
JOURNAL OF THE CANAIOIAN SOCETY OF EXPLORI\TION GEOPHISICISTS 
“Cl, ‘7 zill 1 ,IF!’ ,911i; P i,:iw 
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‘Ihi\ ch:lnfc 01 ~~tnpha\i~ rcqllircil ihc xlcction <It 2 
test arca that codd pl-c>ridc ~ICCCSI I<, o~~tcwps 01 all the 
rn;(i~)l.(‘~.~t;~c~,,u\ rock unit\. Such accc’\\ is xuil;lhlc in 
lhC Hllnll ‘l~il1lhc.l~ SL”clinc, i, I~cl;lli\cly ,imple \,l,,C- 
t,,,w :dimg lhc uc\lcrn ciljic 01’ the :Ilhel-I:! I-o<,lhill\ 
Tlmv I~cl~.‘~hi~~i~~~plicit~~~llu~s~~l~c~~~~ckt~pcs~~n~lcl-- 
lyingan!; wunding\itc in Ihat ma ~,,hcw\ily idcntificd. 

‘Ihc o\~tcrop map ;~nd cro\\ \cclion ot’ttlix ;~nz‘:~ c~akcn 
Ij.0~ (;cological Sulnc! cll (~‘;~nxl;l Rl:lp 1347.4. (;ec~l- 
og! or I.;~kc \lincwnka) ix d10u II in I’igmc Iii. The 
:Irc:l i\ l’lrcc i)l’:IccIII~~III:lli,~tl\ 01 rlni’i,n\~,li~l;lleil gl;lci;ll 
material. 5~1 Ihiti ~~IIIcI~~~~~ 01 all ihc up’pcr (‘rc.ti~ccoi~s 
rock unils ilc~c common ;\ \cimic rcff.ilctioc \i~wvc\, 
t13cd ii) c\l:lhli~h :i dcplh II,r wc:~lhel-ing in the‘ ihrc:t. 
\hcrwcd :\ twc~-I:~ycr \.t~n~ctu~w uilh the fop Iaycl- corrcs- 
Ipwding 10 the ~lil~~)ll\~)liil;licd rnmicf.iill with a depth ,111 
tt1c IlldCI~ or 2 I,) 1 111 ill I,lU\,. 

I’he U~:I~~;IWL)II\ (‘rwh an!:\ c>tihe t{uml .l~ilnhcr Syw 
clhc wit\ chs>\cn 11)1~ Ihi\ pl-<lic.cl Ihccauw the tmck 
;~lo~q \L’;II~;II.oII\ (‘rcch pl.ovidcx rcli;lhlc xll-nc:~~hc~ 
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Fig. la. L~xafion andgeological maptakenfromGeologicalsurveyofCanadaMap 1347A, Geologyof LakeMinewanka. Locationsoftestsitesare 
Shown. 
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accc‘ss 10 lhe \yncline. Sounding bile I~~calion~ arc \ho~:n 
in Figures la and lb. ‘I’hc dctailcd localion diagt-am in 
I:igure Ih COVCIS lhc arca of Muckinghil-d hlcadow. 
M;~CI-c ,mo\, of rhc rwndingis wc,x Ioci~lcd. 

‘The cwly I-ewll\ from lhe Waip:~row C’rcek :wx 
sh~~wcd that the Mockingbird Meado\r I~rcality di\playcd 
~lcctl-iclllch;ll-;Ictel-i\lic\lll;ll indic;lled hur~iLOnI;II laycl~- 
ing where Ihe w~tcr-op\ \huwed sleep dips. ‘This surpris- 
ing dixudance demanded that rnwl of the \LII-LC~ hc 
devoted 10 detailing thcx cffccth. 10 cn\u~w Ihill Ihe 
early rcwIl\ were no1 \pwioll\. 

IN’I’I:KI’KI:I~.\‘I’IoN Ml: 1’1101E 

The deplh wundirq resell% for !he W:$xwow Creek 
iwei~ wc pl-escnlcd in I’igurc 2 in the fol-rn of log-log 
plots ofrcsistivity ver\~s cleclr~~de spxinf. NC, III:I~~CI 
what oricnfation was u\cd for the cIc‘ctrodc :I~I-ay. the 
rcs~~lts fol. all the sites in Mockinghil-d Mcado\\ sh~wcd 
a parliculwly unitl,rm chaI.:~ctcI.. thus fot~cing Ihc COII- 
elusion that eszntdly the s:imc electrical \II’IIC~IIIC Ia> 
undc~- cvcry site. an< I 111x1 only a hwi/ontill ,onc‘- 
dimcn\ional) lilycr model collld rmeet thi\ rcq~IiIwn~ctII. 

A~,nc-dimcnsi~,nal horizontal layer-intcl-pl-ct:ltion \\:I\ 
Ihel-efol-e applied 10 each SC‘I ~,fdal:~. with [he I.CSIIII !hxl 
only I\\O ofthc fifteen d;w SC,\ codd ,no, hc imatchcd I>> 
Such i, model. The ,\io unm:~lch;~hlc \e,\ were dul-I) 
affcctcd thy Iocxl I-esistivil); effects in the srlt-l:lcc ok-CI 
which those sounding si!cs lay. 

Altunarivc interpl.cbli~,nx 111 lcrm\ l,f rmorc compli- 
c:~red IWO- or thl-cc-dlrncnrl~,11:11 \I,-ui‘luw\ COIIICI n,~, 
have been ,morc wxc,\ful id hence wcrc n~,l uxd. 

The layu model u\d lo intcqwt cxh xl ,>f~,h\crvcd 
sounding data is shown ~upcr~mposed on each rc?pcc- 
live diagram in Figure 2. ‘l’hc hot-iamt;ll spacing asi\ ih 
used ~1s :I depth ;lxis Ior- Ihc Iaycr ~modcl. 

The dala pl-ewmeii in Figure 1 conxist 0ifk original 
ohscrvcd rc\i\tivily (K);~ndch:ll-fe;lhitit); ~m.‘I’he thee- 
rctical I-csisiibity data point\ for the Iayct- mudcl Ihat 
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Fig. Ib. Locations 0, ,est Slk5 Within MockIngbird Meadow 

pduccd lhc best fit to the ohvxvcd &da ;IIC ;11\(1 
shown In ~n~ostcascs. ~hcli~oflhesel~~osetsofl-c\isti~- 
it!. dala i\ w ilow Ihat any xtlempt tu Ii1 \moo~h CIII\‘C‘\ 
10 holh ~:II;I SCIS will pl-oducc the wnw CIII’VC’. The 
~~hscl-\;~:dandthco~etic;~ld:~~;~sel~:~~-ethc~cf~~~-c in&tin- 
grli\hxhlc in lhcx ci~scs. Howcvcl-. the IhcOvzticid dxl;l 
v;dues MC‘IC‘ ~om~~~tul for an elecl~-ode 5pxcing wngc of 
0. I lo 1000 m whcrcie the ohicrvcd &II:I cowonly the 
r;,ngc I 10 400 11,. 

The Io~;wilhmic lypc ~~fpl-esent;~~~~~r IIwd 111 Figure 2 
makes it dilficull 10 appt-cciarc the rclalive impot-lance 
~,fthc val-iou\ layer\ in each model. ‘I’hc~.cf~~rc. the I;lyc~ 
~modcl\ sc‘~~c ~wpl~~llc~l by using it linwr depth \cillc 
al-l-;lnged al~,ng the vertical :1x1\. as shower 111 IQxll-c 3. 

II i\ neccss:~l-y 10 cmphasi~.e that. while ii gwd fit to 
ihc oh\c~~\cd dilla M;I\ ~lhldincd with lhc lilyc~~ ~nodcl in 
illI 111~ C;I\C\ xh(1wn in Figtll-ci 2 i~nd 3. lhc wnfitl~nc~ 
Ihal can Ihe pl:~ced on lhe validity of this model ix high 
~>nly in lhc tax of5ilc\ A 10 I;. which lay in the immc‘di- 
:L!c‘ /(,IIC i~ro~~nd hlixkinghil-d iVle:~d~~w 

Only one C:ISC was fount u hcrc lhc ch:~lpeahility 
dal;~ d~splaycd ;~ny Ivccognir;lhlc \IucIurc. and in Ihal 
caw the \~I.IICIIII-~ u:i\ clcwly 1~+11cd IO lhc I-esislivit! 
layering. A\ a ~rcsult. the intch-pr-elation ofihe~c wxults 
in !crn~\ ~,I \truc~urc‘ \vxs u~nfincd 111 Ihc t-csiytivit) 
dal;l. 

‘l’hc Inlalch hclwccn the ~,hscrvcd and ~hcorelic:~I rcxiv 
livily data bet\ \v:I~ achicvcd by imcan\ 11fan inlewclive 
itcl-ation p~wccdu~-c. in which lhc ~dacrvcd ad theorcti- 
ul tl;11;1 wl\ wc’rc 4~wv11 Iogelhet- gl-:lphic:dly on :I 
ci,rnpl~t~l-~~enct-:~~~(l video display. ‘l~hc format of the 
SCI~CC’I~ display wah identical to lhat \huM;n ill I’i@lt~c 2. 
‘I’hc \cIccIi~)n i)f pa~;irnc~c~ for cxh ncb COnlputiltion 
of lhe thcol~cticill data w‘t was cw~iplclcly under the 
control of the oper;oor. a\ xl? dso the visual cv:dua 
lion of the match hetvxen lhc 1M;o tlaii~ XI\. 

Thi5 procedul-e wxs develupcd in prcfcrcncc 10 is 
pscudo~in\cl-si(rl1 by ~mcans ~,f automatic itet~ali~~n iit\ 
dcxrihal lhy Ii,~vcr~5lcn ~‘i iii.. IYXI 1 or a 1rxc invcr\ion 
pr~~ccdurc I:IS descl-ihecl hy Koef~~ecl. lY7Y). I~CC;ILI~ il 
:IIIOM.S lhc opcratot- to eclair a high dcf~-ce oflle\ihility 
in conlrollin~ Ihc &o+z input 10 the inlcrpxblion. 
111r (,I, crp<Yi?,iwd ,,,I?“““‘, l/i? (‘~Vli,, ,i,i,,’ iiii<~,i /,/ Wiidi 
iili ii,/e,~~~~~l~,li,,,i i,, uoi .si,cni/iui,il irirlc5.v i~i~-,~c niiirilw.s 0, 

~xi,rfm/i,i,~ hici ~ri.5 crw irj /it’ ~mm~~~~su/. 

~l~hi~~~pc~~;~to~--controll~~l proccdurc i5 lmuch lmwc lmeim 
ineful for inlerpl-etel-\ who at-c intercstcd only in the 
gculogic edp~~od~~ct. Viswl cslimation of the quidi!) 
of n~atch can 1no1 lhc dl-;lm;llicxlly impl-oved hy having 
the computel- provide any form of cowclatioli I;~c~ol-, 
and any ;~llcmp( 10 have Ihe s~,fiw;!re pr~di~cc a nunicri- 
cd \la(cmcnt of the confidcncc nnc may have in Ihc 
~nlcrprelcd ~~LIGIIIC~C’IE hxs little mwning heuluse the 
Eq~~ivxlence I’rinciplc ~Kocf~d. l’Y7Y1allow~ wide mnges 
!n Ihc c\Limatc.\ of thcx ~x~~I~cIcI~~. ‘Thih I.CIIIII\ fr(lnl 
IhcI<ru I~cs~,lllli(,n~,flhcl.c\i\ti~it~~~relh~~~l. bvhich;~II,ws 
widely diffcl-cnt gc~llogic:~l model5 to prducc good 
nl;ttchc\ 10 I/JC i,hxl-vcd data within the C.I.I.OI.C~~IX~ hy 
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Fig. 2. Observed and theoretical data for sites in and around Mockingbird Meadow. including the layer models used in computing the theoretical 
data, I\lote that the observed resistivity is shown for electrode spacing ranging from 1 to 400 m while the theoretical data are shown for electrode 
spacing ran@ng from 0.1 to 1000 m. 



lhc Iioix intrinsic (0 any &ILL ‘~c( acquit-cd LIII~~I. ~lo~~rlli~l 
lieltl c~,ndilion5. An e*:lnlple ol’lhis elfecl \\:I\ provided 
hy t’h~hc (1476) in which dcplh c\limalcs MCIC shown 
10 he c;p,hlc ofel-rwr d1111wc lhilll 1001~; hccall\c ,lflhC 
eqcliv;ll~llccpl,~hlern. :\~~~~:~nlplc~,tlhiscltcclissh~)\~n 
latch. hy the discussion 01 I.I~I~e\ ?:I :~ncl 2f. 

The Ihcorclic;~l data >cIs wcw ~cnc~mtcJ 13) 1nci~n5 01 
ii lincu lillci~ ;d~cwilhm dcxi~ilml lir\l Iby (iceti 1 1471 ) 
;~nd dwclopcxl hy I):!\ ilntl Vcnm , l’NO1. u<ing :I liltcl 
puhlirhcd by K~xd’~xxl cl <I/. ( lY721. 

Kl,SI’I,lS 

A fc;~lul-c o~t~5ulls 11)r Ihc whole Wapiwou\ af~ca w115 
that the lrcxi\ti\;ity clcplh wundinfi ~prc~lile~ indicated 
genel-all\i higher re\i\ti\‘ities for the oulcropping rc~ck 
unit\ than t’ol. thaw s~mc nxk tlnils seen in dou nholc 
log\. I Iowc\;er. hccaux the hole\ me ci~\cd the av:lil- 
:~hle logs do no1 p~-~~vicle inli>rm:llion !II Ihc depth rm:c 
0 10 100 111. so that 00 dilcct inllwm;~~ion i5 dbililiddc on 
~l~ct~c\i\livilic\l,fi~~,ch\inlhc tl~.ill.-\III.I;lcccll~il.ollllletlt. 

.I hc vihihle m~tcrop\ in thi\ :IIC:I display a http and 
consistent MCSICI~~ dip. which crcillc~ ii hl~nriig illlpv2\- 
\ion Ihat any depth v>unding rcx~klt\ nilI the unlikely III 
S~C~M. hc,ri/c>nt:ll I;iycr ch;ll-;iclel-ixlic\. C’onseqwnll~~. 
when hot-i/ont;ll I;I~cI~ chwxIcris,(ic~ did appear in the 
cxly rc\uIts it was it con~idw~hlc wrprix. II p~.ovd 
pcnsihle 10 match thew oh\cl.vcd cft;xt\ \vilh Ihcorcti- 
cal di~li~ rw modcl~ wnl:Gning ii\ ~m:my x5 (ivc l;~yc~n 

The lcrt \ilcI Ic~calal in ilnd i~round M~~ckin~ihil~cl 
MC~I~OM. Cxilc\ ,A 10 F. Fig\. 1. 31. PIOYC~ ncrtxhly II~~I\LI~ 
in the high resirlivity :III~ lateral cclnlinblii!~ ol~lhe 1:1yc1 
dcno~cd Ill<. a! a dcplh on the 01derof30 111. This layct~ 
displays a dip 01‘ no mcwc fhiln IO dcgrcc\ 10 lhc wc\I. 
and exlends c,vel- an iirc:~ :~ppm*imatcI~ 6110 m Icing in 
the n~)l.ltl\\‘est~\OLlth~il\t dir-cclicln i~ml apprc~xim;llcli; 
700 111 in lhc n~~~lh~;l\t~\~~llttrue\t dircctiori. 

0 
I 

E F 13 H 

r 

Fig. 3. Linear scale d!spIay of the layer mod& used in Figure 2. 
showing the anomalous character of sites A 10 F and the r&We 
,hickneSSeS 01 l,k layers 

‘l’hc I-cxk unit\ illllllaliillcly under-lying Ihi\ il~w’;~ arc 
lhc W;~piah. Cardium and Ill:~ck\lonc. which ilrc MCII 
~xp~nc.d in ;t IOC;I/ cl-wh ih;~nk and can he vxn in lhcw 
crulcrm,p\ 111 uhihil 8 con\i\lcnt i\csledy dip 01’55 to 65 
dcg!l-cc\. Thi\ clexrd) indic;IIc\ ihu the ~11nw~1 horizom 
1:1l I:ryel- HK transyc\wx lhc Iuldi~~g offhc local litholcrg) 

,\ sxond IC;ICLII~ or Ihi5 group or IKIIIII~ i3 lhiil. ill 
each xiic showing lhe high-w\i\livily Ixyel- HR. Ihc 
chargc‘:lhility sounding curve‘ shc>\rcd :L con\islent xnd 
rcpcati~hlc tl.cnd Cone \ilc \\a\ rcpcalcd 5 iinics l’ron~ 
IYXIlrcI I’~X~II,~ialllc\in~~ce\~~~lIll 111x. H! c~wlp:iri\c~m 
mohl or lhc ch:ll-gcahilily 5c>llnding c11rvcx Ihal \ICI.C 
olhrclmc~l 1111 lhc (~‘l-ct;lcc~c~l\ clLlli~mp in the I:m~thill~ 
arca 1x11 olll\idc lhc LViiipxloil\ cmch ;~rex \hc>wcd 
COII\~~LCIII :~nd I-cpc:~l;~hlc II.CII~\ which ~I.CVCIIIC~ thuw 
cuwc\ frclni c.xcwding chi~rfc.;~ hili!ie\ ofh m\ i11w the 
Ill5trllmcnlill xlling3 \pc‘cilicC cacdicr. which were IIVA 
~tll~cru~hi~r~l thaw \ul-vcy\i. .Ihcx high ch:~l.geahilil) 
villilc\ in the hlwkin~hi~~il Mcadi)\v arca :~ppcar icl Ihc 
awxiatcd wilh 111~ rcG5liw lilbw Ill< iind the I;I\;cI~ 
Ilmlccli;llcl~ ;~ho\,c il. H~~wc~c~~. no~Ii\linclion hclwc‘en 
IIww la)c!-s cxn hc tmxde in the chill-gcxhilir!, deplll 
pl-“lilC.\. 

‘l’hc trc\i\livc Ia! CI. I II<. ilml lllc I;I~cI~ immcdi;llel)~ 
:llxlvc il. i~rc no1 Iocatc‘cl in lhc ~iti~.otl~i~li~lill~~l xupcrli- 
ciill rnulcrial hcca~w thz~t Imatc~~i:~l can he x’cn in ou- 
crop IO hc no ~mow than 2 01~ 3 III Ihich. while I;I~cI~ HI< 
i\ I0ci~lc.d ;I! a dcplh I,(;lpt”.,)sillratci~ ?(I 111. The W;lpi;lhi 
sh;llc undcrIic\ ~no\t 01 lhc Mexlc~~ and. :II \ilc\ nc,t 
d\x)ci;llcd \iith lhc *\lcdilc~w. it di\pla~cd a rc\i5li\;itk 
on Ihc ~mlw~d’2~1~1 ~~hm-~nel!~!\ in rhu wm dcplh ~r:inge 
:L\ I:l!;er HI< l\ite\ II. I. .I :md K in Figwc.\ 2 and 31. I%! 
comp8ri\on. I;bycl- lili \lx~ws ic lx\ihli\it> of h00 olb111- 
Inclri‘\ in lhc inlel-pl.cl;lli,lti\ prnlvidctl in I:igIre 7. 

l’hcr~~i~tivilic~ in the I:I)CP irnnr~~lial~l~;Ihil~~ I:LVCI- 
IiK :~FC on the onlcr 01 1110 ohmnIcIrc\. which i\ vsq 
\illiililr~ 10 ihc rc\i5liviiic5 \houn lh) lhc W;lpi;lhi in Icy\ 
11om ncavhy dCllholc\. Thi\ \ugsc\l\ th;~l wc:lIhe,-ing 
1x5 11111 pl;lycd iI ni;l,jol. role in ix;llin;lhc high-I-c5i\ti~it~ 
I;l)er HI<. 

A I-c\i\livit) oIhOC c~hlrl-mctrcx liw I;~ycr HI< ~ho~~ld 
hc ~.c$:~rdcd a\ :I minimum hcc:~uw lhi\ i\ lhe lowest 
Irc\i?tivily V~IIIC that u ill pcmil it good Inlatch lhctnc.cn 
lhe ohwlwccl i~nd Ihecll-elic;~l tli~ti~. ,411 ~lppel- linlii c~ultl 
no1 hc pl;~ced on Ihi\ I.L!.‘~~*~IvI~!, ~~ on lhc hais uf the 
dcplh wllirding d;lla ~ hciallx cquibidcnt nr~rdcl~ iii 
which lhc p~mlucl of lhc rc\i\livily ;ml lhickncx\ 01 
I:I):u tIR ~a\ kepl cons1:1ni u’hilc rcxi~livil) wax inc~cawc 
(l.~q~~~valcncc I’t~inciplc ~ kwfcd. 1’17’): Fl;dhc, lY7hi 
aIIo\~cd equally gm,d matche\ IO the oh\cI.\.cd &ix :\,I 
cxamplc or \uch an iillunillivc interp~xl;llicrri i\ pl-i- 
vidcd in I:igwc 1. u Iiich \hobc\ Iwc> dittcr~cnt layc~ 
Illodcls that gi\;c cquilll! gcx)cl data litr lbl~ 5ilc (~’ ii1 
Mochi~~~hi~~dM~;~~l~~\~. ,Aw\i\li~ii\ 011 1110 O~III-I~CII~~~~ 
liar I:L);cI. t1R is perhap, ~CICJ high. ~ICC:III~ it is IIIOIC 
typlc;ll of lowpow\ily cry~txllinc mc~mnol-phic rocks 
Ihim mwinc shaIc\ \rlch a\ lhc M’alGhi. ‘I’till\ highcl 
rc\islivilie\ tint. Ihi\ l:~yc,1- wcm 10 hc impr~~h:~l~le. 



,i,.,iC,‘,~I~‘r\l. 1NoLt:tt.Y. : ,,., 3kK,\ ~oorH1I.t.S hl 

Thus the 600 to II00 ohmmetre rcsistivitv of Iayu 
HK appear!, to he at le;rst three times and pos\ihly mow 
than five times the avcrege 200 ohm-metre raistivity 
than the Wapiahi exhibits in other- I’oothills a~cas. for 
the same depth range as layer HK. 

A xcond cxamplc of the cquiv;dcnce of diffcl-cnt 
layer struct~~~cs is shown in I$wrc 2g. which illu\tratc> 
the USC ofa seven-layer model to match the dat:~ for site 
A which wcl-e matched by a four-layer-model in Figure 
21. ‘The fou~--layc~~ model is shown in Figul-c ?g in dahcd 
twm. It is clesr that the more complicated model dots 
not achieve a significant improvcmcnt in the match 
hetweenohwwxl and theot-ctica data This CIISC shows 
that a high-rcsihtivity layer could exist ahove layer HK 
without helinf recogniz;lhlc in the resistivity mca\ure- 
merits. Actually. the influences oflaycrs C and D mutu- 
ally camxl so that they show littlc or nu effect on the 
over-all wvponsc cuwc. yet both wo~~ld he signific;mt 
for the geological description ol’thc site if they actually 
lzX!SI. 

MODEI.S COK ~I’HE OKI(;IN O~‘I’HE L\YEKIN(; 

Onlyadctailcd petrographic sludy ofthct-ocks undcr- 
lying Mockingbird Mcadow will allow the ciwsc of this 
t~nus~al layering to hc fully cxpk~incd. Such a study will 
requirethedrillin~ofthcsit~~~nd. until thcn.anydiscus- 
sionofthcI.)t-i~in(,fthis layerinfcan heonly speculative. 
However. such speculi~tion can hcgin with the uhsel-ux- 
lion that layer HK proh:lhly uxs crc:~tcd by :I ~KKCSS 
rclatcd to the prcxnt fround \urfxe. hccause the Iayc,v 
ing is wry nearly parallel to that wl-fxe 
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RESISTIVITY 1 Ohm netres n 
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THICKNESS I 0.4 0.4 DEPTH I 0.4 
THICKNESS 2 _ ? 2.7 DEPTH 2 

5?:; 
THICKNESS 3 Zk:0 26.0 DEPTH 3 3::; 31.1 
THICKNESS 4 41.0 80.0 DEPTH 4 72.f 111.1 

Fig. 4. Equivalent interpretations of the resistive layer are possible, 
and this example for Site C shows that the resistive layer can be 
interpreted aa being much thinner and more resistive. A lower limit of 
600 ohm~metres can be put on the resi~tivity of layer HR by the 
matching process, but the upper limit can be set only by geologic 
considerations~ 

As mcntioncd cwlier. the chat-gcability depth wund- 
inf curves show no distinction hefwecn layer HR and 
lhc layers above it. so it can he infet-red that layer HR 
and thox ;dxwe it have much the same chal-geahility. 
Therefwe. whatever pl-ocess incrcxscd the resistivity 
of layer- HK was possibly associated with another that 
nwdc both laycr HI< and the ovcrlyin~ Iaycrs ~mor(: 
polar-i~ahle th;m the ume rock units Iouted out\ide the 
Mockinfhird Meadow area. In this context. the chemi- 
cal alteration of the clays prexnl in the shalt might 
provide such an increavz in polxiubility. a\ shown hy 
Vaquicr ,‘I ill. C lY57). Howe\w. ;rn :~ltern;~tive e\~Gna- 
lion might hc provided by the model proposed by Ochlcr 
endStcrnhcrglIY)X4~~ho,in~~studyofthci-ocksovc1-ly~ 
ing the Ashland Gas Field. Ibund a lrcsistive layer in the 
depth range IO to 20 m. .The lateral distribution of this 
layer cwrelated poorly with the local surl;~cc geology 
hut well with the latct-al distl-ihution of the fas field 
Ill00 m below. ‘They also found that this layer displayed 
anomalously high polar-izationcff~cts. Indownholc stud- 
ie\ of the layer. they were able to cwrelate the stron@ 
polarizntion with :I zone of pyrite that had hren intro- 
duccd into a sandstune unit new its base. They ascrihcd 
the high resislivity of this sarnc layet~ to a reduction in 
porosity caused by calcite having been introduced into 
the s;rndstonc in this same depth interval. However. it 
is possihlc that the pyrite me): also have contr-ibutcd to 
the increasc in resistivity ofthe sandstone. ;~\dcscl-ihed 
in an earlier paper (Duckworth. lY8l). .lhe model p-c>- 

posed by Ochlu and Stwnbclg fw cmplnccmcnt of the 
pyrile and calcilc in this layer involved the vertical 
sccpa~c 01 mcthanc. hydrogen sulphide and carbonate 
ion\ fl-om the gas pool. The creation of pyl-itc and ca- 
cite from these mawias was seen a\ involving the 
action oflwctcri:~ and ions :dready existing in the sand- 
\tone near the rurfacc. 

While the depth ofthc resistive layer HR in Mocking- 
bird Meadow i? somewhat jireater than that ofthc layer 
rcen hy Oehler and Sternhclg (ibid). thcr~c appe;ws to 
be a slron~ perallcl bctwxn the two situation\ in that a 
resislive Iayel- is avsocixted with high polari/ahility in 
both casts. In using the II’ Imethod fol- mct:Lllic mineral 
cxplol-;~tion. an aswciation of high polariubility with 
high resi\livily is ext~wrnely uncommon: pol;wizablc 
bodies are normally found lo he low-rcsistivily hodies. 
In the Ashland I’icld CIISC the calcite and py~-ite we,-e 
fwnd in the same layer. hut it appears that the cmplacc- 
ment of two such disimilar minerals could occupy ver) 
differ-ent depth ranges even if they have a common 
SOUICE in depth. Thus the ~reatet- depth range fat- the 
strong polariz:Gion then fat- the high-rwistivity layer 
HR. seen in Mockingbird Mcadow. may rctlect adiffer- 
cnt depth ranjic of cmplaccment for two dissimilx 
mineras. Thi\ suggests that. ifpyrite is the cause ofthc 
strong polarization effects in the Wapiabi shale bclou 
Mockingbird Meadow. it will hc found in the depth 
range from is lillle as IO m to at least the bottom of 
layer HR. while calcite would he confined to layer HR. 
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Diagcndc pyrite ix a common occw~~ncc in lhc Imwinc 
sh:llc\ c>f [hi\ :rcx hut polar-izahility result\ “rfgcst 
that. if a Iale en~placcmcnt of cpigcnctic pyrite is the 
citu\c ofthi\ anomaly. it will hc Illund in concenlr:tlion3 
si@ic:mlly hiFhet-ltl:ln~~rcnorm:il 1)t-diagolctic pyr-itc. 

Discordance with the local ~cd~rgy iv;!\ a I’c;I~u~-e of 
Ihc Ashland I;icld anom;~ly antI is lhc out~t;~ndin~ feea- 
lllre 01 the Mockinfhir-d Mcado~b :~m,m:~ly. w thxl in 
this xnsc Ihe parallel Ihc~wccn the I\\O ca\c\ i\ very 
stm,g!. 

In that the Waipxt-oui C:l-cck arca is \1I-:1Ii~t-;lphic:llly 
identical to zwvx 10 the north :11x1 wn\h thal are xli\c 
.g;lh producers. it scc‘ms poshihlc thal a gas rcxlwoit 
c~~uld lx Ioc:~tcd undc~~ the Mockinfhild Me:d~,w :IIC;I. 
ami that thi? [night :ICCOLIIII l01- the unusual ctcc(b-ica 
ch;lractcrot’taycl- I Iii in the manncl-llc\cl~ihcJ by Ochtc~~ 
and .Slcmhc~~g (ihiLL HIIM~VCI-. it mi@! he expected 
th:lt any sccpa&e from :I I’CSC~~INI that in thi, arc:l will 
prohehly he located at in depth ot’i~l Ici\\t 3 km (h;~\cd on 
lhcl- i-km depth to lhc Wildc;ll Ilill\ I;icltl 20 km with- 
east of the i\nomi~lou\ area. and the fad Lh:ll \h:~llo\ver- 
tat-get rock unilr ;~ppeartu have pruvcd unpt-ductivc in 
lhe drilling conduc~cd lhrou&oul thix arca fl~r the pa\l 
20 ye:~rs) M’OLIILI he &\pcrsed OYCC-a milch Iargcr \u~-f;~cc 
arei, than that prcwnlcd h\i lhe :momid<~~~s LO,,C detected 
al-vend Mockin&ird hlcad~w. The rcquircmcnt that 
prc-csisliry ion\ and haclcria he awilahle in the nc:w 
su~fzvx Irock\. in order 10 pt-oducc iintl tia Ihe pyrite and 
calcilc. could ciluvz lhe i~nomi~tou~ /oncI~r lx I~watircit 
hy lhc ;Ivailahiliiy ~11‘th<>w ;ycnt\ anther than hy lhc 
:Iwilahihty ofthe m:~leri:~l\ heins \upplicd tl-om any gas 
rcscrvoir. 

A\ M<xkinghid Mci~dow i\ 11:11~1rwlly clcx of the 
dcnx pint I)re\l that co\‘c‘r-3 lhc whole I;<x)thill\ Thrll\l 
I3ett. it can he infcl-l-cd thal thcw z~nomalou~ ctfcccts ;LI-L‘ 
rcla~cd to the cftccl\ I~UI cl-eatcd the mead,,\i. /‘,ltcr- 
nxtivcty. it might he infcrrcG that lhc mc~~dou i\ thel-c 
hccauw of unusual \uhsur-(IIce conditions. which C:IIISC 
pint Irccs lo be unahlc 10 ?I-<,\\ in Ihi> I~x;~tiol,. Thcw 
view\ had 10 he alundoncd when it wx\ found that IUO 
sib IA and 1;) in Ihc tree\ 10 the nol-th of the Meadow 
showed a cha~-ilclcI~ VC:I~ similar to Ihal otncrvcd ;,I 
\ilcs in lhc middle ofthe Mc;d~lw In xlclilion. dthough 
silt D ~;a’; Ioc:11ctl <,n rhc lilac‘kslane outcrop and the 
c.lecl~-dc ar-ray \\ii!s epanilcd norlhward i,cro\h the 
Cardium ~)lllclopla\infel-red lj.om virihtewwop\ located 
.jusl north and wulh of the Mead~~wi. il nc\crlhcIcs\ 
produced a piclure :hal wil5 m,t ~i~nificanlly dittet-cnl 
from those ti>und in rhc rest olthc i~nomalw~ arca. Thi> 
Icads 10 the conclusion Ihat layer HR ~r~~ns~re~xs fr-wn 
the W;lpiahi lo Ihe HI:lck\lone through Ihe (‘ardium. II 
local suhsurfilce dt-ainafc MLS the crux of Iaycr HR. 
lhcn thi> Iwnywszion thn)llgh vcr~y differenl buck uni[\ 
is hard toexplain. hcc:luw it seems logical that any sI,ch 
draina~c wo~~ld have hccn \t~-on~ly controlled hy !hc 
gt-cater porwsily ofthc (‘al-clirrm wndsIone. Silt I,, di5- 
~usxtl lalcr. u’xs on a track along the wslcrn m;llpin 01 
the me:~dow I1 had \urtl~cc condition\ very \ilnilar 10 

thaw in rhc middle 01‘ the meadow yet il pmduced 
results quite dift’crcnt from Ihose found clscwhel-e in the 
IIIC;~DW. Thu\ it ;~ppc;ws that 1ha1 the ~meado\~ i\ l111-lw 
ilou\ly Ioc:~ted on Ihc :mom:d!;. 

An additiunal feature 01 the Mockinghit-d Mcadou 
tcsl ~ca can hc xen in lhc sounding re\ulls shown in 
t$!urc 5. which were obtained thy repe:lling the sound- 
tng al s11c (~‘. ‘I’hc pronounced diffcl-cncc betwan thew 
xwndinl: cuwc5 was c;~uscd hy ii Irwst layer in lhc 
jyound. which M;LS presnl in May I’#0 when the fine 
le\t NJ;!\ c~~nducted and ;lhscnl in Au@~st IYX3 when the 
vxond MilS conduclcd. In hoth ca\cs tt1c fl-ollnd SL,,V 
I;lcc wil\ d1.k~ and clcill~ of 5now. A plvzliminary repw 01 
Ihi\ effccl dscrihcd in :m c.:lrliet. paper Duckw,,rth 
(IYX3l included the result\ 01 I-cpc:alcd tc\ts al thih \itc 
OVCI’ a thlwc-week period in May IYXO. Thnsc 1~3th 
d~wzed ii pl-ogw~vve incrc:isc in ch;q!eahility :I\ the 
~wnd th:i\\ed <rut hut Ihe IYXi ~rc‘sulls show deal-I) 
that the thxwinfcffcctx wcn in IYXOwerc 1101 complcre. 

~fhe Oehler~and Siernhcr~!(ihidt m~dcl would ;I\ct-ihe 
the 5Irong polar-izatiun cfftxb xcn in Ihis :w‘:~ to im 
epifcnctic. late emt~laccm~nl ot’pyritc within Lhc \hdcs. 
If that is IIIC crux of the II’ ct’t’cc~\ ai Mockiu~hird 
Mc;do\\-. lhun rhe dccrc;~\c’ollhe pol;~u/;~li,,n ellect :I\ 
chc shales wcrc l’rwxn in uncxpcc~cd. lhecwsc I;lhow 
lory \ludie\ of the II’ rc\ponx ot’ roch wmpte\ con- 
di~cled I>\ Kay i~ntl Duck\c,~l-th C IYX3) f<,und thal the 
polar-I/:UIOIJ charactcustlc\ ot\amplc\ conla~nq, mct;~l- 
lit tllillcl.iltililtiot1 Gmitiw to pyl.itc incr~c.ilxd n,lticcxhly 
when ~hosc s;~mplc\ wc‘rw lj.o/cn. I’hi% t:lhorat,>r-y rcsd~ 
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Fig. 5. An expected decrease of the ressfi~ity ,n the upper iayers was 
observed as a ilost layer thawed out. but the dramatIc enhancemen, 
Of the chargeability that accompanied the thawing was not expected. 
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wa~found to he consistent with the so-called Cole-Colt 
modelforr.hc IPeffect. which Peltonr/ol. C 197X) showed 
to lx very successful in dcscrihing the ohxrved II’ 
behaviour of trocks :I, nwmal ternpet-alr~t-cs. Thus. the 
rcsultsfrom the Mockingbird Meadow ficld survey show 
hchaviout~ exactly opposite to that of the lahol-atw) 
resu11s. This contla~t suggests that the polal~i~ati~m cffccC 
in Mockingbird Meadow may not hc c:~used hy the 
prcscnce of a mc(allic minel-al such as pyrilc la1 least in 
the near-swfacc rocks). 

The lw;d outcrops ofthc Wapiabi do not show visihlc 
pyrite minewlization. but do display colouration typi- 
cal of the wcathcring of iron miner-al>. 

The marked dift?l-ence in dielectl.ic pcrmiItivity of 
water and ice (80 versus 6) appears to indicate :I poses- 
hle cause ofthc ohwrvcd dccrcarc in polarirability M-ith 
freezing. However. rhc dielectric pcl’mi(tivity ol’watcr 
has never been seen as providing :L signillcxnt contt-ihu- 
tion to the lnduccd Polariration effect because of the 
low freqwncies involved in the mimil’c\tation of that 
effect. The IP cl’f’cct has been determined ~1 he an 
elcctroch~rmical phenomenon (Klein and Shucy. 1976) 
which. in mincralired rocks. involves rhc slorage 01 
charge al the interfaces between pow Iluid and mclallic 
mineral due lo the build-up of ions at these inlcrfxx~. 
In nonmincl-alired rocks a similar- hunching ul’ ion> in 
pores constricted by clay,\ is alw SCCII it\ being a C~IISC 
of the IP cffcct. If the formation of ice in pore\ i\ able lo 
prcvcnt chugc 11-ansfcr XI-ass metallic intctfaccs (i.c. 

the fluid in C~IIRC~ with the interface w~n~ld have 10 
fvxx), then this will reduce the chxrgc-awing capac- 
ity of a rock. Howcvcr. it seems likely that the inter- 
t’aces will hc rhc 1st component of a I-och 10 freeze. 
hecause the high concentrations of ion\ a~ !hex inter- 
t’aces will reduce the frccring point of the water ncu 
them 10 well helow the frccLing point ol‘thc hulk water 
in the pwes. Similar conGderati(ms apply to lhc lixcr- 
ingofclnv-hcnrin~ rocks. hcc;uwofthe high concentl-:~- 
tion\l of ions associated with the stmnpclcclric fields at 
the surl;i<.e\ of clay parlicles. II thercli,~-c appear\ ~hiil 
the effect ohscwcd in Mockingbird Meadow is not US- 
ily cxpli~,incd by any of the models of the II’ effect at 
pfnxent I’” USC. 

The hi,sh rcsistivily in Ihe top layer-s when the IrosC 
was present ui,s Iu hc expecled. hut the pronounced 
enhanrerncn! of the chaqxxhility Imor-e lhan 200% fol- 
an electrode spacing of X m, due to lhc thawing ol’lhc 
frost will hc explained only when wmplc\ of the rock 
undct-lying the 4tc arc ob&ned. 

RESULIR I:OK Srts OU~I’SII,~< ‘rot ANOLI~\I.OIIS ~.ONI: 

One test was conducted 500 m north of the mwdow. 
and the !-esul~s are shwvn as the cuwe tar site H in 
Figure 3. Results for test\ conducled south of Mock- 
inghird Meadow ;rc shown in Figure 2 Ii-k). Site I lay 
just south and wcs1 of the meadow while the uthcr 1x0 
bites were approximately ? km soulh. In the Casey of 

hitch H. I and J the clccr~-ode system was laid along the 
\1rike ofthe outcrop. while for site K it was laid perpen- 
dicularto strikefromrhe samccentre usedforsite J. All 
foul- silts MC~C located on the Wapinbi OU~CI-op. 

The aim of the tests :I, siles J and K !#a\ to determine 
if the Wapiabi Shale displayed :my heddin~~cont~olled 
anirotl-ophy in ils rcsislivify. The complc.x layer model 
der-iued for- Gle K probably I-cwlced ft-om irr-rgular-ilics 
in the eleclrical propertic\ ofthe surface over which the 
electrode array was laid. Thus it appear-s that. despite 
lhe visually apparent differences. the CUIYCS for hitss J 
and K we very similar and \how no significanr anisot- 
ropy in the rcsistivity of the Wapiahi \halc. 

The chaqxahility rcsul~s for si(cs H. I. J and K sho\z 
a .gene~-:LI trend row:~~-d higher \fl:ilues for Iat-gel- elec- 
11-o& spacings. hut it is not possihlc 10 identify any 
layering in ~hcsc ~reahb. The chxgcahilily Iresult\ for 
\ilc I. which WBS closest to the meadow. xc compar~t- 
blc to those of sites at the edge of the anomaly in the 
meadow (c.g. site A). hut \ites H. J and K sho\v Ggnifi- 
csntly lo\r’el-chalp~;lhilitic\ than the Gtes in the me;~dow. 
parliculal-ly for snx~ll clcctrode spacings. For instance. 
bite C shoucd a chqxahility of I? ms for II spacing of 
IO m while silt J showed h ms for the same spacing. 

The evident ximilariry or I-csistivity pwfile\ for silts 
H. I and .I. which lie north and south of the madow. 
and Ihcir dissimilar-it), III !hc I-c>pon~cs l’ound ill lhc 
mcxiow confi~-m that the cl’fcct found in 1 he mcxlwv is 
localixd. 

All the Gtcs both in and OUI of the mcxlow wcrc on 
level grww~. imd the wa,cr iahlc wits nowhcrc dccpc~ 
than Z m. as shown by local creeks and marshy ground. 
Thw it is improhahlc that dil’fwences in the charactcrof 
the surface at the wriow sounding silts can account for 
this diffcrcnce in ~.csults. 

In the cast ulsitc H. the cul-rent elcclrodc was sitw 
atcd on a hatw wtcrop of the Wapiahi Shale. w that the 
fir?1 two Isyers prohahly rrcprcxnt wathet-ing cfl’cct\ 
in the shale. Layers 3 and 4 arc more I-cpl-cscntative of 
the hhalc‘s uuc I-oislivily. although layer 3 may hc due 
10 the prcscncc or Io\~et--conducri~,i~~~ w;~lt!~- 01su1-face 
wi$n while I:lycr 1 may contain water of the original 
~mirinc wigin. Laycl- I at silt I was ccl-tainly the visihl? 
overhurdcn. while layer-s 2 and 3 wcrc ptwhahly due to 
walhcring and the presence of water of\ur-lllcc ol-igin. 
All three lesl silts (H. I and J) indicalc a trend 10 
resislivitics on the order 01‘ 51) IO X0 ohwmetrcs al a 
dcprh of approximately I70 111. which again i\ ~nw~-c 
typical for the I-esistivitieh seen in dounholc logs for 
Ihi\ wx In each tax lhc mwe rcGstiw third layct- 
\how? a rcsihtivity of I70 10 Xi0 ohm-mctrcs. 

Availahlc tracks :dlowcd only one test IO he con- 
ducted to the ca\l ol’ihe meadow and this is shown as 
the curve l’or site I. in I’igurc ?I. The OII~CI’O~ underlying 
Ihi\ sounding was the Hlackstone Shale. It is clear that 
the high-rwi\tivity layer HR under the mcado\v dots 
not extend under this Gtc. and that the chargeability 
YRIUCS t’or (hi\ site are much lowxthan in the meadow 



‘I’hc facts that the observed d:11:1 :IIC condcnt with :I 
horizontally 1;1!cr-cd mode for;dmo~t all the 5itc.s tcxtcd 
in the Waipal-ou\ (:xek awi. XIKI tha! ihc irc\istiviticx 
shown hy!h~)\ela?cl-modcl\;~l-c higherthx thcx\i\ti\ i- 
tics seen for those MIK rocks in do~nhole log\. wgfcsi 
that B pervarivc altcraliun of 1hc rocks of Ihi\ xca ha\ 
taken place in the gedogica pcr~iod aswciaicd with lhc 
present land curl:~cc. Wclthcring cffwt~ and the muvc- 
lnlcnl of mclcol.ic uibtcr inlu Ihc ncar~-surl;lcc /onch 01 
Ihc marine shalcx UO~IILI ~CCOLIII~ f~~l-xg!cncr-;~l I~IO~CI.;:IC 
incrc:~sc of I-chi\tivity. lx11 il is diYficult to xe thcsc 
pl-o~~sse~hcingresp~rnsiblcf~~I-1l~ccsli-cn~~l~Iri~t~~~c~is~ 
livity layu undcl- the cnvxdow. 01’ 1111~ lhc lhighwrh;m 
normal IP cffccr~ wcn in the wme arca 

A widespl-end altc!-ation of thih kind implies that the 
chcmial agents that cvxted the change \\C’IC highI) 
mobile and that their IOI~ICC was locxted at consider- 
able depth. Altenutivcly. thcw a#cnih were pl-ovidcd 
hy the iamo\phcrc ;md by war-\wfxc ~~~VCI,ICIII 01’ 
ground WillCI. 

A localized cnhanccmcnt of thew allcl-:ltic)n cffwl\. 
such as that found in the Mockinghid Mcad~~~ ar~x 
may well he contn~llcd hy the Iocali/ed avail:~hilit! 01 
surface-dcriued :q!enls wch :LS tnctcl-ix 

The type ol’sur~c~ rlscd in thee te\t\ provides dcl;~ilcd 
information in depth hut give\ a diwmlinuou\ pictwc 
of the latet-al v:lri:ttions of the clcctricid propcrtics ofan 
iwc:k. A I’U!LIIC wwcy wing continuous tli~vcnc‘\ xt 
lixcd cIcc~~~de spacings would \hon il’ the anomalous 
arca has CICN limils. The optimum \p:lcing fot~ the clcc- 
erodes for such :I \IIIVC~ would he 60 m. hccauw thi\ 
was the spacing that grave lhc rlw~n.gc\t polar~i/;llicrll 
~rcsults in lhc a~~om;~Ious awl. 

Although additional electrica \LFNC~S rms~y aid in 
defining lhc li~lcl.ill cxlcnt of thcsc i1n~~111i~l0~1~ cfl>ct\. 
lhc 0131~ maim\ of awiving at an undcntxding of lheil 


