt:ljut:ncies. InslanlatlC'l)lts pha . .,,· pwdun's tl\Gt~ltrt:ahk al1rihu\\: .:hang.:s in th.: pornsil} 

nwdt:kd synlh\:lics :lllht: 1:lriahk ,kll.,il) st:ak. hltl did n,,1 pmlt: ltsdill inille" c'mpiri",,1 

pl,'ls.Num,·rical inslanlatlC'()lts phast:I:lluc·s al\:'Hlstatlllim\:jlt"<>I' id\:n,>us.:flII 



inlilfillalion in lheempiril'al plots. In st~ntnnwll s lrequo:nc~ and re lledion strenjC th arc 

lIsdlll in bolh thcclllpirica l plots :lIld 1':ll'i;\hlc den si ty graphs Inst: lIlI:lIlC,'IIS Il'cqllen,~ 

(orrcl:ned tn th~ dlangcs instantanc'IHls phase in the pints hy d~n~as i ng \\ ilh inne : l ~i ng 

p()ro~ity. Th~ del"rease in inslil n l:lIlcnll~ fr~qll~IK~ wrrclated hl the (lcn~as i ng numhc'\" oi" 

phasc shih in thc inslanlallClllls pha~~ a ll :ll~ ,is. In some (;lses. (h:l1lgc's in :ltlr i h ll t~ 

cilar:Kto:r arc so subtlc thi; ~ml'ir i c~1 p l nt ~ ar~ hetter ~ uiled to displa~ the r~sll i b 

s~nt hcti(s i ntcrpr~ t ed to hc a p~tr,'ph) siGd similarit y hc'I\\Cen a 0'>" ponalS limesl<lnc and 

relkdion;nllpliluUein[(lrIlIati(ln inth(lipp .. 'rAgll<lth un:l Form<l liondu(h' athin 

~ Il(rc',si'lil (,I' Tahlc 1'0;111 1'01"l1\:l tio ll ililh i; \Ie ll. Inslal11anC(lu ~ phasc \lisp ] : I~ S suh1 1\.' 

ilKI-..-asing puros it y. 1 1I ~1 :lTlt:III('>U S rr~q"o:t\(~ at ~Oll,. di s p]:I~' ~ignilkant att rihute cll:mgc 

dilkl'c lKcS helllecn t h ~ I'or(l~i t ~ modc ls in the middlc o i" the Aguatlnm:1 h)rTll :ttion 

Rellcdion strength innc:tsl's (lvcr:dl \\ it ll innc':tsing I'() r,,~il) at ,10111:. 

Well 1\ -:16 recordcd \I,dll] int,mllation in the 20 and .. 011 /. Rid,er \\:Iw i.'h . [J,> th 

20 and ~O l ll Instantaneous phase :I1lU t'r .. 'qu\.'IK) :m:tl~ ,.,cs prml UlY signilica nt changc~ 

hChH'l'n tllc nlll,kls ill resolution high cnough \<) dcrivc li se lid inl ' >rInation. 1{Clkdion 

strcnglh pwd l!n'~ VLT) ~ lIhtlc l'IWll gCS "I' inL'fcasing rctl~C1inn ~ trl'n gth \\ ith inne:lsing 

p(ll'< ' ~ it y.and nnly changes in the highnp"n\~;t: m'lueb. Amhigllit) n,i .. ts ill till" 10"" 

:lnd 15% p, >wsily ;n all allrih llt~ 1I10dds. pr\'·~ lImably from p~tr()phy s i(~tI s1:lti stica l 



silllili\ril~ uf dl llulllilO: al 10%, and 15%, pnrf]sitio:s in Ihis \10:11. The attrihull' ,I1\;1I)~i~ 

~ugg~'S l s Ihi~ IIl'1I may hl' .-'nly useful in disti nguishing zonl'S "f IU\ll'r and highlT 

p"f(lsities 

\Vell rVl-16 only eunta ined sliiti sticall) reliahk nH,deli ng p;lr:IIlK' k'r~ lip h' I (I"" 

pomsilY, Both :W and ,10 li z Ilawlets display mapabk phase shift .:iwnges lIith 

ilKreas ing porus il) II ilh inslanl:lIlo:mls pllaso:_ lustant, lTwou~ ti-c4u~'nc y is Ihl' strullgl'sl 

challgingallributeallalyzcd.dl:lngingnotiCl'ahlyinlhel'mpiricalandvari;d)ledensit) 

plots . Insl;lI1tanellUs freque lKY. uvo:r,d L dClT~' a,e~ with illul>a~ i llg puro~ i l) along till' 

Illodelsand is hest displaYl'd in the 201l z var iable dens il) plo\. Rello:<:liun slrcnglh 

:llIribLlll'changcs \lcro:also slrong. illuo:asingstro:ngth\lilh inno:asing porosil) 

rhe 1'1\1' - 111'0:11 dispbys Illl' lllo~1 changc hcll\l'cl\cach porusity lI\olleled 

~yllt l l('l i <: than ,lIl) othn \Idl in the sllldy . T he hehavior (lftho: inst; 1I1t,mo:olls ph;I~O: 

illlalysis in tho: 20 and ,W il l \Iawlcts I\as d i ~lin<:t hl'IIIl'<:1I l'atil pnl'U~ity nllldd . Th<: 

IIlIl11hnofplwsl'shitls lko:rl'asc\lithinno:asillg pllrllsity intho:/\g U:llllullal:' "malioll 

I ho: in ~ tanlilllcolI~ frc411~'ncy allrihllto: in Ihl' 2lJ In -lO ll z 11':11 o: [d s do:crO:;lse in s tl'cngth 

"ilh incrcasing pornsily, Rclkctilln strcnglh do:ncaso:s" illl inlT~'a~illg puru~ i t;. in h011l 

20 and ,Wil l. \laVl~kt s . unliko: any otllo:r well rel1o:<:liul1 stro:ngth anal)~i~ 

Synthdic 2-D so:is ll l i<: ll1odo:barc go:ncratcd ill tll<: ahs<:lIl'<:ot'rl' id 2-1) ~o:ismil' 

data r hc s)'nthl'1i<: 2-1) sl'isl1lic l1lodo:ls ,Iro: gO:Il<:rilto:d lI ~ ing po:tn'ph~ si<:al dala fn lill all 

wcll~ ill thi ~ study_ Tho: s ei~ll\ie IIwdcls arc huilt h\llll wlocit)' subslilllti(>n llwdo:ls 

hun' lIIring tho: literaturc has~'d rC~l'rv"ir arch itl'cllIrl' and Tahk Puint I'onnati(>n 



thic!.:n<.'%<.'s fromth.:: Ilelis. TI\o difkr.::ntnwd.::ls ,) fTahk P(lint Formation rq)r~'s~'nt ing 

thi..:!.: ;1I1<llhin ~ ul'..:.:: ~ ~ioIlS nrc ('nnslt'ucleJ . Installlaneous phase, instantane(lus frl'qul'n( ~'. 

and r.::llcelinn str('nglh nrc anal~7.::d (lnlhe synllK'lic 2-1) s.::ismi( ll1od.::l s and (,)mpan:d I,) 

Ih.::rl'sliitsfrnmchapk'rthrl'c . 

rhe thill M: ismi<: lill':: di,pla)s vcry elenr distinction bell\.::.::n lon.::s ,)1'1,1\\ (0-" .... ) 

and high ( 10- 15%) in ,dll'fth.:: al1ribll1.::s, In ~t al1lancn ll S rhas<.' (kn('a~.:~ ill Ih.: I1l1l11b.::r III 

ph'ls,: sh ili int.:rvals \\'ith inn':,lsing por~, s ity, Thi s ('ha llgl' i~ ('olT.:lnti\'c tOlh.: A-Ol) and 

I'AI'- I altribut.: analysis, Insl,mlanl:'HIS tj'.:qIlI:IK'), ngail1 , d i~ pl<ly.::d dwnging a11l'ibull' 

dwr:let.::r bell\een ZOill'S of lOll and high p(lrO S il~ . rh..: brg..:st e h'lIlg..:s in inst;1I11;1Il1:'-'1l ~ 

freqlll' IK Y did not lay within the I'..:serl'uir mne~, The PAP- I \\ell :lltrihllt.:s ar(' 

..:urr.::lativ.: to th.:..:h;ln g.:~ in inS[;lnl,lIl':PIIS fr.:q ucnc) attribute. but Ih.:: A -Ol) IIl'lI onl) 

di spl'lyed Ininor si milarity. I~uhu~ t rctkl'linn ~Ir.::ngth ehnnges in altrihllll' dwr'Kk'r. 

inne,ls ing rctkeliun str..:nglh \\ith increasing porosity. IImh A -W) and PAP-I. \Iith th in 

slIee.::ssiullS ufTabk Puinl h,rnl:llillil. arl' enrrdative to th.:: rdkeli,'n st1"l'ngth rh'lIlges in 

this se isll1ir model. 'lh.:: largest contrast in r..: I1 Cl:tiuns strength is h..:I \le":ll 1,"\..:~"rl(I\\n· 

illldhi gh..:rrnn,silies.sr<.'..: il1call y bctlllYnthc5% and IO% transilioll . 

rhe thick sl'ismie model di splays Ill<lre subtle .::h;mg..:s in rewrl'\, irp"r"sit) 1"11': 

alll'ihutes bl'tl\een thl' models th;lIlthe lh in llllldei. Til..: !;trgl'S( :Il1rihutc..:hangl' is 

uhs..:rvcd in ,dlthree allriblltes b..:tll":":Il/, H1CS"f l()\\ (0-5";;,) and high (10-15" ;,) p(ll"(lsi t) 

ill the r..:scrvl,ir pllro~ily IUlles, In'itantallcOuS phase lost resolut ioll in the philsl' shili 

intervals fnllllthc thin s..: isllli c Illlldel , Gnly 1l1,ljur phase sh ili ililerv ab arlO r":l..:akd in 



IIlc IPIICI' I) lu 5%) p'-,rusity I.' H1C ~ ;lIld ;lrc ufks~ dctailthalltli~' prc\'iou~ scisillic lill~' 

Phasc shilh inthc Aguathull <l F,)fI1lati')1l ar~' nHTclal;\,l' l\ l 1\l'lls M·16 :tnd /\--'6 I\hel'~' 

th~' Tahle Point Formation is thid,a. I n~t:tntaneous frequ ~'ncy e hang~'s in th i~ seismic do 

not shnw correlat ion II ith I\dls M-16 and A-36. Agai n. thc la rgcst altrihutl' Ch:lIlgl'S lhl 

lint "ccur II ithill thc rC~l'I'I ' oir poros il )' lonc~ . Rclkclion strcngth i~ a slrong altrihuk' in 

tlic thick mmkl. It di~rlaYl'd suhtle ch:lIlgcs in l'[K'h rcsl'f\'o ir po wsit)' /.(lill', innl'asing 

rencctiull st rcngtll with increasi ng Plll\lsit)' , \Velb rvl -1 6 ;lIld A-J(l c,)rrc lalc hllhc 

rclkctioll sl rcllglli challgc~ in Ihcahm 'l'sc ismic modcl 

A noisc scnsilivi ty anal )sis is conduCied o n bOlh 2·LJ scismic lillc ;l!lrihllll's 

ana lyscs to dctcrminc Ihc thrcshuld ufrcsu ltn iun in thc cPll1rk).: Ir;ICC atlr i hlllc ~ IIhclI 

no isc is addcd , In IIlc Ihin nllldcl. in st;III!:IIll'llIl S phasc rc~ pnll~l' is rcsn lvablc all: 1 sign.1i 

III nui sc ratio, Rctkuion ~ Ircnglh is rcnlgnilahle at 2:1 sigllal lullo ;sl' I';Iti,' , 

Instanlanc,lus frcq ucIlC) is nlllrg ill;J1ly rccugll ilahkat 2:1 signal lll noiscrali"buIIlIosll) 

lIulClllicrcnt aller tlK' add itioll ofllois~'_ Thc Ihid .. model fl'so IH's allr ihull'S al hl\Il~1 

s;glla ilO no isc r:tlios Ihall till' thin seismic m'ldcl. Instant:IIlCllllS ph;]Sl' rc sl" "I ~C is 

rc~ul\,abk ;11 1: I signal w Illlisc r;]ti ll. 11l~lalllanc,,"s frCIIIICIll'} is margin.lily I'l'S()1\ ahle-

IIhCllllUisc is;lddcdat 2 1 signal w lHliserati n , Rdkctio ll strcnglh is rcc,)gnil.;]bk tP 1:1 

~ i g llalto nn;s~' ratio. Thl' rcsulis ,)ft ll\' signal 10 noisc r;llio pnlVCS Ihal cOllll'ln IraCl' 

alt rihllk's Gill llIainl~lill rubusln~' _'~ and IIf't lll' atll'nuatnt in thc prcscllcc o( Iloisc 

rhis lhcsisll<lsi nlrodllccd a lcchniqllc loaddwlhcluoisl'la vaiial>kt()1 

rrclil ililwr) Kscl"I'o ir dcl incation in l'arbollat.: resc l"I'\) irs :l1l:iI,'gU US I,) Ihc (lnhll' icia ll SI 



(;!.'org!.' (;roups "f\\.;~lcrn Nc\\I'llllldlanu_ II primar) USl' is ,ktcnninillg rut1lrC 111.'11 

placcm.:nt ill arcas \\i1h 101\ \lcll,:,'lltr<ll and 10\1 nl!lllhcr (l r sl'i~ ln i c lillcs h) rcwaliu g 

,_OI1':S of P"I'<lSi 1) ill th.: illllll!.'d ial.: v i.:inily o f !.'\ iSlin g wdls . Thi ~ IIK' si~ h ;l~ ~ u c..:essrl d I) 

lklll(lll strat!.'dthal thccfkl'bnfp" HlS il ) lllan i1i:sl illthe clllll pk,\lr;ICC;I1tribulesn f l-l l 

s) nlhetic ~eism(lgrams ;lI1d producc 11Iltabk ch;lI1ge~ bcl l1 cell din-':rillg l)(In'si l) Inl'l s. 

FurtlK'rlllurC.lhi s Ihcsis prOlcs lhat 'lllribule ch;mgcs assllc i;lled lIilh IJl1nls il) 1.';111 he 

llhsnvcd across potclllial n:snvoir },OIl!.'S ill SI mhc!il' 2-D sei~mic data 

.'i.2 Su~~e.\-ti/ll/.\Ior Future Work 

Optim;II1).lhis study \I(luld havc uli liled rca l 2- 1J seismic li;( la unlhe I' ,'rl ;111 

i'(lrt i'eninsula. Therdi.)re. Ihe most s ignilicant recl1mmendali,1Il tilr fUlu re 1I,'rl.. \I<luld he 

III lise real seismic d'l1<1 instead lIfs)nllK'l ically gencr;l1ed seismic lilies li-um lIell ,i;(I;I . 

rhctrucapp licahilit) nfl hi s!.:d1l1iquc 1I00dd hl'rn.:akd lIilh r.:aldala, A tlll1re'!"cali,!i..:: 

s.:;II .: uf lhed inwnsillll;il il ) Ilf pol'(lsily lUn.:s.:puld he r.:\'.:akll. ralh.:rlh;mlhe ;1I-hilr;lri l) 

Sil.:d pllrllSil) l(l lleS ufl h.: 2-D sci~m i .: Ill lldds . Sel.:clillg high IIU;ilil) sei,mi.: dat ;1 is 

also all important issu!.' IIh.:u dhl<lsing n:al s.:ismic ill thi st)pc nf _,tudy 

r he poor quali! ), nflhe rea l seismic dala e.\ami lled in 'llr f)()!cmial us..:: ill Ihi s 

study \Ias located ill all inne'dibl y strudurally "::OI11Pic-x rl'gioll oflh..:: PilI"! au I'ort 

n, ' t usefu l and lias OhS( Url'd . l{q; i,'n;lll). Ihne is ;mut her ;lre;1 II ilh the same 1'11':1.. ullil s \1 1 

11<Is il l is located dir!.'ctly lIeslufllK' 1" '1"1 au I'o rt I'e'ninsula in till' (;ulfofSI J,;]lIr..::nn: 



rill' ~ tr<lta iwrc' is un(kl(lrillCd. Ilat 1) ing. and Cllillains c.\ pl(lr'lli,'n \\clls . l'rc~ ull1;lhl~ . 

sci smi( dala in Ih is rcg i"ll \'''uld hc aprop" s lil f IISC· in thi s ~tud~ ,lilt! pn>l ide <I ~"lIrc· c· " I 

re·"I,!.!I<I . Although thi s stud) lias intcndcd li'1" li se' in (a1"h(>natcs. il s pra(ti(;iI 1I ~ ": in 

Il thcrlithol"!;Y l· lluldhcn.:plornl. I"hi s tcthn iquc· could hc·po tcllliali ) impk'mcllll·din 
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