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SUMMARY

- \nl airh rini te so rse ’ ,  ui e. rnth e lect m i c . r I  ie s i s t i s  i ts  , cu irnpute d t r i m the comp lex t i l t  of tile
e lectr ic c e t tu i of .1 V I I  5c r ’ , hiss frequ en cy)  snnn l , i te  eLi In unl i . igu i c t ut  ss is- c , h is  been
studied , 1 lie su rse ’ ,  ss a s ania l /t ’d ton t he e f t e i t s  ol t i p  ~ii ap li’, ss i e s i s t i s  i t ’ , , a l t i tude , and
ss, ise lr li phase arid am uu p lum ude , I lust ’ u _ t n  t a il si’ ‘ n iPs  .rf lect tI re qc uul~~ it resiu lt i l  i i i  i
t his t S- pe of stir ses - I uifuogn ,iphit re l ie f  if fe . Is at lt’,ist one c le t t i  ii m eld t u um ip uu r lent Ilight
alt i tude i f  len s- ar it ’s user re l ief , an d plr,ns i ’ , ss nih canni uO he st ’ p, ur ime t t t ill amp li tud e lus
an a irhtun mie ,oite mroa sss t en i n , is .i ls uu quite sa n ia b le s uhe n the ear th ’ s i c s i s t i s i t s  is s t n ,n t i f i ed  uF

s u hern disp l.ute rni ’nt tim i t i l t s  are dorninu .irit .
-\ nlounntai iuous area in n orthern \1,iinie SS,Is selected i i  s t i n i\ - ~I Ire gcol gs aird n p g n

pbs ui t h e  ,rre.r i nt l been pit ’s t i Ps niua~upetl and mlii’ , i nea 55 ,15 w it h uir i  the su rf ace 55 , 1st ’ r .unge
f t he tr a r us ni i t ter used N \ \ , Cut ler , \l.wii- 17 ,5 LI I,’ i . -\ stan dard ss j su ’ t i lt s urs u ’’, 5S ,is

r hen t n t n n ~ tcd at I 50.nu mt’aml f l i ght .iltitudt ’, Rt - s n s t i s i t s  e l i c i t s  upiunl tin,’ ‘ , s , i s c t i i t  f ie ld
comliponu’rl ts sseni ’ sep,ir ,itt ’tI fro n t those ui t upuig rip hus b’ n i cte, isur lq the al t i tud e i spec i f i c
f light paths . 1 hue e f f e c t  ui a lt i tude upon qt’ nlog it  resuu l ut i uu ru ,imit f the m e n u  muueasur ed
i / s l s t i s  i ts  ‘sd sst ’re stu died hs iep u ’ , n t i i t g  p i n t  f t i l t ’ s t ,nn i_n:  d sin ’  cs nt u higher ,n i t i tud t ’ ,
[he n i t t l u cn i t e  of phase arid ,inup l i tu de up ru the measured ,r i rb i u m r ie sn i s t - t i l t  is is .rnial s ,t ’tl

usi n g t ht’ resu lts (if a gi unid s i l t  S c ’ ,  of tin’ tota l , ~ nlf i !n - \  sun t ic unu pet i . inn tc ti the s,rme
,ndi 55 .15 i’s .

The r e s u l t s  proS id~’tf mlii’ fo l lowing iruiunrm it uu>n , I hu~ y’t ic n ls  rot k un t’.is genic i i l l s  t int-
t ,onu e d inure highi res is t i v i t y  anuu ,m uia ii es tha n did the slate Inca s . \~ i l l i  ut except ion , ill these
,rmioma f n e s It’ll on moun tain f lanks, the  loss i ‘s is l s i t s  ,Ire,ts - p m I s t  \ \ t ’i ‘ s t n u u mug ls a f f e c t e d
bs t he ncieiih ‘ m mug luighi i ’ ’ n s t ls  i t s  ,irt’ ,rs , \ t  a l t i tudes  ib is-c PII~ nut , I n n  gu’ ut - s i s t i s  it ’ ,  resp iuns es
nt ’m.oncd fl t h e  h u i  n ’ uun i t a l  t ’ It ’ t t r  it. iei d hut riot in thui vt’rt it.,iI ch ili it I cid \ t p g r a p hic

ct ’s,n l ua t n u nu I’ ,nset l ii an adj ust o ret i t  iii ill S OOt ’s tnt  t int ’ st ’ m i t O  c’ Iec tm it f ie ld  t uu the s t n t ’ngt li
fl ie, n slnm iii user areas of nut I die t , i n up nn se d the ‘ ,e u l spe nt ’ su u l in t  fl ut I i -  p ru u f  It ’s an d ot t h e
t ni to i n i  i i i’.t. 1 lie repe. i’d st ,imud ard sun ~e’, at 3()O nu nt’ tau nied m is t of t he goul tjn c nes i r lut i t rn

i t he I Sf (.ini star id ,ird suns i’s - I lue ground s- ,ilues t uf appa t emut r t ’ s l s t i s  ms and phase shuuw ed
t hat the slate areas s uer e b ctu niuparab le r t ’ s j s t  is - I ts  to the grit us In e n s  hut of much l(uss en
ph ase , I hi’s ,n l s u i  sh uu weul th,it rruourlt .on rid ges 55 t i e  c uum uipara b le to f lanks  in ,o rhi u u m mu e
apparent n .’ s i s t l s  t~ w fu en t’sa lu ,mted by t h e  tu upogr a pbi ica l f s t S r  t ’cied iuit’ifio d.

Sortie of the t uni lus roi rs reached us t i e  is loll iss
t h e  i u ’s p u nsc ui the si ’ nt ica l e lectr i c  f ie ld  t u  drat i ges mi i t ’s i s t l ’ , i t \  is negl igible t ilt-

p ime d w ith  the t s p  risc f the hurni ,uui it ,iI electr ic I kId to t llt’st’ same Ii.nrgt ’s .
2. Iop rgrap hiy pr i m i ram 1’, a f f t ’ t t s  thu t ’ S i t  t ic al electric f ie ld , t , ius l f lg  hu gh res i s t s i t s  iones

lii appear r i t c t i t i , i t c d  on il ,i ruks ,
3 . The phase P the ssasc t i l t  is dii nm llpt urtant t u t o r  f r  d i s m i i i g u n n s i r n n r g  h i gh i c s i s t i s  i t s

,trt’ ,rs in reg i u r is t if r ican-surf  ace e ns  st ,nl l  inc hedr u rc
-I . Ri’s n s t u s n t s  ano m a lies less th, ir u t W k t ’ the s o u s c s  ,‘ I t u t ude in iji rnemus ioni ss e n e  d i f f i c u l t

to det ec t ,
5 , [f it ’ qu,t l i t s  uf .r s l i ns e ’ ,  ma’, nnt ip n s c w hen , niclt i i t t ’d mm .un . i l t u t um t le ,rt suin i ch i  t u p ugr,i-

pbs ( f l u ’s n i t  .r f f e c t  tIlt’ s i n  u i 1  t ’ ln ’t t n n t  f ield ,tntl w i l l  i ui i p r uust ’ it  st.ind,ird ,n lt itude ’, ss l rt ’t i all
sa lnj es if miii ’ i_ t n  m ic,iI i’lci tn it I eLI .in i ’ adjuste d n the r r r c , i sn i i c f  st it ’ m ig th s- i’m areas nt mit -I
re lief

y in
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I n i t i-nu, li u setting

ii pi.ii i c 55 .1St ’ n u de of tic u d er i te upon io ntusp huer e

un u g le h~’t ss t’t’ mu ,i,i m ur utbu ii f l i g h ut l i m ue ,uutl aznm iiuth fro m cen ter ol stir S t ’ s  to the
t r.rur ~i n u i t it ’

‘ii sphii ’i ii. l iu t o s umi g f , ic t iu i

1 gr o un rdss as e prnup , mgmt io r i  d istaint i ’

- n5ag ,ii n u n  I ist , in ncc dil lt ’ re nn mi . i l  it t  us -c i t s ks m i d  g r uuu nmd Int uit ’

~ ‘kin tlt ’p t f t

I ciii In it f ie ld stn e ngtbu

/ o ~ ci u—nit’ I kId stn entgt ln

/ I tn t .Iii st n mng t hi
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/ s - t : r ’ u -i ti - Iti ,it t en (m ,r t u nn ‘ u n i t .  I turn
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I’’ , ,  i s p  i i -  it r e f  i t t .  t o n  t i n t ?  it k n i t

p i1 ~~i ’.tui _ i l \
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INV [STI ( A TION OF AN AIRBORN E RES ISTIVITY SURVEY
CONDUCTED AT \‘FRY LOW FREQUENCY

ti lt ’s en ~\ , -Vt. inc

INTRODUCTION t’ m n t h  t ie  s lt u ’ , sn i  in I gun t ’ a. mu tins t i g l i n t ’ , 1 is t his ’
t’It’c t n i _  I ciii tu in n p ricn t t , m n u g en u nmat tu m this ’ c_ Il t In ’ s son itt ’

Background ,mnd omit-n te d tosvard t u e  tn ,mns nuit ten , / / is the s t . - n li t. ii

(~etup hu s sic a I meth ut is .ini’ of te rn  used for the siih sur - elec t r ic  field conu ipunie nut , am id I/~ us t hic inl ,n ’ in ncl nc f ield

l.itc exp k)n .nt ioii of mien solirit ’s of i,iuu rnater i.ml s . c iuniponienit . ,ilsi t ,ingt ’nlt i .mi t uu thu e e.urt hu ’s sur l,itt ’ , Be’
lhucse nuet buot t s ut i l it e the phis sic il pniupertit ’s oi n o cks , nuc at h t h e  s i mr l , it c the I,ingt - n t ’ b i , i t luS ’ un i tie S itt n u t  c n n t h

sc t.Inm u it’t uts urn cert. n inu niiinenals ,is .n h,nsis i i  t h e  d i l ler ’  ,iil iss s m i s  E 5 and I / ~ to e \ l s n , as t he ss- .nsc p m iu p ,u- 4 , t t ’ s

cnt iat iomi u n  dent l u b i t a t i o r n  of mt uatc ’ ria l . To ~‘s .t Iuatt ’ s c i  t i t i lls dl uuu n uu , n i  1 wh ile .ittt ’ nuuat i mug np ‘ u t ’ m ut ua l l s  -

t h ese piopcr  lit’ s , the it ’sp l i iist ’ of par t ic u lar s ’ , slt ’fli i s I bit ’ t l im ,oi tnt i t ’ s related to  th~ n c s i s t u s  t \ if t bit~~,ii ill tnt’

usu,m IIs i mp lied lii thuat 01 a si nluiml ,ite il niiurdel rut the 5th I,n,c imiipt ’tt ~ince /~ del int ’tt is

idm.’.ili,ed gt’onitt ’ t r \  ,m n u d material fli ipi’i lii’ s S i t .  it it ul
t . , l n i t . I I t n l i is  , inc r ,ii t ’ls cn iciuumitt ’nett , ii lss t ’s ci , fur t her 

-

u s  c s t i g . i t u n i  it t pn cst ’ nt t  nt ’t hniques nt nuom uit le m I e n s  in on-

Iiiemits .mn ut i  t f t ’St ’ iu u pnut t ’nt 01 tess tt ’c bini t ues ii t ’ nn t ’t’ ttt ’tI
ic iph’. s ut . i l  t’x p lor ,mt ion urf temi list ’s t he pits t u t u

pu iu pert s r u t c l c t t i  iii ic ’ - s l i s i t s  I i  ili l ien t ’ n t u , n t t  ni ,mtt ’ m u -  ari d tI le us ,ii’b~it II t te t u i n c d is

,mI t ’ ,  pes , \l , it ’ n un p in t u l  I I  the t u s h  iii n o n

imit li mst r s , tut u is s.iitiI’., gr.us i- is ,oid c i i  ta m i rs st .mll i t ie hi’ —

i nks . t .mut i’~ biibit r t ’ s i s t u s  it ies tuni c to  lsvo 1 i u i i t i  uu l 1_ -

i n ing i t i t n i t i c  gre ater t h,m mu those uI the none common
materia ls w ith which thes ni’, be I uiunil , S,ini t Is .nntl

, i uc i s  ,mre osua h ls si eg lit in ,nnc, is ut iornit’i Is e\ is t inig ( t ’n iC i  i l ls , huithi thui ’ sc t i lm , mn t u tuc s  i ’ n t s ’s the s m i l e  in-

deIt ,is ,mnut h l i t  idp l. ru i t s , SSIO’ rt ’ t he tisual ge boqiL.il ii ’ , - liii nt , i t iurn ,mnid either unit ’ oi t h e  uut lit ’ n 5 inlt’ .ms ui - - 
~ u u ut.

tt urt g and .m f.mc k uP tiupi uu ir ap hiui re l i c t  u l t e n tun ih l ilt i ,muticuurr , i s t i n  be tmsed n’ nr tc , is t i r i ’ t h t i ’ sc f ie lds , t he curn i-

t Int’ geuunietrit sft ’ ,u i u c . t t i u n n s  of nut ,nt iui ’matical nuiuttt’ ls t , u cb  I i’si st ,iflt e p rt i bi t ’nui s if c ons t ’ n tu unt,d ga ls-ai t ic  tech-

used f u r i,it,i t unnf r irisl i i r . ( i’, s t , i l ? nne r u u t k s , it ul s t ’ s i  , r n i qu mes tha t  usc u’ ,li nit ~~i n t t i ct  u’lt ’c i r  l il t ’s . m e  ,is- iidt ’d

ne usu,mll ’ , ,iss it j .u t u ’ t t  ss un i t  mi uunide ,mI ni urimn t , ti n iumlm s t t ’ r - h$ i u t bu / ,mntt It ,irc t. irnp le\ q tman tn tues  us lion’ .mmiu pli’

rain. I u i - re h ire, helore in gu’ ,mni uitmn its iii tinuie and tud cs and phases t um mi t al mi i c s u s t u s  i t s  i i i , r nt i ,m nio i t  [hue

nin nies in c i ns i s ted  in t u e  u’x p l o r a t iumn u liii irs sl , i l i une nttatht ’matic .iI t h e o r s  of pl.m nue ss .ist ’ s in c ident  lip ni .1

r i n ks using a geiup hvs i ca l te ihniqtm e h,mscd omi an ideal’ ‘ n l.it ” e ,m rt b u ( n e ,  ss m It t l ~~~i ’ii uphic nt ’ Iu t ’I d inuuemi siou is that

ized f la t  e,rrth it i u ’ l i i  s , c urt- f  ul inS ’ s t i g , u l i l r i  shuuuld be i re  a snu ,rbI f r , i c  t l u u r t  ol tIlt ’ was - t’l cngth used) c i n t i u u i u u i g

nuadc ill the rcsp i  inst of that  tec h nique h r  tilt l i t  i -  h u n  i ,uuru t , mh , lt iuui i i uq t ’t ut ’liiis I t s  c r5 ( .ngiu uard 1053) us t h e

up t in t ’  Ini l i t i l i t i s  i n p ut t e d . In th u s  i t ’p l i r  n , the Pin’ b,isis urn t i iu sc i  ting /~ ru n It m lii ‘s u s t i s i t s  amid , i m i t i ’

l i i  rnr , inc u’ if ,mn ,iirhr,rne res ist is Is t’s ,p hon , r t u t i n i  tec h - ini,iti ’l’, , gi’i Iuugn cal i i i tn i rm , rt uu int , - \ ni ‘‘ a pp.inent r c s i . t l s  i t s

r t u i (u ic  se n .m t nu pograp hic ,mli s t itip h-~ it - gu m is e\ pt’r u - 
~~~~ 

uis um ,r l iv u ’ \ pne ss t ’ t I ru iubuni .nuu ’t e r’ ,  niP item uved Inom

“uei i t , i i l ’ ,  ,r nu , ml s / t tt ‘ t h u r  /~) ~ on - 1 1 1 1  is r u i n i s m conuinuon is ul nen inu ined ,  -\n

lint’ gu I  pins sit u t u ’thnniqut ’ dust uss ed u ses r.mul i i_s l i _ cs  iris p u  l i t. m i i i  h i c u ; u u u ’nt 5 p~ r u ’pu is  it s  5 ln t t t ’ su i t  t of

p n l p, ig.ut i ’d in m I t  d is t a nt  1 ,o is n iu ut  h i s  0 ncg u l , i i  use, , u s i ’ u .mgi bur the is t i  url ~ to a depth us r u t h  nit. r e i n ’ s ss th u

the f i~ Id set  t i m  s of h i t -st 5S , iSt ’s is t ’i I m inn i ‘ - ~. i ic uius t l c i r e i s u ng Ine t l ucn nt \  -
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ci. Field vectors a/na m e  homogeneous tar t/ I  s /mow n retracting m’ertically into (hi ’
giound.

—: :~Ci - p

b, . tlaj cr r ( I I  ( k i d  c/mnn mgt ’s Anon-n fi t tciA’e p / act ’ mt -he,,
local c/ l a/m g i ’s ii, earth coi;düio,ns are t ’/m countt ’re d.

1/gore I , [ let trotni/g,,c ’Iic li t / t i  vectors of a lOt//o in It ’ propagating ui - t i  t ile
i l/ I t/ I  S surlac>’,

ldeah ls , t hen , manly (req imenc it ’S cou ld he used iii Observed ~
1L b i espi irises to toc ,m h changes iii an earth

,mnua l’,’ze a n i ’ s j s t is - i t i, s in , i t u l i t , i i im i n i , Pmac incalI~ . husv - i-nvironment are depicted iuu Fi gure lb . The incident
e s em , on ls tr , insn uutte rs operatung in t h e  \- I I h,rmud n- ice ntnn s be a su rface svase * or a sks wave at graiing
5c r’ , low f n i ’qut ’nt’ , , 10-30 kFhi or 10-30 km s i_ ac t ’ - incidence. / ,, is primarily allec ied riser gradual hori-

length) are powerf ul enuuugh to ,illow therm radiation ium nt, rl changes in e,m mt i u r e s i s t i v i t s  (h -lmiek st r, i  et al. 974 )
he used worldwid e . W hen r,tdi at nm uti ,mt higher Ire- so is to maintain cu unu ti nu u i t y of current loss in the

ql ,cntrcs is ,>vail,ihle , t he inlonm,itioni provided is usu- direction . //~ is primaril y a l f ec t td  (Is-em large lateral
alI~ more diff icult to interpret b&’t ,muse of t h e  imndesira- discomitinuitie ’ , such ~ms high l y  c um nduct ive one-bearing
hle c f f i ’t t  oh displacement ciii rents . [r,muism it ters at dikes (P~aI 1965 , 1968) in which strong eddy currents
Ii ms’,i’r frequenc ies do not esust  ; theretore , natura l may be in duced, E, is pr imaril y il fected over large
s’ luut i ’s o f radiation in the ILl (t s t ieme ls  Imuw fre- ttipt graphic disturbances (Harrison et al . 1971), an
t !tnt ’nt s , I-I ~~4 II , ) and in the [IL I (ut tm ,m muss I reqt meni us , e lectrostat ic elI ect re l,m ted to bit’ nuuo um ntain u geometry

I Iz) hands . m e  used , [he primuu m rv sou ncu ’s wit hin and thuerefore occurring independently of the value of
t Iiis range are atmospheri c electr ic  disch~mrge s ami d earth resist ivity. Ii (h erd ore sim ui , n te s the importamu t
iliunm ual S ,mn u, r t i iu n s in the earth ’s muu, rgnn et ic f ield caused .rssumption of a fl,n earth used in the mat hemat ic,rl
hs solar ern iuss ioni , mnun i u is pbu t ’r ic i’m u s su i urn , s t  t - 1 he usc theory employed for ne s is t iv i ts  data reduction ,

ut this r . nt i u , nt u Ii us knt l is s ni .ns tIn’ nuag nt- tote hlumic i-\1T) All the ,ubuis- t’ responses ,rre generally iuui’ r su inp i r f ied
met hod (kehic i  mind I rrsc hk necht I (Ph I elf nn rd et al , bec ,muse ch a n ges m u one f ie ld crrnuponuer it must be
I 971i i - In this repor t , attention will be crunf ined ti m —

ml’, V U . C ‘\iso t u n e d  mu as .i ground ~~.rsu’ n n it- fi is’ rj iune .



accoiuupanu ietl his changes mu all otluer field compone n ts of Canada 1973) Cinid in ut’tt ’tt i uug intert i l l  gu aveh tt ’pi si t s

ms pre dict euJ by ,\ laxwe hl ‘s equat ions, Howe v er , to (Culley it at. 1979), All veri f ic atm r n u u s have been maule

date , no stu dies l i_ ms c been nuuade to demonstrate that Ii’, ground r etrun in , i iss intc , and in the work i l  I lint ’ Lsm r,m

to puugr_ mp hit ef lects can lie sepC irCtted f rom nt’ sn st uv i  ty  em ,m l, (I i)7~I 1975) ground mea sum reuuu em ut s i if /~ svc -ni -

cI t  c c ts  for ,m nus - V L I field component. Conseqtment li, , suitt ’ss l ti l ls related to the ,iimhunrne niea suni ’nuuctuts rd

ie s i s t i ’, its is preseiutl ’1 compute d lronuu the m,mt io ol / lI
~ . .ilthuouigh srunie of the finer detail nil the grruund

t i m / / on to II,, ,is measured inu-situm . reC i dings did nuut appear in the airborn e results

I’nese nu t ly, /~ is conimonulv nie,tsured Cit ground level Of the lew stir i_ i’’, km mm uwmu to hi , t i _ c  been co n ducted
bec,iust ’ vt-gs’t~it irunl iuuterleres with /1,. Commercially over reg ions of more seven ’ tunpogr.mphic re l i c t , minnie has

.is ,mil _ ible instru uuients a r e  c,mpahhe tn t measuring anup li- t et’n ,mdequate ly u t n  if ed hi’, grr nuiud re c u ununais s an l ue -

tu de arid ph ase , and th ies employ I/~ ,rs t he phase Keller et al , ( 1970) iuuvestig ,ited granitic Icurmat iouus in
reht ’ rc r uce, ‘~ t ,mi i bonnie lesel s , a bove vegetati ve in flu- Cirl or ,muhui , hut did nut hCiu’e \‘L I ethui pnli’ ltt av ,m il,iblu’
c nnt t ’, unt i l’, the irnagimuary or qum idrature value ol the Ion grouuuul res is t  c u t s  Se n  ii l t ,l t mini , Both Selim,tnun Ct CII .

ctinup Ie~ ss . isc t i l t 5  11’ Ci ~ ~~~~~~ Li provides meaning ful (1974) and I Ioekstna it ,ml, (1975) conducted sun_ i - u

ini lommatio ni (E, is used .ms the phase reference). The liver nuountain oums nrmgi nnius in imuterior -\l. i~k,i in an It-

c ,rsirn is or this svi ll be discussed later , bit t it is m u -  teuuipt to delineate perm uu.t lrost , hut mCmt tt m i i i  gi l  u nit

piurtant to rea liie now that amp litude W~ and phase observations tin s e n t ’ ,  their uo mni i t m siouus ,  An t.’’,,inluiml,i-

Cmng lc ‘,‘i of W cannot he separated bu~ an a irborne lion rul the uu rig i n u _ m l tI,rt,i tnt h i l i e  kshn .1 et al . ( 197  S ; hs

s\ st e nt u , s ince hi _
ti is rel ,mted to both quanit it ies h~ t he tht’ ,mu t iuom revealed t u e  s,mnu ie t iupogn .mph nc st’nsu l t ’ ,u t\ of

relCit ion: / / as did the obsers ’a ti t nn s by I h,ti n s lunt et ml . IP~71
nuenu miomued ,ubi ivc ,

lt q = It sin i) In sumnlarv , large depnisut ’. of um eed ed r,ius m uu, m te m ia ls
oftem i lie in uuuounut ,unous icgi l nis . Si n ce tb ut ’se ic p S i t S

Ibuene liun in , in Clii ,mj rborne surses  , it is en t i re ly  plausibli’ arc usura ll y of c’sct ’pt ion~rIl’ , h igh t ’ t i ’ t t r u t , n i  i es is t  is it ’ ,

t h,mt ,m se n~ l,rrge ,mniplitude if Ii’ c .museul bs a vi’rs re~ a ‘~ ‘ [.1 ,iirb uunnu e sv ,ns u’ t i l t  stir st ’s 5 5 1  mu Id st-em idt’ ,ibI ’ ,
sis t i s t ’ nuat en i ,m l nua’,’ re maimu ent i re l y undetected because sumited for disi is — cn rig t h em , Ill mu s es t.-u , t he n t’st i lts  n h
oh ~m loss v.m lue tnt gi, suic h ~is occurs w hen nt ’s is t iv i t ’ ,  previous u u r u t ’s t l gaiioius buast ’ 51 t l l55 i n thit th r i c e  basic
n.r pidls imucn e , rs es ssit li depth tin whui’n d ielectric pmopt ’ r— ,iss( imptnons use d in VU dat ,i p t . c s s i u~ ,i II,m t i / n  thu .
t ies heciunie i nuiportauit , Also , dorimug an ,mir huum ne sun- - I S — p h,isc ,ingli’s I n s t i  i rs st . u i i in ut ’ bedrock gu ll ies , .initt

St ’s , .ini a ircr , ift un f ten cha n ges ili glut .ml t i t u mcte b~ seve i.m I a ste ,ids f l ig ht ,ilt itu ide t ,mn i t ie su ’ r i i rums i ’ ,  i. uo l, i t t ’t b
hunutined nueters w huen m i s  ig,it ing user  steep re l ie f ,  I hus (Punisequ t ’ut t I~ , Iu m r t hui n u n i s t ’sn n’g. I t i l  in is mu t ’e( tt ’d inuto th is
in i tse l f  nul umst alter the gt’o log ii_ nt’so lutio ii of a sL i rve ’ ,  , pen Iunnn ui , ii lct ’ u ml t Ilt’ \ I I s l i n \ u ’\ s\ stern iii ni u urun it .i lmmii s

Siume crtnul perus ,itiimn ton the pbu,mse t’ Ih t ’ct  Is presen tly temr,iin ,
naPe in th~ dat,i pni ict ’ss ir t g bs ass t i n iu urn g  thu _ it gi is usually

iuear 4S (B C mmn irr g t ’r 1972 , 19 73)  us svi mh honuiogeneo ums Objectives
gn o umnuu l where h i ’ 1 

I l _
in ,mnu t t h e  t r u e  resist i v i ty ca n he Ihe i’npi’n inuent.t I u ib je t t i s e s  sst ’nt ’ to if en u’rnt in t t ’ thu’

tht’tt ’nnu inued , Un Iomtunate l’ ,- , iuomungent’ i t s  is lot c u m nul — e l i c i t s  ol I)  topogr.I p hn\ s s  r c s u s t t s u t s  , 21 i h i ght ,ml tm-

h t m l liver the depths cap,iblc uu l heinig penetrated Its tur t le , 1 3) ,mnup l itud t ’ of t in’ ss, ist ’ t n lt , ami d -f I pli,ist ’ oh tIlt’
1. 1 na u l iat i tm n , Although Kt’ile r Ct rI . (197( 1) ,mnul ‘ ,s , ivc t n l t  upoil t h e  ge im log ut mt ’ s iu h tm t i o m i  iii _ m st ,mnida rd a im .

b ho ekst t . m et j iI. (19 7 1)  h_ rye asstmnui ed that 45~ is proh’ b nmne ss- ,ts -t ’ t ib t  s t A s i s  cm u m ui l uutt ’d ,rt S i r ’ ,  ious t reqt n i - i t c s -

.1111’, c n m r n e c t  ovt ’ n ~‘‘i_ p ii~ ’d , t te i’p-r uroted bedrock lornu ,r— 13,ist’tl on previ uutu s unpi n u mul t ’nts hs F .ini s t in t  et ,m l. ( 1 ) 7 1 ) ,
t iiuns but rust ’ suc h ge rulun gy itself is re,msonahl’, homo— it ss.u s t ’x iuected thi, i m hi  p ion ,rp hus ss u m uild sesem ci’ , ,if c i t

geneous , Sellm ,mnnu et a h. ( l 9 7 S )  h ave rep um rted /~ phase I ,~, bt mt it h_ Rh riot bt’ t’n s it uss nt i i  th en t’\ peninuit ’ nt t,i l Is
s- ,i lues as im us s as 13 mi _ i ’ m t’’spose d deep cryst , i l lm ne huim nu , r- nh i e o nt ’ tnt ,d is w luct luen t i p  ci ,ip t i’ ,  usi lulki ml t i  t / iii

t u rns . Should this piiase humId t i t l e  f i r m  hi , t heni these ss bti -t her i l t ,t rrg t ’s in iu ’ s is t is i t ’ ,  ssinul d . i t It ’ct I ,~~
. Nor had

,ihist ’ ru,i t ium ns would to r t t n ,rd ict the 4S ’ phase ,issump tui rnu thue se pC imat e i n u l lm i t ’ nut t ’s ni ,ouip lutu dt ’ ,nni d ph ase up lmni tilt’

t i n  sutbu form atir nn us . .n inhon mit ’ us.in’t ilt hut’t’ni nnv u’stuu i , i te d t i n  ant ,m ct tn,rI stir S t ’S

\ 1,nits , ii rh unmn ue rt ’s is t iv i ts  st i n s t ’~ s iu,rs t’ been ruu,mde mu ihi’ e f f e c t  oh l lng but , th t i t t mt le .11 51 hi,itt mint hit ’t’n 1 0 5 1 5 11 -

N l i rmf i  Americ ,m . Os-en Cireas rut  mimu r um t imr:igm ,mp biu c re l ict , g,tt i’tl
t hey h,ive usua ht i> been suit ct ’ss fu I m u  de hinue,nt rig r cg u~ u lts

ml pe rma f ros t  ( I lumi ’ ks t r ,m et ,d, 197 5 (,emn logic,iI ~iu rv t ’ s

1 .rnnt I C ’ l ( ’ I  n i  11L1,Is i r .n i l i n u’ m m d  mn-p liast’ t i i nm lp i i im u - u i ns . m e - ‘ i i i  t h i s  t u r i n  n h  i i i  ii ‘‘ i u l c l u i  , n ln i : un t s ’ ’’ t n t - m u m m i t - s u m M i t

bps- t ins)’ ,,  ,i i init i ’ n t - n m,n un mind i i i  , r t ’ i ’ t m  sn- u

3 I
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Experimental procedures PRINCIPLES OF LL LITROM A( .NI I l(
In the ex peniments per f ormed , ,r niou nt a intu us CoLa RLSISTIVITY SURVE.Y IN(,

in nort hern Maine w,ms select ed kim s tud i> - The ii

n.1s chosen t o n the lol lowing re a s nm nu s : Resist ivity of earth m ater ials
I ) the to psugrap hi> ss .is mappe d l ine phy ’~rt. i l lii Illi c i t  u - i f  I’ll’s m i t .  n i  r e s i s t  . 5 1  IS tilt ’

2) the bed rock ge im liu g s was mapped bas is nit t ’ Ie i t n immn n , igm i t - t u t  it ’ s i s t l s i t ’, s omsc s  in ’ r~ itt sub’
3) the overbu idenu ss.ms umsu ,mII i> les s th .mn u I ni us u t h i sun f an _ c e~ p Ir in at ion . Resist us i t s  .iiut m - t mmmi  s t  t’ji iii

commtu i l outcrops m mn,mt t ’ m u s  umsua l l s  f_ il l n u t  i _ sn -ni 1( 1 arid t ,O i f X i  (ni f l i r .m n l ,

4) the s i ts ’ 5% _ I s w ithin t u e  s tmn i , m te  Ss,is-c range oh the 1 lie nnrrst mm nipon t i n t l i t  t ’ u s  nn . . un ~l - : l  i iii r u ,  the me-
transm itter uses h , Cmnd t i ue n eh ore the r C l t ln , r t i oO 5s~ms ii t i’ s i s t  s n  t s of unr t  m u m / s - mr n_ n ust , i i ni .it ci m i s  are
01 it nnos pb ieni c in ti ’ rf ene nce 1 , In u tn  nn isrt  i e s l s t u s i t s  i i i  this ’ ~~i i m n s t i t u n t ’nt mi nns ’ nah s ,

5) apparent rs ’ s i s t is  i t s  an d ph.isc t um nn tn , i s t s  i t t - mu ’ 2 . 1 e’ ,tu nal pu ‘pi n It stmth ms g n , u l m u  si/I ’ , pm m r l u s u n u

know n to in Sot .lt V LI , amid pen nut_ i bm I i ts  -

[he area ss as sun st ’s t i 1  at ‘s I I using st a nd _m d airhon rue 3 .1 ten cnm n u t n_ ’ nut -

ss ,is ii i ll ,mnud dat _ i ~uro ccssunig tech n iques, T h e  suo si’s 4. Ionii n m nuc i ’ ntm Cit urn in In t ’s’ us it t - i  -

resu l ts 55cr ,,’ then anali>ied .us t t i h i i u ~~s to meet due ~~. l im it cr i nu n_ ’ n t rat j n nn in ,u t t’ - . hihi t’d ss,m ti ’m -
Iibls ’c t u s e ’ . pres iu m u sl i> mentioned , I ,ictor I us UsuCrll~ u ui s igm i i t i n_ ant to m most materials,

( iunuumuu rrnu nu unuera ls s u c h as mit ,ms _ in u d qu m_ Ir t, hr _ i s i,
Topog raphy res is t  us it ies greater than lO~ ~ o lum-m (P Cnr konuuenu khuo

The me~in a lt itudt - uI specif ic flight ju,mths t lu,rt 1967), ( I r s ’ it iu nerCi ls )e ,g. miue i,r llit 1 \ i t t t ’ s  ,ind so lh ides)
tn, m s cm seil t he st t ’ t’pcst rel ief ss ,us s ri it ’d tun e I iii inh ,nte art ’ niucbu more cond octis - t’ hum t ,ire s-ohurnt’ti uc , uI is
topnmgraphic t’l lt ’c ts upomu t he li t - Id ton n uptunienuts . I hie ins iguhil i c ,mn u t in mi st n i C m t en i C i l s ,  C Ia i>- muu ine ra ls u .k.
responses at t he higher alt i tudes prtus dt’d inlornuation rn io nttn hon i l lon ui te ,inul kC r n nhinui t c ) ss- ,nrr ,mnu t t he most in n—
as to which Ine l d components s s t ’ n c ies p i i n i sm s t ’ t n t i n -  blu r t _ m i t  nu inen_ ilr rgic ,ni cum mi ’ , it len ,i mio i i ss- hueiu t l is t t iss iog
sis t us t i > c hanges and , henuce , us hu h sse n c u cs pminu sist ’ t t m mes is t i s  i t s  t a c t o n  s , T h e  I,lnge ,m nhiu umni t n_ nt i n s  usu ra lb i>
topogrClphic changes . C m d snm m bed tutu thit ’ c r ys ta l  la t t ice mit  t h ,t s s (Gn inuu 9 5 3 )

pno dt mces a su m r t Cmcc  cu im ichi i c ti u unu ci ccl thC l t canu ,mppnt - tu , u i t is
f / ,~g/n t alt / tci dt ’ miner t lue i t’-. i s t i v i t 5  oh a sedin nemut i i i n tic k (W an d ItJ (n71,

The e ffect ui f l i ght altitut le upuurt gcu i luigri  res uni uu ionu i , tt t o i  s 2 throug h 5 c ummrnnn uo i u ls ac cun un ut for t h e
COld mean apparen t n e s l s t u s  t i > level SI /s stut lit -ti Ii’, nan - I t’sust  is ut s va l u es  m ibst ’rsed mu eC m rth ni ,mtcn i .mh s , Cuunu duict i mumi
rui s s in ug the ili glut hinu e spCici iug of p,l rt of the ‘t , int ul , u i P ns rn_ mi n I> e lectrui l i> tic .mnd tC i ke s  Ill_mci’ alu unug cu lmut imiu t uus
st mr vt - s Cmnd ub ut ’nn nt’pe,it imu g it at tus h i t ’ i t s  mt-an Ilighut I ilnuis of ss,m t n,’n ,iu ison beut on g m C im mu hound~ir ies ,ind ,mlst u
,ilt~tudt’, The iso i s u rss ’s s sserc th en c iunutoort - t I ,mntt thunuuugiu sv , itcr t h iCi t nuuas t i l l  the pm un ’  spaces available
co ruupCmnt ’d . (PCIi komn_ ’nhko I *7) . S ince co nudumc t is i t ’ ,  (t h e iris cisc

t’ s i s t u S m s  i us pnopo mti omlC il tui the niunu iber nut ions
I nnpln’tu de a,nd phase 0/ f / i c ’ i/n / i  n / / / /  pm n_-s t - rut  an d due in mobi l i t s  , t h e  ionic co n cert tr ,m tin inn i ml

These f act r ) rs ss en c iris inst ng _ rt td smnuum i l t _ m rue nuu ms i s his t h e  ss , m ten ,mnut the nium uih uer of condu nct mug  paths , ,us uleten -

c i umpar unug appant’nt nt ’ s n s t m s  u tu t ’s u n b t , r inu t ’d m u m  Cl i until mined hi’, thu t ’ nui.iten i,iI’ s t e x i unC t l pruipenties , are t nt 01-
su i n st ’ s  oh t u e  tota l cn inu uple x so n I , m t c inuped ,mmuct ’ I i  tb u , m s c  mi nt inuport ,mn iuu’ .
n i btanni ed tniunu the C mi r bu nr nu e  ss, i s t ’ t i i t  It ss ,us cs.pecte tt  In I ug im n e 2 thu s ’ t ’npect t ’d r,mnuges mi ni’ s u s t i v u t s  ire
t hat / l ~ w ruuld gcnn er aIls hi’ in phase ssu iii I / mCi king con nupi ied I inn mmmst e,intlu n ul C i te ni a ls , biase d on past sum-

t his pn n uc e d tm re sa h m ul , As ssi l i  Iii’ sInus’, nu , I / ,mnu ni /1’, ss cn c i_ u ’s s .mmt d ml i ii ill mm ’ ,  mnneasurenin _’nts , The unucons t ul idated
gemiera ll i>- ni ph,ise ,mnd / l~ ss us umn iab fec ten _I b us t i  pm ugn ,n- iuu ,mte n n _ mis , c hC ii> CrOul milan thunm iug hu louise sanuds , ge nemC ml I’,
ph’, - s hi i mss , mn u incr c isc in nt ’ s is t is  it’ , ss-i t bi pun  t i t l e  s i/ i’. 1 bt i s

The unIon niuat iuun g , m umt s ’t t fnmun m the Iuighi- ,u lt i t u mde mis hue cs ,pn_’n _ t t ’ti fntu nuu the t I n  nt - s pontn_ lim ig decrease in

I i u g ln t s  lUstu l li _ t i  Ci r l l f t i m g r . t p blit it m m t i  t iunnu  sch ienue whit -hi ,m s ,r i l,iblc ,md s u ,r l i ming sun i ,utt ’ , umt ’ ,u \llh r a ini,,- inn sst ’I i - uu t i ’ st ’il
55 ,1’, itt ’s s i - it and _ ipp h med t i m  the numigi nual s uisi ’s - S i h i t t t ’ gI,mci,i I t l cp i ms i t ’. t’’~h nuh i uh  .m us lilt ’ u ,m nu g c uP m t ’s i s tm s i t i e s  n_ lime
o f t h e  il l i n t - i h orns s o r t - s t -n i l ieul his tI nt ’ nt -su i ts  l i i  tIlt’ I I  I, in gt’ s i n  m . i t m u tn i s  in t r a i n  ml t i>  lie , Tht’ n_ timi s i u l itl,r t t ’d
grm und s i / I s iS  - mi u ,m tt ’ r u , ml s , n_ halk Inn ’ m u ngbr t i s  st , r l lmnis  mim i  ks is ’ .g. gn ,i nu it i’ ,

gn ieuss on sr_ burst ), gu nner i l ls shins ~mnl i i t n _ i t ’ ,rst ’ in i t’srs mns i ts
us t Im ult ’n _ m c. i s u iu g  po in ms i t ’ ,  .initt pen nl u u C mbi l i ts  - ( i m s  , ,nu nt e m rt

S in  gi~ m ss. n m ’ , tum i dn- u m n m i n  io ns nil gm’, i io nhus mt ’ mn ’ ms i lSi l i
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RESISTIVITY (ohm-meters )
Oh 01 nO ’ 0’ ~ IO~
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os Top soil —
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~ Loose sand s I
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I 
I

ow Moraine I ).....
~j  I 

) I~~.
Chalk I~~~
Limestones I
Sandstones I
Ba so It
Crysfol l ine rocks I ,~~~~~~ , ~~~~~ .1 . I I I 1 L_LJ

figure 2, Re s i s t / i - i t t ’  ranges ot most earth mater/ a/s (after cu/Icy
c’t al , /9 75) ,

nuiay a lso he sign ificant , as with sandstones (W ,mrd 1967) , -‘n,’, iu,ms been experinuenta lly shown in Ci number sit in-

anud the la rge Cmmount s of iron anuuI mCrgnuesium niclu s est i gations rcpiu rt cd bs I Io lh i ingw ru rt hu (1926) and hs
minerals in basaltic igneous rocks can fluCIke them it’s’. ~\l~ ert (1963), biith nuuodes do riot necessarily combine
r e sust ive  t han gr ,uniituc igneous types. In all c,rscs , t h e  iii ph.rse ,mt this ’ eart h” , s tm rf , i t t ’ . I hi nt ’s-er , depending on
ef fec ts  of weat heri n g, j oi n ting or Fracture ni_ ny sign iii- d n st , u m rc c fmn u m tint’ tr , rmu s n uit ten , u suC ilis onn_’ run t hn_’ nm t hin_’r
cant t s ioss t’n t he n i’sisti si ’, n_ uI thn_’ Ires h rock due tn_ i nuodn_n pnedomin ,mtes,
increase d permeahi lits , lorni~tt iu)Ii mi t cl,i~ minerals , etc . The surface ss ,m s c has less r.inge than the sks us ,ms - c

arid is nel , rt ivs ’ Is more importClnt Cit uf is t ,o iut ’s of be ss
Radiow ave propagation within the thiani 400 Ens Ctt ‘s- LI tim the tm ,rnsnu itte n - ‘st .1 di’,t,ince
eart h-ionosphere waveguide uI such th,rt

Electromagnetic resustivity suirvi’ ’, ing utiiiies r~mu liuu-
ss , is cs prop,igating within the e,inth - i om iosp here ss- ,is c- d s 50/f’ 1- t nuiles (jordan and Balmain 1968) ( I )
ihuittc . Th ese ss- , is-es propagate Iii> two impo rtanut nuodes
ss humc h liegin t in  torm at ,u uhisLnnce of shout one ss,n st ’ - or
length from the ,mmutenna , Both modes will lit’ ii mns iuler-
ed becau se their re l ,rtive r,mnges cani at feut  the pI~mni n ing d ~ ~~ / b 1  knu
iii ,u re s is t  i v i ts  surses

The t s s -t m pruupCtg,l ti nn modes , CIS ra diated hi> a vc mt i-  whene I is i n meg aher t, , Somnierbel d (I 909), Wt ’s I
ca t electric dnpole antenna situ ated Cit the earth’ s stir- ( I9 l~)) Cmnd N l i i i  in ( 1936) lm , uvc shown that surl ,rce
b,ice , are i l lustrated m i  Fi gure 3. The ‘‘ sur lace us ,mst ’’’ ss, ivu ’ lit- Id strengt lu us di’ icnmnui nied his this ’ e x pressio n
is s u m nu.rmen_ l hcc,rusc it ’ , field stre n gth dec,ivs wi t h
heig ht , ibi uv t ’ t ui e eart h’ s surfC lce, The ‘‘ s ky w,ivi’ ’’ is L / I. I il (2 )
an_ iu ,m ll’, the sum of m.mny nuodes formed betw ee n t h e
ion osphere and the c,irth and u’ \ n s t s  ,it ,ilI freque nucies wh en n_’ L / is the s t - i  I in _, n I  s I t e  In it i n s ’hd stm t’ m ngm It in \ ml ,
be low ,thuuuit I 0~ II,, Both modes ,mni’ transverse is t h e  m u  i~m h f ield sin enigt hn , ,lntl F us kn n u sb mu as the
magnetic .mnci their I m I d  vect uuns ,mt the earth’ s surfCmce Somn ierbeld at t t nuC i t i r u n u function, I depen ds mini
mrs  lie repme st ’ nten_ l ,rs in the I igure, L refers to the t u e  fncu luency, dist ,mncu’ , ,nnu d e lect n ic, ml pm uupt ’ni iu’ s ol t h e
elet t m t  I ieId conuponuents , F/ t im  tine magn etic I ield ear th , ari d grap hs ,ire ,uva il ,uhlc I or finding its absolute
cnnmponent ,mnd s , .u , and i tin ,n lcuc , mi right-hand Cartesian v a lue b r  both eler_ t n t  Cm nn_ l nun~tgiuet ic dipo le ts pin ann u’mt ni, ns
co ord in , itn_’ s s ste rn , is pt’rpenn_ licu lar to the earth’ s sur- (Knaichnua n 1970). ‘st V l_ I tnet i uet u cies , tht ’ higher
l ice mmx l s ,mnd t ,mre tangential, o and ~i, described be- power of existing tr ansmi t ters can allow the surf .rce sl ave
h iss , refer to t hue ni ideiu ce angles tn t  the f i r s t  order sk i> to extend t i m  over 1000 knuu u S  en se_ I water (W ,m t t 1 ~)6 7) -

n,rs u’ rui n tn_ It’ upintn thi n_ ’ mm r niun sphn_ ’re ,rn d e,trth , nespi.’c t vt - Is - Beyond ahu nut 800 km I m um this ’ tr ,rtusnu it ten tim sk i>
ss,n- s’ pre do n uj muCr tcs liver resistive ear th u (WC ltt 1967),
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F/ grin ’ 3, l i m o  radio way,, ’ pro pciqatio,n modes in the eai ’t h-ionosphere
ts’aI ’eguic /e (see ti ’s !  for i’s p/a/ nation of symbol s), The electromaqnen’ic
field tompo,nents are characteristic of radia/io,r from a vertical c/c i tr ic
dipole,

/ /c2 ‘~~,I~~ \ I ~~f )  Qo. / / 
~~~~ I ‘

~~~ I J I }

~~~~~~~~~ j \ \ )  \ ~/ ‘

- (~(J
r U M S

-I ./ I-’ 
)

/ Ni, i38R

ss s
5P M - .

( N B A

~ / /

C am u Loca nnomn ~ m m ’ u ~ u n ’m mcy l kH u’ l

5,.’,.’, ( nu i l s ’ m , \ l,i m mnu -
NI I” h imm l I ui -k , S S . l s i l I m i L ! i i m l  is i ,
N’,’, ,‘u m n m u , u n ’ t m i us , \ l,iI ‘, mmm l 2 1 - I
N IS \ iI,itbim,n - & , mru ,n i  m i n i- , I’,iil , i hi I .m 2 t .Ii
I tSR R uj~ liu , I mmgl,ind I (,.(i
I ‘n t ’, ( 1 , 1 5 1  - i’,’,i’t i7 , m ’ .
\SS i N mlh i i u , , , - ’,t I .i n i ,- . , \ l isn , ,Ii ,i i i  ,imnnl t ” ,s

I u n , m iui, r lu-i , FI nn ,n jj 2 5 . - i

/ s/ u/ ni ’ i ( n,n-u ’,ou~’r /0/ i t t ’l l-knoiuii I’l l stati ons. (/ / u /i ’s m int /not ’ approsima/e
,in u a s  u / mu - F m - /~m ’/u / s t i r - / s / I/ri ~~~ ~ssI / 00 p t m n
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[hue sls s ss .mve mCty then be represented as the sum r u t resustivi ty us the predominant electrical property that
incide n t atm _ I rel lected tr av n_ ’hing pl.mne ssa vn_ ’s us m u m  t u rn - al lows dillerentiation of material type, although per-
bimi e tnm product’ nuC mn uy stanid inig ss , m s t ’ rim nmdes betwee n mit tn t - i t s  may also he importam u t ,ms will be shown be-
th’me ionosphere Cinud the eart h . I olIn_ iwing W ,itt (1967), low.
tilt’ total sk ’n ss,ni’ fie hul Cit ‘s F1 nuay he given ,rs the sum These e lectric ,ml pruuper t ies can be related ts n the
ol a ll possible r , n m, s which n a ’ .  tinder gum one or nunomn_’ wC m v e t i l t  II dcl m e d  as
‘‘hops ’’ as i l lustrat ed in I igtm re 3 , h u n  a p,irticular hop,
t Ime s -er t ical e lect r ic  h eld ‘ m m i  ~is tr ,m nsn u itten _ l amid me- II = F5 // ,

~ ~sØ 
14)

t t i s n _ n _t Ins st - n t i n _ a l  dnpoles .11 t h e  earth’ s surface nm,mi> tue
us r Itt - rn ,ns and to the s um rt ,m ct ’ impedance /‘, defined as

I - ‘  ‘ 
- , /, = L’~ / l l ~ 

- (5)
~ ,imm = L n 6 n (a, .i)  u ik nmm ( rmt u i /~~

sv iun_ ’re F. .,, ami d F , ure in V mu , i/ ~ is in Cmmp e r e-tum i is , nteti ’ m

- ‘ “I + _
~ i \— , -I 2n~ J/ Xl  ,mnid / ,, iuu oh ms, 1 hut-se definitions Ciut u rmat ica t l i > ,mpp ls

ii us ~ -a--- / - Li) the surt ,uci’ us- _ is in , hut t lue ski > s~ ,ive ’s gra/ ing angle of
inuciu lence ~ must he ~m; proaching 0 ti nt these quantities

ssh nn _ ’ me ‘n n it iCi l  lielut stre nugt h to he unse t u b . / .,, need not be in ph ase with either L, or
niumnuiber rut hops II . , maki n g II - amid I,, complex , Frischknecht ( 1973)

a Cm mug le ol inucidemute upon thn _’ irrnosp huere has state ul that the Ctmp litud cs Cind ph,mses nut these ratios
niie ,msum re d In u m nuu tIme st - n t  ii_ , n i for the sk i> ~S ,use at VLF are not af fected hi> ionospherut
,mnm g le of incin,lt,’muce upon time e ,m m th nueasuned es - co ts am hi>- t h e  tota l  path of propagation from the
Imoni t ine n_’,m rt l u t_ i ngs’ r u t i _ ml  tr ,m ns muui tter , but th .mt th ini> are pminiari ly de tn _’mnuinesl bus-

t ins 2 
~ ,nn n tn _’n un n, m d m n e i h i s i t ’ i g_ minu actor the luicC il t’ i t n _ t i  lt ,ui prumpn _ ’ mt ie s at thin_ ’ point m i t  nueasuni’-

/ n - t rC m ! is mit t  m u g a ni tn_ ’nmnl a lit - Id str t ’nmg mii pat ter n ruin_ nut , -\ It huu .mog iu this has not yet been verified by diurn,mI
nniunul i l i cat i nin n tur uid ucn_ ’ th his tilt’ p mu nx i nuu i n s imhst ’rv .m t i uun s , t hit’ pi l lxu rti nt u nut ~ tuu (I ,mt large d mstC m ncn _ ’ s ,

of ,u l imni t i - Is tin n ut lum n,tun i g  t’_ mrt h tilt’ i’ \ r t ’ n i s n v t ’ r .m mu g n_’ ot t’s,is t ung t ra n smitters , ami d the deep
F , — sCimt ~~ ‘m hot ru t t h e  n t’ n_ s’ ivi m ug amu tn _’nu ni ,m e,m rt lu penetr .m tm mm n nu,i ke VL F best suited luir resist is - t i>

- mo i um r s piien it I -lit - i m m m i n_ o e l l u t ie n mt sunsi ’s s .

~
.lmi n i l n u m m s p .mt ’i it t l m t us ln rg  1 , 1_tr im ibm im .isit dn_’ I i nu mti r u n is used in ele ctr nmnu agmuetic mi—

— n_lit i’m e r / t i ’ in lt ’ nngt Ii hem us ut - ni  I hut- sks rn lilt ’ s u st  us u t \  s t i r s  e s ing are adrn pted fron t the simp ly layere d
pCith ,mnnd gri n n _ / m t  I~’ mu bt ’ tss t’ n,’ mn t Ine tr C ur l ’ , - IlC i t e,irth nmodel s h nr ss nu in I igt irs ’ 5. O lt em i t h is model
nun it t e r ,mmid nt - it -us t -m is not t’\ ,itt l’, Ciplu li c_ nhule , h u t  it hi,ms p mnm senu to be a use f u l

X Irn_ ’e sp_ mct ’ 55 . iut - i tn ’ 2r I u  gu in_ Icli n n_’ nun d,mt,i i n ter prs’ t_ mt ion ( b ~,iI,it ks et ~tl, 97- S

N lii’ t i  n i  .ini it R,i mu ki n I i)6i) ) - Beb isv , siume oh t he mat lie—

‘st t ljs t aruues rut less tin , m nn 2 11(1(1 kn ’nn t hn n _’ si n gle Imm i p sis s nu iC m t i n _, m I  f i r m  ru u um l , it i m nrs us ill hit’ ni ’ s - mi ’sst -i t . In t h is nuodel ssi’
55 ,/ s i ’ u s tInt’ pnt ’t l imn u i niaiit n r r l u t i t - l ine i t  f e n _ t n s i- n , m n ug n_ ’ m l  f i n n_I lb ,‘, ~~ u’. Fmt - ri ’ tile free sp,tcn_’ mmi npe d, unu cn _’ /~ is
nu uu m ’ .t l i t  the us / mm Id ‘u ‘ s I  I ii . l m i s r l m r  i t  u n  s is  sl im uss m u mu itt ’1 nnn_ ’ul us
I igu mrn_ ’ -I .

— \ P~i t~ — 377 unhms
Radiowave interaction ~ it hi tile eart h

sn , i t im n i t ’ space nl,lgnietic pen nu ue . ihm l it i> 
~~m = -~~~ ‘. 1( 1

i ,u - lmr ’r II/ i / u / / s / i / n ’t d / / m i t i s  ius ’niry - meter and time f r e e  S~ CiCn_ e lectric pem nuut mi s - i t s
N u n  ,iII n,idj nmw .ive energ’ , m i  bnith the sk s ,mnm n _ h sun l u t e  n~ S.SS , l (Y~ - , i m , i t i , l i t - t s r  -

‘us ,u ‘ .t ’’, is n_n in fi ned t i m  I In n_’ ear t h u  m u  nsp hn_’ rn_- us us s’gum mu tt ’ - -\
sm_i ll in ui t i  1m m us ref rac ted heluiw the s’ ,mrt ln ‘s sum i.itt ’ , as I Iii’, resu lt is suh it _ i mn ued hec ,nusn_’ ms ~ .ipproac hes (1
r m ,’pnn_ ’ss ’nts ’& t i n I gur u ’ 1 Inn the e. irth thue t’m lt ’rgs is I-S in ml ’ .
a hsimrhed arid p u n t  Is s r_ a t t err _’r I hac k to time simm f its’ Iniunu F ~, . /1  . /~ -~ - pm)

t he suhsurlace b,m s i n s  i m l rn ick s and sediments , [he depth
mit pe m netrat nim n increases w it h decreasing freque n cy ,  ,m lkmw- 1 Ins ’ n s ’ fu tnt ’, I l / n  thi’st’ toe s, ,m nnn &’,isummt ’ n I  s- n t hen It ’ mum /

rig s , t iuu ’s hn _ ’ t w n_’s’nn 11l ~ ,mnu d ~ l)~’ h i  tn t  lie isle_ ill’ . s t m i tn _’ui u su l l  pm ins sIt this ’ s , un nmt ’ i mm frurn u, i t i n n nn, I lit’ dn_’n m n,- , i t u&nml tnt

I r m n m - \p l m mu m g  Pus’ m i nmnp n sum u / i n n  ol the t i r ’ u t  li-sb hnun nt li rn _ f  this ’ Ii m l I r u ~s mug i n n  nnutul, is tui,is lii’ I in t unmt f  mu \V , m nt  ( 1 itf ., ) I -

nunek ’ns ml t ins ’ s- .m nn h’ s tru st , Inn I l l s  frequent s r , nnugu - ,

-I 
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Au .upparent resist ivi ty 0a is therm defined Irom a measnare-
nment of t as 

( 11 )

- ,~ ( 12)
F imju rm.’ 5. Si,nup /3’ lat ereil Ila t eart /n nnocls ’l used ‘i we0
for ,/t-//n i t /u i  the det 7niticuns of apparent rr ’s is-
tin u tu (/ . I u i t ’ u ’r t- us e) air d also / / .lt ’i/ in modern which equals t h e  tm _ me r i ’ s is tu v i t i >  whenu a I, I or sun_ h
data ii it erpret at j o in techniques (3-layer case), cases

The magnetic permeabili ty p is tis tia lly taken
as equal to I/ na t ot ’ tree spm/u t ’ for each layer. - 

/ — ÷ i )  
~~~~~~~~~~~ 

( 13  i

h omogeneous earth and definitions ,mn ud the ph ase ang le em ob ci t lu t ’ m A or lb is 45 -

of appart ’nt resist ivity h iir nt ’ s n s t m s u t s s- f l ues below- 1O’~ un hunun-nu , II (1 .12
When the electr ical  properties are un iform wi th at ‘s_ I . I - Therefore , ser ious IeakC mge of / / inut o t he lion-

dept h, t he surt ,mcs ’ inupedam nce is gis- i’n r hi> ionmta l ,rntt’nnu.m thC it measures I. with  occur w h en th me
,inutet inu,m is rmusuunt i’d uunu arm unstab lt ’ platfu im nu as m u _ i .i in-

/oV,n~
?
~ _ 1  

— 
n _ i  n I t .  mm t h is t o e , s i n c e  II Cmnd /~ ,irt ’ comp lex qtman ~-

= — 
2 

— ( i )  t i e s , min t  i s t h e  cu m nupuunen mt of ~~ t hu,i t is m m qo ,mdmat umre
phiCm se with eit h er L , r im / -l~ c,n n be used , Us ing mIt ’ ,’ us.nu t ’-
t ilt as arm exaniple .

whi n_’re

Ii If (c o s c i >  ‘ / s i mm em ) ,  ( 14 )

n = — iSl
V Ptm~5 il s~i that ll’~ t he qu madn ,itu mm e ss a vt ’ t mi t  value is

us the mel r , r t t is  t’ index nil time e_ mrth , Iii t h u s  e~ pi ess u m it , h g = II sin c5. ( I S )

= 2.’r/ (f t n e i ~uen/ t ’ .  urn I Iii - \ niu ’ast ui  i nt e n t of on li>- h g can not distinuguish the
st - p i n  ,tte t i  I t - c t ’, of _ mn u~ulitude _mnd piu,msi’ ari d Ci phase

SC ,nrug le of 4 5 must be ,m m hitn Cmn ily ,mssunumed , The Iornuula
= nt’I,r tus e pe m nti t tus i ts  luir ci im lst ’ r t i m lg  II q to app,trenut m es is t i v i ls - , defined as P g

- - - , inu this c C m s e , 5p = I t ’s us l  s u n s  ti iiu nrmu-nu ,

2 1 1  2

[lie qui , m nt i t s a- , fli t n u n_ it ms 
- (16)

= 
1 sv hm ic hu g ises t h e  c mmmm ect u ,iht ii’ tub rt ’ s i s t m s m t \  to n a hmum numo-

/ l i ,.t i ge nueimus n_’ ,nnt bu , Vi i t t - ru piu,ises ,unu.’ d ifferent t h an 4 5
1

,

is me l,mted tim P r lus the tunrmu la
us ,m mnieClsure ot the rel , u t u s  e s tm s’ m r g t b m s  mit n_ In sp l_ ice nu er mt
Cind c im nd umt t h u mn t u n n t ’ n n t s  .mnc l is um su , u i i s  m uch g m u ’ , i ten p

~1 — 2p~ simm 2 c’. (17)
t ln,,nm u m n u t s  ,it \ I - I m d  at i in s i s t  us It  ut _ s less t hm,mnn I
ih i n r i  ni -\s ss as siu&uwn mu I igure 3 , t Ime ref rCmcted waves

I nm ,m ll p r _ in _ t in _ a l  i ,ust ’s i; - ‘ I . m ntn _ l e1~ 7 nm_i ’, he sinuu pl i- pr mpag,i te nu e, m r ls s u ’ m n t i l ls  m i n im mim e grumu nid, The
lied to p n m i p , u g , i n m l i n u  l a t t i m i  I n n  thw f u e i t t s  within tine earth

is e\p )u 
~ —/ t ep 1~ p ,), which can he rewrit ten as

— /~ a (I (I I

S

- - .‘- —— . ‘ 
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Figure 8, Quadrature vu//m/t ’ of appare,nt rt ’s is tim ’it ,u pn_ 1 (computc’d from eq / ‘7 a! 20
k/-l i for marion ’. honnogetneomis ear l/ n models of resistivity p a/ic! relative pernnt t/m ’ity
s . - I t  a ia /ne at K = 40, an cic tual resi st/n / t n -  of .30,000 0/1/71-Ill u i/I be measu red Pu
ain air born e si s / r / r n  a’. air app ate/It ru ’ s / s / m i t e  i)t about 2, 500 oh m-rn .

exp [ (/+1) ~/ ~~~ 7’~p , (  and is sa ( i ut  f u n  a- -‘-> I - A Vertically stratified homogeneous lat-i rs
measu re rut the dept h rut pe netr _ mt inn mn m i t  t int us ms i’s is ~VIuen earth consists of two or mumome layers at dul ler-
t int-n given hi Put’ skin deplhi fnumnu ul.m - ent thickni i’sses and electrical pmopcmtie s , lb ami d Z~

- 
wil l  cha n ge in both magn itude arid phCtse , deperun _ h imug

mm) SC 2~ tupuu , ( I  5) upon all time earth pamammuet ens inviulveil , W , mit ( 1962)
presen ts ~m simple met imod ion genuenating the formulas

suhich us tInt ’ deptlu ,m t ss ln ic i m the r ,rd i , ulm o nu usull ~it tenuu a ts ’ for _ tu uy n umber of I,r’. em’ ., ami d pme s emmt data processing

Inn u’~ of its  unri gin ual ‘.,ilrie nt t h e  s umt ,nc t ’ . in s p h nu t t e d  gemuen ,n lly uses a thmr et ’— ICI’ ,-en num uud ei ( P. m l_ m ck ’ , 1075) ,  hin t
in I igurs’ 6 ms a bunmc l i m n n n nut  fm e quenmc s l in t  u ,m n io n_ ms mc- onuly ,u two-layer case will he c uimusid emed here, This casu’
s i s l i s i t i t ’s - \ os n_ hn .u um g i ’ in thn _ ’ e s u s t i s t ’ p ui m pt ’ m t u t ’ s m i t  is suf f ic ie n t to de nuo n ust rate souls.’ of thin_ ’ tiunum e m nmpor tanut

t hs’ t’, m nt h in~’ Immss t h i s  u.k’pmh us- ill m u m  produce un ’, si gn u ifi— t- i t t ’its ,
i_ ant t h u_ mn i gn _ ’ in eit lnen Put- Crmm mp litude or ph,mse of /‘, cur Whit - in time iup~uer Ci’ , i’m is c i m Cm rC t ct enn / C d mu ~m u  t’ sus l  u s / i s

II - m)V I m t’ mn n_ l t ,m rt g n _-s ta ke place ahrnve this depth , t herm p1 ,unud dt’pt iu t~ and the senuiinmf inuite loss t n  la’ ,er hCms
hm rt im Cmnuplitude ,mnu d ph_ise ss i l l  he Cit Iects ’ n_f , res ist iv i ty P2 ,mnud a > > 1 turn  huntl u I n s  e ns , t hen time sia n-

Vi lit -n cm ,~_ I m mm less , ,r nub eq S ten ds tuiward ,n me,mI f,mce inupi-dant e is luitm run_ I I rmn nu u time tr nm nuol _ i :
qu_ inu lit’, su / p pm u- ssmm n g hr it h ph_ rse and ~mnipl ito de at
_ ind It - U ho us i il ustmCit e d urn I gore 7 l u m m a fr i- t ] uenu t \  v’~ ’ u 1 + j t , mnu
m l  211 khii in time V I I mange. I nun t i x ed v , uh t nn _ ’ s of re- A — x ‘~t-PuiP 

~

‘ - 

~ \ p~~~j l tan /~’ 1 1 1 
, ( I~fl

sn s tm u  i t s , the its- t n  t’ ,usi’s in app~mmn _ ’ nt i i’ su s t  iv i t s  ann _I piu~mse -

ar e pI n t  te n_ I Is ~t tunc tr o m u m i t  the inicreasing itme let In / i
i , m m n s t , r n m t  s f i r m  5 , / n  j i m / i s  imnn muugenuemuus t’ , u r t in nurnd n_’ls ru t ss-hn_ ’ni’ tIme si / s e  pr mi f m .i(1,itin ini ni u mi ~uhei k us sit- I rued us

mesist is i ts  p. Time nunist ‘.ini in i t is l s ml bec let i quCin utit ’ ,- us

p 11 ot eq 17 us In I n_ i n  is pl n u t ten _I ag ,m nn us t time sam ume v i m  i,miuls ’s k 
~ — / t t - p i i  

~~t
mm I igure S . f or .r p u  t u t  ub , um s,ilut’ nit p, p~1 dec reCise s
more n , m t t u i i l ’, si j~ii nttmu ’, us mnng s tim _ inn mi m mi - s 1~ r ni l  I ig um ni ’ -\nt .upp,irs’mut ins is t s .  it ’ . is th e rm dt ’ Iin ue n_ h in time nm ,inunu n_ ’ n ( m l
7 due t i m the ,idded ph,mst’ f . m_ h un . [ buns is s mg r m mfi c C in i  liii u’ul II ,mnd 1 .2 ,is
,mi r hi mmn e 55 ste rO s wh icim minis nut ’,i s u mrn _ ’ f i  - \,ilu mu ’s iii
m, 20 ins ’ nrnt r mn ncmmmnn lmm n I n n  nuany ins  ‘ un,ml lu n &’ unit k 

- 
/ n_ 

2 
‘1))

ms p n _ ’s (P a m konmenkh mn 1967), P.m - I -

n/ I
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a. A pparent resistivity.
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I ,,,e’e,si

Fm, l ’lna.se,

I igure 9. lIne apparemn I r e s i s t / i  -fl u - 

~a) and p/last ’ (/2) of / nn -u-/am -i ’m

tart /n r~no~/ i ’l’. /~s ii fu,ri tio,n oh las un dept/n at a Ireque ’tn y ot 20
A/ I, .

usi lut  In us t I  inn i tt  whit - mm t i i m .’t mn mn t’s inf initely s nu u,m lh . In u resist s i t ’ ,  either progress ivel ’, dt’ n _m e C mst ’s u/n increases us tin

I u m 4 umu e 1) art ’ pt m mt t e d the var i ,mti r un s in appC mrenu t n insist uvu ts  depth ,
and ph_ iss ’ lm nm mis i m- I ,us i’r ea rt h .~s .i f i_ m nct iru n m rub layer When a nnf eq 9 is comp,mr,rhle Iii lint i t’ ,  Ii mn t h e  upper
th ut knut -su ,it 20 kIlt , Wh en the upper layer is nn_ ’ I ,il ivel ’, m i ser , and 

~ t - p , , t he plu,mss’ ,mnmg les . n m u ’ sIn mm n ug is pus hed
more mn _ ’ sms t nis ’ , t he ph.mse angle tics between ‘ IS - ~mnd ~f() to ward n)f) - w hile decreasi n g time ,mpparenmt re s is t  is i ts  -

wint ’n Ibis’ rnpper Ia’.t’r is Is ’s’, mesist uv u ’ , t he ph~use ,mnug te \Vhe nm is is conuparahle to un i ts ton time lm m ui i’m I,r s s n  Crnd

f i t ’s between (1 and 45 - [his phm,mw behavior c,mn tue p, ~- p 1 t he phases will s tru mn ug hs decrease tni wC mn ii / f~
ge ntu Cili/e d lnnr inns mt ’ s / s l i t s ’ structure w here the while ~u iso decreasing the ,mpp,mment re s is t / s  mis -

11
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Irregular surface and subsurface co,lditio tns eq 17. Since the airborne measure nuents sh owed that

Extreme mathenmaticat di f t icutt i e s arise in In~mn dhing 1., was s ma lm le , this implied that !/~ was a lso stable ,

irregular conditions hecause of the mixed geometr ies Thus , the relation of eq 6 was probably nmaintained , al-

that are always invumlved. Numerical techniques (J o n es though plane wave sky mode theory (the transmitter

and Price 1970, Coggon 1971 , Swift 1971) have been was over 2400 km away) predicts change s in all coni-

applied for studying the effect of lateral inhomogeneities ponents when p changes. Hoekstn ,i ’s us- r ink  t heme lore

(e.g. ore bearing dikes) upon plane waves , but these have demonstrated that eit h er ground on aurbt um ne res is t iv i t ’ ,

been primarily at magnetotelluric freque ncies below i03 mapp ing in reg ion s of l i t t le relief us usually determined

I-li. At VLF Lytte (1975) and Hughes and Wait (1975) primaril y by fluctuations in C ’, ,
have investigated cases involving a f l a t  earth with non- Observations over topogm,uphicall’ , cunmpt ex areas

uniform layering. In particular , Hughes and Wait have have been linmited to VL F , Harrison et ~rl , ( 1971), using

investigated 1 M waves incident at values of ~ approach- anmtennas mounted below a helicopter , observed that the

ing 0”. Tines demonstrate that btmth the phase and vertical elec trical bit - id (Stat io n N’\-\ , Cutler , Maine) can

amplitude of!’, and II qualitatively correlate with intensify over mountain ridge s In’, nuore tluan 6 db (this

c hanges in subsurface layer dimensions that occur over effect was illustrated in Fi g. 1), but t h at the e f f e c t  dis-

distances far shorter than a free space or in-situ wase- appears at flight alt itudes comparahle tn_ i the nuountainous

length. However , t heir results also show that the phases relief itself. Harrison theinri,ed that this w,us an c It-d rum-

of these two quantit ies are not necessar ily the sanme , stat ic ef fect  (the mountaIn size is .u smuua Il Inaction 1)1 a

muor are t4’~ and At always related by Z0. WC mi t VL I- wave lenngt im ) ~ind reproduced this sCmme b,,’l i ,mu i m ut ii’,

( 1971) discusses similar ‘‘ recover’,’ ’’ c i te d ’. for gmOLi nid superimposi n g the bit - Id ol an induced , hemispherical

waves arid reviews the literature on this subj ect, dipo le nuodel of the mountains observed uptnn the h eld

Las t - r i n g interpretations of simultaneou s measure- of a VLF gru)unuuI wave. Harrison used the sanuue electrica l

ments of p11 at two n_ nm more frequencies Ins an ,min himmne parameters for all ob his gruiund nuode ls. Sellmann Ct al.

is-au et ilt ss ste m ~ hu,m s u. been compared to the known (1974) observed that high values tnt C lmr h om ne nt ’s us l us ins

gem/lungs os -em flat meg ionns. Cut le’ , el CII, (1075) success- were most pmeva lent in valle y m e gm umn ms ol Ci sums -eu near

hilly correlated the interpretation r ut p0 profiles taken 1- a irhanuks , Alaska , and measc uruet i that t h us mesu ltett fru m nu

Cit brequenc ies m u the BCB,~ LI CS arid Vii ham ut ts w ith the presence u t  permafrost. A subsequent e’sanm inati imr,

drill hrule results in I ,m s ems nut t ill arid gravel in S,msk ,rtche ’ inf these data revealed that the s i n t ic ,i I lit- Id (St a tie m ru

wan , Canada , Iloeksira ci al, (1075) n_ Iemuuinn ustm ,ited NLK , Junu Cree k , W as hinmg to nul was enhanced l us t - n ridge

t he sm,’ nms i tm s  Is tnt htutbn \ ‘LF and Li to n_ hClngeu in tops .us us it h Harrison ’s uibs emv Cmt ion s , tim e reb s suppme ssinmg

permatrost c r n diti rnns in sn_’vem,m l s t r id ’m Cireas nue,lm the ,n~upamenit n i’ s i s tm s i t’ .  of the nuon_ mnt ,u inucuus are~is. Tbmese

I air iua nm ks , ‘\ I_ us k_ m - An exCn minC mt i rn nu m i t  I lsuekstra ‘s dCi Li ,rlso revealed t hm C m t the ho ru/ontC il field L ‘. St Ci5 more

e igini~iI dCi tC m Ins this authtnr n t - se _ i t t - it th ,mt at VI I  / -
, cm m ni sust t ’ n t  wnt h knuuusv n dist m ub tm tn nm mms u nt permalmost.

us. rs fCir nuunrs ’ st,thle tha n L ’, is en .m ppan emi t i insist us it es Se(Im,nnn et ,d. ( 10 7 5) ,  using time s u r t , nce mnipedance

ranging bt ’t us semi  about tOO ,m nti 4000 uuhnn-m , nuet hod m i s  en a s . u m u e t s  of ne ,nm-sur lace igneous and

Gm ruum n d-h.mscd observatio n s has-c bt’en linmi te n_ I Ins the nnct.m niomp hmic n / mm , ks mm ,mre~ms m l  s mm m , m i u t e mt - l it- I in n ort h ern

,uu , i u l . ihml i ts  and prurt _ r hi l i ts  ruf suitah le eqr m i pmemi n . Minnie , m t ’ pt mr ht ’ d .m ss nd n_’ r,rnge mm buit li ,rpp,mnent n n _’ s ustu t  15

t’ u mmnn e t ’ n i n m g  work in ss ,nst ’t i l t measunenuents of gr uun d and phase. A m ,l~up.imenu t u t ’ sm s t  us i t s  va lues betwee n 4000

e lectrical pm I pen l it ’s ss , rs u tu m nrn _ ’ his h~I i ,rss n_ ’ml (1957), K i m mni ,mn md 3t) ,000 uuiunnm.nu u , t ime pIn .u s n_ ’ s n.mnge d bmiunn 3
C t in ~~ -

11968) and Bltunuqu ist ( 1~)7(l ) - I iii’.u u.s en , extens ive Ust ’ hm i n ,ms e s ,ilues is li n us is I 3 i,unm sir u / u / u s i t  _ m I tec t  the _tbil it’ ,
rm l t hin us ,us i t  It methrud I u n  gn rut mmid level gi ’umphus s ic ,rI l i t  an Cnn bu rn t- s’ ,-stc num hum detes t such imug hu m insist mvut

s i / r u e s  ing is l imited h’, time interference ol vegetation values , s luruu ld thn_ ’se s.mnme phi,isi’s lut ml d t r u e  liii time us Cuss ’.

usith / ,. ( / mnns n_ ’ t )u m n _ ’ ni t ls  , the surbace impedance mt-th u d, ti lt ,
is-hen used w i th  .1 ss s t e m  deve lrnped In’, Collett and
Bs’ n_ ken Ii m) ( ,7) h,ts made extensive ground su:rvt’ m, ung

prnssihle ,mt VU - In Ilm nekstra ’s wuur k nue ntiun nmed ,ibim ’,e , INSTRUMENTATION
,m irhunm ne measureme nts of Pq derived from li q were
successl ui l ly compCmre d to limited gr r mum nd nueC rs tjren len is Ai rborne
n I  p 0 derived trunm 7~ in ,mni ’ ,ns rut nui,mrgina l meli e f lus uis irn g The airhrnrne E-PhCtsc ff wavet ilt system was used lam

- 
t ime _m irhornue sum s-e ’ ,-s . In this ss ster n i l lus trated m m  I igure

• t nnr mini’ ~j r l ier uicus ’topm enm i t  minis s vs t r ’ rm / sr’s I misth kncthr 10 , Iiomi ,rmntal COin_ I Sini mi ca l  electric di po le antennas tire
( 1 1 7 1 ) ,  R,nrrmnge r I t )  ~2 , Mm, Nm - i l l  cm ~I, ( I  i7 nj

/ t-3 ( Fl: l l n m m ,n m lm, , r s r I3,mnd , 500- 1600 tO,’. C .i’h,n~t I B,nr mnng c r Ressan t in t id - ‘  to ronto , Canada l is .1

• t i t .ow I n,’ m n m m r ’ n u i ,  ,1iui ) - - t i0 i  n_ l i , . pa nenr ed n ra de nannr’ ,

12 
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Figure /0, F ront i / Cm o f - mm aircraft systefln ni /  crossed dipoles for measuring the wave-
r/ / f  co,npone’mnts I,,, Qod C,. f/ne aircraft liii ’s orthogonally to ihe transmitter direction,

mounted sun a nose cone exte tmdin g Imo mmi a STOL = time ang le between the as-em ,mge true azimuth
(s i mrumt t ake -o f l  and landing) aircraft , The horizontal of a flight line and time true azimuth from
anmt enna is mounted tmrthogonmt ll’ ,- t in the long ,u\ is m l  the center at tIme survey ame,m to tim e t -  rm1 s~
the n ose cone . Time aircraft nmust then f ly  perpi’ndicu- mitter (tom maxi nmum coupling ‘y = 90” )
larly to the transmitter direction for ruuaximunm cn_ )upl- -i = atte n uator setting during calibration
m u g  is-ith C’., Th is allows the more irmt cn isc L, to coup le
ss it h the ho riztuntCm l antenuna when time aircraft rolls sum .

~ mmueas attenuator sett ing during the surve’,’.

t hat unIv the total E, an d the conuponenit of C ’. iii
quadratume phase with C,’ c,mn be measure d success- The stre n gth s tub time electric field quant ities are m e-
full ’, to determine a wavenilt sa loe li~~. This value is corded in volts on lhe magnmetic tape and in nuillimeters
then determined along s esema l equispaced f li ghtpaths onm the analog chart recorder.
u/s en t he s um ms ’es area.

lu g/nt /m e spacing and alt it ij ds ’
calibration The choice tub ,u f light lumue spacing depends 0mm nm ,is ug, u -

-\ ssa s inl i l t  cCrl ih rC lt i on is perfomnued before arid alter tio nmal , scienti f ic arid econonuic iC RAi) i5 . I lightlines
each flight Ins rotat ing the hmoriiont~il antenmna 90” tO c loser than 100 nu tiu each rrther are difficult to navi gate ,
the’ Iransnuilter direction tu mr minuinium criup l imug is-ith especiall s u /s i r  topograp hic rcliel us hm e ni’ fl ight alt i tude
/ _ s . This a n t e n n a  is hu t -n t i l t en _ t 20 to the n_ inn IiCCI I tum nuust m I  term irmc rease , Usualls the spacing is based on
pick sip a kmmumss - n pen ienit ./gi ’ of I , . The I. chC mn une l tIme field strength of a vert ical  dipuule which , in the near
is tf i’i,n’, intl 01.1 tm re,id C ’.1 (i n -p hase cuumponent) •m nud held , is proportional to tIme recuprocal rut tIme cube ol
the signal thus recorded is prm m prmrti o na l ho F, sin 20 - the dist .ince lromuu t u e  ante nmna. At an a l t i t ude of In m,
The waveti l t  It ’ t hat this rep resents  is the in tercept of the — 10 dh field strengt h contour

(relat ive to tIme ground point dimcct l y below the a ircra lt)

lb — 
L, sin 20 

— 

~ 
w ith the groun d is a circle of approx inunatel’ ,’ 21n nm

— C,’ 
— 

‘ ‘ diameter . 2/n is tilt-n used for the f iightline spacing.
Over fiat areas h is mininmally 75 m. I or particularly

The RI ga ins m i t  the L 5/i and /.,~ channels are then large sursey s , t h e  spaci img must often be wide n ed to save
s i t  t i m  giue suf f icient de t l en _ t u u mnu  ob a peru trace u n  aim on expe n se . Inn this c,isin, /n is then immcre ,rsed t i n  about
.mnuCl luug ( t u rn t )  n n_ ’ cmn n ttr -’n - tn—f l i ght clu_ inges cml gain in hn,i lt m i t  tIme f l ig hll inme spacinug.
e ither channel C m m e nnuted mini the’ c lu,irt necsurder. .-\ II
dal,i are ,ils uu recr r ded in digital form on magn un_- tic I - /mg /n t pal /n / e e m i n - u ’r u
tape . The f l ightp C n nl ms are recovered w it iu onu-huu.nrd phi)’

-\ f t c r  ,n sn _ Inst ’s 11 / is conmput ed trom the formula tuig naphy arid C m i ,nbt imt-ter . - \ t iducial marking system
coup led tO CI n _ l u nd  k di itt’ t’’s pmm st ’ s t he fiducial count

II — mu- ms ‘1 m,.mi  m m n i t n u  the f ti ghtp.rhh cC r m e ma I ilnu ush ile si numu lta nme ot ms l’ ,
O ~ ~~ 

‘.ini 
~ ~~~~~ 

re c n n m dinmg a t iduciC i t iou hiuth the _ in u_ nlog ch ,nrt and
magmuetic t .u pt’ . i’s 35- nnmni b l i giut path c,nnumem,r , mCrnu-

fact um re d ius I li gh t  Res eCrmc im ,rnud equipped with a wide-
where It t n  ii / i—tat ,irug le lens , e xpuiss’ s ~m cuun t inuuouu I tm stri p. The fli ght

It - - -nuca , the r ,ntirn m l  the mu-f l ig h t  number and time tub das- art’ entered manuuall y n_ in t he
I 

mn_’,msurcd lields •in,i l t g  chart.
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C o b
lime _ m u u i n . r l I  Ime i gimt .u ii i u s e  t Int’ t e u r ,o mr s t u n t / i t ’ is i~ nJ,i 

I
mi t t u i  m n  unit-ti b’, _i Boni icr I R \ 70 rail iii alt m mime ten , Thin ~u J O

output u m i  this unistrunment is n t’ t m mn d~’d inn bot h thin_ ’ , ~‘ ‘ana log ari d ttu ~ utC i l  i’ d / I n item s , 
- 

~
- -
~ I-

Dr,ta ~ ‘u/c r ’ss//i m / 
Frequenc y ~eI ec ’  ‘

~~~ 
‘ 

~~~~~~~ ‘ 5 I , ’ ; t o’se
The m i s t  step in the dat•r piulce s suulg usa snmmoiuthin g ‘ ‘ : 

~hase ‘~ )
srI t he s t - rn u m, i1 electr ic  lit - Id ssnth a 1 ‘Hz low- pass filter . -

Then , assu nmu imig .ini ,uni ui t m ,i r y su,ns 5’t ilt phase _tn mg le of -

-I S , It 5 t - u u s  i’m ted t u i ,mpp,m m emit ni ’ s /SI  i t’ . p~~ us ing
t’tI 16 ,

Is Clls/ I ti ltered , .u g. iunn ii tIn Ctfl upper n _ i n t u i t  nut

I Hi, f hi t - r u’fturu’ , at aim ./ s i ’i mu t e f lug ht sp it - it  m t  160 ~~~~~ - -- - -~~ —~~~

knur In, II un _ mu uat ion s in m e s u s t u s  i t s -  occurring ./ ppr / m \ i -
m.rte l’,- ins em ’ , 4’S rim un t’ fu l  teri’tb umu t,  Figure /1 , Schematic of the Geonics I l7/6R stir/ ace

The / .~Iius ’ s mi t  p 1 an d their c ium nes p uin uding h iducm , n l / nnpe’dancu’ /7um ’!u’r, 1/ne instrument is shovn -,n in i t s
nm n,nr ks are pninu tt’d out in tt ut - i ta l  form , The p t-,~ 

s ,u ln _ nin s mu’a .smi remen! orie ,/fcn tio, m wit /n respect m u  tire radio-
are t hen p l , uen _ -d upomi thn _’ mecmunstm uc te d blig h t  lines nm -am -c field vectors F ’. and 1/,, -
t h a t  are s t i j i t i  mnu upose d upon nil aem i, r l phiutomosCmic
i n _ t I  r o s t r um ted frr nm a conu ,1~m usuhe ot t ime inmm .boCrmd
phohingraphi, . - \ final pme semut at uomu nil / s t henu hi’ ma de time sk~ 5’.~~/ n _ t ’ mi’rode this ratio depends on ionospheric

mu t ime to mnu III d u m m i t u  m i /n  niaps (con to u ring dr i mm u’ b’. c um nd i t i im n ’. as is-elI ,ms the total  p,it h 01 propagation .
hantl) or .i~ n i ns i s t  u s  I t s  profi les Cm lon g u’ ,/c i i  I l ightl init ’ . h i m  tIme ground us ,ive nuuuude , this ratio pninuari l ’,- din’

pt-ri ds upon dis tC lumce Imom the tmans mi t t ’ m . At di’.’
Ground lances su ithinu the gmoum ud su. / se mange ( - 800 knu run _ en

eart im) a re,rdout ,uc t t i rac\ of ±5 % Ion amplitude and
I i ’r ’hmnique ’ ~~~~ - l umr phuase is usua ll’ , obtainned, This was true for

The n _ u ‘ nnnun1 - r t iC i l I t  us .ui l ab le (n’ m i n i S  s E\1 I 6R us us the s/ i n s t - u s pemlormed in n orther n ‘sl aim ie wh ich usemin
use d i / u n  thin ground s o n s - C s ’ s , [his nn ms trurnt ’ nnt ca n sli ght ls  more th~in 300 knu lmrum the t ransmit ter  used.
me .tstume lur ’mt h a mpl i t n_ i din ann d rr lm, i sin mmf t hi’ sim m f i t  t ’

Inipu- ut . in un _ In I u g nnr n_ ’ 11 time j n usn r n i m uun _’ni t is  du’piit i’d ( mm , iin _; c t i’t ’ uus t wui c
mu I t s  pmopem III ‘ C l  t . u t i smn f i nn  nu me_ us um e nue nml iii t i m ru’spu ’ e m The inpu t inupedannee of the groun d probes is i0~

tu / the ,mpp nu mpru ate t’ l t - d t n/ minl , ig i l int  ut ui-I d quanti ties of olinis , 0,5 s 10’ t 2 far ad, Th erefore , mute r  e\ posinn_ t m uck ,
m m m d  \5,u5 ~ , ( I il -\ is iir’.h usu’ tt In) e ,is t ,uhl is h tIme .i reliable nue ,Isui ren menut c~uu tue tui_ude us t l tm i t i t h,is ing

ni . u n i s nu r i th em t im n _ i  t n / n i  - ( m l  \ us t h ms ’mn s h u t  oIl ann_i the tIme co nnact mcs is ta ncc mit time probes influence the
. i n i / I  Øf /~ ‘ ,, rne .us mn re d bet st-ct-ni Its pm I/ lit ’s spread 10 nmea su ms ’me rut , In u n ’ ,  case , t ime pm m ’thes nt-cd onls he

nm .ipamt , ,nnud I/~ , measure d us uth cm ui l  B , is det cm nmi n ied laid upon time groun d s i mrf , un _ i’ .
Ins ,id inst rig the Cimpl i tude and phiCl se di,ils umn tj l  rn
inaudible nu l l  us ,It t ,rined , In the I igure , t mm i i  -\ has (.‘mi libratio,n
hi’ u’ii ti lted from the Im , m m u / m / n l t , / I  t i n  Ihn_’ st ’ rt ucj l  n _ l u n t ’ c t i imn i  The 1 ‘ii l6R is i , nd lu nn s  cal i t umated his apply m u g a
and is mmm i Irunuger t m  it /p le u l I I  l/~ . kn ncm ss mu s milt,igi .’ between the electri c field probes and

placing coil B wi t hirm a largem coii that supp lies a
/ I / / i/ t i~ ’ magnet ic I ield of knruwn stm em m gt h , The phiase dis-

-\ s m / i ts / ml pr m n he d c i rcui ts , e,mc h pm etn m ned to  ,t ii ep , rn n_ ’ , bet su et - nm the app lied s/ i l  t .rg in and the nmagnetid
pam nic u i l i r  \ I - I i n  in_ j i l t - n i t  5 in pmc st ’ i l use , ire as’ a ilah ulin lit- Id is adjuste d amid the imus tnlim nu enm t is calibrated Iuur eac h
is- uth th5 su s te rn , t hn_’se crr cuii t s emp lius pli .isi’- I it k ill the \‘L I lm e q t m eim ci u ’c des ired , Thue ca l ihmati nn m u con —
.rmp lih ier s t i m  maintain hummin g , s i s t e r s  that the is p um l ime t ic,r l e lectr ic field is the applied

umm l t , r gn _ ’  dus dud hs h i t ’ nune a cuum inm enm t probe sp,icing of
‘sum/I u/ m im i //l i /n It ) m ,

T he it rues  m ’ nn u ’ ni t / ml a sh un p nuull b r  m l  ,m ct urn,itu’ The ins h mtm n uent used us /s bought ness withi n one
rm ’. m m t m  mu m t depends on the s ignn.mI - h i - m u rusu ’ rat io encru o ntem - nun m mmttm a, - ~ un _ un t e S s  Cmnd is ~us ca libra ted prior to ship-

L 

ed ushe r tuning h i m  ariipll t lm/tt ’ an d phase s ,u l um e s . f / m r  pun i g

• \I ,m T , t , l .i n I t / I l ’ s  r , r ’ n , n l r m . , I t i  - I n m i m l n m o , ( . i ni/ i  I
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p

Data ri ’i luui t imm ,n app~im e n mt resist  i s - i t S  contour map i uf the site. The map
the anuup l mt u m uie  dial mit t hi n _’ I ‘si b  6R nm ’ .mt ts s tun t - i  t I ’ . m m  su ms tfn en m cnunnpCimed ho tine’ gn_’o lumg u nut the reg iorn ,

in iu nnm . n me ht ’rs of appam enm t ii’s / s t  it i t s  - II n eeded , t ime I rum timis standard suu rs m ’ s two particular I li ght
anmu p l u tude rO the sun ICi c i’ unm m ped , mmnc t ’ urn n ut m mmn s r u ms he pat h s sst ’ r t dhui nse nu and repeated at set inn ,iI ,nI t m h ides ,
recovern_ ’d Ins ur n s  i’ m t rig eq I t , l int ’ r ins is t mum t n, s c_ mIs ’ us ‘ s i n rig thm t - sn_’ I igh ts  iu um t h / , •ind I. ,

~ 
itt- ru- nun_natured

hs rg_ i rithnm rc .und r ,in ugt ’s rum 0 tim ~t) ,lb f l ( i  mnimnn n-r ’ m , I lit ’ and n_onu ip_ ired to tfiu’ n m i pm ig n ,r pfu s and gt’Inlu i gv below ,
plmase scale us li mm e, rn amid r_ ingn_ ’ s be ts s ecni (I amid i~ ( f  - I he mu , m n_’ ,mst - mm itt itude att u’nmu ,itc d tInt- topographic
1 his phase rCmngc iS t lm e re t ome hClsed stn mdl Is / urn the e l ic i ts  arid a lb nns ved arm exanmimmahio nm at / mm ml ’ ,  tIme m n_ ’s us-

f n i . /u iu - - su . / s t ’ nu n_tel n_ It - sn_n lit’~t m i  l tm r / / u m m~u/ r ’s iu /  / l i t  t i m - t i s u t s  mi fuurmat i mn n contained in hutln t ield cinmpr umment s,
omuun _ //ni ’tu m R~- sm _s l i i  / / / ‘ni// i r ’ / u/nu / a mitt dunes n nut .111 / us to n t ine rub r mmn ’iuat iou him us ga i n c  d wa s  later rm si n_i for mi-

pf m ,use n _ l i~n _ r e p ./ni m _ u n _ s  li n_ ’t usint - ii t~ _, _ mn nn l II,, ru ul sm n _ t n_ ’ uu ~~l m is t’v~m Ium at in g the sta nudan d st ints ’s us t Im tr pogmap lmic n _ f  ‘its
merniuved ,

I inn thus ’ t m m n np,rn sm / nm m l  gr inunud hun ai n tur m nn i t ’ r e s i s t / s - i t s  itm C lm t of t he sta n _ lard sun s- i ’’, us /s t Int-ru rept ’.m nn _ ’d at
nm me _ is r in enue nmts , thin I - ~s1 (mR dal i c ,rn m be in m i n t  s n  t n _ i t  f un ts s iii’ i ts nmeani altitude t m study - tIme it  t i n _ I  of al t i tude
.i ni .u j ’j i , m m / 1 1  I e s u s t  us I t s  p 1 iu,rse d summ l s inn time n_ Iuadrat n_ l rt’ upon tsvo .dinmemusir nna l gi’u u luug ic resnu lutio nm and mt-arm
s.m lu e rut  t t n n_ ’ sti r i.iit’ inipn_ dC inu c e •inuul an assu mtned pInasn_’ ,mpp~mnu’ mmt m e sist is i ts  It- s -el ’ ., This mepeated sur st” , used
.uimgle C mi t  ‘IS . l ime n _ /m ist - n s / m i mi ts r’, gi st - n m Ii’. eq 17 . a le ssen ili ght l i nue spacinmg than time st_ inudard sn _ / i t t”, -

Therefore , ,m few additional f li ght lm nues uteri ’ adde d hum
t h e  stC m rid , r n d s / / nu t ’’, 5 / i  t im,rt both suns- u ’s s had an equal

‘siE. THODS mm unmhe m cr1 I Iig htl i n mes user t Int’ s~rn me •irea.
-‘sO t’\ t en ss in ground so n_ es / ml / n_ detemnmined the

1. xperimentat procedure. individual e l I  n_ ’ d t s  m i t  pimase ,mrmd amp litude upon time
-\ tum p mmg r .m p fnm5 ,utl s .mnud gin , I t  gut i l ls  sveII .nn_ ipp inn_ t sinin stC m nd a n d sumSes  r n _ s u I t s ,  i’u nun _ os ’ s  uteri’ nmade u s  i’m alt

mm nun _m m t h er m -\ l .iun in _’ 5% .i~ sn _ I t t  bed t mu m sh uids . ( i uin i t hins nm.mlor mi m i k Is jut ’s prese n t . In a ft - us c.m ses , t he gi unund
s u t u ’ , I. , amid 

‘.~ 
mi t the s/in i / i t ’ fill / tim ’ m ,i di ,i tmm mni ln m m u m n ,i t in _ l u ng s um l ut ,u in m ed sun _ nt ’ us n_ -d him s t - n i’. t h u  n / ipmm g m , ip l m u t

nn n_’ar tun, \ I I t r .uii s n n ’ I t t n _ - n  ust - n i ’ c t ,  l i / i / / I  _mlsmni g st ’su ’ r , m I S l I m  m n_ 1/onus .ipplit’d 1 mm tInt ’ .ini b u m li ii’ rea d u n m ut s ,
n_ - q uus p,ui -d f lmg h tp . u t i n s  at .m nit-aim ,i l tmtu sf n_ ’  cr1 I ‘Sb nu . 1 m m I ,iiule I us pres n_ ’ni ted a sunu unma n ‘, rut the spe cnl  nt~m-
I Inn_ s e but - Id  c m m m m n p l m u u u ’ n n t s  s u n _ m e  the n n _ / m n m i j u . m m n_’n_ I mu s m nig h i m / m i s  In ur all tIme ,mi rborn n_ ’ , m nm d grounud stuj duu ’s .

st .m nmd _ m mi t data pm ii u’ 5 s J i i~ tm ’ n _ l n i u u n _ j m i e s  km prunduce .ini

Table I , Study specificati on s,

ItI I/il I/Il/I! tt i ’ mj nm f u - uilf/ ’mj f/ i 0, uim n I - u / l i

5/uj,Ji , u I I I i l , ’ , / /  Si . iii 1/ 11,/i/I / / ‘ ,J/ I / l i

im i // ‘ t m , i /n  SlI t ~l l / l  / ‘ I - ii I / I l  i l / C/ In  N — / o u  J /snni  I

1 t I / u . in m u m m u m / u - s i . r mmm t, r nr l  suns’s I s O I 1 ml ) m i . t
cm m i i m n d m n _  u/u - i  l i / u - _ m i  / m m i l s  /15 mm/ m i

s r , nn nd a r m f ii’ n _ i I T i I / / / m r ’ s

2 I t ImZ i I  . u t m m m u m . i s’ s u m mu ’s -\ nmupmn - ‘ i / I  1 t O

t ’J lnlmni .lnrl u s / s i / / c  u - i n n - n _ u s  uiunnn I SO ’ I 0
I , ,rnut ~ SC u , ‘ ~ smun l u n , n / mu t hO

r i / mi I 10

llIt’iI .n t nmnuurfcs sn2r Ii’ B s,nrn)s’ 90 I hO
is su ’r~n -s 15~ ‘01’ I tO

I 10
i,00 I t o

I m is ,immd Inugi r , r tnm nu uh s ’ s uu n sc ss  S O ’ ’  10 hO 0 . 16
— , mlmu nn ij u ’ c i n t u i s  Ofl m i / / m i / i S I S  100 1/ )  10 m i l l,

nicii nnm ,inmn ,ns at s tuum f u I -

I (,numunml suruu’ u .m mn mpfmtud c ansi 0
ni/ l ,r s n C t i u ’ u 5 ur nu un n t I / l i lt I,

mlu ’ i lml n ’ . r m unnn s ml s l u m s

• .\ m i,m n n t nmml Irnmnu sl undu
In, rp n i ’mi Im’onr si iui u 3 ,

• frmt l udc ’, mi u m u n _ ’ t m n l m n n r ’s nut s n m m m t u  I , 
—

_____ --

_____________________________________________________________________________ - —
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Figure 13 . Topographic co,ntours and e/e ’ vij t ions of tire tut u u ’/ c/ red. []r ’i - u/ / /mm/Ls u/, u in feet.

Test site Dcboumllie ‘si m mmi  1 . / In n  .ire.r ,sntf us c n _ mnm n _ ’ mu t l s  .1 si,uIe park ,
The ,ur s’,i is acces sible u n u n ls l’s nimnuumamon_m ’. Immmi ~ inig n iuads

/ o catu,u,r wiu uch ire li,rss.tb le Ins tn t /c L bet st ee n abimut 1 June ,unj
The ari’,l c hosen I inn the experime ntal sum si’’, (see I Nu mu u-i nn h r  - In nearhi,- I n s’ n in_ bus ilk’ , \ i , u n / u ’ , thcr in is

c m mu -e r phnntograph is shown on the map in I igure 1 2. arm ,u inpm mm w h ic h us us list-el h i m  tim e mmu bil ii , it out mi t  I u n
It us located approximately 19 km southeast ob the conu~ Iligint ems- is .

f luence of the St . John and Allagash rivers in thu’
17
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lime relict is often severe with mann ’, elevatio n s ta ll inmg
m u t t  qu ite rap idly. From Deboulhie Pt-ak to the shore er t

- Dehoultie Pon d, t ime eIev ,m t i n mmi decreases by 800 ft (2111

nm) mu ter a imo r i/n _ unm tal distance ’ of ,rpproxi nmmatel ’ , 1 600
n~”T’\ f t  (480 m) ammd parts ru b this lla n mk are rock slides . ~\ lnrng

1 
umt buer Itaruks , as at time southwest shu uur e u t  Galilee Pond ,
these t ,tIlof i~ are actu,ill ’,- sheer c l i t  Is .

- 

~~~/ 
Geology

Slate TInt’ bedrock geology of the t n _ s t  s itt - , arm u g  reou s

/ stock surrounnded by slate (designated Sebounnm iuok’
slate), is shown 1mm Figure 14 (alter Boone 1962). Time

/ / 
intrusive stock is divided into a nnm rth e m rm section of p m .

7 (‘1 ~~ ,~~
“ 

~ 7 domi nuantl ’,- syenmi te arid a sn _ nu tt ue mn u st -c t ion of grann_ndi-
i l l / C /  1j 5. . . , -
( J/ ,/ ~ O ~“s’, “. orite , There are a few snualler mn u cln _ msur m n is ob s lati ’ in t he

I 

~‘nJ / ~ I syen ite , The sout imer l ’, slopes of Deh uutl ie arid Black

/ ~ 
1 mounta ins are syt - nu ite w h ile time nnnum t i ue rl s s lm u p s ’s ,tre

I 
- \\ \ ), slate. The western slope ot Gardner \lu, unt ,iumm is sI_itt-

/ - \~ ,/ “ s , white time e ,msteu ii half is sy-en ite amid gra in t h o r tin , Th in

/ 
‘ 

,, \ sve st ermu slope of WIn itni~inm ‘si u mu nm t , uu n u us g r im m ili um inn
- J wh ile the easter n slope is shalt ’, Time di p n i b  time si,iI’,

Sy e n ut e G na nod io r . te cleat-jute us cn_ummonls gn e,/tt’r th ,r rn if ) Ci nd tInt’ s l im
, ) 

- 

. v fl is northeast to s u m u t ln uses t . ( n _ - i i l m igu n_ print mli ’s at dn_ ’pt iu

- . 
- hm,n si’ nunt bet-ni ni,iute.

?° ~~~ The surl icial geo l m mgs mu l the’ I n_ ’ gm , mmn us g i n _ n a Ils a
/ ,,\5’ ~~‘- -

— “i glacial til l (Mc Krm amid ‘ s i tu  is 1975) rut less thu _ un 1 hi nm
- -/ thickness. [he Isuwem elt -v at it ums, s sf m t ’r in st’d m nmenu n ,re~

_ _ _  

t 

w~ itt st in t

C i° 
urn 

/ 
Station NA ’ s  (17.8 kili) loc.mted 300 f~un t m  t h e

~~ I soU tlme ,rst nut-ar Cu t len , M,u i rue , us,IS nuon i tomt ’if ii mm ,m I I s l um
,~e. / vi’’,’.. TIme transn u mi t ter is ,m ts np-boaded s n _ n  tuca l eL ctric

monopo le with .im m c f fe ct is c m,rdi, uhir mn uuf 890 LW oh cu)n-
ti n un _ Iuu n _ ms pu ss i’m . I his tm a nms n uitt em , as •imc nuost n_ uhhem ‘ s I  F

Figure I-# . Geology of tire ’ survey are’a (after Boone transmitters , is in regular use hs time 1.nm i m ed States N,uss

1962). for suhnu arinne c su mn mimru ic~rt unmnm , tnut nu m nu , iti un i is trC rn us-
mitted In’, anup litutf e modumb,tI ion allots rig the ph ase

lock ci t  tu ti s of time men _ n t rug e n_ h umipn uemuh used mu t imn _’
Jopography e ’ pn_ ’ n nmenb s Imu st •ms tn _ m ed.

[he tes m site is situ,ited mm ,m snm ,mII mounha inm iems belt N ‘\A ’ s n_ Iis t .rn uce taI ls wi t h in time l umuni t  (307 knn Cit 1 7 .8
t h,mt continues in a nru~t h-south d irectiu unn ,rnel lies at a kb hi) d e f i n e d  fi’, et~ 1 ,unui t thus at tn  uss anu es , iluat i inru r u b

me,rn e les , rt ion between 1 000 md 1 500 f t  (300-450 m), the re la t i t e  co n ut rmbuh m u n ns (ml huuhii hhe sumh,ic e anud sky
The topograp hic canton_ irs , siniplitied from the U.S. mrmc fn _ ’ s to t Ime total s-i ’ m h ea l inlet hr ii fi t - Id stre n gth , 1 hums
(~inoIogic,tI Survey hi npnugraphic map b r  the I- kIn Risen ca lcu l,nt iomu is important luec ,m n_m se it tien ium nustrate s that
Lake qu.rdmangle , are shruw nu 1 m m I ign_mre I 3, [he , m nt - , n the \ I_ I su gnm, u l s it- n_ c ited ts i’n in m u uu t sob pe ct h i m iu ummm usp hem ic
conta ins severa l large ponuds w hicim duumuiniate the Inuw ium nditiomus . I m ini eq 2 arid 3 , t Ine I ui rnmmumb , rs t r i m  time mn_’Ia-
t’Ie s ,mti run s , The high e lev ,t ti unns ,mre dmn nm in mat i ’d by Ike cuintributinins ob bruth surtace Chnd sk’, nmnude s inn
Gar dner , Whitma n , Dehoulbit’ , an d Black mmn unt a inus , dec ibels ahu ve 1 p\ ’ nu ,us du’u st -il i n W ,i ht (1967) are
,rIl oh w hit hu rise hetss t’nm n 700 and 800 It (2 1) 1-2 - I f )  m)
,ml um mv e the pn_ nnds , Earls I mn ’so n ia n —Si t u Sebounmmom nk is .1 m e’gi onma l ule”.m gn am mon .

I,S
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Li su rt - dh, 1 pV n u ) = 109.5 + 10 log P~ Substituting these values into eq 21 and 22 , the
•itC relative vertical electric field strengths at a distance of

-20 Iogd+ 20 bog ( F~ (21) 300 km from station NAA are

L , db , Ip \ nu l = 103.5+ 10tog P~ • F, =89,5db , lp V/m.
sku sun fa te ’

- 20 log (d 4- ..~d) + 10 log Gm (~~, ‘
~~~ ‘sk~ 

= 59.5 db , 1 pV/m.

20 log 1’n + 20 log IR nul + Cm Since L’, has been measured at welt above 66 db above
I pV/m (U.S. Navdl Research Laboratory, signal level

+ 20 log F1 + 20 log )cos -
~~

) (22) contours , station NAA), these calculations ensured
that only the surface wave mode was present and that

us hene d and 
~ r are expressed in kilometers and kilo- interference between the two modes and ionospheric

watts , mes pe ct is-e l’ , ,  effects would not be of any significance.
Timese tomnuulas are h u m  ground-based transmitting In Table II is presented a summary of previous VLF

.um m d rece’ivinmg amute nm nm as , investigations in the area (after Seltmann en. at , 1975)
Conmsic lering onl ’, a one hop sky mode transmission , taken at 17.8 kH7 ,

arm iommru sp imeric height of 75 km , an ionospheric re- Since these phase angles are considerably below 45°,
s i s t i s i t i , of lO~ ohm,nm * and a maximum average it was expected that both phase and amplitude would
gro n_ rnu d res i s t / s  i t s  of 500 ohnm-m , t he terms in these play ,t si gnificant part in the results of an airborne sum-
equat ion/ s evalu~ite ,ms bo llows: vey,

“u 890 LW Survey traverses
I’ = I .0

Study no. 1 - - standard survey
= 36 knn Time f lighthines r,f this survey are shown superim-

a 63 posed on the topograpimy in Figure 15. A mean alti-

= 27 tude of 1 50 m was prescribed b r  the entire surse s at

- 
this altitude 300 m is about the optimu m t l i ght hine’

— 0.I~j  separat ion . However , the alt imetry of Hoekstra ’s
1 2 sr m r s e ’ s s (i hoe kstra et aI, 1974) had revealed that

F = 2 pilots te n d to II’, too highu whe n encountering steep
mt- t int , There lrure , t he sp,lcinug ts ,rs prescribed at 400 nm

21) brig km — — ~2 dh which then required 13 f lightl ines t im cover thue area,
Cm 1 ) 4  dIn .

Table ~I, Summary of prev ious investi gations at 17 .8 kH, in the vicinity of Qebouflie
Mountain , Maine (after Sellmann et at.  1975).

5,,, , m n
Rum C- 0 /i n / ,nC , J t l ,m / l  / r ’ ,’ n is r l r i ’ f lm n ’ i i l s  in~ ( m 0 ~ iuhnm’m)

Sss ’ f l mne iiriii I/ i il i  Stru m . b II /0 1 / 2  /

(,i , l r m n ’ n l / i ’ r l i m ’ ( ,ar u fnt’ r \ nnnu hO 1 2 -  n i  t s - I / i
tt / , m m r l l .n r l  ‘i t n m m . I t  .3 .8-2 7  22 -  ~S

5/ an t I ingue Pond . r i m - n )  22 . 2 0

th is  us hasen i on mh e as cra gs’ s j u n ’ s  iii 1 .4 t &‘ H, i im n  non
5m , l / l su i , n  t req uents and ‘iX h0 8 - in n m / i  i’Ieinro n dcn s umt )Wa ni

m m, “ I
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F,u,u :irr ’ 1 5. 1 liqhtpaths of the standwd so, r’n ”s co,rducted at a ro s a/u altitude” of / 50 meters.

.\s shown ru I ngure 15 , the tl i ghtl ines n _ ur s e ue ’n_ t ,ill time mitter direction was S I - As the Deboulbie Mounmtai mi
nm, u)nrr roc k ts- pi’s , topographic features and nualnur punnn tts , ~i rea us wilderness , no intcrleren ce from any power rim
Ihe slig ht changes in bli ght direction were caused In’, telephone lines or .ini’, other maui-made structures ts ,is

attempts to n m , r u gals’ equm s paced t light-paths (the pilot possible, 1 bmis and the following airborne surveys w e re
fn\ ~’d tin predete rmr ns ’d landmarks) . the me.trn a,imuth conducted between 22 September and S October 1975.
he,mring m l  the fhighthines ~ w ith mespe t I t in the t r i m s-
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Figure /6 , F/ig /nt pa th .s of high altitude ” series A and B,

Study no, 2 high altitude series Study no’ 3 high and 101%’ alt itude
Fhi ghtpaths 6 and 9 of Figure 15 sst ’mt ’ repeate d he. standard surveys

cause of their horizontal position over Gardner , A more intensive survey of 160-rn mean f lightlinc
Dehouhlic and Black mountains and because they spacing and 300-rn mean attitude over the central
traversed the slate , gmanodiorihe , syenite and the ponds. section of the test site was chosen for this study. The
Three additional altitudes were added to each al these central portion chosen was suspected tn_ n be well within
flightpaths and are shown superimposed upon the a high resistivity zone so that the lower resistivity
geology in Figure 16. The rnean altitudes flown were zones that may have existed to the northwest and
90, 1 50 (of the standard survey), 300 and 600 m, as southeast of the survey limits would not affect the
indicated, it was expected beforehand that by 600 m 300-rn survey any more than thc’,’ would the 1 50-rn
all topographic influence upr)n the VLF fields would survey. l our f t i ghtlines were then added betwee n
disappear in accordance with the observations ruf flighthines 5 and 10 of the 150-rn standard survey to
Ilarrison ct at. (1971) discussed previousl y, The twin allow comparison, The t h ig htl ines of both these sum-
sn_ ’p.rr ,ite flight groups are distinguished as series ‘s and veys are shown in F igure 17 superimposed over the
se ries B. geology. The figure reveals how difficult it was to
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Figure / 7. Flight paths of the (a) lo u-s and (h) high altitude sta,ndard s) ln i ’i S.

nav igate equ ispaccd f lighth ines. Therefore , it mush be deviated from the transmitter direction. 1 he results
emphasized that the prescribed line spacings are mean were ,ul t sa ys negative. The word “tangential” is used
values , rather than horizon tal because rarely were the electr ic

field prcubes ex act ls on a horizontal plane . Usuall’,
Study no. ‘# - ground surveys they were t i l ted ,n few degrees to the vertical , s ince

The ground traverses made in me la himu n i to the to- many measureme n ts were made along Ilanuk s that
pography of the area ,ire shown in Figure 18 accornpa- dipped down f rrum the tranusmitter d irectionu . Time ap-
nied by a legend of t he rock types encountered . ‘sleas . parent resist iv i ty and phases r iser time ponuds ,urs’ inlet red
uremenits nub t he surface imped anmce phase and amplitude from previruus measurements over New Lngband pnunuds
were made ever’,- 60 rn, Am a ls’ w measurement stations where ice makes thern accessible in the us/ mutt - n (Parr imi
the electr ic f ield probes nul the ( ,euuri ics I M l6R were anud Fleming 1970).
mu tated 9)) tnu find il the tangential electric h eld
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Figure / S~ (,rou,,d traverses tir ade a vs’r the survey area. Unprimed letters denote 1/ut ’ start and primed letters denote
the Inru sh m t  ths ’ trun-s ’rse, Rock types are given in the sequenc e” in which thn~u - were” encountered. Elevation contours
are in fl u ’!.
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l iquri ’ l i ) , -tpp aru.’nt ru s/s t /u i~ i Pqa otu tours super innp ose ”rI upoin the qu o/ /mgI  - Shaded areas U!u ’ s / u / n / t n ’ and
mjtm itn i ’ n ln iurm f u ( a tm/ our n i l / / I n ’s are” g n u t i n  in thousands a! ohnn-nnt ’te ”rs ,’ ,nmea,, flight alt itudu ’ is 150 on,

RESULTS s-ach lt i ghtline, The c unmitours are given in 1000 ohm-rn
irutervals , Al sum shown in I i gure 19 is t h e  geologic base

Study no. 1 standard survey by i tsel f  ho faci l i tate the conuparis unn .
[ he results nut thue st .nndard sum se ’ , ,nrc prest nted ru rhe nuost importanit leature s rub I igure 19 ,ure the

I ig unrt ’s 19 , 2(1 and 21.  I igure s 19 and 20 show the more in tense , hi gher re s is h i v i t s  anonia l ie s that are
/ t’s is l u s / I s  p ,ntt cmns superimposed iii the geolog ic armd mumst ly associated wuth the granoduorite and s’s emumt e ,
tnnpuugr,ip hic bases , These patterns were hand cuunt rnured Over the grar mnuebio rite there are an minu um al ies rub 5000,
l r u n m  h Ire  digitized ri’s/ sI  us - i l ’ ,  values cnnmputed aluirug 6000, 8000 and 12 ,000 aiim-rn, Over t he us em u u t e  t h i s ’i r

24

— -.~~~~~~~,--- —_
_—- —.--- - - - - --. --- --‘ 

- 
—-



_ _ _  

~~~
- - ‘- - -.

~~~~~
- 

~~~~

‘-- -

_  -

~7 Biocfs htnn.4J ‘~‘ -El i9o~JX~~~~yi
,,
,/~~ 

7/ 
~~~~~ n 245

~~ 0~ 
( /

)/ .—‘--\K (\~ If ’~I “ ~~l ntrn ~an M’tfl)
Debou lie Mtn. - - Ei /81 0 1 0

— Ga/ ,uee P - -‘

Den~y Pd Eu u27 ~
1Y -~~~~==~~~ ~~~~~~~~~~~~~~~~~~~~ 

‘ K’p 

~~ 
/— / ;~ iiE~ /

/ 7
_ (

~ ~~“ , ~—f~ 
(
~ ~~~~~~~~ ‘~~~I t Gordner Mtn ,r”s.J \j  j J I

/ I E/ m B m 7  /

- ~~~~~~~~~~
‘ ~~ ~~~~~~~~~~~~~ 

~~~~~~~/~~~~ iS86

-j 7 

~~~~~~~~~~~~~~~~ ~~~~/
-~~ 1 ~~~~ 

— 
~~~~~~~ 1/

L 
L~~~~~ L m

Figure 20. A nomalous /u/g/ n resistivity lam es superimposed upon 1/ne topography. Resis-
tivity contour values are” given in thousands vi ohm-meters ,’ e”/e vutiomu e’ ontours are in feet.

,u m m ’ ano m alies of 9000, 10 ,000 and 11 ,000 ohm-rn, The ri ght center actu al value is 8900) amid 12 ,000 ohnuu-nu
s t ate , which occup ies the largest area of the su nv n_ ” ,, is ( just north of Black Pond). The pond areas contain
gener a lly dominated Ins the 2000 and 3000 ohm-rn nun high anomalies , as should he expecte d , but the y are
c m n , Imi ur’, hut there are three anomalies of 5000 ohm- cn bvi ui usiy influenced lu’s the large ,inorn al ics that border
m (just above Is-It center) , 8000 ohm-rn (jLust below their shores~, Lake water usually has resistivity values
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~ ~~~~~~~~ T 4

0. 1 Wane , , /74 so mpues d Sy enn ne . i3 i  somp ies
20 2468 ~~rn-m

A p ç ’a r e n u  Resirn ’~ , ny C /asses  ,uO ’ohrn-m )

Figure” 21, No,malj ied distributio tns amid nneans of the digitized standai d
airborne resisti u’ity values Pqa for the four major materials of t / n e ”  survey
area. Flight a/t i / / i de /5 150 inn ,

of less than 200 ohm-rn. However , t he larger pon ds four nmajor nuatemial types of the amea. The rock ma n ges

scm ’ s gra dually deepen to more than 20 mum so that values genuera llv bail wuthiuu the hmiuad ranuge specified for
near 1000 nur 2000 ohm-rn are not unreasonable near crystal l inme rock in Figure 2. As expected br _ n m the
the shores , comm tours , t he slate /5 measured ,us time least r e s i s t / se

The location m m )  tiue high me s i s t is  i l ’s amion ial ies in rock , uv ith 64’,, of all values tabl ing hctsu et’ni 1 000 amid
re lation tin the topograp hy is shown in Figure 20. 3000 ohnu.m and ,n mean s ,ulue m i f 2 169 rii uruu -r ui , Tiue
Without exception , t he pn_ u i nuts of highest i c sustus ty syenite is nueasumed .us niost resist ive , g uv i i i g  t he higlut ’st
ta ll on mountain flanks (uuote that the aimcma ft did mverage an n_ b the hueav iesh di stn ilium _un bet ss eenu 5000 arid
not asu nu d the peaks - see Ilightpaths shown 10,000 ohm-rn , Time fact that n il / st of the higher air-
in Fi gure 1 5) , T h e  meassu nl is t luat t h e  tower cl n_ ” ,, u- hn_ um ne me s is t iV i t ie s  are ,/ ssoc iated us t im tiuc i n t r ru s / s e
t ions are dominated Lu’ s the low -er res i s t / s - / h ’ s  pond gesu logy seeuuus ho indicate th ,ut the m m l i  S / s i ’ ,  vs are lam
chains , while over the higher elevatio n s (ridges) the nuome m n_ ’s i ’ sh is e thiaru time slate. 0mm t he cunnutr  ,um s , it us ill
reference f ield 1 / was enu hanced , us w ill he shown in be shuriwn hhah the slate us actu,ulI ’, m t  c munuu pa ra hle r
the next section. It should also he nuoticed that there s ist i s - i t s  amid t luat the luiddenu I at l iii s of tnupogr.upl us and
,ure man’s’ f lanks oc a ten _ 1 nuser all roc k types , espec ially waveti l t  pluase rub ten ci ehe m nuiioe w lnethem a hm upmu g r  .up f i u t

in hhe igneuuus zone sunuth of Gardner and Debn_ uu lt ie or ger ibogic area is mapped us ,in air imnimne ,inrmn ui .iIs, rum
ponds and just w est  of Blac k Pnnnd , w hich are not on- nnit ,
usu.ulls h i g h / i’ s is t is it s ,uu n_ as , A h imvt ’ about 6000 ohm- 1m m tIme fo l lu uwing st- c l  n / u / i s , tlue sep.un ,its ’ of Iut -n in. c s
rn Ihere is a definite dil lerentiation ,inuong nuuouuut ain i rif tmupo gra phu’ , , a lt it iin_ le ,und the anup lntude and phu,ise
I Ian ks , esen wi tbu inu  unrue runc k Is pe , and a def in i te dis- mu )  hhe ss ,nvet ill upruni thus s / un _ u S’s , n m n_’ expen unuenit,u II’,
c ri rn imi ,itionu against nuounta inu ridges , Thm crelore , t he anual ’s-zed ,
actua l e ’ un s en age il , u,ms , t he ugmus ’ m n us geology could not
be s u i n n s ’t ll’, interned f rom F ign_ ire 20. Study no. 2 — topographk and resistive

f i gure 21 gises the nunrrn,uhiicd distrihu t iuuns and effects upon L ,,
~ 

and E,1
means of t he digitized resist  nult ’ , values b urr e,nclu of the in thu us study, to pungm ,iph mc ci Icc ts Olin un 1 sq ,snud L
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I iguru ’ 2_ ’. ( - ‘nt al i/ ur ate ”d a/t in re ”try (broken) and ,nor,na/ ize”d E,~ (so/id) atialog trac es a/o,ng f/ ne fl/gb tpaths of a/ti-
turin ’ sir /s ’s -I - The” true’ i’s are” fiat C SUe ’ i / v  coincidental ut -ft/i each othe”r or us- i t/ n tine” topographic pro/ /Ic ’ because” ol
i / l am/g e ’ s in I //n j / i t  spe ”e”d. \‘imu’ that u n  tine 90-or trace ” F ,1 ten ds to return to ,mear/y the same level darling periods
mit st ab/ c u/ t / n nn ’t , i ., - i rru ’spe ”ct fve ” at the” qe”ology and f/nat at 600 on the” disturbances have” ne”ar/y disappeare”d.

are separated fmn m rn / t’susl m u m  t ’ s  t I  ted s whien the , i lt i tn _ ude approxinuate rne,t n values . The dif lemenu t profiles wit h in
il t w i n  part icular t l ug hh p.nt hus us urucreased to va lues .u p,urticular series ame not all ex ac t l y  coincide n tal wi th

cunruipa m.u hle (300 rn) ,urud .mh m m s e (600 nu) the miuuntainn- each other or wit h the topographic profile because of
m i/ iS re hieb utse l l ,  It us assunued that arm ’ s - tsupographic changes in fli ght speed that resulted from w b uetbucm a
tb  fe d s upunn 

~ 
. m e ,ul tenu tu ah e d wi th  al t i tude as mapid ls - fli ght was Irnum souhhw est tsu nor theast i nn v ice-se t  sa ,

as hhn si ’ upnun l.,~, a ihunwung m n n u ls the r t - s i s t u v i  Is resporuses 1 hemels ure , h u m  eac lu trace tIme all uru metr m, nuust lie used
n u t  tilt’ tw m n I id _I conip unnenuts Inn renrairm .ut flue higher to mecognui ze where a particular disturbance takes place.
altitudes , the tra c es oh the individual field cunmponenmt s 1mm all figures flue tiupogmaphic sert ic ,nl  scale has beenu
are n,nt ca l ihmaten_f inn ternus nub ,ubsrnlu tn, I ield strenu gth magnuif ied h’s- a factor sI iglut I ’s’ greater t han 10.
because tra m nsnm i t tem punwer and g,iinu It ’sci s ca n ed unver Fmgures 22 (semues A) and 23 (series B) show the
t he scven ,il cia ’s s that the ligh t s were carried n u t ,  tra ces of ‘- in’ The nuormah ization sa lu - n e s F 0 ct im ne s pond

I ng/ i mt ’ s 22- 25 s iinn us the nunn niali,ed a uua l nug Im , nc es to time nmome stable al t imetr y over Gardner amid Tiugue
ni b L ,,u .nrutf 

~q intl the unc,u iihratm.’d .u lt inue tn ’s for t he poumds (I- ig. 22 and 23) . At 90-nm amid 1 50-nm nmcan
bl ight path ’, in I igure 16 , the trupingrap hic and geologic altitudes I,~ increases abuu ve all t h e higher hand eles’ ,i-
c m uis s set l u  mr /s  are sh unwn at the hnutt n mm / it the f i gures , tuou ns (this us seen mrure clearl y lu’s the cr iuncidence
Ihe , i lt m nmeter traces are unicalihr,ited lion terr a iru clear~ 01 flue alt imetry changes w itln the 1,,n c hanges) , in
,irn ce u /i c r c-ass ’s upwar ds, The ”  a lt i tude levels given are thit’~e cases very near h lue nmmnunuta inu peaks . Since P qj

is inmverse l y prcnportiona l ~n t ine square oh ( ,~ , Ihese
2

- ---~~ - - -~~~~~~~~~~~ . - -- - - - - - - -
_

- ; - --- - - - -  - .  ---- --- -- —
~~~



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

600

108 120
c, t0 n ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— -S..--- ~~~~~~~~ 
~~~ ,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

—

106 1 1 4  
3 in

E Z n - 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

rso -~
2 - ~~~~~~~~~~~~ / ‘ .“ l.49(”- .._.~~— .,,,, ‘

~~~~~~~~~
-‘.‘.. — — —

El t0 I ~~~~~~~~~ _ ,_~~~~~~~~
_.._“‘‘\ __.~~

, —
~~~~~ ~~~~~~~~~~~~~~~~~

1.38 145

~~~ , ~ ~~~~~~~~~~~~~~~~~~~~~ —

D ~ra ci- - ’ - ”

Figure” 23. Utica/f Orated altfrne”try (broke”,,) u,nd ,iormncili,e”d [,~ (sri//i/) wirilog 11/1/ m ’s along tine [Jig/ i / -
paths of altitude se ”ries S. The trace ’s are” tio t r ’su r t /t cofncfde ”ntrj l In i t / I  r ift /i (i t/nc r or ut-/ th time topo-
graphic profile ” because of e”hainqe ”s 1mm 1// gu t  .spe”e”d. \m it i ’ i /nat 1mm tine ” 90.nn tra r C I ,~ 

te ” i md.s t im  r ’tur mn to
muu ’a r / / -  the” same / eu i- I during pe ”rioe ’/ s of st ab/i ’ al t imoe ”tr i , m I / u s / n i 1 / I n ’ m t  1/mi ’ j r’nil mqi -

traces now reve ,il whi ’s the anunnua lies rib f i gure 20 sser t’ i’uc ’i , at n I (1 rum un gt’ / t’ s is t is  mt ’ s  pertor hatin u rus 51d m me-
con fir med to tine mountain blanks. At bhc 300-rn level mila n/ i , 1 hut - s are niuc lu l,urger thamu the pemtur hatiomus
t he f luctuatiruns have heciime muchu less intense and ‘ - th it’ 600-rn 1 /n Ii ,ici’s , c’s pt ’cm. i I I s t i uo s n_ ’ n_if F i gure 22
time ’s have pua c t ic al hy dis.mppeared at the 600-rn It’uc ’ I nub ushers ’ Ihi eme a re  m in Is i~ ’g i uguhl i ’ ciuanuges .u hm u st ’ the sanic
ser ies \ . It should also he nmiticed that along the 90-nm trupog r.up hic beature s ,
t races , F,1 a lways te n ds t in metu m ru to nearl ’s the s.mnue ~unit t’ .ilI t h e  uhu us c f m e ld strengthm h m,uC t ’s are unu-
les ci over the Ilatter porti n_ uns oh the topingraphic pmu n . calibrated un terms n i l amplifier gain , t hue e f fec t  of
bi te , irrespective of the geoluug’s’. I i’sist m u / I s  ulpiumu nur u ls L sq at  ~mn a ltitude ,ihmn se lop/u.

These observations m l  L ,j nm rt’ similar tn _ n those (it graphic unu ll uenmce us luest i l lustrated iuu the appareru t
l,trnisrnn et at . (1971)  .us nucntis nuued mlii nut ’ , hut for this re s is l m s ml ’s Prof ules (solid crirs-es i oh I- igures 26 (series -\ I

- tud ’s t Ines define the 600-rn .mltitude level .ns the arud 27 (sen cs B) because time ’s accou n t hum the cabibra-
appninx imate limit oh topograp hic snr res is t is t ’ influence Iron ill both f ie ld level s~, ~\m t h e  600-nm at t i tude of both
upon F, and , t hcre lome , the assumed limit nb hopo- blight seri es the nes ns tu s  i ts  u m I m e s  mnu ,ms he seen t(n s ,u r s
graphic influence (ib iris I upuun F - m u  the - sq traces between 1000 amid 7000 ohnu-m ton sen es -\ arid he-

I igures 2-I s e r i es  -\ )  m d  25 (se ries B), t he nuurmabi i,m- tween 1 700 and 5000 ruhnu ’nui brim ss’ m ut ’s B. S ince”
hon values usc-n c aga in taken above Gardner (I ig, 2.1) is pmun por ti unn~nl Inn (L sq ,n ) ’ . / ~~ u.s Lu’s is mniuciu

and I nguc (I ig. 2 ’ s)  ponds . As with the / 
~ 

t rac e s , all .15 ,t bact inr nil 2 , 7S ,is compare d tin 1 .05 Ion / ,~ 
at 600

the perturbations have .uttcnuat ed with height. Finuw. ni trim ser ies A , F nun ss’i mt’s B 1 s ,im us ’s f m ’ s .ms rnn,ici u .us a
28
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F~mjm ,rr ’ 2-~. t ’nca/ ibrate”d altimetry (broken) amid norma/lied E 5q (solid) analog traces along the” f/iqh tpat/us of altitude
sr ’ri c -s -l - 

‘so/e” that at 600-nm mean flight alt i/ode the fluctuations u n  F 59 are nnuc/i more inte”nse than t/ne ’-J - tn ’ere ” 1mm
1 mm iu r e 22 for E ,~ over the same topographic features,

fa t  I / n i  of 2 (16 compared to 1,20 for L ,~. It therefore also wit h the other syenit c an omalies i m Sei Debiuullie
seems c-S dent Ihat w h en topographic effects are c l imi- and Black mountains. The Deboullie Mountain anonuals
nuahe d onl’s F59 us cs se nut m,ilI ’s rcs p m mr m s isc  to r c s u s t m v m h ’ s  at 150 m is now the largest at this att i tude as it is at all
s hanuges . ot her altitudes . In I- igune 27 the mean values for the

It rnu s  be noticed in these fi gures that the lower aI Im-  n_ lit fenenmt al t i tudes are all now more comparable and the
tu de (90- and I 50-rn) prohiles are not entirely consistent anonimalies to the ri ght of Galilee arid Dehoullic ponds
wit h the hugh altitude (300 and 600 m) profiles . In h,ms u.’ been enhanced at time 90.nu es-e l to their corrected
I ugure 26 the Gardner Moun h ,um n anomal y is too low at values at the 1 50-nm level . Ion both series Ihe 300-rum
90 ,und 150 rn, an d at 150 rn the Black Mountain ann_ I 600-rn pr n_ nl i l e s have changed numarg imia bl i, ,us is ho he
anuoma l’s us relat ively too high compared with the same expected.
annirna ly in the otl~~n hhrce profiles. In F i gure 27 the
mean va lues at 90 and 1 50 m arc inconsistentl y low , Study no. 3 — general effects of altitude
s ince they ,irc so rnuch closer to the igneous area . How- upon geologic resolution
cuer , a si gnificant improvenument results when the me- The altimeter traces of Figures 22-2 5 revealed thu at it
sist ivut ies are recomputed (dashed curves) rising on l’s- was very diff icult to maintain constant terrain clearance ,
thc reference area levels ‘- mu nit I igures 22 and 23 finn although the fli ght alt i tude relative t i m sea l n_’ve l was prolu-

in - N m w  t he s ’ s e r nuhe anomalies at 90 arud 150 m oven abl y niuuc h more consta n t. I hue kin d rul re lieb encountered
i i  ~f n i m i ‘sin mi i i  l , m in in I ug n_ ure 26 .nre mm mc cotu s ist eu u t can presen t a serious danger to an aircraft  Irs mug to

wit h thnnse ,it the hu ghr’ i , i h tu mruc f n_’ s , wi t h e.uchu untluen , an d nmuaintaimm .m low s u n s - i’s- a l t i t n_ ude amid thus ’ s i n  i ah ml i m s  m u

29
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Figure” 25 . 1 ti ,i/i/irtiir - e’l j / t i,iictrj i l / o l ~i ”n)  and ,uornmali ,e ”e ’/ ~ \9 (solid~ analog trace ”s along time ” 1/ mg /mi ’
patins ii! altitude se rum - s B. ‘ s u m / n  th at  at 600-tin nre ”an i/ ig / mt altitud e the” fluctuations iii I are nrn,~ In
,/ im,rc i t i tn I ISC tlmi# i i/m i u n i tS ’  / / i  / //Ju//i 23 f u r  / ( ) / r ’~ tIme ” Sammn& ’ topoqmap /m n’c features .

ill nil _- tn m,ms uit’l l , m h le d t  lhc n e sn _ i l ts , I he ii m m t i l u . ’s oh at 1 50 nu neduces lii I s S u n  sm uu , i li/ ’r 5000 ohm-rn .mum r urn , ulu es
Figures 26 and 27 pm ese nte d su f f i c ien t  u.’s i denmce hh ,m t at 300 rum .
s r i rs m’s s over thms kind n u t  terr a in rii ,m’s lie t munuduc led at 2. N nmI all thin,’ luig hu re’ 51 is m t \  ,unmunu,il ic’s ,nt 1 50 nu
higher .mnd s , nt t ’ m ,m l l ih n_ ide s us ithun ut sem i uri s mis s in decrease in imm l ermsu m s at 300 m , [lie 8000 mul unui- nu
resnn l un innn , flue 3(10 - n i  I / g t i b s  n i t  those I go / i ’ s  us c/u.’ niririiuua l’ s - helsuci ’n Gar dner ,u mu cl Dehon_ ul l ie prmnuds in—
a d .mptetl I / mm this st ud’s us Ink h is .u nununc ‘4i’iut ’i ,m I u,’e d m. ri’,us n_ ’s t u /  10 ,000 ohiuum-n u ,nnd 1 5 5 m m  ness 5000 ohruu-nu
stud’, nil the m,’f t c u . t s  n i t  ,u l tm tn _ i r l e  upnunu ,n sharudant i me- ,iruomuu,ul it ’s appm.’,nr ,ilum n s c ( n m umt i uea s l  mu l l  Blac k Puinid.
s u s t  s / I s  sm / i s  n’S - 3. The c n umutours iii, ci tI ’ t’ piu nn_ls are generall y n i l

[hut’ ft ugh Ii u n / i ’s of t he s O / s i ’’. s us musse i t  suer e gnve ni high e r  value ,ut time 300-ruu level.
m u  b 4 1 / / c  IT . 1 lie llighthir ne ~~i m ~ ing S i m s  i , / i / m l s u t’(l t i n  I- ug ure 2~

) gust -s t he nornu ua lu,ct l i f i s hmihn _ tb io ns of the
0.16 km (mean s ,niu s ’ u I n ’  ‘u l ipr uus- e resolut ion . 1 mm digiti ,cd i m ’ s i s t i s  i l ’ s  tuinuputati unus mum all f l i giu ll irucs rib
I gore 2~ dre i n  i / /p . m / n  it  thu~’ ‘i’s u ’ .t us m l ’ , t n m l i t n n u i  s n u b  biu tb u sr u i se ’ s  s . the runurnm ai mzed d i s tm ibo tm m un  oh thi’
hilt’ t 5 % n n  . i nms m ’ S  s I 1 1m m tlis’~t’ s i n m t n n u i n s  t he” ben lbosv in ig 300—miu s t irs-i ’ s - is r n / m n ’ c m unce n mtr a tcd ahurul tIme mean
ihst’ rs ml m inis on us he nuu ,mrl i ’ i,,dum ’ w hich is s - cr ’s sinmilam h u m  hiuth s t un vi’s s , h u t  has

I - - \I i tbu n_ ’ m u m  in anom,ibue’ s oh ti~s’ inisu i’i ,ilt i iuj de ,m numuch g ie .uter perceuutage 1 9( 
- s-s 10- - of va In_ ic ’s

repeat ,mt t he higher ,u lbi t ude ex cept f i nn t h e  mm /u. ’ hetw eemu betwee n 4000 arud 5000 ohm-m u , T lums increase / i t  icc is

In drii’r a n d hi  mg/n i -  pm ‘ru ds Ih is nl( bOO m n h nu -ru m .u nmim,u Ii, t he no nuc’n n / / s  500(1 r nh ni-rum .m nun iou al es n ut thus ’ 300-ni
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Ds I.m nm ’i m u m

I mgi//i ’ 26, .Sta,m durd ( s u m / / m i )  mi / n i l  iopo qrap lmic ulf ’s - corri ’cte ”d (hroke ”mm) p 9~ 
p ro/ i /c ’s b r  a/ti-

tude” set/e s -1 . ~m 1~ us t ine ” i,,e”wi oi l/ne ” standard and ~ ~ / ‘~~~‘ mean oi l/ ic ’ cor, ec/ e ”d pro-
“(-5 -

uj nrn/ t nn n,n rs . The 300-ni c h is t r i h m ut i r un ,ilse ’n has ,n nuoch Study no. 4 — ground level study of phase
snuia llen percc milag n_ ’ 3’ -

- s- s 1-1 - rnf vaIn _ ii’s below and ,nmplitude effects
1000 n ibm-ni wfui n, h mel Icc ts a dcu. re use in sensu tivi t ’s I gm/ n t ’s 10 a n t I 3 i are hhe pmrnb mit ’s n ml 

~ ,ns ,uoc l ,~~ ,ilrum ug
t n  t h e  low resi st iv i ls areas , c ,icbu traverse of Figu re IS , these va lues were used tin

I lit ’ resu lts 1)1 hnut bu sur su. ”s s are genuenall ’s v Im ’ ,  pro hi le p11~ (der ived fnom ui t-q 17) in Fi gu res 32 amid 33
u ur ~ i i , n r , ils’mnnnus mn . ni i r u g t lu,it ninnst resist iv i t y in hnnrm a- wh ich wil l  he comparet l Inn thin ,’ ai niu rm mn ue neso lts itu
hum nn u  /iui ’ , m s u i r t ’ ,i u s ut hu a s m , m mni f , in i l  , im mh m rr i u . ’  ss,usc ’ hm lt s~ s- I ngune I (in 20. It us , uss m mnuie s i t luat I 

/ and II,, . m e
tern ‘ii en i n  n j m m mgi .up lmi t re lief thi s si’vt ’me us presens ed t in 4n ,’nlt’/ il l ’s in tuh,n_’sn_ ’, t buere iu’s- nmm ,ikiog thin,’ cnnnup,in is ru mns
at least a 300- rn me,unu Il ighut alt i tude. Al snu , f u r  t h e  valid. Time p95 p mrn t t l e  values will be exlul,uined wit h
1 SI )-mn st.une’Lird so/s i ’s , the nmany local changes i’s- ncberence to time cfat ,t nub Figures 30 .mnn_ I 31,
ps’ r i m ’ n uu .c d  m u  bligh t a lt i tude did not s igni luc ,untbv ,ufhect Ibue ground traverses are described hmetow , Time
t he r es m s tms m l ’ s  conl (nn_ ins t in he derived fr rum the st.indard p,inemmt hes i,ed niumhuers ,uht t ’n t he In us t n  sc let ters re fer
d a t a  p/i mn _ c ’ s s mn i g methumu d , I n )  the number mit s tat  onus where nmm’,usu I i’rnt’nts were
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Figure 27, Staimdar d (solid) aimd topoqraplnicall_u’ correctc ’cl (hrokt ’im) Piu prof iles for m I / t i l l / i / i ’ si - tie ’ Ii.

1J is tine ” ,mme”a,r o f t /me ”  stanidarci aimil ~~‘ i~s i/me me ”atm of time ” corrected pro fi les,

muta de , The subscri pt s md ci s tin tlue gntuum uih (s unb .nce ) rnbunii-n i airborne ccu ntn iur s amid i F  2S ohnuu.nuu ,

va lue oh a t lu ,intit ’s ‘S . Traverse [-I ’ (41 ), I hums c m / s i n s  all three mi d k

1 , Traverse -\- -‘s (12). Thuis is pre th omir iamu tb ’s n_ ii ucl en t’s pc’s as ml passes up (,a nci mmem M i m im n u t , ,u i i  lmrum ui unn ut hu tin
a 3000 oium-m negioru of t h e  airbor n e survey just ,mhmmv c n ort h - In th u.’ gnaniudior Ic sect 0mm it p.isses un der .ini
Togue Pond , 

~~~~~ 
= 1 5 6 0 olum-ni not i n cluding the 8000 suhuni-nuu ,ninbr n rnue .mnuoma l ’s , (Jsei t h e granuodror Ic ,

nuieasunenucn uts at t he pond shore. T’bue three measure- ç3~,, 9009 oh m-ni but 
~~~~~ 

= - 1374 ohnnu-rn hec.iusr’
ments ta kem u al the prmru d shone were v im ’ s low at 350 , u; 5 25 ,9 . Os i’m t h e  syc nu ite sect uui mu , which i s  t i urech l ’s

240 ,ind 180 ohnm-m, n_mn the ridge of Gardner Mon _ n m mta in u , time Ii ,/Vi ’i su ’ is

2, Tr ,us - u.’rsc B_ B’ (11) ,  T his is uniter the 5000 arid m mmd ci 3000, 2000 amid 1 000 iuhnum-m ,iinb mumn me cuimutunurs
6000 rnhm-m airborne cotmtouns n ort h of Denn y Pond hut 

~~~~~ 
us muc h greater .ih 6 100 r nh u nu l -nuu ,

in tine g ra n inu c f in ur i t e section, 
~
‘

us ~~~~ oiunm-num , c’s,, 6. Traverse I -l ‘ (46) , h u e  f irs l p.umt sub th is t m ,m s in st

43 .5 .ind ~~ 
= 3978 ohm-rn. is mu s i ’n t he slate amid has .u s i rs loss 1646 nihnu-iuu

3, Tr,isi’rse C-C’ (11). Th is is under the 12 ,000 because i:m 5 
= 16. 11 - Oven the gnaruru d it un it e , 

~~ 
in creases

m n hu nu-mu m ,tonnma l ’s ~5i’sl nn f Denrnmy P und in the granodiorite ~~ ~~~~~ ~ ,5 7086 ohm-rn arud /iqs = 4c97 ohm-rn .
sect irnni , One v , uituu. - of p4~ exceeds 12 ,000 ohm-rn but Oscr this traverse the ,tirhor nue co n tou rs are 3000,

is much less at 5360 ohm-rn , ~~ = 11 ,545 unlmnu’nm 4000 anud 5000 ohm-rn.
wlnic hm is sen ’s clos e ln i the peak airbor n e value , limit 7 . traverse G.G ’ ( 1 3 ) ,  Th u’s us u s e r  ‘s ia lc amid goes n_ip

= 30.6° which exp lains the lower value f i n n  
~~~~~~ 

Whitman Mountain directly unudcr ann ,tirbnuroe 8000

4 , 1 mi s  u.’rsu’ D-D’ (63). This nun s the length n ub inhnu-ni (actual peak salin e m u 8900) anm numal ’s-. =

Im ’ gmie Pond. th is generally un der the 2000 and 3000 8503 ohmnu-nn ,tind 
~~
,, us .u nel a tuvel ’ s -  high 41 °,

12 
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figure 33, p,1,, prof i/es at / S k / / i  mi/on ’s ’ gro tnmd tri l l  - i’tsu ’s I -í - ‘ t / mr ou q/m I - I ’.

~~. I n a u e i s e  hl . I1 ’ 2 ’ S ) .  th u s us all / 5 1 /  s ’ s e n i m t t ’  arid t O . In ,u s i ’ us i ’ J - )
’ -10) . t h u s  t m n s t ’ ms t ’ p. msse s f m n n nu

p.isses clint- il l’s under hhn,’ 01,110f f nihum.ni amuomiua l’s he- slate Inn s’s c n i te arid sta ’s s under .i 3000 nnhu miu . ruu i nn / / i nS / i  -

I sum - i nn Dehinulhic and ( n / n  if n i t-n pun nud s . -\s s i n m n us 1 in 1 bus mni r resp onu tfs ssell  w itbu no’45 -~ 2480 uuhrn.ni I m n i  t ime
I m g I / n i ’ 31 , In nu ll nub the’,e ni ’, mi lmn m g s , m n i ’ ind icated at s late in st p4,, 3 4 ) 2  m n hu riu-nn u Run thi’ ss c um i te ,

i l  1)0 mu hm-nu , hut t ine ’s ac tua l l s  ex ceeded the calm- Phase an gles nun _- am - IS  do mu / i , suu. h as On thin,’ eas t

‘ t m / m d  un/ge m b  th in,’ u n us trunnent amid cuu n,i ln ,l riot he n,let i’ r- f ianu k ni l W i mi mnu u , ir m Mu nu n i ta i n i  arid mu t e r  time n icl gu.’s u I
mmn ic ’d , n:n,, su ms i’ ’ s.u.t’pi n m n n i , u i l ’ s  luSs a long this tra s-en se Gardner and Ds’bonnll ie ruuoun itai nus, ‘s in usl usua ll’ s , h m ns u-

at 21 , 1 u sut l n  a s l_ inud , ini f lii’s n u t / u i / i  nt  onul ’s 22 t u r n  all t’st ’ n , t lin,’’s are hc’tween u 21) and 35 l , m u  all m i n i  k ts rut ’s .

2 ’  m - . ni f un i g s . ‘sm un ni ’s I ‘S of t h e  2711 gm unu nid st atn u u n is us piuase n,’ s u ’n
I / , u s m - ns u - h-I ’ ill). I bums us d in n_ - c t i ’ s  i c / m u s s  thin,’ t ss ni greater t huani -I ’S , an d h ue  m u i r / g e  oh these 15 readings

pu , m k s n u b  Dc’hunullic ’ \ l , m / / i n l , m l m u  and at line ed ge nb t int’ is 48.7°,
s’, i- r n / t m ’ . [he , n u n h n n n m u m ’ conlo u/ s indicat e values hi’— I n s imm/ r i - u.,nsi ’s this ’ d i i  ii’ l a l u , n r r  n u t  P,/ , i  s s l h 

~‘ns ~5

tus i-e n i 10(1( 1 .ini d 3001) unhinu-n i hot puns us muc h hugiui ’r e xcel le n t us wit lu l r , us s ’mse s ( , - ( n ’ .inu d J — J
’
, h ue  ‘ s s e m uihn ,’

,it - 1655 mu m-n i , ç~ us hugh ,nm - 1 2 - se c tmm m n oh I/ ussr  se I - ( _
‘ ansI all oh I-I ’ i re d incctl ’s u/sen
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I Im i/ I t  i ii. \ i r I t /au i/m ’m/ c/is tr,/,u/io , is and nme”a,ms o/ ~ the ground n ’alut ’c p ,1,,
mind ~m ,

r id ges su he ne ~ / us suppressed , ( m u / i espminudurigi\ , uJ~/ 5 arid 45 . hhe former is mostly due tu flamu k re,idinugs
us usd1 ,/hm m i s ’ - In the c, ms u.’c m m )  i n ,ivensi ’s ( -C ’ .mri d arid the la tter to ridge rea di n gs, Onl’s In) of t ime
I l-h b ’ t ime gn munic h / c , mi l m uigs nn e nuioch in nut er tha n the s’s cmii It’ readings .ini’ usilhin S n ub t h e  mean. Thn,’
in gu est .iirhommue readumug m.ide m muir the sannue ,mri ’,i, granodi munite his a si n gle sin m rig peak betwee rm 35 amid

Figure 3-4 g uses the nomnualu ,ed dis ln i iumm hion s arud 40 , .imud 55~. of t hud’ readi n gs arc wit h in + S unf time
nuueans of t he g i n  uim nd readings ninganited , m icm m dun r g 1mm nlieanu , The slate has no distinct peaks abnmu’ c 1 0~ aru d
roc k is pe . (;u.’ rm s ’n.i I) s , all three n ’ s pt ’s have sinmi l, nm p,1~ h a s  the linwest nmcan . I ont ’s -si ’s u.’ n n perce n t nt a ll ‘slate
t his tnmb utions , w ith 67- of the s ’senit t’ va lues , 75 - nub ph~usu ’s fa ll below 25 as opposed to nun i ly I l , .c- , for t ime
t he gi .mi i m nd mnn r  iii’ t.OUt’s a n d  7(Y mit  the slate s , m im nn, ’s gn.iniuuilioniti - , whichu has a ciumparahle p 4,, dist n ibotiorm ,
falling ht’tssccri I arid 1(1 ,001) nnhnm - rnu . 1 he s ’sem u it e has Fi gure 35 cn_ uruuparcs the dist n i but in _ m r m s of p4~ arid
the highest no~ bnr l lowcd h’s the granodiorite , The slate 

~~~ 
I sir all rock types f lue ph.nse has s i gni i f icant ls

is al mmnst ,ns n i ’ s us l us - t- ,ms t he gra nuo dm nurite and bar more lowenn,-d the ground ncs istiv it ies so t h at t u e  three ground
i m’ sus l  rye than the ainh innne readings imndica te , Since mi n i’s - distribu t ion s ,ine .tll comparable to those of the ainhuomnue ,
13 oh the 127 slate rc .tdings were ta kenu unuden high No values now appear above 16 ,0(10 nibm nu- tiu I mur the

,imrh inmmi e •iruomalies (all orn Whitman Mountain), there ground values . In •ull cases is muchu closer tin no’4,
us no bias in the slate data f n n r  t h ese areas, than it is to no’~. Eighty-one pt -me n_mt of all airborne

F he phase distributions nub I ugure 34 shumw rnmune slate values are below 3000 uih unu- nu u; this conuipares
dm sc nimin at unn amon g the nm uc k Is pc’ s tha n do the p~5 favorably with 71 b r  the gninund values . Seve ni ts -

uhns trihu t i ,m ns , the ss i / in  Ic has two defituite pea ks , three percent of all airborne giaruodior ite s ,nftu s’s ,nre
unne between 2(1 .nnid 25 and another betwee n -1(1 huetwec nu 2000 and 6000 muhm-rn, aga in cunrum paning
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F igure 36, Lo,npari’so,i of airborne contoured i-al oes aumd ground i-eading,s of p 1 for /,a -
i- n ’rsn’ r.r ’, Do/s and c/ re/es are actua/ i ’pmeasureme,mts,
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h. Locatio n of traverse,

F/guru ’ 36 (coot ‘d’.

hasu ’ s rahl\ ‘st rOm 71 . 5- of the groun d salues , bun  thn,- Iii Figures 36 and 37 are compared p45 a long traverses
s’si ’ r u n t e , 6 1 oh all salue ’s ball t uets se em i 2000 and 6000 F-F ’ and J - J ’ with the overhead 1 50-nn conmtuured
nn hunn-m b u m  the ,ni nb uum: ue s u r se ’ s  , cm nmpanc d to 55 - - for values of Pn 4 n ’  Points and circles on the curses indicate
t he ground sumst ”s - time nuean gr nunid values given actual measurements. In Figure 36 an inte n se ground
for each nu nc k m ’ s pe are sl ug ht i s hig h er lhanm h ue airborne anonumal y (peak value - 14 ,600 ohm-m) ex is ts  btu r a
values and this m s proh.ihl’s due , in part , Inn t he topo- length of ,ibmuut 300 m arid is in terpreted (us the airbor n e
gra phic t’n)nanuts ’ment u I  / / if iscussec l pnt -s - iou s is - contoun iiug as a s500-ohm-m aniomal’s - 

‘to Ihe ri ght ,
h _, it em , ssh~’ni tunpograp hnc elh ec ls are eliminated anud a lesser ground anomal y (peak vaI n_ ic = 8400 ohm-m)
the s t m i i c l, nn ii sn _ i nst ’s is necs-a luatec l , some of t but -si’ di inn - a lso occurs b r  a length n O about 300 m (mint is ban i-I’s
p.in u s m u n s  huel useemu thue me.nnc will impm mive , detected by the contouring. In Figure 37 one large

(hen neg in, nmus us - l i tr e topography did m im i si-n R n/ i s is -  ground anmoma ly )pe.i k s , m i u e 9000 ohm-m) nuccur s
distur b the a irbnu mn ue result s , spec ific ccimpani~onus .nt t hue ni ght for s liglutl ’s- more t han 300 m and is ills-
hetweeru ground arid airhiunne salues ma’s- be niuade to cen mn n_’d [us the c m nnt m num i ni g .  In b unhb u fi gures , grounu d
.nppnnnxumate hy deter mine the necessar y si/c n nb ,n resu s- anionu.ihies mi t  shnnnt er length are liar d l’s- seenm at alti-
In s / t i , anomaly f mn r  airborne detection b’s’ cuintounitug. tudc . Apparently 300 nu is rican t h e  si gnu ih icant pius s/ t m )

iO i ’ i ~~~~~ 1~~~ T ’l T~~T 
~~~~~~~~~~~~ 

8

0

6

4’

1150 ml

l i _ I , !  ~~ ! ~~ I ~~ ! _ _ _ ~, l u n
0 2 4 6 8 0 2 4 .6 i S  2 0  2 2  2.4

D is tance  ( C m)

a. ~4 irhorne arid ground I-a/un ’s.

F (gore “
. Comparison bet wccn airhormre (00 ton,re’ d h a/ ut ’ s and qrownd rcading.c

of p ,1 for trai n ’, se / ./“  I) ot ’s and c irc les are actuia/ rneasurenme,mt.s.
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/n. /.o n,ati mnm n of traverse.

F igure 37 (cant ‘d), Compa,ismni hn ’twee,n airborne contoured / 0//mi ’S a~nc/ qrou,rd
read,,;gs of ’ p~ / unr  t i m / i  m ’rsm - / -/

‘
, I) n m t s  and s ire /es are actual measure,nent.c,

dinuensium ni sshich grou mun_ 1 anc unua lies oh these in tensi t ies 0 q n  = Pm m n (~‘ / m 1 /1 ) 2 [2
(above hack gnn_ nund levels nu t 3000 to 40(X) obumu u- ni )
nudist have to register as an airhmnr nue anonial ’s ,m I 50- su mmit’ I 2.5 I
m ,n ltitude atud ‘uppr m u  ‘smou , i t t ’ is -100-rn f lighu II inc sp i t  rig .
Thi5 approximate s r / i ’ corresponds t , n lhi — 10 dO p 44 = 2 ~~~~ mm 1 (L \ m /
sens it r u nt ’ s width of arm aintusur mie dipole .nt I S(Li~i ,sIO-
tn _ ide . ms l i efunn e .mmud F0 us t h is’ va lue nib ‘/I ~~~ th ue b l .ut .mni’,ms ,

suc h as thi’ puimu ds , flu is um uc f us t unhe d leve l 5 riot nieces-
San i f s  the m in imunu li-s i_ I - Ot term 

~ ,~ 
dips s i ight l ’s - hit itt

THE S T A N D A R D  S U R V E Y  R E E V A L U A T E D  t h e  unudistunhcd level u/ni huut bi sides if Ibme peak respon se
t i m  .1 nmr pmu gnap hic di stn _ mn lu. in uce ,

1 hi’ s nu d l/s ’s ni t  f l ig h t  si-nu t ’s -\ amid B m u  Resu lts i n ,’ - I glint’ 35 pi c u t / / I s  Iluis ni’i’s a l u ,n t iu ur i  oh the sta n dard
vea led that  m mmd ’ s  £ ,u / s  n,histunhed h’s in ipm gm . / p h u mn . relief 5mm Vt ’S - fbue Inucat iuins m u) Out’ Ii u gh nesi sti s it ’ s p.nticrns
w bni le cu nn ut.inns the act n_ n,t l nes isl is- it ’s imufonni , ih umim u , are sin / / i l_ if tmn ihm ns e u nh I 14/ire 19 but se v n,’na l bn ,’atur es
I he hn,’han, in/n n i l  z m su pports t he earlier nuhsn,’ns-al in,nns lu_ nyc iueeni c h an ged
of hianr is ,nn ) l  ~)7 I ) ,  d u s y mm s se t i  pnm ’vm n m mus l s  - The gmnin,n ndl - I - One an umu nu u ,nI ’ s oh h igunt ’ 19 is i m n n r s m i t t ’ r ,u l i l s  nuore
,u;n i mp / i us~u i r s  m l  ins - er nlnr umnt, n in / idges l imi te r st ’s unut s ’ilsi’, Ir is mug r isen imm nnul 10 ,00)0 Imr 17 ,000 n,uhunu u- ruu ,
I -h - and I -h ’) demnunstr ated that p44 is suppressed in rhis lit’s m m / i  a I lan k beluseenu Dt’boullit’ ari d ( .mn n,tni- i
t h ese s et t u mi g s lu’s Iin ns e f f ec t ,  pmouds and ,n i s u i  m m c t u n s  5 th / i r e  st ’ sm ,’ n , n h groun d ii’,md i nig s

, \l m u n rg t’ m i l n  f l i ghtline ( b i g, I 6) of t h e  stanid.t rd sun- cunuld riot be determi ned becau se line’s c~ ct ’edec1 30 ,000
‘, n 5  ‘ n respun ni ds 10 the tnnpu mg rap hic relk’ b in the same m mi unu - nui ,
nu,innner u r h I igures 22 ar id 23 . Os en eac h nuountain i 2. 1 he anun nu ual ’ s - u ut t ’i C; , if/it -n \ tnn u n n ita ini  has i/ott
nu dge , £ ,, rises, Os i’m the f lat ter sc ctm m n n is , suc h as the become three anuu nu uah ies that inuciude h ue enu h ire munnnu ni’
pm m r n m f s , all tim,’ l,~ ls ’st ’ is are withi n .u fs ’ us percent n u b  tam , -‘t huiss ’ t his’ ss m’ni i tc ss ’ n _ t imn m i , t ine p,1,1 t n m / l I m n lm i  5 blaSt ’
e,tch nnth cr iS was n,’vndent in I ngurcs 22 arid 23. rhene. n sen b nm nnuu I 000-300() mn bum - m in I igurt ’ 19 t n  6000 and

mu m e , at i’aiii fiduci,il m,tn k , .1 /lest apparent mesus l us  n t ’ s  7000 ohm-ni m u  Fi gure 38, J hui s agrees better wit h the
p~~ us ,ms enumpute d h’s adbusti ng 

~~fn 
a hnu nug an en tire s ,n lus’ p 45 nib 5 3- 12 n hnui-niu h u n  eigh t g nu u um nd readings

h hightline Inn the field level ahmnvc these blat ss- ’ , t um u n is . alonug this ridge , anud 11w i n  in n t ’n, ed s ,m l uu e s along .i si’c t i m u m i
[ he hnnrmu la ton p~~ is oh h h i ghtlinie rio . 9 n n s i n  c;ardnm t’n Mnnutmtain arc shno us-n i in

I igone 39 ,
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F ,jumrm 3/”. -lppa,n’,nt u n t i t t / i  mf m ontour,c of the topoqraph,t mil lS so rrected standard swn -em - unipn rmtn / ~
i i / u u ’ m/ up-

u/Fl tint ’ m / m r n / m ) m / 5  - Vlmim/ t ’m/ areas art’ st (‘tn/tn ’ arid q,mi,uuu /mmn i t t , Contour na/u n ’s art ’ to he tumuftip lied hi 1,000,
i/tarn f/iqini altitude ISO m.

5 . Betwt ’enu t he t stnn i  peaks ur l Debm, u lhuc Minumuta in 4 . Thue anomal ’s tisi’n W bri t nuu ,i nu M,num ut .u i nu ru the sl ,uli’
u n r m m n i i u n , - r n u  hou nidar ’s- oh the s’s en un le sect i unnu ), t ime air- sectionu has marg inall’s dt’cmt ’,usi ’d Inmunu SOr) ) m n tiu uu - n ’u i n n

hmun nie n.m nntnrun s have nusen from 1000-2000 ohm.muu in 8100 ohnum.m. I his is , n l snu in g unind ign t in /e u / i  v~ ul lu i l / n
F ugmm /s -  1 9 t in 3000.5000 ohm-rn, This agrees well st uth value ~i( )5 8500 mrhrn-rn nun 1 5 neadines , n tn u  nss the
th e s,due 

~~~ / 5  
h i S  S nhnuu.m tom 11  groun d i n’a dirigs southern flank,

n h, m g  thus / udge -

i l  
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a. Comparison of standard and corrected values for flight/j oe 9.
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S/ote I1n
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u 000 ~~~~~~~~~~~~~~~~~~~~~~~~ __L,,_L I i~ i - L_
~ m~~_300L 0 04  0 8  i .2 1 6  2 0  2 4 k m

b, Topographic and geo/ogic profile beneath fl ight// ne.

Figure 39, Apparent resistivities 
~~~~~ 

and p~~ com pu ted along flight/inc rio, 9 over Gardner 4lountai,,
and topographic and geologk’ profile beneath the flight/inc. The eigh t ground samples in (‘b) were
made linearly in a direction transverse to the flight/inc. The corrected values over the sycoite are nnore
c-onsistent with the ground readings and with other airborne anom alies over the syenite regions of
Debou/Iie and Black mountains,

O
f~lIO

m/ . -u000 ohm-nm contour corrected si/rh-u n - h. 4000 ohio-on standard.

f igu re ‘~0. Comp ar ison bet ween the iqtneous areas encompassed I ’m I / i t ’ ~u000 o/n nn -m
con tours ut the topographic ally corrected smut i’s ’ (a) uiod tine stamndard su m/ - u ’ S - (lu), i/n ’
shaded ri g/u/nm cover the mq rne um/u s u,n en,lm,qu -
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A p p o r e n n  Re sn sn n~ n m y  C i a s s e s  t i o m ohm-m )

/ 7qmuru ’ -
~ I , (.‘ompariso,n bet mm- m e/ n the ,normaliied distri hut/ urns and nnc’a,nS of tint ’ topographically m murrn’c ted

uur bor iue s//ri ‘u of atnd tin e ’ qn -oumn d sLum - un _- v of 
~mic

5 , In t he n/ lu portim iru en b time big unt ’ , 4000 anti 5000 CONCLUSIONS AND FINAL REMARKS
uu hmuu-m conti nuns rim its appear ,us t h ey did in thue 300-rim
su nnmt ’s of I igure 28 hut nuunt m u  the I 50-ni sumsi ”s oh Inumportant c m nnmc l n_ m siom m s to be drawn u bronu these VLF
Figures 19 mum 28 . nt ’ s /s In s i t’s studies ~m n e  ~ms hol lows:

in . -\ new ,mnuoma l’s has uiccu m med in the slate sectin un u 1. Abmuve ridges arid peaks , was a hwa ’s ns enhanced
mini t his’ weste nni approac h In) Dt’hmuu l lie Mm iumu t ai m m , m in time mariner predicted b’s the t h eories of I harm ison
grunu ni d / n_’ ,n i f ur rg s st i r  i, m,t de to s s r i ’s this. ct .m l , ( 197 1 )  h u n  dec In must _ u t ic dip&nle nunndels of nuoUnm-

-\ / 1/ m n / i ’ gen eral curmpa n ist nnt betweenu thie stan udan if tam ’s. u\s vem if med Ii’s gn unurud measurements , t h u s  d Ice
,t nu d time cmnnre cted sn_ n i ‘set is nu.nibe m u I i gure 40. In this reduced the ,nppanenu t resist u s m l ’ s  las measured with
I gu n t’ , time ,nr t’,ns en icn nnup.mssed u s  liii ’ 4000 unhm-m standard aurhui m ne pmmucen _ lun es) ,mli m mu e Ilnese h nn c , m t imn nm s

i r r t m n m m n  nv,’ cm n nu upanen_ l . [his cmnnt m u n _ m r t- ,ulue 55 ,/s chsuse n .mrud c,mused ‘due higher nes istis l ’s lu/ rues Inn be co mmce nitr a t-
hiei,mose it u s list he hnnw t im luint hu igneous rock i’s pes ed s i r / i l l ’ s  unnu nuuu i u n utai n m blanks ,

but st-elI ,nbtuve ~‘ n u t  the sl a te values, T h e m e b m m r c , this 2 . The hm i glu alt i tude Ih i gbmts showed Ihnat t’ s i s t us  m l’s

in m r I mmu r mighut hi’ ex pected In,, best d e f i n e  the hin uits of predomimua m nt l ’s ,ih hee ls I 
~~~ 

w h ile L ,~ us nel.nbvels unu-
t he ignuemnus gin ml mg ’ s - ,‘ts shuu svn i iii due cmnnupa n ismin i , thue ,uh I ected by ni ’ s /s i  ‘ s i t 5- -

mmupn grap bnmc ,t l l s c mnrnec lcd c mn mi tn u ur s contairu much nmmnne 3, ,\ lmi s i  n e s is tus  ut ’ s  inuformationu was present-ed Inn .nt
oh t h e  igneous gemilnigs in ,tlt sections of the map. Oni l’s least 300-nu altitude wht’mu time resist ivity was computeth
at t hs’ s s ,rs lu/p of t he fi gure us t hus cmu n u t nnu i  m ivere xl e r ud- Imom t h e  actu ,t l E,~ arid / 

~ 
us ing st ,nnidard prtcedunes.

ed mu re l at m un m n t ,n the o micn unnected sta n dard si m m vc ’ s - Th is n i’su lIed I mom Ihe co mpe nms a t m nnnu In_ in time amplitude
Ibis’ mn m m m m,m l iied nj nslnnho tio nus oh n s’sus tms mt ’ s  s .mlue s ton mus s m u  L sun ~‘s t h e  ,inm plitude muss in / n miser numounta inu-

t Ot - met ’salu.tted sun si’s .Ire gis i- in m u  b ign_ nre 4 1 - I he cmu n nn- otis megi nnnm s.
pan isn _ nr us are similar t in t h r ust - mnf I igurs ’ 55 ut hi’ ne s inu ui lan -1 . ( nt ’ n u l un g i i  resnulution inipnot-ed whueri the airborne
comparrsnurus stir i’ rn,ndi’ ~ nI h the standar d a m r h mm r n me rs’ - apparent r t’ sus tm vu i  s was recsun upute d osi rmg the topo-
suIts , in this t,n~t’ hmnWs”sn, ’r , t he nmeani u nIties f inn the graphuu iall ’s im nr net ted “ in
s late m d  granuodiun n ite h,nsc drawn tIn mss’n Inn din si’ oh 5 , 

~~, i5m ’t i ll  arid stir tat - i’ impedaruce ph i_ usc stem e gem-
the ground me ,nsu remen is , al t hin nugh 

~~ 
f i nn s ’s i nn  t m ’ h_ is in .m h f ’ s  sinu il,t r , us deduced I monu time correlation mu I gn nu mud

u/ni l t ’,isi’d Inn m u m - i 600(1 mu hm.nui. , mr n d air b n nm nue Pun va lut’s , l i / is  imp lies th,it 1, arid i15
u ser  e .ilsn n geruen ,nlls in phu .nse .
6. rOe phase unf time S’s us i- t i l t  us ,us arm inumpor tan t I .uc ton
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Ion distingu ishin g high nesi st is- it’s ,Ineas in region s oh the desired relative elu ’ctromagnet mc fie ld str e n gth s .m r m d

rican surf ’
,tce , en’s s ’ a lh i nue bedrock, piu.i .es whe n p,uss inug I niunum one nes is t iv i t ’s ’  c sn n m d it mon u in /

1. Res ist i s-d ’s ano nunahies Ii’S’s t han approximately ,inuother ,
twice the sun V t ’ s  ,ilt itude m u  dinuensitutu were dib I icult
to detect.

Recordings of / ‘s u were a lso nmade hut were highui m,’ LITERATU1~ E CITED

i’m n ,n t i i , ‘[his hehmavit m r 55,15 expected from the coup linmg
tnt L ,~ 

into the hori ,ommta l di pole during .tircnat t roll AI~ cri , ‘n A . I t  91, l j  A’udi’m n m im in n  / nu im f uj m i mj /m m ,f/  df mmj F/mn ‘mo/m m-

hut 5 ’s.us also probabl y due to topograp hic scatterum m g. s/n //e i n ’ . S i m s  ‘u m n n k : (‘o nns uft ,mnms Buns’au , h n.nns lj t i ’d

Topographic scatteri n g is the primary reason whi, m nonnu Russ nj n , 
—

- - - ‘ 
f3 , u u m n u , ~ u’ u . -\ ,k , 1 1 ( 1 ,2 , I’) , 1/ 1 n m - m i / i m u s s _ _i l n s n n i n nu.mnnonm ‘ uin ’ i l u n , d

anuten nua sta hrl izatuon i schenumes des mgnmed tin nueasure usin1~ n un , ’  su ’ r u in _ . nI  m I n t / u  mm , cmn rnponls’nt of .i ‘s i lnu’ i ul  is
t Ine bull sv av e l u l t  can not ws ) rk: the ru-p hase conupo- ,u u t ’ i c n c nun_ s ’ , n, ,nii au i i .uni I’,n is ’nii n/n i . 1 ,/ i l  .7 /2:  1

nment n_ nb t he us ,u’st ’ ii lt is more than likely destrum ’ s ed he- ‘m i n I  no, /~~ m) l u  13 _ inid 3 , ,’ mn i t 19,

fort’ it caim be measured Os an airbonrue anu tennma , The B lsin niq m ii s i , -\ 1 1 9 7 0 1  L q un p nn s - nnn  m m  u / u - s m / m u  ,lin’ ,nsu i i-nnnn’ fln 0/

ph,mst ’ of sur f ac e unipedam uce cm unne lates ~ mt l r  w , is n_’ im it the d me’ Ii’s t n m n, i n / m u / u t  mum ’s of g umnm mn id ,nnm l m n _ i ’ Pu n, m m  m/ ~ii,m u

of n/mn ’ F t / l m ’r i im d! i in t i m i /  ¶ l n  - i ii.; m u  k’ mj m / i mm / n/n i ,  mum / I nn / n
ph ase- mm m l’s ,i’s deter nmnneil h’s L sq and L Sn bud o n e  Lu ngbs , t ) i ’nnn i.n rk , p. S- I - ~’ l)
s t .ut temu n mg, It seer / is protmab le , li mus s i’st ’n , t hat ~ su  at Boone’ , P. ( 1 9 0 2 /  I’n n/ _ issi i  t i’ldsp.nr en u u n _ i n n / n c r / n nun n / i / e u / n a :

gm muu nu d le st -i us a nieanm ingfu h quanti ls because 5 m m ni_un ’s- onigir/ ii ‘,u t ’ninc in I)u ’ f innm m l lns ’ n _ I n s /u  ~~i , nunnn l , s ’ unn  \1 .m n nun ’ ,

pii,usi’ mum i’as urenuueruts uteri ’ bt’t ’st m ’i’u i .2( 1 arid 55 , (,n ’o / uumlmn mi/ ~n n u m / m  0/ i - / u i / ui I i n i/I n - t n tn , m m i i , 73 ,

sshich is plausible In_ in time genulmug y enucmuu nite reii , p I is 1 - I  mm .

— -  / .mgni ma rd , L. f 19s 3) B,nsii i l is ’omt or il: , n n u , m t n n c / n n - i c l i m m n  m m,
The m nhsens cii phase ang les of hiss tha n 4 are - -r uns ’mtro sf mn ec m n u~ uu sm n _ ,n l pn n i s u um ’ n_ n um m / I n n m m / ’  / nm  s u m s , s n n u ,

pmunhab l ’s due , iii a genuen .u l s t ru st ’, Inn a conm bimu a h it ini m l  S num 3 , p. / i m O - mn / 5 ,
t he t ’ s t m n  m , u c t m m n s :  I )  a s l n , mt i l u c ,u tu o nu  in nt ’sus i usu l s  sue- lu ( mn mi m im n i u , I- f l - h / ’ l l b  1 m m - n_ r n  unnnag ns - m n n _ jun _u m -I i ’ .n u m n _ a i  u : n m m I m / m u m ~
as st un_ m id be caused h’s a gr ,idatimi nm in sv c a tbme mu ng su miii (is i /mu ’ m i m I,,’ i’l,’ uu : n - u u n u’ I i - / I u n n m t  / ~,e’u , ‘ mm ’, uu, l. iiu ,

depth arid 2) high penmiti s i t ’ s  s’,ilues especia lls Imur P I i/-I ~5.

- ‘ - ( mn l is’ i l , L S , un_ u Bu n _ ks- n , / ‘mn n 7 b R . n ml m , n i u uu n  u u : m  iI’oj ion n - _ u n / l u
t he slate burr which s ,ulues ,us higlu ,ms 34 h ave heenu nt ’ - — -

c’, n ’ i n u m n u  s u n m n -s unum z , t ,mnn ,un_ l m ,nnu P_ m r s -nm nun ,  - m~ m l
ported lu’s P.irht imcrukhnni (1m )67), l ime h_ u t t c r  at tn _ in ( m u f f s ’s , R I’s .. t .t - 1,/ m i m I / s . , nnmd R l  - \ hnm f , l l n ’n s nnn  u m u 5)  t

ss nit hd impl’s that , t’ ’st’n/ at ‘s. I~f , m , ’ n’s - st , mh lmm n e mur dls s t sic/ ni i nn ,  n,l s ’ mm, / m m n n  nil f iu nn u-ul e-n .n nuum l. n n n / i - / i nn s  m i s . In n / m m

dist in uct i mu n ’, u, ’ m n n_ nln_ f O u s t ’ , mt i u .u I I ’ s  been nui,idc on liii - mmc ss ’ nnii-d at mint ’ s m u ’ ; i ’ , n u n u m u u u  u ni nr ,,,~, ,‘; / , n u m n m m , i i , n n u u u - u ’

i.ns ms nu t ne lat is e penmi t t i s  mis  - If pem rnmt t ns ’ i I ’ s ss cr m ’  \ ; m / u m i ~ u / n/ n m / u i- : n u , i t n n u  - I n , m s , ’ i s m ns m i  h unn n , rnm i n , tu um uu nr nnn .
l i t / i  mu , t herm sm mn/ i t ’ mi t t hese results rumight tue chit lere nm I - 

u n/au ,n, 
- -

- - _ L l i ,m n.’,m ’ n n , s. f - I i 9 s  m l  ‘n s unnus ’ s n m / mn nu , um nd , m m u u , , m , , / i s n l 5  , nn m m l
i i . u i n n m t f u t ’l tr .m mu s m n t t t ’m , m n_, u tn_ ’d in ,u dunce - t i m nunthnigm un i ,ml m i mi - l i- n _ r i m s  , n u u n s i , n n n /  ri \ n i u s m .nu m s umh i n  mint ’ i n n  m u u c n m s
i n n  the durectrunnu of ( ut ln_ ’ n , \1. m unie , had lien_ni m s u nm mtm n ns ’d, u , unn ec 0,2. 1(1 u n , - n m  ui/ i - ii, /‘ i / i /un  , )mn n ,u ’ , u ( ) s lnu ,

t i / us mi ht’taust 4./Ie ca n h i m,- .u i l u s m n t i m i p u n _  due t im i t s  u nn l , 9 , in , . i ,ii , I - 3(1

n_ I c / s ue- i’ \ s t mm j ’ s  us/r ig nnr lhiuguun,tl t r ,mn smm l tems in I , m sn_ /ukri s ’ n _ / u i , I P . J ’ i  // f i n ,  i n n u u u / ,i iunn li sn _ , n i s - nu rodi’l sm ud n i ’s
n_i l mm m lii i s m ,_ nu i u n c i lmn, i ls  m s m u u , , a nul, nnn n is _ nu n - s m n n u u n _ i  -suc in .ini ,mrs ’a n in e-li t Ilue nu de lnnne s n_ intact ’ urnpi’d.nnce teiu - - - -t_ /n i mu n ’ u s m nu nu t  C m u / m m n _ m m l m n , I i l) . I inn - ’ ,n ’ , ( un pm mi ’ l m . i mn - ml m ,

mr s f n nnm ushrc h add itnuin,t l geun lmngic in h nur nu,nt iomi m’nng iut 1 nn ’ nm i mm tu, , i l S m /mit ’ s ii ( ,nn i .ud,n I ’ m  - P n_.u ’ mup ln u su n_ ni ‘ m m / s m - s n/ i nns
p i m s s u h l s  he u u i u n _ i i u i ’ / m ’iI, nun r Im - hm uk ln n s  .n km uk R, ‘ nn nun i ,nn n ,u mlu. n n i 5151 , m i / v  I

lilt’ / I u m n  n i t - h i t _ a l  iu ,is is n i l  this t’x p luu r , nl im um u ruu e’t i um id r e t i n m u m  nm , 2/ l i . ‘sh u n ,ms. n il. u lilc / u n m n u u  l um - m .mni.idu,nni ( i n n

sh n_ ’ ni ,mn nths m n h unun t e  l.m ’s ens  n i l  huumn/ l m u g t ’ i ln _ ’ n m m i s  nmalen i ,m l in u n g n ~~, m u  S i n s  t i n  n i ,  m u  I .n u m -u ms  , \ lnu u n ’ s  ,nnil Ri’ s n u m m m n _ c s .

- ‘ - ‘ - - Onn .n ss, n , n_ , m nu ,m m i.n , S I i ’ s Rn’ I n - n m ’ nu ,n ’ I/ i , ’ ,  5 ,
mu ibm ’ r i m  , , m m l n i ’ l ,uit ’ liii ’ In e ld n , nh u nn s st - i tbu liii’ ni’ s i s lu s  m l ’s - m ,m m n r , ii i - ( l~ iS / )  ( 1mm - u n , - / ‘ m  Scm , ‘u , un k  ‘ s I n _ t m  mum l i m i t

‘\ r tht .ini’ .n st u ilnt ’tI, t ime l-m ngt ’s i h u n  m i ur n i t a l  d mnu i t - n i s u m u n i  l i n k  ( i i , , in ,s
1 the m g i / e ns negnon i 55 ,is h i s s  tbu , ir u h,nII un l hOe t v / s n ,’ — l I . n i u m s n n m i , R .P, , I t- - iii’ , k s / n m -u , ,m nns f I - ‘n . I nm , us I l i T  fl Hs’Iu-

Is - mugtbu ( I n n  S knuu nIt 17 .8 k h h I  nunnr u i tnured , iimt ’ mef nr ne , n _ n m / i n s ’ , n, Is s n, ’ n u_ ntnn,n i u.  ol s c m s  In nv_ / n u ’q u mn ’mnn _ u  mi nu s

ruiig b m n s i n / / i  un i r pn o h ’ , u h n lm - l b / i l  tuc l t l  nii.mstimi ’nuue nuls n _ c m  I_ m m / r i nn tm f l n.mm fl s  ,unid s l u m m n m - i m n n u ’ s / - n , .  mum_i , ’ nit ‘ l i u u n n n m

- ~ 1nm ’ m m m  m,und In ‘ u ,  p un ,m ’ / ‘ / ‘ m  ‘ mm ’ , unn l , 1 3 , p . b I t  10,
pm u t m ’ss t ’ i j  mmii thu e I’ , usus n u b  _u t i nt - m m / s th ,ml i,uu lie iiemus t ’tI - -i lm , n ’ k s l n , i . I ,, i ’ s  , Sn ’ i lnn. mni m n , . nn nu i -‘n h ,  f ) cl ,m ns ’ u ( I ’ m  t I -\ nnf n o r n n m ’
Inn  inn gt ’m nrnn_ ’ Im un _  n i b / f i t s shn,uld pros- ide nt ’sults cnnnsistent / u ’ s m s / n s  lu nni.ippinig m u  in n uiu m m u n n u s r  ne’an i _ mi nf i ,nnn ks , A I ,msk,m .
ss m tb r  u ,m lmm i- s det t ’mniin ne ’d hi’s ninun u,’ i nu n , s - t ’ r r n u m n njj l field m d  C R R L L Rn-s n - n u n _ l u  I ’ (cpm m ’ n  / 2 I, Al )  A m uui ( ui ,’ l-t .
l ,m h u nr _u nm urs I u ’iF r n r m m ~uu’s N,’s n - u I /m u ss , t hut ’si’ studies l l m u i ’ k s l u , m  I’ . ,  1’ 5 - ‘n i I In , ramr n , antf -‘s I, Ut _ I_ m n’s f I ‘ m75 )  ( n n n n / u n n m l

bo usent  ibse n u .ut i n mn, i l  es nd e mu c m - dual gmunund st .mu u ’s n _ .~~~ 
,m n n u l .i // inn /nt ’ n c s m s / n u n i u  s n m u s n ’ u s nil pn’ m m nn, m n n m n s r  n/n-ar

- I .n i n l ’ . uuuks , ,\ i i - ,k,n i , . - qn i i n  s/n s , u m n i , -no , nun . ‘l Ii. / , t l
rd b mu n f ) s  ni’ t i i s - m ’n (nn tennis nil I / n i / u n / u s  n i l  ,m ut, us i ’ ht ’ r r g ml i )  till ,

— - ‘ — .-__ _ _ _  —‘ - — ‘- — - — i i u u l i n m , t s s n n n m l u , I - h i m / un  t Ins ’ pnnup .mg.m rmnun iii u m m l n n i  s s , n s n ’ s .
‘i / ,  t ,’n n ’ r ns e n i  n / u n  ~~~~~ m m ml ’ ,- ‘‘ un ’ , .nst ’ n 5 ‘‘ i - i / n ’ , / ~~ is mi n im -ni  / u i / u m p / n i / m m ! i / n , - h u m / n t  n , , i  / / in m i / / n m ) ! ! u/ n , m uu u m ’ u s ,

‘n I ’ ’ . i - i ’ m ’  ‘i ’ m ’  j u l  ,:,i,m - ,u m, , , n ’  r.’ ‘ In. m m m l , I/ , 
~
i , 5 ’ ’ n s ’l ’i
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_ _ _  _ _ _ _ _ _ _ _

Il_ i c / / c s , 15 . 1  ~,ni, d k , (( , uu / I I m i T S I  L l l s ’n _ I m s c  mma u t ’ in ln  _m n n s f Sciln uu _ mnn , I’ , V ., A l .  i ) e l , um rc u , .*nntf P. l lm , eks i n j  I 1 q 7 5 /  Radinn-
s un u - I  am,,’ m m, u i’s1 an uce mist ’, a I.n it, ui / s  u m ul mo m nrom ic n e m mus o m i t ’  u m - su s nu t  n Is umm ca su n s’ me Inns inn muon Out - mn \ i ,mn mm , lot
lo in- l as , ,’, c m ,  nIt k’~ m//mi Sm m m m i  n u n m l . 10 , m m , i t , n n im ’ n n I u I s  mu m ht ’s l mos k mu pm’ , ( R R I  I, Snnm,’m ,ua l Rn’1 imnui 2 IS ,
p. 100 1-I  008 , /51) Ii i 7’i - t I .

h ums ’s , I 5% , mum _ u - \ . t~, I’ : m n _ c  ( I  ‘P il/ t in ,’ pm- n Immi tm .m l n m m u m s  m n /  Sonnu m,u s’ ,ieiif , A ( I’ l l /i l  ( ‘ f un -u m i n t  A us h ientung den I t,  I l c u m  mi sit-n
,niIi’ n un_ lun g g cm i uuu ,mm i uu , ’ nn , I mel m i s Ins ,,tnmiiIus i n s  ins ,mmnom ui,mlns ’u , tfn a htiinscrn Fs ’ ieg ma pf mui . i,u , mn i /m - u , in m P/i , s m/ ,, ~m,i , 28 .

‘_ i ,/i / nn mmnu m i uf m i  f / mn ’ /s’,’, mu! I mt um , u m nm u/ ; n m nil 5 m m mn - n m , p 1 1 ’ s ,
msi i , 2/I , n _ n , I i ”  i / I , S i m m / n , ( ‘ in , ( l ’ IT  II t Im eor m’ t i t a l  mnag nelm , t m,’i lu r i i and rem a r m

1 m m  s i_i n , , I C , and K.G. Batmai nn I 1 )/i _ SI 1 ‘m m  / u m m u u t ,/ m / u m m - t u m  ‘ m n / i n - ’ mcspon sm ,~ Irinmn i iw o —dim rie ns mnm n _ iI  nn u i n m nm n mnn mzu ’ mmm in cs ,
,juu,/ ij,/ , / ‘ ‘ ‘ i ,, ’ m n m  i nn. , 2mm _ u n’dulun n n i , I nmglt -w ood C i m l i s , (,m ’ mm i u hmn m m m i. mol 36 , ru 1 8 5 2 ,
5m m ,  li st ’ s :  I’ u m - u r t ns t ’ -I I .m li , mis, le l lond , \~, ‘ nl,, L i ’ . (_, e idarI , k,t . S I n m u m l i , amid h ) , A , f-, cu’ , I

I- . c / uc . m ,  S mmiii I . t . I m ns n_I i k n it ’n_ hn h i  ‘ 11m m ,1 F / n m  l u ,  -ml  f u n , i/un,,!’ - l ip /n i  -i m i mn n l ’ / m i  i/ n s . C ,, m rn fn u u, l m i c C . mu u u lu m nmigc n _ / m n n u c m s r n m
tim mt /mm s_ in// ‘‘ ‘ ‘‘p, ’ I i ’ ’, , ’ . Scsi ‘m ‘ n k t’s’ng,n mn isi ni l’/ c ss ,

Pm n, ’ss. (5,u m n  - 1 k . II ‘11,2 / I m m  f /m m unim j m / i i m ni, m m )  m m - s mu; s / u m / / n / m m  n / ruin-dim),

I’, c n / m  ‘ ( 5 ,, -‘n.H L mnum - I , ar m_ I I . 1 , • \ m s u m u , m m n  / m l T O I  t s. m l u .mlnnnn u Ni’s, ‘sun k: Perg,mnim,nni I’n n-s s ,
, umm hi nu ni t - cu t ,  ii mniu i .u m i m u c t m ,  s mmu mm ’s nnu i.i lou mm _ n m / pun _ S S I m m - I .R, ledi no r) ( i m ) 7 I )  I m m  ii mnuum , i , Im m m - t ,m J u , mm lu m nm, / j un m m, ’,,-

s. mnnamusnns  mr u n n n _ k  s u n m ’ m imi i li , t’m m / m m u a s f u m Ss l u m m m n i  01 ‘ s l u r / i ’ ’,. 1 i i imm j n u , Boulder , Colo n,m d nn: (,,o iem,i ‘us ’s’ ,,

‘ n un I m n , , s ’  t m i n i / u ,  nm iic Rm ’ ’,s’ ,uu ,li I .mlinn r ,itOims ’s , Cnunlrait (V_ m im i , S I - I . b i  91,7) i , Is ’ m_ t u m , , m i  mmuc nlmc nuis, mm Il m rm i m mm i m m  mi~’ / t m  sin s ,
Ri-poml nen , I i’ un i 2S lm l’t ( i281 . mmi i , I i , ! / mm , mrn , Sos /s -n ’ ,  ol t s , pl o m,mnnnn nm ( ,s ’o p i ns sn i j sn s ,

K - ’ -: , IC , I - I ‘/h/i / i u m _,’.sm ’d du po nt ’  m m mcnlm u , d mu nm ueasurin g sma u s ’- I ulsa . Ok l, m l uonn ia,
ru in ,  5,1,1 ‘ ‘ 5 , en, , . mim i. / , n / un , / , p ii , (Sal m , , ‘s, U , ( f m ) / s 7  1 / 1 ,‘midio itm,_ i t / , i ’  ,,m_i. ‘m m  ‘ s m , ,  I,

I-, ’ , m m n _ I m , u : .m , m , \ t , B I ’  ‘~1/ i i _ummd f i nn o k ml c l c n _ / i m m u m m . m g u i c / m n _  Ps ’rg,nrniomm Pm cs s ,
u , n m / m , m m i , n / n m m u n  n/u sn ,ni u f m u , r m n i ~ nni i’du.i. i-l s’ m m lq mm _ m m lm’rs , ( L i  (t’ u’u I , H, 119 19 ) ,\uubrs’ ilunig s’ l s’klromn .mg n ermssl m em S I c / f e- f l  u bem
S n u n : \ l . mm c rn e i  (‘ i,mm inm u.mnd , lI , m s / u m i , m i u m u m i , l) ,C. , US .  e i m mm ni s’hcne’n Lei ler . l i nnru/n ’nn d ir / ‘ / in  mn/ , , u’m m l, m m , ,
( - m m m c  , n u i m , c u i /  I’n m n ’ i n n u m i  ( u r u m i c , p. i _ S l — 5 0 0 ,

Lu ru e , R ,~ , Ii ‘~— ‘s I  I I m m ’ n unu ms ’ i . m lnimmi no I s - mm /i / nc i’ icn _ I r o r /n. m g nclu n_
in l umni mi  on a nu m ni -mn nn l u , mn , n _ t n _ m I se ,mmm i . I mum ri’nie f u s s ’ , ’

un sun , ’ I _ nfi mm r , mmmn rm , t. m m c : u , n n n m , - , C _ m i u i m n u n m m . n , I C  Ri - Il
\ i,I-,,i ’’- , H.L, .mnd t I -  ‘s i c ’ ’ ,  - l ~u T c /  n _ n~., m l m c u i / m u l i ’  su m s /mu g to

quaru n i r m  s m m m m s n m  m m n _ / m n m u i  rmi ,mns’u i_m i ,mnd no ,ft ’ Iuni- mi e oi nn g nn _
i ins’. n / mm _n n i s:  Di, s n _ s  —i m , usmm l nu  5, I u n n m m l  u’ u m m um’ n _ n , \ t _ m m u r m ’

IC RLl  ‘n;’c , u_i l  R cn n nm u / 242 , -Si )  /5 n _ m 2 i2 m m ,
\ l ,\~ , / / , l.I) ,, i L , h. u u iu _ im umr s , ,uni,I K S  \lnsl d lt ’In mm i ( I  mT _f )

I ire n_n i u an rd ~m p p ii n_ anion m u 1/mm - 1 -i’l u .u,m ’ ann bocnm ’
n i u m n u  nmri’ t /n t nmI , / n , , , , ,  / ‘ u i ,j s  mm :1’, S i u u u t ’ , m , , ;m uu i mum
/ u t ’/ou m iti umn i / t m I t ‘ mn ,n t, i , ;m,,  / ‘ , Inn tin n j ,  - I mum nm n lo - i n, m ’
,m ’ u s n l u  ml mom - n m nitun ,

\ n O c i _ i u i n  S _ i nn_ I I). k.mmik ir i ~l nu ~,’i1 Sn risc/ s c m n ;cni mo d or
u’ i , ug r uc imnl t ’ l Iun in_ .m rr.nis so iou - ,, rn~~ln u -I .ns ers ’d s- ,u mn lu ,

/ ,, ‘n I’ - m i n i , un _ i l ,  ‘‘t . u’ / 5 1 / i ,
\ ,n ’ , m n n  I-,,,A , i’l / 1,1 t in e nn nnnp ,ng_i nunnnn ml i m u / m m u s , , m , , ’ s mi m i- i t ins’

s/ m u i _ un _ i ,  ot n / /c  cam lb amim l mu Iii, ’ unsi ucu ,nm mnios p lmi’ nc ,

/ “ n n m n m - m ln i t , i ’  nt n/ u , - / u i u t i t m i f m ’  of h’mi dic m t u u m m , u m m ’ m u m ,

iou , 24 , p. I l / n T ’  1 387 ,
I n n I , ( m . ( I  ‘u u ,5 / u /u i ’ prosp ec ni nnmi hasi-d on S LF -m ad imn smgn.nl s ,

/ ,m umm m m m/mn u,itn nmuu , mmii , 1 , no , 3 p. 1 39-i  17 ,

I’.m _ ml , C. I I  ‘iI ~S / 5 cm , Inm o iren n uen c ’s nieas.umt’men ls in,
u u m m u n lme r mr ‘imn c n_l i’n/ , I,, in m ’ n / ’ / u , u , / / n n m u m  u ol , (i , p. i 11 . 1

P , m i ,m sf_ s , (m, I. ,insl I . t~. I , nminn ,Im n s I i 9 7 s b c o n i p m m n c m  d,mra
P u m n n _ m ’ ’,s nu i mi  m n_ u n_1 mm , mn m n l , m l i us ’  nn t t ’ r t i un ’ n , n t m m m u r  n n i  ,mir born e
u c s u ’ ,n : m , n s  s u , , c m s , i ’ m - nt /u ’ .n, , u mnu . b / i , nun , S , p 8 / 1 / -

m u m

I’ m: k n m : ’ m c m u k l u m u , I _ I, / I ‘ m n , 7 /  II, , lu, ,/u / i’ mm / u , u/ , , m u m/ con I,’. l u _ i nns -
l,n m m - nI m o m  R m n s s n,um hi / , 5 , I-’, n I in ’n , S n u n nmm k :  I’is - mm ummm -

P.irron , IS , I I , ,nnsl It ‘nh . i lcmn min mi Ii ‘17/i ’  I / i c  mc ’ u m n m- m , nnur e 5 m m , ,  -

mum /c m u  ,m m ni i n l—i, m m n m um i e m m i n r n , n n _ m n n _  I_ m k e m l urun g i n n  ‘ m n ’ , ,
use , m m s c ,  anti nhaw ing , m KR I I R i se _ m m , in Repnnri / 1  I -

S in  7 I S 7 1 I n .
Sei lma nn , I’’, i’, t ’ lm ,ek s mr _ m , .mnnl -5 , t i e l . nm mn’ i  ( I ’ m  - P ‘ s i n / i n , ’  mm , ’

u c s m - , n u m i n m  s u u m c s  - - S m ,  a n d mu t,n’ nf n ,n s f ,  mzs-nml n mmz s nn ’ , m n u m
n m ,t m s ’ .,nnse . ( I-C RI I S~’c n_ ml Re pm i m n 202 , ‘t I) 77 7 ,12
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APPENDIX: GLOSSARY OF GEOLOGIC TERMS USED

(adapted from Glossary of Geology by the
American Geological It ms ti tut c , Washington , D.C.)

Basalt A dark to nmedium.dark , commuinl y composition oh quartz , f e ldspar and hem-
vo lcan ic , igneous m uc k, romagniesian nm it mc rals .

Chalk A toll , pure , b inme-textured usually Granodiorite A typi’ of granitic rock n it speci hied cnnm-
white to light gray on buff limestone positi .umu of quartz , feldspar and fern _ n-
of mari n e n)rigini , cons isting mainly magncsiamm mi mmerals,
m i  ca lcite, Igneous A descriptive term ref c’nning to a n m c k  on

Clap .-\ l oose , eart hy, nuatuna l sedinuent on minmera l that sol idif ied fronu a moltenm
soft roc k conumposed primaril y of (magmatic) tur partly molten matenial .
c l , ms -su,e (< 1 ‘256 mm) panticles and Intrusive A descriptive term usuall y nebe m r imng to
characterized by high plasticity and -an igneous noc k th at h a s  solidified from
mnust ly hydrous aluminum silicates, ,m magma emp laced in other nsuck

cleavage The pnopcrty or tendenmcy of a rock Structures ,
to split along secondary, aligned Limestone .-\ sedimentany rock cot usistin g chiefly of
fracture ’s or ot h er c) osc l’ n spaced , -ca lcium canhomnate’ ,
planar structures on textures , pro-
due-ed by defornuation or mctam om- Loam A rich , permea ble sn _ nil  of sinuilar pro-

phism . pont iorus of clay, silt , sand and organic
matter.  Sonuet mes ca lled top s unil ,

Grvst a/// ,n e -\ descriptive temni referring to a rock
b/oi l A tennu loosel y app lied to uncon solidatedc o nmsist i n mg wholly of cr s - s ta ls  or frag-

ment s of crystals , e,g an igneous mater ials c uu mns is t ing chiefl y oh c lay .immd
mock lacking g/assy material , or a calciunm c ,tmhuinate ,

nuuetamorphic rock , Jf letamorphic ~\ descriptive ternm applied to a rune - k

Dip T h e  angle that a structural surface , derived from pne-cx ist ing rock b~ mmmi -
e.g. ,n beddin g or fault plamme , nma kes ena logical , chemical , anu d stnuct u ral cluanmges
with hhe horizontal , measure d per- in response’ pni rm man iln1 to mar ked chanuges in
pend iculan to strike of the structure. tenuperatume ari d pressure .

I’erromagnesia,r Containing iron and muuagnesiunm . Permafrost A nu’1 num at cn ial in which a temperature lit’-
low 0°C has existed continuousl y for

Fo/iat/on A genera l term for a plan_ un arrange- m ore t han about two ‘st’, ums , The defini-
mctmt of te xtural or st ruchural features - ‘  

-

t u o n  is h~sed exclusivel y tin tcmpminaturt’ ,
in any tY pe of roc k, e.g. c leavage in
sl ,mhc or sc histosity in schist. Sandstone A sedim enuta my nic k of san d si/ c particles

set in a si l t s  or c layey matrix amid cement-
Glassy A descriptive term nef emm nng usuall y ed usually by silica , iron enxide or calcium

to t he texture or luster n)f usuall y a can bo mu a I e
vnu hcanic rock, Glassy properties re-
su lt from rap id cooling withunut Sc/m is! A strong ly fmn l i ated metamorphic mock
d i s t i nc t  crystall i zation, which c,inm be readily split into thi n

f lakes nun slabs; i c ,  it demonstrates the
(n,nem’s s ‘s Innliated metamorphic rock m u pnnnperty of sc his tu ms i ty which is a type

which bands m m f granular minerals nnf c leavage .
alternate with han ds nil f laky nminmc r-

Slate A hine-gr. t inmed metamorphic rock thatalt.
c leaves along planes independent of the( ,rm.nnit - m’s term l num m st ’ ly app lied to any light- original bedding.

co lored , cmua rse gra inied igneous rock ,
Sp e c l bu c a llv , ml re fers 10 ,1 definite
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_m’,n’~ n ’k At i ign eous iimtnus ioni less thuani about 40
miles 2 in surface expt msurs ’.

Stri ke he direction n mr  t n end tluat a structural sur-
lace , e.g. .n bedding sun fault plane , ta kes .15 it

ru in _ ’ rss ’n_ t s the ’ huu nm m , s nmmt al -

Sn n i / / t m ’ Ami mgn e m uus runt k similar to granite hot of less
quartz co unh e nut ,

l i/ I  Unsorted, unstratified and unconsolidated
mixture’ of il.u~ , samn d .inud iii . m v n_’I , till is usuall y
nib glacial m it ig i nn -
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For conversion of SI metric units to US/B rj tj sh
wstomary units of measurement consult ,4ST.41
Standard L380, Metric Practice Guide , published
by the American Society for Testing and Materials,
/ 9 16 Race St., Ph/lade/ph/a, Pa, /9/03 .

(‘over; View from southeast flank of Gardner Mountain,
Maine (Photograph by Steven 

~4i’cone.)
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