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SECTI ON 1

SEAFARER CONDUCTIVI TY SURVEY PROGRAM SUMMARY

1.1 INTRODUC TIO N

A cond uctiv i ty survey has been comp leted in the Uppe r
Pen insu l a ( U P )  region of Michi gan w ith c o n f i r m i n g measuremen ts
at ,.he Wiscon sin Tes t Fac i l i t y  (WTF) . The r e su l t s  d e f i ne the

geological distributions within the survey area and identify

average conductivity values for each rock type . Measurements

at the WTF provided a data base for comparative evaluation be-

tween the scalar Audio Magneto te l lu r ic (AN T ) method used in
this  su rvey and othe r methods such as Tensor ANT , H/I , E/H , and

Schlumberqer. In addition , the WTF measurement program estab-

l i shes a basis for scaling system current moment (IL) require-

men ts from ~n are a of known propaga tion performance to other
Michi gan locations.

The survey ins trumentation , suppor t person nel , and com-

puter analysis were provided by University of Toronto. Geo-

logic i n t ” r T  r ot a t i o n s  in this  repor t were made by Dr .  D.
Stran lw ly, Cha i rma n , Department of Geology, University of

Toron~

1 . 2 i~t’DIO MA~ N1~TOTELLURIC (AMT) TECHNIQUE

The A~~T method measures the ratio of horizontal electric

field at the earth’ s surface to the orthogonal magnetic field

t~ yiel d earth resistivities as a function of frequency . The

xns trumentati ’n consists of a horizontal dipole E—field sensor ,

a coil H-field sensor , a prewhitening filter box and a vari-

ab le f requency  a na lyzer  rece iver .  The receiver inteq ra tes the
E- and H-field signals and forms the ratio , from which subsur-

face conductivity is inferred. The signal source is terrestrial

spherics (li ghtning discharges). At each measurement location ,

two 200-foot wire antennas are laid out perpendicular to 
one1



another , the termination being a stake inserted no more than

12 inches below the surface. Then orthogonal pairs of measure-

men ts are made at each of ten predetermined f reque ncies over
a ra~~qe of three decades.

The outpu t of the receiver plus a ca l ib ra t ion  fac tor is
equal to ten times the logarithm of the apparent resistivity.

1.3 CONDUCT OF SURVEY

In the M ichi gan UP reg ion , the low conduc t iv i t y  geolog i-
ccl formations tend to run in a north-south direction . For

this reason , the area was sectionalized into a grid configu-

ra tion where  mea suremen ts were made along l ines  of l a t i t u d e
spaced approx imately  six mil es apa r t .  Site locations wer e

then eva lua ted  based on a review of the existing conduct ivi ty

dat a base , geology, ownersh ip ,  and accessibility . Sites

located in National Forests and near population centers were

e l imina ted. Selection cr i te r ia  were based on accoss and
ownership data , wi th State—owned property given highest

priority. Figure 1 shows the measurement locations of the

106 sites in the survey region , and Figure 2 i l lustrates the
geo o;y .

Tn W isconsin , ANT conductivity measurements were taken
along the WTF E/W antenna line at 20 sites identified by the

existing antenna pole numbers. The area weighted—average

method to def ine bu lk resistiv i t i es was not sui table here ,

so the resistivities were interpolated between measurement

sta tions and then averaged at 115 equa l ly  spaced locations
along the 13.1 mile antenna line . Long-wire AMT measurements

were also made utilizing the WTF overhead antenna as the

E-f ieid sensor.

1.4 DATA ANALYSIS

The data are taken via scalar ANT measurements at sites

selected for  their  geological character istics and proximi ty  to
predetermined lines of latitude . Each measurement site is as-

2
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signed t I l  a given UnI’ r ecta a ’  to a - ’u~~rcc)c1ate a 1. s t ~ ’r a 1 or e—
filing analysis. The n e t  hodoloc- ; ot  in i l - ~s i s  is j J j I ~~~5 t  rate -I

by F 1L ; u r e  3 ,  w i t h  toe m a j O r  O t - ~. s 1 1 1 5 0  i b ’ ’ l  I~~’~~ I ’ I ’~- ’:

I ‘ )i p th  so . i ad u l - ;  a i r v ’s a rc  dcv ’ 1ou -~i f r - i n  s mo c t h c ’i  d 1  a

whi cli shes\’ t h e  •i ’ o i l  f i e l d  I d O I - I  ‘cit ions p l o t t ’ ’o  s t a —
t i o n — l - : - - s t a ~ F - ‘~O on lug I versus  log f u~~r~~ . Th i sI niet ’a d  :aLuwa thc ’ Sense 01 r e s i s t i v i t y  w i t h  ~1eut h  f r - -:

w i .  ich lc y e !’~d ea r t h  s t r u c t u r e s  can be i n te r p r e te d .

• Ps eud c~ u ’c t  ions ir e  deve lop ed  fr o m  a m e a s u r e m e n t  tra-

verse  of the area  and ‘1-;iicI w the reFiStiVl t ’c v ar i a t i o n s

I as a f u n c t i o n  of f r e q u •~n cy  and d i s t a n c e . The develop-
ment  of 500doaections is an i m p o r t a n t  St: P In the

5 a na l y s i s  in t h a t  i t  a l lows  l o ca l l y w i d e  v a r i a t i o n s  to

be s u b o r d i n a t e d  to achieve  a r e s i s t i v i ty  p r o f i l e  and

I c o u rit o ur  maps t h a t  can be re,ic;onabl integrated f o r

ELF antenna performance predictions.

I From t h i s  bas i c  a n a l y s i s , the  s u r v e y  a r e a  can be c h a r a c t e r -

ized by the  f o l l o w i n g  da ta  i n t e r p r e t a t i o n s  and i l l u s t r a t i o n s:

I a. L ines_Ana1~y_sis

L a t e r a l  p r o f i l e s  are developed w h i c h  show r e s i s t i v i ty

I ~r~~~ic ’rn t s  a l o n g  the m e a s u r e m e n t  t r i v ’ .~rse ( r e s i d u a l s) ,

l aye red  e a r t h  i n t e r p r e t a t i o n s  and an i so t .ropy  i n d i c a t i o n s .

S b. Geo 1o9~~~An a ly s i s

The geologic  d i s t r i b u t i o n s  wi thin th e Su r vo  area can  be

S 
used  as a bas is  to r e p r e s e n t  t h e  t r t c l  a r e a  i f  t he  ceo lo—

‘jy is w e l l  c h a r t u l i  and the  r e s i s t i v i t i e s  of t h e  v a r i o u s

rock types  ire  known . This  r e q u i r e s  many  m ea s u r e m e n t s

1 to be t a k e n  in each r ock  t , ’pe .

c. C o n d u c t i v i t y  Coun tou r M g ’
I ( ‘ on t o u r s  of const  m t  c o n d u c t i v i t y  f o r  t h t ’ s u rvey  ar ea

are ‘i l - -n e r a t e d  f rom the  d a ta  a long  a g i v e n  m e a s u r e m e n t

t r a v e r s e  and j n t  ( ‘r P C ) l a t  i ~n be twe en  m e a s u r e m e n t  l o c a t i o n s

5
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along each traverse and between lines of latitude .

In a r e a s  where data ire sparse , geology maps are used

as an aid in contouiin ’i .

The iverane resist ~vities for the s u rv ey  cr e~ c an  he com—
outed  fu r  each of t beau t h r  a p p rl  )achc’s . Let t i  na A be the

i n d i v i d u al  l i n e  t r av e r s e  len - ; t . hs or ; l b o r t 1  r~ ite i ii eas associ—

ated  w i t h  each  method , and L~’ the resn’’ctjvr resistivi’ a ,

the area  w e i ghted a v e r age  is

E l  - 2

~ area = 
A~ 

~~~~~~~ A 1 oh m — m e t e r s .

Li
The area weighted averaoes associated with line anal y sis

and geology are useful in boun l i r- F t he  - m o o  l - 1--s is p e e l —  I (ri 10

* h - m t ( If le  t echnique gives a one—dimensuno l pr  t i I c  a l o n g t -ri

l i n e s  of l a t i t u d e  w i t h  no d e f i n i t  inn det,we ’i I m o o  (6  m i l e s

apart) , whi le  the geology method charac ter i zes the s u r v e y  area

by rock type based on the heuristic assumption that each rock

t ape  and its associated areas can be correctly identified (geo-

logic noise) . The accuracy of each method in characterising

the survey area is an unknown quantity since the analys is  is
really a two-dimensional problem and the degree of geologic

“noise ” is always subject to question . However , the combina-

tion of these approaches , heav ily weighted by the line analysi:

pseudosections , can give the best available answer from measure-

men t da ta in achieving the main  survey objec tive , i.e., a two-

dimensional conductivity contour map and its associated weight-

ed average conductivities.

Knowled ge of the e f f e c tive res is tivi ty 
~~ 

is necessary to

determine the ELF excitation fact .o~ in o rder  to p r e d i c t  propa-

gation effects from a given site and thereby size the transmit-

ter array. The excitation factor is given by the following

e q u a t i o n:

7
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I = - 1 
= 

-
e

~h’ -i (c/v) ~h’ c/v

Estimati on n1 t h e  values of the excitation factor and atmos—

oheric attenuation rate (i.e., E and ) for the purposes of

SEAFARER si~~ing has been conducted largely with data from one

controlled source , the WTF. The estimates presently in use
are the result of an analysis conducted by NU SC us inq a model
which shows that E and the attenuation rate , - z , are coupled ,

which imp lies that some knowledge of 
~ 

is required. Because

the GTE Sylvania (1976) AMT measurement at the WTF yielded a

conductivity of 0.26 millimhos/meter under the East-West an-

te nr ia as opposed to the NUSC (1973) H/I measurement of 0.32

m~~l 1inti o/nieter , a correction factor is required. Consequent-

ly, fur the pu rpose of s i z i ng sys tems , the effective conduc-

tivity is taken to be

_ 3 . 2  1
e 2 6  - -

‘ area

This c;;-rocch decreases the excitation factor used  for sizir

ha 0.9 dB from that which would be obtained by direct applica—

tiaJ r F of the 1976 AMT measurements and should therefore be coo--

sera-itive . This scal i n ;  factor has not been applied to the

Pita presented Ui this report.

1.5 SUMMARY OF RESULTS

The following sections summarize the survey results for

Michi’Tan and the WTF.

1.5.1 Mic - h~~j~~~j~jper_Peninsula

The rocks of the central UP region have low conductivity,

reflec ting th t ’ presence of massive pre-Cambrian grieisses. To

the e1iat , the conductivity increases somewhat , indicating the

ç)re’1-;( riu m of c r~ luctive Cambrian and Ordovician sediments. This

lirn r s t’ ) TIm ’ arid sandstone cover is relatively thin , since the con-

8
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ductivities still remain fairly low at 2 — 5 x l0-~ mhos/rneter.

At a depth of a few kilome ters the conduct , i v i t y  inc reases  s ho rj —

ly to values around .01 mhos/meters.

I These patterns ire illustrated by the 95 Hz con tour  map
soown in Figure 4 .  The con tour  map is based on av e r a g e d , scooth-

I L ’d data for 106 stations. Larger s ale maps or to be found in-

side the back cover o f t h i s  vo l ume . On the 95 Hz nip, m act of

I 
observations taken by NUSC at 75 are also shown and i nc luded  i n

the contouring . These observations are in general a gr e em e n t  w i t h
ours and completely support the above conclusions. Tables 1 , II ,

I and III summar ize the measuremen t resul ts of this  pr ogram .

1.5.2 Wisconsin Test Facility

AMT conduc t i v i ty measuremen ts were taken along the WTF E/ W
antenna line at 20 locations (200’ E— field sensors) . Profiles

of resistiv it y versus  f r equency  were p lo t ted , and the data were

smoothed using a third-order polynomial fit. Pseudosections were

I gene ra ted wi th  the smoothed da ta and contoured by interpolation
due to uneven static-i spacing . Data between measurement stations

I 
were derived from linear interpolation of the square-root of re-

sistivity . A resistivity profile versus distance was generated

with data points every 600 feet along a 13.1 mile E/W antenna

5 line. The 115 data points were equally wei gh ted and ave raged to

determine the effective conductivity as seen by each half and

I f u l l  E/W an t enna  l ine .

Ha l f  and f u l l  antenna l i n e  AMT measurements  were also made

I utilizing the overhead WTF lines as E-field sensors.  Over 25~
measurements were taken during the period of Octover 1975 -

Jan ua ry 1976 ut ili zing morning and af ter noon spher i c s .  The WTF
antenna confi guration is schematically illustrated by Figure 5.

The E/W antenna long arid short line test results indicate

that the geological layered-earth structure consists of three to

four layers; low resistivity at the lower frequencies is typ ical—

ly about 1000 ohm-meters. This is overl1iin by a high resistivity

I)
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TABLE I

MICHIGAN CONDUCTIVITY SUMMARY

ltA~~bI) L~ h/W LATITUDE PROFILES

(Frequency - 95 Hz)

I EXTENT OF —

I I N I :  r N’rERPoLATION OHM-METERS 

- 

MHOS/METERS x l0~~

A 4 4  31 323.00

B 355 28.00

C 68 2884 3.47

P 46 2691 3.72

95 3802

F 94 2 884 3 . 4 7

G 98 2630 3.80

H 94 1660 6.02

I 86 955 10.50

J 71 64 6  15 .50

AREA W E I G H T E D  AVERAGE — 5.67 x l0~~ ~UIOS/METLR

11



TABLE I I

M I C H I G A N  CONDUCTIVITY SUMMARY
BASLI) (P BEDROC K C;EOLO’ a~ MAI ’

(F r e qu e n cy  — 95 Hz)

AR E A I
SQ M I L E S  OHM-METERS MHOS /METER x i0~~r~ 

- - _ _ _ _  _ _  _ _ _ _ _ _ _ _ _ _

LOW1:? e. M I D D L E  PRECAMBRIAN

GN , CR I 1244  5 7 4 7  1 . 7 4

dNN , GKA , GB , GH , GKH , H , 900 1020 9 . 8

GK2 , G2 468 893 
- 11.2

S2 , SM 324 238 42.0

PALEOZOIC

OAT , ELS , EM , EJ 45 6 1538 6 . 5

AREA WEIGHTED AVERA GE - 4 . 4 8 x l0~~ MHOS/METER

I
I
I
I
I

12
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TABLE I I I

M I C H I G A N  CONDUCTIVITY SUMMARY

BASED ON D P I V ERSITY OF ‘ l D J ~o N T ( )  LOG ‘ CONTOUR MAP

(Frequency — 95 H z )

CONTOUR - —

- 
RANGE SQ MILES OHM -METER S MHOS /MET ERS x i0~~

2 . 1  599 10 ,129 0.987

2 . 1  — 10 147 9 2 ,197 4 . 55

10 — 100 920 435 23.0

-~ 100 431 70 143.0

AR EA WEIGHTE D AVERAGE * — 5.06 x l0~~ MlIo ~;, -NbT L P

*Conductivity used for system sizing .
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layer wi th i’ tum k values in the  range of 7,000 to 10 ,000 ohm-

meters. Nearer the surface , the resistivity app ea r s  to become

lower with a hint that locally there is a high resistivity

surface layer.

This leads to the following one—dimensional layered earth

structure interpretation for the WTF :

Layer
1 Surface St r o n g l y  m i  a 0 e i c  — , m few met. ers

t h i ck

2 ‘2 ~ 1700 o h m — m e t e r ;  h 2 :~ tOO meters

3 . ~ 6600 ohm—meter; In 3 4~ 4 6 0 0  m e te r s

4 ______ - . 1000 ohm-meter

Recent (1976) long line AM’I’ measurements along the N / S  an—

t enna  add a second d i m e n s i o n  to the above layered  ear t h  i n ter -

pretation. The results show that areas to the north and west

exhibit low conductivities. The GTE Sylvania Schiumberger (1972)
T

da ta , combined w i t h  the  E ’W r e s i d u a l  ~‘lot s  and measurements ,
suggest  a genera l  E/ W geologic  t r , l c t u r i r - ;  in the  bedrock .  A

s xr r ; ’i i st i c  model would  c o n s i s t  of ~Ti s h ear  l i n e  i n t e r s e c t i n ; the
n~~r t  leg 150 0 me ters f rom the  cen t e r  and e x t e n d i n g  te the west
Ic; 5600 meters from the center. l-:ver’:thinq north of the sb_ or

lin” would be highly conductive . Anisotropy near the center of

the array CoIF 1 1  be as high as 2.

Th e WTF survey emph asis was on measuremen ts alo ng the I’ -W

intenna line. Data were taken at 20 locations to laterally pro-

file the area , and full antenna measurements were made to deter-

mine the overall antenna effective conductivity. The results

et these rre .msurements and analysis indicate that the effective

conductivity -ilonq the E/W antenna is 2.b x l0~~ mhos/meter at

80 liz. The results of this survey and various other WTF stud ies

are summarized in Table IV.

15
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S 1(’’i ’ IF ~:

A U D I O — F R E QU I : P ’. Y  ~ A GN I - :TOT I-:l ,L T ;-~1C (AN T) Th EORY

2 . 1 IP TRODL :CT I ON

The m a q n - t ot e l l u r i c  me thod  f o r  det erm~ i i i n g  su i i au r f a c e

electrical conductivity structure was firat r ’cogniz -i in

1 150. Since then , most m a i ; n et o t e l lu r i c  s t ud i e s  hav e

uti l i zed  low f r e q u e n ci es  to i n v e s ti qa ~~- - d e ep — S  t-

f e a t u r  s such a s sed ir ~i u nt a r ’ :  b as i n s  or the earth’ s crust

and mantle. However , C1aqniard (1953) ‘:-q’li citly outlined

the extension of this t ’chniqu - o sia ,
~lln w exploration Ly

u s i n g  h i g h -r f r i - I n l e n c i e s .

D u r i n g  t h e  e a r l y  summer ot ~ ‘O 3 , i n i t ia l  f i e l d
observations were made by Kenn~ ‘ ‘O t Co} per Corporation to

determine the feasibility ot determining ‘;round resistivity

by magnetotelluric meas urlm-rl ts i n  the audio—frequency range .

The field program was carried out ir . conjunction with DECO

Electronics , Bould ’r , Color,md , ow a subsidiary of

Westinghouse . Sufficient encouragement was realized thea ta

justif y Kennecot t ’s development of euuipment specifically

for the purpose.

For m inera l  exp loration where r-’sistivity dot11 alone

are diagnostic , ANT has been found to have both advantaqes

and disadvant ages compared with ‘onvent - ‘FInal e l e c t rical

methods.

2 . 2 J’RT :JCIPDI or TIT N LT H OD
Th ( -  m a g net o te l l u r i c  method has  been described by

Cagn iard (1)53), Wait ( 1 9 6 2 ) ,  V o z o f f  ( 1 9 7 2 ) ,  and  o t h e r s .

Bas i c a l l y , the electromagnetic impedance - the ratio of the

h o r i z o n t a l  elect n c  field (J- ) in the ground to t he  o r t h o g o n a l

horizontal magnl-tic field (hi ) — is measured  ak .i number of

17



frequencies to yield earth resist ivities as a function of

f r equency , resulting in a form of depth sounding . Operation-

~a1ly the technique is quite simple in that depth sounding is

conducted by making measurements at only or~e location.

The magnetotelluric field can be descrrbed in terms of

cit }s’r ,a propagating electromagnetic wave interacting with

the earth’ s surf ace , or an inductive phenomenon in which

telluric currents are induced by the flu -tu iting geomagnetic

field. Whereas the incident hori sontil rTloI Fnet ic field is

rou gh l y  doubl ed at the su r f ac e and un i for m i n the absence of
lateral contrasts in resistivity, the electric field is

directly dependent upon the earth’ s conduc tiv i ty s t ructure .

The depth of sounding can be related to frequency by
p 

using t h e  concept of the skin depth given as

wL’-re

~ is sk in  depth in meters
f is f requency  in hertz
- is con du ct ivi ty in mhos/m

i-i is ma g n e t i c  p e r m e a b i l i t y  in h e n r i e s/ r n

Plot ;; of ski n depths as a f u n c t i o n  of r e s i s t i v i t y  and

f r e q u e ncy are shown in Figure  F . This  f ig u r e  shows that the

audio-frequency range of (10 -lIz to 10 khIz) covers the desired

depth range. As such , the ANT me thod can be cons id ered as

a supplement to other methods for determining near—surface

resistivities such as conventional DC or AC resistivity

surveys.

The apparent resistivity can be determined simply from

the measured impedance (F/li) by

1.26 X i0 5 X (E/ H) 2
=

18
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where  I-~ is in vol ts/rn , and II in amp -r - t u r n s/m . Dat - i car

t hen  be p l o t t e d  on l o g — l o g  p o p ’r  to form a - -  ;- ;t a r ida rd

m a g n e to t e l l u r i c  sounding  curve .

2.3 SOURCI. FIELDS

The problem of source f ie lds i n t he audio—frequency

range has been considered by many worh -rs in a t  U (1i (5 of

r~ dio propagation. Interest in natural noise fields is

therefor ’ c o ns  .le’rable , and s(’v ’r F l e:.: t enS lye studies Iic .’e

been repor ted . The a u d i o- fr a -q u en c y  m a g n e t o t e l l u r i c  f r -h—

n i q u e  commonly used in g e o p h y s i c a l  - x p l o n i t i o n  - i l s o  r a h e s

use of natural audio— frequency si-anals -at 150 Hz and ~O0 liz.

It is well known and understood th It the main source of n i~~—

ural noise is thunderst orm;-;, which are exten s;veiv none -n—

t rited in the trop ics and tend to peak in t n - j r  activit~~’ in

the e a r l y  a f t e r n o o n , local ~ ime . The q’ ‘no rated en ;rcr-: O r ’  -
pagates  a round  the wor ld , t rapped  in the way - q u i d - - f o rm e d

be t ween the e a r t h ’ s surface and t b ’  i onoa p ia re .

Fu l l  t r e a t m e n t  of the nat u r e  of t h i s  pr -- l aqat ion 1;

been given by va r ious  a u t h o r s  and  o n l y  i fe- .- - p ertinent

d t ~ils w i ll be given here . TL~’ source i t s e l f  c o n t a i n s  a

wide spectrun~ of frequencies; h I l t  due  to t ~ie c hn r ~~ct or is ics

of lo wavf;quide , many of tb- se ‘-ad to le a t t e n u  itecl . has

a pu l  so at the source spreads out ge-on; tricall-1’ , as w ’li as

havir u c -n t - m m  pref erred f requenc ies or rejected f r eque ncie s.
h better know 1 of these ar ’  the Schumann r e s o n a n c e s

a t  8, 14 , 20 and 25 Hz in which fairly ~ t rang energy peaks

are observed . The WOVO IJUIdO also has a s t rong  a bs o ri t ion

m t~ ab o u t  2 khI z

lr i (;F, ri~ 7 show s horizont ml f)a’;net Ic t ,eld St r~- ; Tt lI

curves for morning and afternoon on a typical summer Jay in

the w ‘stern ( m i  ted State ;- ; and Cana l - i . Note that in -ill caseS

the amplitude decreases wi t im jtmcr (-o ;; jag frequency up t a
2 khf z , bu t that this effect is much ‘o - .it ~ - r in the morning ,

20
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due to the fact. t h _ it F U ’  ;,, ;iro , -e are mu -h t art her away an ;l

t i l e  w o n •  Olt  a t  ~enu i~ i 5  i 2 — 3  kll z i s  i . l a t  4 V  10/ l U I l I F I

g r e m t . - r .  I n  t b -  mo F~~~n r i o o n ,  b o i l  ¶ h a l o ’ !  t - -  cm - m I t Iv ity is

- mad t h. 1 ‘ - c t - o n e  i t  . k1L l i i  1110 0 TOSS iO l F - m t

O t h e r w i s e , ‘ t m l  - 1u’ e- ~ i e-l d a r. -r c t  l~ ~~ej  is

on t to- p i - x i m ~ tv aomars .-s so - mt i a U i t  i i i :

a. P t - v - l a  as-: hi q~~ -r — i n 1 w - i 1 , t  i t  s d - - a ;

0. i, vt-1s ~mt - higher in tb. m t o  5 I ( ?~ • ;ma ; , ii hi.

:: rr inq a n I

C. Ia -v - -is ar- - U 1 1 i I . l i l l  summer + h i  m :~ in -.-.ln U- -r

/ - i  l lU1’lo h.’2 IO:;

The sim ~ ’les t  r-;i ’t ‘I i  ( I f  1st r ;r l i i

CO is ‘U compa~ is o r  of tO. SOt : d in; rurv- -i; u; • m i n t - h in

the f i e ld w i t h  t h e o r t ’t i c a l  c o n y -  i- i . ~ e v . -r  m l w t ~~.- ’ rs lI v0

p u b l i s h e d  t h e or ’- t  i t- al m p p a r e r i t  r.- s 1 s t i v l t  - versa;; fr.- :uencv

( -u r v ( s f o r  two— and  t h r .- - - — l i y +~-r cases , much ‘he calcula ion

fo r  m u l t i — l , m v . - r  cases is quite simp1e . V-~’ 1 i c m l  curves  for

a two—layt ,r confi.gum t ton - m i - ’ ~; i v  n in Fi -; u r .- .

of the law o: d c-c r s a o q- ’ ’ ic sim lil t u t e , ~~;ese l.i . t - r - - h — ; :. flu

curves can b- - used fe.i an y  c omi fldt l on of 1 ay e r  t h i c k n , -ss i l l

r+- sist ivi t y . :-p ;-i  f i n a l l y , i f  w~ consider 0111 - con fi q u rm t  ion ,

-e d mult ip ly al l lenq F iS 4 1 4 ‘I 
i . I~~ ~ml l r ’sistivities by i-~

~}1e o r i g i n a l  cur\- -~ is c-err -ct if all fr ’pi ’ ncies m r - m u l t i —

~ i ~ed by U- f - 
- 

~~~

K}.
F L -

This o pt - r at  ion . - s r -e’r t 1 - F l ly koeps  con st  an t hi elect ror-si-;: - t is

ro:;or se par m m - t + - r  kd (or k d  = ~~~ 0
’ , w h i t - n ’  d 1~~ 1 1 .  pr  —

s’n - m t i v - leng th) .

Theoret jcntl curves t I  sk;o’.~- U.- of f0-c-~ ~ t - i  1-11-er

sandwr di ( ’h  I t  w e n  a u  oi lIer I mya r ~~:ii a lr - s - - r hal f— ajm .ice

i i  - -  gi v en in  F ig u r e  t . ~~~ -e~~ t i ,ml l y , it  ~S 1 ’  t poss il O - - -

c i - - ’ -‘ - t  a c o n d u c t i n g  middl e- i . i ye r  which is 1/100 the t i i c U ~it ’5S
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I
of the u;-; . r lav - -r. O h the c t  fm - -n h m : I , i f t I t ’  t }~ ick ne s s

of t h u  m i d d l e  i l -i ’ - r is au; l i t  t i . -  as 1 / t o  m 0 1 m -  l i } 1 j 1 ’ F

lay er and it is a ~‘.r 1’ - Fe. ~t c-(f l I I U C F  ot , C l -  I F  I I l l  I - ‘ I t  I Cl i;

nhou I 0 1)1 - ~ r - -a. - - i t - 1 m  ye- i s hi gh r m st m v i t a , I c w- V. ’

a r ’  h a r d  t I I  det e ct; 11 - t i~~ ; t O t  mi t t. ; 1 to - . - t U j ~~~, r : c ~~~; O f

th e m iLilhi c- l a y e r  i s  V ~ or t U m - - . : -  i m . ’t ;  t b - i t u: - ho - q - ; - . - r
1 - O , ’el  ‘ : - , , i t  I ’ ~ - - - n - I t -  t . c t m I - J . _~ - i s a - ; i i i l . - l ,my e u .

i i i ~i i  a t  1055  1 fl 15- 1 w i  - 111 + 1~ 1 5 ’  - ~ - mJ t o  he -~ - - 0 - rw

o h  , i  - c- au - - i - p ’ h sou: - Ii ng is ‘. y d f i - ,i 1 - . TI -

part 1 - u i  is met i ts , I U W L ’V~~ i , as a u -~~~~ - - c j I l I h I m , ’ ’  11’ ’

1 -hn I eu t-a , w c - l l — s U l t . - I  t -  - - u ’hmirimi j t o u  lO~4’4~~! -  5 1 3 ’ l \ 1 y

F’u n h i r a - - ; t a i l ’.’ , .‘l. - t r ;~ - - al - - u m m — - -n’ F ads ~ C I  i t .  i n t

m e d i u m  of hiuh condu- ’ i v l t y ;  t I . - 1 . t f  (‘Se , c u r t - - I ; u m d l m - - - ;  1 - ,-

t bc I u - o m, 1 q u - t i c i ’ l l  r n - m y  flew in a - f i r m - c t  I I I ,  -e r t ro l  i~~H by

t he  loca l  ge-eleg y r m t  h e r  t l m . m n  in  a pei~~I . - - : - 1 i c u l _ I r ’  Ilfl+ t lOti ,

as OX }1eC ’ - - - :  w h ; . - u ~ no l~ i t o i , i I  i c - s i s t  i v it y  c-el tm r , i , t I S  ~~- ; ‘ ~~~~ - - - n t .

~ c- r . - o v + - r , lot -r u  r e s is t  r v i t v  v a n  + io ns  r e s u l t  1 a v~~r ’ i c - a l

m m 1 ; r m . - t l L : f i lch I - )n 1 ’ ( I r I e r t , as Us e - t i  jim AF -~~h\O . ‘j’ i~e’ r - - 1 o r -  , l i - - I d

compl i c -- m t i o n s  a r i se  b l u c a m m a c  t l - _ - us_-asu r • .1 inn ;-- f , m S ’ t- 0 - hi.-

s u r f m - e of t he  t m - e u  ti is no lonw r rn ; l - -: - - - ‘i - h e r a  o f  t~~i ’  h i . ’r  (1)

the orient -m tlon of • U. ,r- t i l - I l l 0 f o l d s  m c ’ o s - u - -d , or  ( 2 )  t o - -
; ( l l a rl ; ’. - m t  ion  of tIm .: 1r;. ont ra; sour - i t - ~~~c i .  As a it -sui t , t i .

ri - i  surec i  - i  ppa  r -  :. t t - -s I St  V it in - 1 -  v m s ;  a y a. I i ’ - a 1

re s i s t i v i t y  c o n t r a s- s  c a r  h iVe- v- ’r~~ -ocr n- ; ‘ - m ~~i bii i y  in

t ime , e sp . - c t a l l v  ove-r  ; I - r I e m i s  of h. ;Jr s wh i m - r i  SO Uic -t~~~i ielh

: - ;m n d e r s t  I r m a  ma’; h ay . -  c t , m n l n d  ~05 - i o u . .  S i m i l a r  Iv ,

r a ’ - i a ur . .- m . - n t s  u S i n g  i - - l I r e c o r di n g  orie nt a ’ i o n s  i t  m ’ -0

( i e ; r - - c s  - - i i  show I r i s t  ‘ic O f t  . - r . - n c + ’ s  i n  1 .  oi~~ c - t  V ,

r -’ - s i  St  i V i t 1 -~~; l r  v ’- u~ .

R+’cause F ho - m m - ; l I ~ -t ,t (’1 l u r i c  i r:i~~. -ti mrict ’ i s  a t t - n t o I t

~ i i r t 1 ’’~,’ t o n  .1 t . -o- -d ~~m - -: m s ien ,il - m r ’h m e s i s t  i v~~t y  s t i a ’ t u m

sim ul t -incous phase—s -n si F i vo  N.~~. i S i i  -51 : - F  ~~ t l et h  or h a l o - - ! ; -  1

‘ (mr1;; )c) !m~~- r t s  of • lu - - i - - F n c  i n c h  n i m I ; 5 - t  mc f i t - i ’ m  i s  i t o n e d
I o~ i c ( m m i li  ‘ -t 1 : - or I r t  iouu. b r e a d - F  Il , t ( I c- — c h a n n + ’ l

r - - ’ - - m r ( I i :q arid sim i ; ; .- l u - !it F o ur 1 0 - !  c i r i i i y s i s  i; com m o n l y

U’ il i ’ i+- - i J i m  low— f r .-q mm - -nc - y n la g n - - t e t - - l l I l r  m c  s t u do - s , as
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discussed ho- ej ; , t ’ ,\ ’ . - i l  ( 1 + 4 . 0 ) ,  h - ~;’ ji ’k - m d  S m i t h  ( l i ’ 2 )  , O i l

Sw t t (1 1 17)  , am ong - F hers.

Th e- l ig h t , f i . - i d — p o u t - i b l c ’ • q I l i ; ! i ~~- r ; $ I l ~ i 1 - t ur i r o; h i s

e m u - v was f ,- : iO’, - h  0 I r l . - T u i S ’ , r - ’ - 1 ?  J \  se1m J r i -sis i v i t  los;

bus , St u i C ~ ly  v - m u l l  -_ f , i t  - i t - -  oh ‘ m i n e d  ) r l i y  w r o - r m  ‘ t o -  u s - i s l e —

i t t  01 ;~ - u ’,itjon i~~ m l i q : t , - d  w i :  h o -  r . s  5’ ivi ’: ii’ rue t u t . .

By :: i ~ ; 1 S F  -~~1os. ! y S ; , i c . ’ l I  r e i d  i r u ; s , f i l w ’ ’. 1 , “ u - o S  t ’ o r ,  (i

l o t - - r u  1 O I S t ~~~( i t  5 ‘ - i S  ‘ •‘ x ’ . -. ’ i m n ; l y  —~~‘ 11 O t t  ~r e d  - m u d  t h io ;o

r e g i on s  -~~, - - r ~~’ a n l s o t r - F l m . - s e x u s  car ;  uc c l e ar l y  - f -  i n - a t - h .

U i t h l i e  T-.~-C - i ‘ m !  - i t  ~s a 1 J I  i t O ’ I - : i  ‘ ‘5 rc -5 1 5 ’ 1 V I F ‘1’

st rll—:t ure , it I s  ç - o S s i  le F l  d ; u - c ~~1 - -  5o~~i. -ur- t~~~~ - : 1 - : 

for “ L— ;- ar a llt-l” or “ 1- — ; m .  i p c - t O o - u  Ian ” pol I I  i - i a ’ i Of l S , - - i r s

which ; r f I r  ‘ o t h u -  ‘‘1 .-c’ r i c-— soc- r - - -
, t oI — ort . -u ~t t -d j - m i i I i - l

~n or m o  5_ S  t b 1 .  s~ r i - -S 0 , res;. -e - i v - 1 ’ . Ap ; . ur - t -  *

resist ivities ( i - t i l l  - f  f rom ~~H - -;. - jra; - ’ - h m : i c . - s  c m h  • 1 a a.-

com j - 1u r- ’d w i t  I I  th t- o ’ - - i c - i l  F w o — d i r : - u i s m o n m l  cn zlv-,-s

L orre-s pond irml; t o  hi - I -;  r o t - r i - i t - -  se-ur -e } a I L J t i _ - d t  lOfl.

T h e o r e t i- - i l  , a ; - p . m r c - ; i t  r e S i St  i ’i ~ m e - s  I O u  a u  h i t  5 - t i ’ , - w — - i m e u , —

s i o n i l  r e - s i s t  m V i t  y St  i m t c t u r - -S ar e  no w - iv.i [1 hO c- b ’-  U _ Sc - of -~
: o m r ; - u t  • - r  m o de l  1 r 1 ;  t,-cli r ; ; u c -  ;lc -velc :- ;~m - d  b y T. R .  Oden of

f’ . I .T .  This pr oc --hu t - -  1ecO ’FiiiSe S the - m ob - t v  ~ t - t  ;~~- - n

Maxwell’ s . - I ; W i t  ions fc -~ a t w o — O i r i R - n s i o n a l  j ’- or i a r ’; and t I m -

r an a mi s S i o n  l i nr ’ , iso coflst t a - f _ S  at. e l - - I~~ n c - u  n et  w- - r * ’. i r ;

wh i c h  t h e  c i r c ui t e l - - r a t s  1~~;-t ’ihO i r In  t h e  r - - S i s i ’ ’ I t -  s ’ r : m - - --

tore and the I r--: uen c ’- : ora l tf; ~ - v l S i - a ;  1 : 1 ( 1  c u r ren t  rt  l o t - - +

t b0- elec~ rjc and -- m c ur m e ’ I c  u e l J  v u i ; r - s .  : ‘he t -chn i u : e  is ç j j a —

- um s se -d  by M Hen and S w i  ft (1 - - am ) , i : f  is . 1 - i l  - rat . ~: Up -ui i-y

S w i f t  ( 19 7 1 ) .
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SI~~T t - - ‘. 3

I ~-~S l’1~tJM 1- . - . - - - -

3.1 I ; -  ~. Il-I Ip1,1; ~~~~~~ ‘ 1-h ~~ i - , - . p }~~~ :~~~ , 1 4p ~~~~~~~~; ;  h O . A 1 Y ZP R

The i n s t  r : m t ; , t n t - u t i on  u s - - h  i t ;  tIns n a r y - - - , - ‘ -ens  is- a

two o- - nsors (‘- l e c t  ic and mag nL-t mc ‘ o’lci ) , ~ - u - - ‘ b

f i l t e r  box iol van w i -  fr - I - c-; a ; m ly ~- c : r

3 . 1 . 1  E— - . H — F i e l d  S’-r;sors

The che F n c  f i e l d  s. ;-r isor is  s i m p l y  a l o u - u  I - ab l e

; n l , ; m n c i e d  t l : - o t h  - - : i - f ; ; .  In ge n em - il , c i t  11 1 1 500 200 1 . -o F

o f  d i p o l e  was u ;- ;ed F i r the s e i u s l - l  A l F i t o m - h i  sbi , ,rt . - i

l en g t h :  c r u d U ly e  l a -  a :0 ili ze -d , it - -~~ms felt h i t  t I m ’ ’

- i n ’ e r i a . u  shou ld  Pt as i o n - ;  as . s f l m I u  in — r O t - i  t o  e_’(~ - i  u t

o u t  ve ry  l ocal  c - f f e c t s .  In  M i c h i q ~_ i m i  .~m ; - 1 d  ~‘. i : ; c - - - [ m s i f l , i l l
( I ; t , m  w e re  t u b e n  u s i ng  2 0 0 — f o o t  l m i ~~- ’ i -s ; m m -  F - - tb.- ;m r e - b b , -PI

of l a y i ng  011’ longer wit - i in  i i e - . m ’- . y  b r u s h .  A s- u i -  - u n i t  11 ’

diagr irs of the h - I  - - - F  ion . :q u ip m e t i t  is shown - u s  I-’ o ; i r -  10 .

Tb . -  m~u~;rm . - F  ic  u i o i d  sensor is t e r n  F~ , I l t O ’ l I  coil

-y e loped - u t  t he-  I_tn  i v  - t s m ty  o a F e .  - It h a s  a t o - ( f ; ; - u l c y

r - a i -’’ i use t Ito t i 1 i i_ i- am n tom 1 0 I i :  F ~ I t )  U IT ;t , - - I c- ~n + i 01 5

a s m - r u t s  of  s e p m n i t i -  -~- - ur - . - r m t .  , C ,om w i t h  j t 5  i - w r _ i  erea~~; l i t  m
‘ 5 r - - h ~~~- - -  t h i . -  t - ’ i l  u p i I - i t . m f l c ; -  u t a h  ‘ t - -i -t - -. - i n ~ I I  — 

~~ 1 L ~~

b a n d w i d t h  in a s i ng l e  c o i l .

h’ r .- c:ondmt l o r u i n g  ~~r c l v  ides r - j  c t  1 i i  o f  i~O Ii.: au tO ; - t  - —

w h i  t e r m s t h o -  s i gn a l  b e i . o  e pn - S - li t it ion F ;  t l i e - ii m ~ u l y z t - i .

This f l r (’ c o r l d i t _ m t l u i n q  ml so l a i t i S I s t O  of ‘ a l  U m m t m n - ;  t h i t -

m ( f n u l S , S l ! i c c -  1- i r g - . - Sii jri~u 1i- nom V~~1- r u t  Ut ‘ i l P d S t

a t , u t i o n s  l~~ m f l  S i t  u r a t i -  • 1 . -  hO-t i ’  s y ; ; t e m  w h i l e  it • r i - - s  to

d ot e - F Von 4 sm u t S m - ; n ~m l s  - i t  a t r e e - I l ,  ncy of l n t . ’F -r ’

3. 1 .2 l r F ~~- r f + - r -  - i - ; c , -

‘ I i i - ’  an. ml y at r u : - m - d  W - u S  11;u ;L tub - i - 1 u ’  ~~t ’ I t f l l - c O F  t ( m e ; ’  I

Co r ; - e t - i t  on and i s  on l o r u u — t -rm l oan  t o  I _ l i t - li m i i - 1o - u a m t y  ( 1 f

T o t o u t e . T l_ ie i m : i i  t - c r n t , i  m u _ s  ~u • -~ ,n t  u a i  o s c i l l a t o r  and i
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hot -rodyn m rtm i syat -un to measur.- the r-utio of two signals

f~ ’d to it . The t i l t -ring characteristics of this system

an .-  very  s h a rp  and  Pr o vi d e  n a r r o w — b on d  d e t e c t i o n  - u t  the

cent- -i’ f r equ e n c y .  In  a d d i t i o n , t h e  s k i r t s  are  v m - r y  s h a r p ,

since- the syst.-rt is requined to detect very small signals

in tlt.- pres .-nce of long .- , ri--orb’ ,- o n e s .  Si ; ir t  r e j -ct  1 0 1 5

of iO 5 or more i r e -  i n f o - r e n t .  The results are ; .r - - scn t e d

in the form of a l o g a r i t h m i c  r a t i o  w h i c h , t ogethe r  w i t h

the gain s .-ttings and a calibration factor , can U.- us ed to

b-r ; v e -  directly the valu .- of log resistivity.

3. 2 C A L I B R A T I O N

The AMT system is calibrated in a numbe r of ways.

The coil itself is calibrated by laying a l-irq.- single

loop antenna on the ground ~lith the coil vertical in the

middle. The single loop is t hen  energized at each frequency

to Pm- used with a r ; r l o w t l  magnetic moment , and the coil output

mn e a sun - -Ii . The rest of the system is then simply calibrated

I I ’ . ’ mm ’ -u S u r i n g  I~~ m i n of the- separ- . t -  - stages. As F he sys~ ‘sr ire-a—

:- - o r -  s the r a t  io of E/ih and I _ h .  - ch-iuinel s are e s s e n t i a l ly  5fl c

s inc- , F be-re’ is no t -u n j ~.- r - mtu i ’- - ef 1 1 - ct  to a f i r s t  a p p r o xi n - i t  ~0 f l.

T i _ i . -  coil  i s  c - S  common to h e-tb U— and H—field systerrus and

hen ce its temperature sensitivity is important. However ,

as the coil is not r ’ -ir ti cu lanly sensitive to temperature ,

n - - s u i t s  are  ri - o n l y  t e m p e rat u r e  i n d e p e n d e n t .

Other c a l i b ra t i o n  procedures used have involved
energizing the coil and the E—field input simul tu rcloi sly,

and t b - - n  c a l i b r a t i n g  d i r . - - t l y  in terms of the r a t i o  m e a su r e d .

T h i s  p rocedure  g ives c -s s e n ti a l ly  ti _ i. - same nm-suits.

The final check on calibration has b e t - n  to make runs in

areas of 1;r ;own resist ivity structure. For this purpose , one
, m r e-~ u i n  S o u t h e r n  O n t a r i o  and one on the  Salt Flats in Utah

b uy .- P. - i - n  used , t he lat t e r  h a v i n g  - i  u n i  f o r mly  very  low

u t - s l a t  i v i t y  m e d i u m  and , hence , provid i n g  an e x c e l l e n t  c a l i—

b r a t  ion S i t e .  D a t - - i f rom t h i s  s i t e  ir e  shown in Sect ion 5 o f

h i  s vo lume .
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si~c:- i - r c’-; -~
ERB ( t H  ANA L Y S I S At-fl i SV; - I f-~ -hA l , I t -hO

- ; . I ERROR A~ ALVS I S

An m- s t m m u t m o n  of erro is a c - s o c i a t - : d  i . j t l u  u : I I - - t s u r i t l t r . - s i s t  m Vit~~-’

c a r _ i  is- analyzed U-,- i a - - r u t  t - - u n q  u i .  m aj o r  sour -e s of d i a ; m - r s i o n

in tb. n c - s i l t  . One i s  t h e  n e -ru - ml diap . rsion to instrumental

. - u - r c , n s  t h a t  c a r _ i  be- rt ;e - is u I -~-O in the ]-:iborat ory, and - :mno t he r  is

dispersion in tb. resist ivity rn easun em.- rut itself , i.e., measure—

no -n t n m-pe - c_ ital- i l i t y.

The i n s t r u m e u _ i t  c - a u  I s -  s e-pj  n i t - - h  i n t o  t h e  r - - c m : - i v ln q  coi l ,

t he  r - r - - - m r n u l i f i , - r s - , i u ; d  ti m ; i n t e t f e - r e n a c - -  - m ri m l y o - r .  The c a u t r i h u —

t i o n  ‘f each to • h e -  t o t a l  er r o r  can -- n u e - - m s u r -  - d and con y - n t -h to

i t t  equivalent r . - s i s t i v i t  v - i r o n .  ‘F l _ ic -  r~ - L i v i n g  coil m u s t  I - -

calibrated w i t h  a known  m a g n e t  I L ’ fi,_ I m h it cauc li of H n i t - o s u r - - n - - - n t

f r  - quenc i e s .  The- a cc u r ic-y of t h~ - cal i f , r - m t  i on  n m - s u i t s  in  tb-

errors in the r e s is t i v i t y  of 2 to 3 p e r c e n t .  The variation in

the true sensitivit y of t I m -  coil deduced from cm li bra t jot s that

we n s- r epea ted severa l  tn u t  i s  l~i t m - r  q i v . - s  re s i s t i v i t y  e r r o r s  or
10 t o  15 p e r c c - n t .

The g a i n  of t,he l I r m - u m f i m l  iers W a S T m : u S I ~~u cml , - t  o r . -  c_ il

a f t e r  the  M i c h i g a n  - in _ i d W i sconsi  it f o l d  t r i p s .  The m a x i m u n ;  g a l  n
•-rrors were L .l dB resulting in re sistivity error;; of ~ -i p e rc en t .

The sensitivity of  t h e  gain t o  t rip- n a t u r e -  v - i n i a t i o n s  has not

been m e a s u r e d .

The I r: t  . - r  H r enc i -  A n a l  v z . - r  :ul rio h -ms ;;.-msurement I -n r o r s  in

t b - -  v a lue  of ti _ i.- ratio of voltages measured and in the center

f r e q u e n c y  “F0 ’ of i t s  filter. The r e p e a ta b i l i t y  of the  ratio
is within ~.3 di’ , which is eq uiv u l .-u :t t~~ a n- -si at u v ity er ror  of

±7 percent of F0. Cent - -n f n i - q u e n c y  F0 is re i c - - table to wit h i n

t 2 Hz (±1% f0) .

The i n s t r u m ’ - u i t  - 1  u t i d  cal i i l n a t  ion i - n rors give total

u n c en ’ u m n t ;  of a p p r o x i m a t - - i - ;  ±2) } - ‘ r c c ’n i t  in r e s i s t  i v m t y

r’ - - i l l  m ngs
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Tic- second ounce of dispersion c urt be estimated by making

r e peat  s o u n d i n g s  at one s t a t i o n  where tb . resistivity structure

is well k n o w n . R e p e a t u b i l i t y  m e a s u r e m e nt s  were made on the

B o n n e v i l l e-  S i l t  F l a t s  in i t t , u h  wher . -  the r e s i s t i v i t y  is known

to be- in the range .25 to . 3 2  o h m — m e t e r s  e s s e n t i a l l y

i n d e p e n d e n t  of f r e q u e n c y  for these particular measurement

fr- -got- u_ ic ies

The datu from the repeat readings at  each measurement

f r . - l p m e r _ i c y  f o r  a l l  o r i e n t a t i o n s  of the e l ec t r i c  f i e l d  sensor

w e r l -  averaged and a standard deviation calculated . 
1
1n one

case, the squ ire- roots of the resistivities were averaged ,

which is 1 - I~cmi va lent to averag ing the electric fields; in the

other case, the re-sistivities were averaged directly. The results

of ~hesc- calculations ar.- shown in Figures 11 and 12. The

1 kfl -z and 2 kI-Iz data have associated with them substantially

larger standard deviations than are observed at the other

frequencies. The average values appear to come reasonably

close- I _ Il other published data , excepting the frequencies just

me -n t ic r - : .l that have anomalously high values.

These data provide a test of ti e - repeatability of tb.-

measur .-rne-:;Ls at one particular station during a six—hour

meas~~r-
--me-: t period . The different values of resistivity that

.ur- ~ rucasurt-d are- not the result of instrument-_il er r o r s  ( t h a t

a n -  l e ss  t h a n  ±10% in this case) , although t i _ i c y  i n co r p o r a t e -  s; me

of t h e s e  . - rr o r  sour - m s , bu t  m r . -  related more to the fact th-it

du r i n g  u - h  m e a s u rm -m en t  period th e -  i n s t  r u m en t  is , in f :ict , se t - i n s

c l i f f - r i - n t  s ig n a l s  from diff erent sources where c ,rtft ;suona l com—

; onenFs of the electric and magnetic fields are not necess-nrity

re-Lat h by Cagni -urds ’ formula for the- u~q urent resistivity. That

is , th .-y nim y be what is referred to as unrorrelatm I transients

from local sources - m d , he-ne- il , give “ u p p urent nes ist iv it ie s ” that

an ’- differ .’nt from tb . true u t u a r e n t  resisti v ity.

The error analysis summary is shown in Table V. If the

d i n t  r i h i u t  ion of i n s t r u m e nt a t i o n  e r ro r s  ir e  a l l  b i a s e d  in one d i —

r,- -t ion , t l i en  t i m - -  wor;;t —ca n- - resistivity .-nror would be 29 percent.

On the othe r hand , it the -n cr bias is randomly distributed , in—

St r m m - n t  at ion err ors would normally P.- less than 10 percent.
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The t e c h n i l r : m - i t  s e l f  ; - n I l d : m ’e- S c - r i  ors t~~i i t  i n - -  1 - u n - i -  r t h I n

t h e  i n s tr i r n . - t _ i t - m t i O n  e r r ll rs for - u  f . - ’ .- b u t u s m i l e s .  I n  t ie - -

P i c hi qj n _ i  s i t e  s u r v c- y ,  t ime i - Sj s t i v i t  .‘ h u t  a f r o m  106 m e a s u r e —

meri t St m t i ons wc -r e -  u v . n - m - e - - d , wh ich r . - ’ l m I ’ , - S  F h i - - per c ’ - r t t S t c d

~e ’ : i m t i ui i n  r i - s i s t  i v u t y  i r e - r n  12 I I . r - cm n t  LQ3 E~~- n ’ - - n ~ . Iii

ti _ i c- t~T E ’  su r v e y ,  ti e E~e-r-~~- u~ st i r - i a n - - i d - - v i , u f  m e - t i  in  r e s i s t i v i t y

is ~~. ~4 .

- ; - -~ SYSTI ~ -~ SI Z I N’

A s l f l d j c m t l -d in ne c:t iOfl 1. ~~~, S’,7SF -r s i z u  u i - n  p u r i r r i e  - - u s  t I t

SIJ - .I A R E R  have  h - - e n  u - - y e  i t S - c l  I ui c l v  fr ,r ~I m t i e -b t  sit e d  nor ; -a

s i u _ i ’ ; i -  c o n t r o l le d  s o u r e , • h ~V S I . S i zi n g  of s vst -ms to no -ct

c- )nn~ m :uic1t j or oi~~ec ’ iyes  f I r  o’ -n s it e s  is l , - m s i c - u l l ,  u -~~o—

ce ss of  :;c - - u l i n  IV I b  pe rt - - n m  cu - .-  u s  - j  - u n c t i o n  of  loc a ’ ion and

(- l i - c ’’ r’ ic~u l : roier icr ot • he- c u r o l i d a ’ S i t , - . Because ‘he UVUC

i t .  i lv s i s  ‘u i v i n q  pr e s~ -n ’ es’  i n n - i n  c-s of ELF’ t r o t i s - u t  ion  n-ira—

u’:e - - r s  - i s e d  f o r  SE A F A E d . u ~ s i z i r i r c - - I - c - I n  I tes  c u m u l i  nc

e x - i t u t i o n  1 ac t - r E und  a t  - en i i ’ on n a t - ~ - u t - i  shows t h a t  is

~i 5 I I ~~’ ly  ‘2-i n y i n - n  H u t . - - .  ion  o t P , m h us i _ - I - n  h- rn-- h i t :  r u t  ~I c

~0 - t T I u l o ’ . t he- e x t - u  - - s s i o n

I ,I 
I n~ i

i t t  s ec ti o n  1. -i . ‘iho; n o ’ u h i n r  n - - s t o r e - s t i m - - se 1 l~~

C O f l Si S - t - C ’ J’ O f  i i . ’ r - i m , r - i - r , m t  i o n  p - u n - m u - - en S  - : - - - - n n ; ~~r u - - - 1 i - ~, N U S C ,

- it _ u 2 - - 1 d ;-; r n -- w i  • - - r u-a -n t- P : ~~~
- - u.: I • t u - - t - ur  — -
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S l : (I T L u N 
~

1)1 S( US S I ON ()J b~ I SULTS

m i m i -  f o l  low i ng  sect  ions d in -;cum sn- ; ‘he A N I  n t ( - u s u n ( - m e u P  r u —

s . l t s i n  N i c h i ’ u un  an d  t h u  ~-Vb wit I - i t - iI I d  qi o hm ic and corn —

u P - - r  m r u m l t u - ; m s c-u t l t  i i n e - d  i n  A~g . -n d i x e s  A and  b , r .- - sp . -c ’  i t . ] 7 .

I n  ge n e r a l , t h discussions mul l l I n pbs - m r s  u ; u l ~ l i v i  i- - i  a s

ol: 2~e-;

I uq Re-si 5t ivi t ‘.- vs. Los Fr .-- uency , i ti 1 1  1’ n t e - r ;  i - - m i

1- 1 t S

• N u  r t h — S o u u t h  O r i e n t a t io n

• P a s t — W e s t  O r i e n t_ i t i o r u

• Avera’rc-d I ) m t a

2. P sou d o sec t  h ’ r u s

• North-South Orientation

• l i s t — W i - s t  O r i e n t. it  m e - r i

• A v e r age d  D a t - u

3. Residuals

• N u , t t h — S o u t h  O r i  i - n i  La i_ on

• l- is — U -st ()nient P ion

• Averaged Dati

4 . A n i  P rou t’ (Tb/ Nt P m  jo)

5. t-t .-asur ( mL- u u ’ Locat ions , l i t  it u d e m o d  Lonq i t u l u-

5.1 t - I l C i i l L A a  PpI- : R P ! N I N S I ’ S A  FI St I L l S

5. 1 . I 1 ) m - t t i t  S u l u i n i l I  u t - u  ~~ ‘2 -s — 1 - i - u  vs. l o u  f

‘i b _ i e iru ;t set of d a t , m  S h i u W f l  u n  A p p t - n - l m x  A .  I u s t h e

uC t - i i i  fi eld bn - ’ -r t- - i tions E .Iot t m - u I  g t a t , j o n  b y st u t  i cr _ i  on a

lOI r . ‘ Sj St  l v i  t V — l o g  I t , - u u I u ’ - r u c ;  p l o t .  T h i s  sy s t  I - u - I shows toe

sense of n ’-sist ivuty with 1 i i i  m u  a u - u t - - n i l  way  i n  t h a t  I c —

en’ - - i s_ i T i l l  t r o gue-n- - y m ans inc reasinq - 1. - n - t h. There are 1 0~
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St u ’ ‘i’ s o ’ - i m ’ e- . F i - t i t i l t  s w i t - -  - h , ~ - m i n i -  H c u S j t I r 2 0 0 — t ot

c-Icc ’ r h ’  - i r r u y s  (crud !o end) o r i e n t - - i  P u P  1_i N -
~ - u n .i I .  ‘W . ihi e

5 ; u u  I I ’ S  Ct . - - i ~~h plo t m T i -  t h e - u _ f  m u  - -I s - t ’ -: ;u t iot is . In ‘p -r u - - r a E

S ufl 1 ) i  i r i l - o r t  i t , ’ I u t - I n c u s  - i n  1 - - - seen i nn_i . d i m i c l y .  Th.-

r.- s im ’ it it 1 - i t o ;  s ~i ’h f r - - -; u m ’ t_ ic y f o r  rn~~- ;t s t - ~~~lo ts . A ’ a s l u -

r _ i I c - - i n _ i f r a n - m e n  o f  n ’ t i ’ - r l S , t , - ‘ t c  is  i l ~~o . u ! - -- -~- at  -m o pr u;’

r u ’ - - ly  2 — ‘:EP~ . ‘Ih is l o _ i~ mat- - ‘ t  n i  m y  n o~ r - - u - u - - sen ‘ u s - - - u r -  - i s - h

n e - S i  5’ v i ’  y s in c  - u - s i - ~~~ u 1 St t h u  I - -  coni e- ver ’.’ ,- ‘ - ak  u

n H - u - ; . -  f n ’ - - u - i - - : n c i m - S  e ’ s u - - ’ m  m i l y  in  w i u ’ - - r .  T i _ i - - r e -  i u-r i so  - m  - a - n -

c r - i l  n-i m ui . h i n - r  of ‘ h i . ’  c u r ’ ,’t - ;  w h t m - r ~ L-e - tt i I. a,-. ar  I ‘/1 -- P . - - u v a —

ions - u t  • -  - ‘un - i n - - i  1 f l 0  O r e - - .

The - n u r  ‘ - - ‘s show n on ‘ u i - u  - - fjlOF s r - - : r , -n -_ i - r u  - u -u -rn ‘ i sq

of t h € -  o i , s . - u t ’ m t  m o s s  u s i n g  u t i u m u - i  u - r  h r  n c ’ t v u n e - n i , l  .

- _ i p o l y n o m i a l  r o ug h l y  smooths h i t - i  to  t b  i - - t ’ t l  o’ u snl it—

t on t i _ i _ i t  can be expec t c -d  f or  m a qn e t o t - l l u n i c  IlAt .n v a t l ons.

Scm i u- segu c-nt p lo t s , t h e r - f o r - , us c-  t b -  d a t - u  d e r i v e d  P ames - ’ h —

i o u  ~is their basis.

St m ’ ions marked wit i u  - ,  K r . i u r ; s e r i t  F - - i t  u~~~~; - ~~~y ,~~’ i nn :- ;

or poor c l - u t ~~i an d i r e -  s i m p ly  inc  l ud ’  - - u hm - u - f - r he r - - - - r u - h  - u

op u- i f o r  i r _ i a ly s i s .

5 . 1 . 2  P s e u dos e c t i o n s

The ss .siclosect: ions  shown in  A r - p  d j X  S C ’  m e’~~ A. 2

~— r ’ r u - 1- t I  r - - u - u i s t  i v i t y  d i n t  r u - u t  i on  i n  a t - ;  — c h L m - - n n L o n m l

ar r : iy .  Lnw - ’r  I r g u . ’u cv r- - - -r - r ’ - -u - : .- -n t s - u r , ’ m t  - - r  1- r - t h s .

The h i t s  - i n s  co n tou n e-t i  u s i ng  i nterpol it iou _ i ‘ - t w  ‘ - n  s t a t  ions

at  t w o — m i n u t e  i n t . - r v - m l s .  T h i s  i nt . ’r p o l u t i o n  i s  b _ i n c - h  on thu -

s u u u ~u r e  r o ot  of t h -  r e s i s t  i v u  t ‘,- l O l l , t i u ’ r - - H - r c - , s i m u l a t e  s the

a c t u a l  o b s e r v a t i o n s  b u n t - - h  on t h e  e l ec t r i c u l  t i e - i d .  As o n _ i c

moves f r o m  l i n e  to 1 mc i . - , SOr t ie -  c , u n si s t  - s t  p a tt e r n  can l u . -  se-cu .

F i rst  , l i ne  A is h i gh l y  c o u n I u u - t  ly e  c om p i r c - i  t m )  t i _ i c -  ot i u c - r  l i n _ i ., - s .

As we w i l l  see , t h i s  is due to t h e -  f u e l .  t i _ i a f most  of  L i  ~ A i s

on Precambriun ra - hi n l t (- ruts or on s l a t - -s w h ic h  are  i . - 1u-it ivel y

u t o n u d u i c t i v e . I-’u r t  i n - - i  ~ o m i t  h the  r e -s  i s t i v i  t i c s  a r e  I l e n _ i c ’ r u l l y

h i g h e r  i n  the  m a i n  I n - c  - u r u u l ’ r i i r u  ‘ t t _ i , ’ i u -e-- ; -r o d ~n r i n i t -  a n u s .
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A :uumu’ni i -r  of  : ; h i . u r u  1 i t -r a l  m u o n _ i t  e a s t  s • - : -~: i s t  s , b u t t  t i u - -  

a -  w i t  I; 1b- ;-th sb _ i owt - t  u u ; ~ c onsi s ’ - ~ t i v  on iu ] l  pse udo—

s c - u P  ions.

5. L 3  R e u ; n 4 1 ; u u l  P l o t s

The res id ;mul plots u t I -  1 f o r m  I t  ‘ h u t  u p e e - a n - r u t - i t  101_ i 1- - —

S i -b l e d t o  • - m r l h _ i s i z e  t h e -  - i i  f t  e - r ’ - r u  s alori u h i t- -s . Thc- p r o —

I iles  m n . -  b u S t - c l  on in _ i t . r p o l a t m ’ u _i d a t  i arid i r e  sb I WO j u t

A u : . - u u I i : ’ :  A . 3 .  On t i e - -  u - i s i s of t 1 u ~ - s -  r u t t - - r p o l - m ’ mo m _ is , i t  iu-

P 1 e to di . - r i ye - n i t  m r _ i  r . - : :  i St  1 Vi  t V I - - - - - m c h  l i n t  - - i t  - - m c h

f n i - : i m - - r u c u t - . T h i s  t’ u l u -  is I u m : a - , i on u  t h u  i - : u - H i m  o f  t h e  l i n e -  on

w u u i c h  - - l ’ u ; - n - , - i t i o n i u - ;  w’. - n ’  - n t - u i . -  m r _ i - u  w i t ;  3. - t  - - r n - u n - - c l lit’ t - :ena- t i n g

• - 

- 

- I ( ‘ SI  ~1_ i t ~‘ I u—n i I~ r a t e  it _ i t - - V a  1 . The-sc- Va I t i c ;  n a i - t I I  ‘U is -

is a f u n c t i o n  of t n - - q u m . - r _ i c y  for each liii.- t r - u n - - - r s e  i n  T i f i l e  I .

T a b l e  V I I  s u n _ i u n u r i n e s  tb .  a r - - u - u w L - 1 I ; h m t  I ;1 i  a t - r u t s  f o r  i l l  l~~: ; c;

-is a f u i u t u t  l o u t  -H I r.-qu •-n _ ic v .

In the ~~ : H :;u u r _ i l i r n : and r— e si -uu - u ,u l I ; i t~s , Hu e ; ‘ m t t - - r ’ nu

of i c u w , - r  resis’ ivities at l e - w  f n c - t c u - n c i e s  s : u t ~ t h i , -  s c - t u n e  of

i nc ’t ’ - - m s i n q  r e Si s tiv i t~, i n  1 1 m m -  m i d d l e  l i r _ i l s a r e  s e - n t .  ( I t : ’ -  Cdli

al s o  ‘ u u i t . - cLanly see t in  0r - s c n _ i - -  ot  u r n  u - Ph i t  jot_i .1 l I , -u~ r e—

s i s t i v i t t -  I u . u - n  a t  t h e  h i - t ~~c u r  I r - - - u u m e r _ i c u m ’ s  in  f l u e  n _ i n _ i - r e  of

1 to -i k H z .

i l _ i  i - s e  v a l u e s  have  i n  t t u r n _ i  Pm - u - u i  i~~m d  to - i - -r i ’ : ’-  u - in 1v e -n  i l l

~- -i ;iY -�d eturve f - u t  t b -  n - - t i e - r u .  T h i s  - u r ~~- - i s w -  i-r h ’  3

in t • - r n -  of - e 1 ci: ‘ n h o 1 1 r - - l i i i -  - u-u - i :  3 Ii - - n _ i -:-~ u - r -  - u; - n_ i t s
I u t -u eve- s i l l  W e m l t n t e - I l  - u v . n ;u q e  f o r  t h e  r i g  ion s o t ’ .’ - y - - i ,
w e i g h t  i n _ i - I  l u - i n - ;  in  t o r n_ i s  of t i _ i  u r e ,i s u n u h - i e ’ u .  The 1 m c ’

avc r m - ; e  u r _ i d  an mu l w e - i - ; l _ i t - - ; i  n ’ - u --: i s t  u v i t , 1 - l o t u ;  are n -;h u ow tu i t ;

1-’ i ’ ; ’ i r - - u - ;  13 , 14 , a~~cl 15 .

A ; l r e h i n T u i n l i r - y a t t e m p t  i_ i a : ;  11 11 nu i d u - t i -  i u m t u - n : l n , - t  ‘ h i s

- u s  a t w o — l ay . -r  s t r u c t u r e- .  A rough u ; I E I r I x i : - u a t  i - r u  I S  t o r  i t o [ ’

layer t W )  kilometers th i ck with a n - s i - f  i v i t  o f  . u l - - t c m t  .000

ohm— ru - f t urn. This ove r lies a very b oi l  c o u u h u i - t  - - u  wI_ iich h i t -; a

r - S i st  lv i  t -: less than Si. ohm—nt _ i . I us no . WIt I 1 . ’  * - n -  ire
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S i t n i t icafl t v -m r i i t i o n s  f rom -i - ic ’ - i -  p l u c , - , H i m  ov ’-raii

w.-i; h t i n - n u t - - h - m i  l y  i - p r - t a - n t  S t ’ ,’t , i - u~~, shall c; w Prm- — - n- -b r i mu

c r u s t,

The n c - s i - h c m a l  t u n e - f i l e s  ;l i ow t bmu- l c - - : 1 - t  o n  f r - u r -  t b _ i c- I i r u . - —

b y — l i n e -  u n o a r _ i s - u ’ -a s; f r c ’ p u - - u u c y . u ’: _ i • c b u : -; i s  of  these

- h u t  s , ‘ n t .  - ca n  - r i — - - tb  - dc- ’, m i t i - r u n  I r u in-  t It - - .u -ci.- r u  u ’ - j i

well. For n :-: m: - ;u Ic , ‘ hm. - r e - t i n ’ iv i ~~~ - m t  ~. ; r , t h  - c u  t h e  w en t  . 1 - n , :

o f  L i  r i m ’  -~ u s be- Low - lie- u— -’ - - r i ce .

d u l i r e  B th e-  r c si st  i t ’ u t \ -  a t  t i t. . c i s~ .:-r_ id u s  h i ’ u h , p r . - —

cisel\- -~h- re t i _ i c ’  s t u ’ ions -m n . l i - c a t - -ci or g~
- f l i t - - u r _ i c - i s s .  ‘FIt- u

s p m n  so s - u n ; p l  in ’ ;  on t~ lu -.u: - -au ~i is ‘‘n sla t- - s or se -dun m - n t u -; a nd
s i ; ~~.n  10_ i .,- c - -s i n n  t ‘ ‘ m  t ’ I ’ S .

A - n u n , on L i n e  C n i_ ic  - ; r a n i t . -  u t u c i s s  i s  u - - s i s t i v e , the

s l a t; - t - ; e - o n d ;u ’ i ve . S t - u t i o n s  S 3 3  - m l  S I - I  - i r e -  a l s o  n r - i a t  iv e ly

- o u t _ h u r t  l v i - , Site -W i s r  ‘ h _ i  i t the rr i n - w - _ i c - k c s  Ir e  4 ) t _ i i I i m - - ’  iv e .  5~~~~~~t 1 eV_i ‘: 12

is h i  u u h l t  r e s i s t  i vc- and  u t ,  g r u r t i t e  , T h i s  s - inn - - u - a t  t - rn c- in

be seen on Line Dr ~ t f - i c t  , o v - -r  t l  1-i - — i n-  a - - , - . -  s-~- -~-
• he I_ i i - r h : ;  on t h u  r e -u ;  i d ua l  plots ess eumt il ly c o r r e s r e - u u u i  t o  the

gr a n i t e - u- ; io u t i -  m a : : t e  g n u s  i s s eu - ;  ot  t 0

Line L shows on se t_ i t i a l  1- : t I i .  - - l ime ‘ m t er r_ i  a l  th(  nig h t a —

t~~ ori S - 8  ‘h o - u s  net  ~o t l s ~ ‘ t m  r u t  e rn . At  he - - a s 4  - - u _ i l -nf t i _ i r s

i t t _ i . - , s t at i o n s  S3 , Sl , S-) , S B  and S 2  o n e  i l l  n t _ i  t i ~~- - Pale-n—

zoic cover. The n - e s u t a i l  p lot s show - to m ’ f  f - - c t  or  I b i s  -;uit-

(Cu l l - m n l y ,  t h e  m or e  - e u  i n m c t  i ’.’e s e d i m e n t u-u I l ; l c u k m - u t  : u a u t o  t u _ i r s  eas

so t b - u t  st ion S2 H o  U~_ i t  i - i r e h a r d ly  affcct- - 1h by the
- u r de r  I y i nu ’ r Prec ut - t i n  u u s .

The p u t  f -rn I n L i n ~~- F’ con t  i , n u m , ’ s  ~~~~ 1 show t i e  S ir: - i l _ i t - -a r —

m u - u t m e m  w u t h  h i - r h  r e s i s t u v i t i u - s  or  t h e  major — ic - -as of u r~mn _ i i te

- : r u - is s .  ‘~ bo i u l e o~~n i c  ; e ’ ; i i n n e t _ i ’ - u r y  c’av- -r  -it t h r ci cast -u _ i d is

q u i t -  t i n _ i  a ;  s - u - u - n  b n - t  by - u  window o f ’ P r e - c - u u : : b r _ i a n  i t _ i d  b y t h e -

lack o f  1 - - i,- n e - o u s t  u v i t  m e n , S i r ; u I - S t  i n _ i ’ u t t a t  H o -  s e - d i r u u c i ;n t s  P m - n - -

- i r e -  ;u i  t 1  t i m  i n .

-~ -I



L i n e  (~ c - _ i n _ i t  i n _ m u _- s  - -  h u - c i - t h e  u ; - u m e  o m t  tern of h i - ; l _ i s  over

the  ‘ n r u r _ i m t e  u m oe-s - i n t l 1- Iwo over t b _ i - -  n u -; -~: - u ’ /:.-u -;. TI .n P - i l e ~~~
zoic  s m - u b o n l e u l t  us likel ’1’ om i t , -  t h u r  i n ;  t l u . . s c - u r c - - l - ~ i n f l u - u m i :.-

he eb s e n vod  r e si st  m v i  y ‘- : u l u m~ - : ;  c c m t  t ‘‘ St  ~t l ’ u f l  S 9

I 

On l i n e .  11 , th ìe P i m P  s i s ti vi t  y r - - ’ n i o n s  sh c - -~; u - i ’ m / u n y e -n v

c l o s e l y  i m f i . c t  t h u . . g n u - m i n t - - u ; n _ i ( -j s : - ;  - u r i s .  The s- -. i l m e -n ’ - i t y

I 

cover at -  t h e  eas t  a p ; - ca r s  t u  be s ub st  m n t  i i i  j -i t  ;t - i t i o ns  5 5 4

au _ id S—55 but ru n ’ cIeu ~;- -r t o  t i m . -  i n - - - ~ arsi, n i c .  c e m ’ ct .

‘rhe san.- - - s _ i t u u - it u - - r u  is r- u - , n . u ’ ed -r i 0 t I .  L in e -  I u ’ l  Lin e -1 .

5 . 1. - I A n i s o t n c p y  TL/ TM
Th e f i n t l  sets of p lo t : ;  sh e- ’:. u s  A u m - - u - - n d i x  s.:- ion A .

a re  t h e  r a t i o s  of lb s  :;/s to I ;  t~ - - e n up o n e n t s  ( - l u  t e- r e n e e o  i t _ i

I n - u  d o m a i n )  w t _ i i c h  can h u m  , :e- d t e -  s t u b - . - l a t u - r u - u i v u - m n i - u t i o n s .  

t h e  v a l u e s  d i f f e r  su b st  m u t t  i a l l ’ .’ f r o m  e a c h u  0’ h i .  - r , I he-sc

plot s e-m h m : -;ize’ the d i f t  o r e -n _ i c e s .  In - u - s o t - n - i l , hi ru u u i e m _ i  is

t in t  h i g h i  a ni s o t  r e m  ic , no r  dcc’s i t  seem - i n - t v ,  an  o v ’ - r c i u l l

regional, c u f f - c t  . A nur -ib t-t of t i _ i . -  s h u r h -  u-~~ _i~~~_i u - - n ;  ~Ia s e c t :

-er r- - se -and  r u u - ; h l y  to s h a r p  l a o - r u - _ il - h a u _ i - n e u - ;  in  n t - s i n ’ ivt

This is ri ot a lw c im -~-s the case ; L i t  ~.‘ b u m n i m -  I ’ 15 , u - is ‘u m i d o - j I . - ’ — -

ed lv  - tu e  to t i_ i- - ce~n g - l i n q  of t h e  s e - t i n - - -  (:u r u . - n ; u y  t o  t u -  L - u t - s r cu l

Cor t t m c t  g I v i n g  a l m n ; e  : u t r - u r e n m t  u - u n i s t r o n u v .

5.1. 5 Summon  of 35 Hz - in d 95 l l z U u t u

In  erd. -r to present a si n n ; ; - l ci- s ;mr :unn t ry 0 ’ t h i c i ’ r e ’r i o t _ i - i  1

‘,- u - i r j a tj on s  in_ i r .’ - ; -; js tj v it y ,  t h e  ~u v . - r i n -  v - i  L e t . -  o f  r-  - : ;  i S t  u v i t

at 35 lIz - u t ah 95 lIz h u t -’- 1 .’- .-;; 1,101 t .-d on two n .m i r a te  c- ’ ; i u ; t ’ om r

ma;’o (Smu t.- M up :; I and 2 , r c sp . - ; - t  i t ’ . - l y )  . F l u . sc d a n  u r u m  n - - s e n _ i t

t u e  smoo f h i - u - h , u v ’ - r i g . -  v , u 1 u m ~ - n-; f o r  t i _ i t . -  l 0~ - s t a t  ions  e n d  are

sh o w n _ i  -us log I v a l u e s  w h i c h  hove  i~~- . - rn cou ; t oc i _ i  n t - i  o u t  m o i n t e r -

v a l  of 0 .  33 1°’; ç u . l-i qurc 4 in  sect ion 1 i i  l u s t  n o t en  f i n

r a n cj .u - s i i i  cc n u u c - t i v i t  y over  t P . -  t e n v m - - ’  re-q u i nt at ‘)5 liz . e-r

~i e  ‘t 5  liz m 1uu , - u s - f  of  obsi— - n - r - . u t  i o n s  t u k - r n  i-v NI’S;’ ~~~t 75 l i z ,
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a r c -  al s o  shown and  i nc lu d e d  m m  t Ii ’ - c o n t o u r i n t ’ ;  . These e u b s m - r v a —

t i o ns  ir e -  in - n . - t _ i m - r a l  u t r e e n i en t  w i t  P o u r s  and  comp l e t e l y  s u p po r t

h 

the t o r e - n e - i t ; c o n c l u m t ; i o n s .  In -~~- r o - r a 1  , m ue -irb ’,’ s t i t , j u ; t 1 5  ‘;lV(-

similar re- sti lt s , thus c o rn ob o n m t i r _ i - n  ou r  - h u t  , u P c i  t ot  m l  l y  i m ’ I - - —

g ~- e u _ i d e n _ i t  o b s e r v u - u t i o n s .

‘l b _ i c  ‘ - -,“ - r  i l l  r e g i o n a l  p a t t i - r n  c u r _ i  i i  sun-u: - . m r i z e d  as f o l H ew ;_ i :

u .  The - ;r an i t e s  and  g r a n i t -  I ; n _ i e i s s c - u~ ,ire- h i q i m  in

r - s i s t  i v i t y .

b. The g r a y w i c k es ar _ i d s la t  ‘-s u - i re  faa n y  1 — - .. in

r e s i s t  lv i ’  c

c. The- s ed iment  i c y  cover  in  t b u t . -  : -u~~s m t h — - u s t  p a r t  of

t he  urea  is r ” l a t i v el v  lc .-w in r e s i s ti v i tY , F.u u t

i t  appears  n , - ~ - , -  v e ry  t h i n  - m o d , li - -nce , m l  lu c -n c e s
t h e  T h - ; - - r e , i t l o n s  u - i t  o n l y  a f e w  p l aces.

5 . 2  W I S C O N S I N  TEST F A C I L I T Y  ( W T F )

During the b - n od of Oc tober 1975 — J ar _ i u a ry  1 9 7 t - , AN-

conductivi t , - - measuremen t - s wt -r c- tu -uk en a i o n - u  t h e  WTF E/W u_i nt el

N ’ S  u - u n t e n n a  line-s. Short line measu- ,..-r-u, ’nts (200’ E—fie lcl

s - ’n s o r s )  were  L u - i k e - n  u t  20 l o c a t i o n s  a l o ne  t h e  P W a n t  ennu i

r i q h t — o f — w - u y  ( R OW ) . I-l u - _ i f  i t~~h t c ull i t  t i - u u n , m  m- s O : ; n u r - - r _ i c n u t  (7 ‘ i t  m i l e ,

E — f i e l d  sensors)  w . - r e -  also  t a k e n , - . i t i l i z i t - u  t h c  e x i s t  i t _ i - ;  W T I - ’

ove r hi - -m d antenna line-s. The foil I I W i n q  stii :ne t ions iisct.u ss

t i - -  ri-suits ul those m e a s u n . s n h m - n t  s -~ i th  m ’ m r t i c u l m r  emp h a s is  en

thc u L -/ W l i n e  dat u , S i n e - u -  t h i s  w i l l  i m ~ u m : ; e d  m n  a 1 , _ i s i s  f o r

scaling system current m n n t i . - n t  ( I L )  u ’ e q u i  r e n n u r e i t  s f r -rn ~u n  i t - - i

(W T i- ’) o f  k n own p ro p~u m ; . i t  i o n  ; ‘ c r f  o r m a r m u _ - t C) o t h e r  l o c u t  i o n s .

5 . 2 .  1 Short 1-J e -ct rnn dr - ‘u ’-tT R e su l t s __Al ong ~-; A n t  enn u ~ u 1W

/- t-t j , ‘ r , r _ i ’ i u m c t  i v i t  -: m e - - u s u r e m i - t i t s  w . -r e  t ak c .- i _ i  a l o ng  t i e - .  WTF

b~~~-I a rut. - i un a line u t  20 l o c a t i o n s  (.tOO’ h—f it -lui sensors)

Pro t  i l e s  of r e s i s t  i v m  ty ver : t u t  f n . - i i m m -n cy  w u ’ n rs p lo t  1 eel , and

th .- ’ d a L i  wer . - smoo t h -- el  us i n _ i - ;  u t I _ i t - b  — o n ~h -r  p o l v n e - m m u l  t j t

l ’ m u l - ; u d o sect  ions w e -r e  - n t - t u e - r a t e - e l  with t I m - s :-; n u o - r t l m m ’ ,i da tu  and

Cont ,oni’ u-l b y i n t . e n ; o l u - u t  i o n  d o ’- t o  u n. -v .- uu S t , u t  i o n  S ; ’ o c i n _ i~r .
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b i t  h . - t w  - m e : m n u m r e m e n t  St i t  i o ns  w - -n - - d en i ’- ,’ . - l  f o u r n  1 i n - m r

m t  c - r p o l u t i ~~n _ i of t h e  s q t m m r c — n n 1 of r - s is t i v i ty .  A r e s i s -

t i v i t y  p r o f i l e  vE r s u s  ‘ l i s t  m n u u ° -  w u S  u t - r u e - o u t - - i  w i t h  e l u t .o p o i n t s

u - \ ’ . -r \ ’  ‘~00 t m - e L  a l o ng  u - i 1 3 . 1  mi  le -  W - m n t e u ; t ; u l i n e - . ‘i l _ i - -  I L

d O l t  m ; ‘ u i n t s  wer e-  m u - ’ ; u i i 1 i ~ ’ w e - i - P i n t - i  u - m u _ i d  i— i ’ r I m  u ’ - - I  toe- 1 . - t e r n - i - n . -

t h e  e - f t c - c t i t ’ e -  c o n d n u . - t i v i t y  u - is - ~; ‘ - c ’ t - u I - :  - - m ci _ i h _ i m l f  and f u l l  i t - ; - ;

onu t .e n _ iu ua l i n e .

The f o l l o w i n g  r u i n  i - u n i t - P s  c h i s c ;m s s  th . - n - - s u r - - - 2  n - - o i L

I none I l ie L i t  tu b_ i s o u n d in g e l . t !  a -_ ind t he  r e-s p ec’ ie ’mci p s e ; i -b o s c z  i - _ r u n ,

i. - s i - I  ; - u l  p l o t s , - u n _ i d  - i n n l S O t r o p y  d a t  i .

5.2.1 .1  1, 0 ’;  R e s i s t i v i t y  vs 1 0 - n  1-’ r - - - ; u u e n c : y R e s u lt s

A u i p e n d i x  B.  1 c o n t a i n s  t i _ i . - ho’; - — is ho ’.; t pb~ ts fur ca- -i

sou n d in ; f l _ i O I I e -  a t  the-  W i b .  These c o n s i s t  of cu b s e-r v~~t j o n _ i s r-cide

a t  20  S t - i ’:iOflS ~u I e r _ i ’ ;  t he  .s~is t  — w-  o t  t ,c_i r _ i s m i t  t - ’r l i n e .  The

s t _ i ’ ion num be r s  co r r e sp — t _ i c i  t o sole- m _ i - a t nl . e-r s (.-.-‘bu u ct _ i cu i’e One -u fe- u

i t  r o I l - P ly  100 m e t  c - n  i n t e n v u l  s)  . T b_ i  - I in s t  l e t  tc -r  on P

b u l o t s  r e f e r  I - ,  a h a l f  of the  t r a n s m i t t e r  l i n e :  c - u - t s t  ( l b  cu r

v - s t  ( - n  . The n_ i u u x t  le ’ t - . - ( s)  n r - f e ’ s  t -  t i_ i c_i c : l ; - u : t  n c  f i e l d :

t i / S  ( N ) ,  E/N b’fl ; on  t - ~ t l i c u -  a v e - r u  ;‘ _ - l Ay S ) - Tiue~ .t, : f u  e u n t s

s b s ’ ,-in r e - f r t o  t I t .- u c t c u - m i  f i e l d  c u i c u l  It t ot _ i of the J t p ar ’ - l u t

r e s i st  i v i t y .  N m n y  u- 1 l u ; c ~i u  t u g s  u -_ i t a sp e c i f i c  f n .- ’~ uc -n cy  wc- n -
~-

r e t - u  m ‘ e e l .  I n  these  cases , t h e  value which - r a v e  t l _ i ’ :;rt_ ioot 0-

c u r - - c -  i n  t i _ ic r  n o n  i st i v i tn ’ — f re ;u c ~-nc’: i u l o t  v I S  ch o s en _ i . The - n o .-.-

l o t - u  c - I n _ i  be ‘ c i e - r u  f i e d  b’ ’ n ‘ u f e r r i n _ i m t o  t he  o r i ’ n i n _ i u l  f i e l d  dot

on f i l m -  both u - m t  t i_ ic U n i  n’ - r s i  ty  of  T o r o n t o  m n _ i d  GTE S l v u - u n i u

i t  is w or t h  n o t i n i ’ ;  t h a t  , i n  - j e n en  m l , t i _ i - -  v s u l u m ~. ’ t ;  of  r u - —

s i : ; t  i v i t - ,’ I - u t _ i d  t o  be low at  2H-0 Rn m d  at t h e  i c l j 1 u t ’eni t

I ncr h u u - - n c i e s  of 81, -I and - 1 - 3 1 0 .  T hu s - ’  low v a lues  n e u y  be- n u - l u - u t e d

t o  ver y  w e - ak  s o u r - u i -  f i e l ds  encount e-  r- - t l  in t h u m’ I 1m m of o b s e - r —

v~i t  ion , m i d  - u n -  b e l i, -v e -d  to P- - m  n e - s u i t  of .  p r ob l e m s  i n :  m e a s u r —

i n - ;  ‘ ht.nt ;.; ’ i - t -  y low s m ’ ; r u a l s

The- s m o o t h _ i  c u r ’- - - t h i o ’ i - n h  v u - i d _i set  u t  ~m - 1~~i O~~~~ l c ’ S L ’t _i t a

l e , u : u t  s q u i r e - : ;  t . h i i r c l — o r h r  p o l y n o m i a l  l i t .  The cho ice-  of  a

7



t h  m ci — o n - h - -n i 1)1 -n.e -mi u I m s l a m ;  u - I , - ì 1: - - i ur n ’ - w h m  u - m n  m H1 m : ; - - r y

o e - c a u u s e  i t - ‘  - n -P_ i l t s I bum’ - j ,  - I - . - , - - n -  ‘ - - -, I u i  t u’ .’ ’  n s  - r - -s - - u vi

‘~‘!i i cli n s m P-on u — ‘u .. - i nn  m - - t - 1~ - - ‘ -~ ‘ m l  - i - u t - - - ‘ I _ i -  - I Pr ’- ’  - P - -

o f  I - - t - ~ ue- - ‘ci - u s e -u  . ‘ I i , ’ i- ,’;-. i t  i i i  - ‘S I I t - - u - _i~ - n~. u i ’u -

- s u n  I ~1u - - ‘‘ c - - u.ci - -u : u - - ‘ - i _ ic ’ i ( n u ; ‘ - - - n e - i  - - - .k r

u- ; - ;;, i n . . - e- .,~ I - u ; ‘ - n u ~ a o r  u :u ’~’ i t - n i u -.- : u r  : .

‘ t h i s  ‘ u l c : : n , i t : n _ i - u - I .  I C -  t I e  , ; u’ I , ) n t _ i -r  ~ u~~’e - s  s i - , -~-;’ _ i n  ‘ u n - _ i

-app - . - t ub 1 ;-:

A t  f . i 1 i s  t in_ i c , c - n n ~~ - ’ n i ~i 1 0 ’  r , .- p - - ” i s- u n i t ’ ’  ; 1 : m ~ l u -;or n - —-

- o n _ i s  i _ i -  i v - ’  u ; o  t u , - - n i  dt .rv _ : I in  ,-o - iii - I t F i t - - - - ‘_ ‘ ‘ 1_ i u t i - I m - mc : i . m  I

~oLnt s l i m y m ’ - ,t u -Je- ’ en une h un _ i d ; t i  u)c)t yu :’ )nr _ i m a I. - n - c  r u _ i  i • e- PS n ’
i n _ i ti_ i. - a t u n e -  - I n t ‘~~- r _ ie  t - 1  , ii- w- n’- r , i I ; t o  I e- I l l - i t  1 . -

s m O O L l n - u d l  i.I O l y t l ( - n t l . u i  I i t s  f l u e  cbs’-  - ;  i t o H i n n s  - t e i - _ i ~o -l 1 ,

t.-s :  - - c u a l l v  . m ’ he fn - :- ’n~n -suucic s cot ~n i t  c r - u s ’ Lu t i _ i n  ‘ -~-ro e - - ‘ ‘  . t i e -

p r c u r u a n i t l  t t h e  m p p - u u  i - - u  u - l S s  on ~~- ext re-ne- ha ~ ru - c, u t  - i t 7 ’ tI n a ’
s t - _ i t  iOn  EW 1 1 2  ‘-- i s  e l  i u u m i. r_ i , u t - _ i d . )

T b t e  da ta  s c m ; , u , - s t :-; ‘ F _ i - i t  r h ,  ~ t n u t ’’ m m :  ‘ -  c ’ e u s ; s ’  s o f  ‘ o n ’ -

n o  f o u r  ~~~-:u r s . h o . - r e s i s ti v i t y  it t hL l e -w c - s~ f n ’- - - t u c u _ i n e - e - : s is

t vp ic - a l l  ‘2 ’ u P o i m ’ 1000 al p_i— mr _ i t- - n-s . -r b _ i i s  i s av- r i  i i t .  by a F_ i i - u P

n si n ut : V i ‘ci I aye  r- w m - n u t -e-e-k. n- - I I c u s s  i n  t b _ icr n’ i n -  ; - - o f 7001)

10 ,000 c- Pm — p_ i - -tern . N e - m n - c _ in t b _ i c ’  s un - f e - s -u , ‘ I t . . - r -. - s i s ’ : ‘ ‘ i t - ,- _ i u n ; - e .mr -s

to b - - c -n - - lo w - u n , l i t r e - in _ i- ; thu - _ it l o c - u l l y  ‘.1_ ic r - - i s  a h i - t h u - c sis—

1 ’ ’ i ’ y s u n - f m - - - -  l u - i y c n _  I t  i s  p c - n ’ u _ i - n u t  t o uun . mk ’ - u ~o-~ ’ f u n  t b _ i c - n -

n n ; ’ - r ’ : - m t  i o n _ i s :

a . TOm ’ Jar . c - -ic - cu1 Lcctt.cl o l i n  I he - , O ’ F -  - u s t — w c - s t

lit _ i.- , - t u : ‘ I - - n. s :;c~t ’u - n f b n a  ‘ P - u s  n u i u h t

l : a ve  i l _ m c i  SOflt.’ u f- -c t on t b _ i - -  .-L~~c-rv -_ id u cs~~~i ’  S .  l u _ i

u - - n o r - m i  i _ i c-  N ’ S  c - l e e - I  He- f i - ’ I , h  c ’i , Sc- r ’ ! ,ut  i t _ i n _ i S  i r e

1_ i r h .  r t P u - m u _ i  ‘ i .  - 1- : h-: ~u l , . ; - s -  m - i c o t _ i  - 
, u 1 I i i -  : m i _ i  l u o

. _ i r t -  .nxc -ep t j a n u s . T h i s  i i  f fm -ne u _ i c .n m~uy i .. - rol e- ’ eel

- 1 Is : r - ,~i - r - - I n ‘-3 ‘n - ~o to.: - 
- m; r - m it _ i i - h u t h~’

ce-I ,  I - . ~)n ’~ ~~; t - i t  I en - ‘ . i i  -
~~ “ :4

-
’ i~- ; t  r o , 1 - 01) 1 — -e-

c _ i f f I f l , -  I i t i c , m u d  - -  in  ‘ u t n u  ‘ u - n  u n  vs ui - mi n-v-sd
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i~~ lu s i m ’ t - n - - -n  I : _ i  t b_ i i t  t l i  . - I t~ -e- ’ i s - ; . - ‘  I n- 1 - ‘ - m  I — It

- i t ’ - n - u  I P - n c - c  I t  - I C I ‘ec i i  I n t l - ‘ 1 1) 1 fl t I n - n  - - l u  ‘ i i

oc m’ - i ’ n i I n r u - n t Ii - hi s , .-.‘ ‘ u 1 - I a - - - - - - n - ‘ - o n

t I ,  n - - I -u - .  
- ‘ u ’ n ,  - ;  -

I . ‘. . t ‘h e  l ie-, - t ‘ - - u u - ~~~ j- , t o  0 s-l u m u n u n  ‘ t i l l ’

h - - f., ‘- - - i .  s,- - -r-i s s o u l - i c -  ‘ . S - - 1  c S  I

n- - Si I t a t  — - ‘1 I 0 - ;  1. 0 s.e- :nc , ,- - H - ‘n ,‘, - n F , - - -

an ; i ’ r t m n u ,  u c- - m b  - I c- - I t i u - , - - n u n s ~ - - , t I - - u- - - u I I -

n j _ i  u t t h u . u  1 - - ’  i i  o’- _ - , n  b u n ’ u - - u n  - ,. u~~ I I 1~ t “ I — e l —

n - ’ ~~
_ vu - i  I I .  - - on t Pu -m t l , m- _’c e- o n  - ‘ ‘ - no ( u 0 - ‘ t r i m

h . 2 . 1 . . I ’ . - i ~ u u ; ’ ’ - t r n - t u g

I :0 ‘n u d e - s i  c t i o n u s  a n - .~
_i n u .~ 

- t i - n u t  - i 1 - m  - n - - u _ i t - n i t  - - . - ‘:. i r i t  1 - -t 1

i n _ i  r e s i n  _ i ’.’ u t ~~: b mo t l u  i s  a ur m ~ :t n o - . .s ’ 4 - u - - n e - n v  ou d  is  - u

uuu nc ~ I— ‘ t u  C ) 1 4 0 0  1 t i I )
~ i a l ot  m l t u , . t u n u i . ( - h su in u - i  n u n  S .c..’ n-c

tu ot n- - I - I.- - i n  - ‘ u  .,:i l i u u ’ c’r \.’als , at m i t - n  I j - 5 . - 5  u - n ic --: , m n ’c’ ‘,.js

te ’,-el m,~ e~i. Pui flu. . - inTl.’ , 100 t n t - t i  n h - -i _i t-u t .  un. ’~ - Pet n.e-i n

1L- . is - b ~~k 1- ~~) we -s  chet st ’n  - us - i i , - f l u t -  b o I l ’ en S u ac i n _ i l ; .  Pain’—

n o r ’ u u a i  I _ i t 5 a t  c o a c h _ i  : - u u n l i n : ’ ;  ~- o 1 r u t  wer- - -m ot. m s  - ne- l o s _ i s ,

‘ i _ i t -n ’ in n ~- -ol mt - -b b - - ‘ w e - - n  n- . m ’ I o n s u u ; i r n  u ( n - s _ i  3t ivitv )

‘rb _ i _ is c - i lc :umli t ion net tin -l ~
- ‘ u s  ch o s e -n t  b e-ca i n ; - i t  me-s c l o s ely

u - _ u  n - - S - n I S  m u  - i t t - - nu n- t I C )  c e - t i n t  i c r  b _ i c _ i _ i -.’ th e - ele -ctri ’- f l - -i - uI

,~ l b  I - , - i V’, r m~ n l u  . ‘i he  :-;- - : 1 m  - u - . u  n — c - 
- 11 c - i t .  I - n - n -  I ‘ -s ; 1 ‘ ‘ m t

qr up i’uic ‘.‘ : ., -_ i - of the ‘-c my  ru v i i i c i i  t I n ’  - n c ’ s_ i  g I  i v  n e - m n  ion I -u-i ’ —

o n - i l l - , - W i ’  I i  I n - - q ’ u - n ; - - y .  A: u -  n tu it - : P.2 show s  ‘ h .- ;u n - t a d - - r u - - - l i o n s

f - I t  I - f l/  2, a n - - - in u 11 fl- 5

i : ~ - i n i n _ i -u ‘ P - - N S 1 i t - i - m l o t .  - ; t I_ i ’ - I - - -  St  eu _ i : u u I I ne , o n ’ -  -

se-. s in n e- c I u - u  t e l  v 1 l i i  t - m 7 ’ 1 t I ’  - re -si 5 t i - .‘ t y i s - ; m - u , ~-r ,’i I I

in t In- r , m r t ’ ; c u - -  of 2 ,000 I- - 2 0 , 000  H u n — t i c - ’ -  n o .  ‘l bs l v - - n  1 - u - ’
v - , l  u - s  .i n ’ - - - h u l a - u s  ‘1’ -- :  - l  - - - 

- I .  l b ~~u : -  u t u -  -

U m s e e -  a t ,  I u k  f l u - n  I I i -  - s q - n - u t  c ’ nc . ’  - I cot ca- -h i C - s 1st m vi lv value

ui  t he- i n t e r p o l u t  r i  e l - i t t s- - I . m n u i m n _ i c l u d m n ;  oi_iI’j on: ’- d i l E • . i

t i e -  i t .  I I .  - ‘‘ o r , - : 0 t m t  - e - t i , I S - I t ’  c - ,c n — - - u t . i ce -u  n u t  I u - v-a I . In - t.- ft ccl

h i s rtu - m r u : -: t i - u ’ r u - o n .  t v i  t -- ‘.‘ u I  .- u s  u , n i n n , ’ n i ’  w e l . ; l 1 t . - m .l us

s I elm - n I , ’ - n’ - i  n i -. m ’ m - ‘nu n t ni sO c’, - - s ¶ i I - n _ i  -
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~s n_ ic’ e~u c - i n  l i e - n , h u i s i c u - S l i ;  i n ’ l t - ,’ Ir e-ne - s to lrs’,’ - ,’ - iIum . - : - ;

- u ¶ low f n - c  - U  - I c  - n u c  1 en- W ’  1 l~ ,~ 1 (‘)‘ s n- ‘5 1 ;  t~ j . ‘/ j i V u-n ’- - i c  - : - - -
‘ - - u I - m u  - I I  i - . I

2 u I { n .  I’,’- l - - - L u s n - t . ’ e  t h u s  ‘ - P.s t b - -  n ’ - n - t c n l l  ot w’- . m l u  f i e l d s  ‘ b u m ’

L I - . ~~j i n -~” n ’ : , m t  i u m u :  - 1 1  I - lue - It - Tb - - I - t i  ‘S’ S iO n - t lu  P, .- u -

gc .-rv at I c l O  H s s i t - ’. i I a t  , t-: - - u - - Lu m ‘ t~ i- i -  - I m -~ s 
‘ - n _ i l  t o  i~~- - I (J W

en cli ,. - o th. - , .n  iso ’ - . -n  . m  I n c - - i  I ’ ’ n -  - t u  ‘ m u o n , - - - 1 .

5 .  2 . I . I P - - s i ~i l t  I - , ‘

‘The rc sj d , u -  tel p lo ’ s P i _ i - t i  i n I  fc~ pe-u i i : - :  P .  3 i t  - - Cl-  ‘ .S i u J ’ ’

‘ - )  - -u u _ i f - h as l z (’ the el .-_ i’j u - ut ion : r n u , r n u  t i m -  rn’ ut i in t P -~ ’ c u , a r c - t j t  i c ’—

5 1 0 ’ I ‘- ‘ i  I v - ‘ f l u c ’  n ’-~ an ‘- . u  i - u -s ut r -  s i S I  v i m  ¶ y 3’ - - n - u~i I ’ n -  -d m l o u _ i - u  t

l i n e  b u y . ’  b u n  u s — i  as t~~~’ e m i t _ i c -  -
— i I . ,’i u t-; ,.m t u  m n - c u  t o  i l it e  I I ’ :

m b ] ’ VII I — ‘I l _ i . - I - j o t  c - r n - - e l  C - - . 1  C ) t u  DO n-i’ - ’ C r  1 t ’; t e r —

v u l s  ( s I I t c ~ ‘ icks at mc ’ ne -i o bu s , - r v . C  O f t  T u e - f l i t s ) ,  i t t - . an’-

u - l - - t t t s , l  so ‘ I .  t t  - . , - ‘.‘c -r t i c e- l  sc- -i 1e- - i s  m s s l , I , w n _ i  lu _ i ‘w its O f

10 i t . - :  - ( .  o h m — m )  - - V u  e u - t a t e - n a ’ f l I n t  of~ ‘ tie p u - .1 n i c ’ s  u-e’ rnu t S

One ‘ C) ‘l n t i u -kly se - c f  I ,,’ - r u e - i - - n - s  of I _ i l  ;h , m : i b  l - - w  u . ’ g j s f  i ’ .’i’ ’ci

how t ln - - n.- v u r _ i - w i  t P fu ee-u - n m c : y .  l~ i i ‘ n - - f l i t -~ l i ’ , t he

n o r t i _ i — s u , u m t  t i , i u t d  O u s t  — w - - s t  c e - r u t - - i n . ’ u :  S sh iv t t e - i t e  s im i  I - m r

p a t ’ - ’ r u m S  — f a r  t s x a n t , l , ’ , l ow  r ’ - u s i s t i v _ i t  u - -s i t i-- n ; t r . - - u u e n c u , - s

t_ i e ,m r  S t - u t  i ou .  113W - m n d  u t e r i - r e - i  I n_i- s : _ i c , u r  s t a t  i o n s  l .N-~ e- t _ i u’ h 2 1 0_ i .

D j f f e n , - u , n t i e - S i ’  j ( I~~~u- f u n  ¶ he a n o mal i e s  a n  the t~~e- :iol m u  m t _ i o n _ i s

- .  re- , b i owc v t ’  n , i t  n u t  t e c 1- . ‘ u  i u - u t _ t i  u~ St. m u _ i - - ’  i u s. n\- ’c r - c  I cas’ ‘s - Th s

4 - l i  ‘ - r n  is ‘ - : - : p - n c t c n b  - u i -ross  I , i t - - n u - _ i I c o n t r a s t s  i n _ i  r e n - ; m n - t  i y j t i ç ’ S

m od con .’ i rn_ i s t h e  - ;- :istc-nco of.  SU C F u  n on _ i f rasts. A qood ‘ : u - o u n n n , l o

of ‘h i s  is m t  s t - u t  i ’ , r i  30E w h o t t  th e  C a s t — c - . - 5’ ce-nu u n i o n n - ’nt i s

h i - r b _ i  u - _ i n n - i  t h e  no r ’ h — s o u t  I .  c’- .ou_ ipc ._ i u _ ie -n t  n~s ion-; -

T-iki nq ‘ s S t - u - i n - ’ -  roe-’. aV ’. ’ r - u - e of  t - ; -  st. - l i t - u  r e - s n i l t u -  i n _ i

~. l u . -  l a s t  f i c l u r . n  o f  t h i s  s c - I  in  w h m - -h L i i . -  - l vi . t l u n _ i ; ;  f rom ‘ h e

nc-s an - i n — ’ .- much s - u h F - n e -  I ( n o t e  i’e u i u - m c ’ - - i  s c - m i  e)  , i-it ) t h a t  t h e  s b _ i n n  I

ef fe d : ’ at  I - m t  v u  i i  c o n t m - - t i ;  h a— : - - bc ’u i u  smoo ’ i _ i c ’ d.  ‘r b _ i e n - e qr ap h n c

dis~- 1 - i’ 1’s -m n e a usH n u l w r y  -o f - l i s p  l~ u y i n .n  t I .  I- _ i ’ i , u t  i c _ i 5 5  t i c c n n

- :, ‘ S itfl t Ic : oat t~ cn nt _ i s O~ h u t - r n-u- i n - - ’ -  e - t , n n c ’  3 —

5. ~~~. I — A n t Sot t- - t 5 1 ’ ‘I’II/ - ’

Sm - p - u n -  m t e  .1 ot  s .ht ~ t ,  i q n o n d  1 - ,  i n :  I be -us i n - .  ‘ h’ mt _ i I i’ c ’t ’~ ’ I .  - —

tweet_ i  t h e  L w u n  obn.- ’rvin q u l i i  c- ct i c _ u s have hu ’ t’it de~ i -n f l _ i l t L - ’Ci ;_ i t
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c _ n u b  f n ’ - u-; - ’n u ( ’v - u s  u t i m _ i c ’ l o t _ i  e - f  , l i s ’ - i o e - ’ - - u i - t n t ‘he - n - t v-r n-n -

u n , . -  - int l . m n c -  s l u ’ - _ i s ’ t ,  t n t  u - . t - } - ’ n i -  1 . - I .  ‘[u t - n  - I - i - u h u e -  b ,. :. j f l

‘ e n p o l u t t - . !  ‘ - -fI ~ I) n t , c - t  ‘ u n i t - n u n t i - . u i ’ N, 0 - I . - ‘ we-

- n o ,  I - t 5  : - - s uP - ;.~r_i c i  i i - - - - y — ~s- n - u  i n ,  , i. u - ‘ I c  - ‘ I i-,C’ ,, i le 5

b - n u t  i t ~ u - : 1 1 c -  so - i i ’ a - n u tu : - j ’  - c t  ~4cC t u u ’. i.  - n , ’ d l u ; - -c I .

‘ I - - u - h ’ :  n _ i - : u v d , j t  i~~ , u : I - ’ - ‘ t t i k u n _ i ; ‘ h - i ’ ‘ I - -  nor t it_ u u . - nt . bm

‘

~~~

S u u ; ‘ ‘ i t ’ ,’ 1. : e - n u _ ~ : - ~~- - ‘ 
- u m - - l i u c u  - , a r  ‘ I - u ’ c t s t — ’-i- ’ n - t . i~’.

,-s~u~s -~
t t ~~’i t y .  I L _ i n s  it :,: I i ’ s  - t  un r o ; i ’ t  - i n n s’ t ’ - , 4 - ’, t i . - i _ l i -  .-, , O I t . n  t c  - v i e - n ,

a n _ i  i f  f e c ’  ~e- i c - h  c - m u -  I - :  u - _ i t ’  i I , i u t ’ ’ t j  l i r q o l v  ‘o - Tue ~-r esc - i_ i c ’~ - i f

c - _ u s ’  — w e - n ’  ox i - t n t .  -d - x , m c t o u r’ i u_ i e - - p et  t i - u u c s  ..‘&an , t  r e - i  I c - - i  -

n n u u 3or  5: - m r  - ‘ - i : j ’  ‘S i t t  ‘ ii~i t - n e - r u - r~n 1  - i n c - c t  1( 5 , .  I t  u s  u c o s s i l  I c ’ ,

of  c .: u ;e , t b u , m t  i-n it _ i c - on  t h i s  m n - u i sot_ n t - p y  is  - m o ’ ’ to t I m ’  j . u ’ -

S C f l r . ’ o ‘ b _ it- t r a n s m i t  ¶ - ‘ r  - , , i ~ i, . , c h i c o  Sm n_ is t ~ i ’  - i f l i  i I - u ’ - i y ,

Cxc’::- ’ i t  t i_ ic  t w o  h i .q !iv st  f r e - u n i -  u i - — u  c -~~ n- - b_ ic i -  f u l l  I t u I n c ’ 4 d m _ i c y

u s c o n s _ i n .u e r . m : - h ~~- . Onl y m t  s u-m t t o u t  2 - . i s  ‘ Ii -  n o  - u  ‘~tc - .’ - i - - n ~~I l o t - - u i

r ’-v -rsa l of t O .- . m : u i s o t . n 5 u . y  . m t t u ’ n : .  o t  h i - t i _ i  v m l u ’ .,-s t n t  m n _ i - t n ’ b _ i —

s o s, t h  -~~1u ’ c ’ct m o n  and  low ‘,‘ , l u m.e - s in m I ’u ’ - - .u s ‘n ~i s ’ e l i  r ’ c ’ c t t c n u .

A - n - u _ i t t , t h i s  d i s c rc - u - m n m c - y  a~ u n - c m n s  I -  i c c - a n - - o m i t  of s h u t 4 -  i i ’ --

er i l cb_ ian- ;t.- s - us - u n - - m b . - n -c-er _ i  in t hue u ’ : s i - ,u u u i  p l o t s  ( n - - - -

Appe n d i x  13 . 3)  -

5 — 2 . 2 ii - m i n  md F’’ i 11 A n t  ¶ _ c t i n  m At ’t’i’ I- ’ -~ a Se - i’’ -ci ’ - ii I

Du r n _ i-n 1. 1 u .‘ .o n 1 - i - _ i  0 1 c _ i c ’ i - P .  - r 1-  t 7 5  — ~t - m u t t - u  r ‘ .
~ 

3 - t  T ‘ ,

n. - - i ns - ‘n ’ ’ - n - t~ S v- - n-c t - t  ~u en - u I I lie InTi ~ n i t  i I u t  I ni - : ¶, I I t t  1- 2. ,~u u - i  I 
/5

- u f l t  e u _ i n _ i a  line s as E — ~ o ld  sens or s .  O v - r  2 5 0  n o -  u n n u u t ’ u u ; t - u _ i ’ s vu -r e

akon - i n u r i n g  t h i s  I s - r u - o n  n i t il j :n i n _ i u ;  lu ut.mr n u i n u q a n d  ,u_i 1 ‘ m u l n i i ) I e - _ i

s n b n - - r i c s .  ‘i l _ i - -  I l — f  i~~l c h  .-~t -: un - e - i - on _ i t 3 - t u t r a t i o n  i : -; I - m u 1 u I . u t e - b in

~

, i L l , - I - ., in I Lh_ i .~ W’l i ,‘.‘c. ’n h c - e - d  a n u ’~~- u i : :, . a: i ,y is s n - I t - m u _ i t t c~u l l ’ :

i i i  uSt rat c _ - - u h by l i q u n - - 5 .

The t u - , - m s u u r , - t u n - . - n i t  h 4 u t u  W ’ - t . ’  w’ i q h t u ’ i  c ’ q u i o i l v  or  u - ‘l i - e - u u ’1t.~s

70 , ~-n5 , .n .. u ‘3 5  ii — . L ) . t , u  m ’ ’ c n i - t l n _ i q  v m s  nct - u iru’u-[mn - ho d in t I _ i~
l msu - i I manner - u s  t o l  1- — cs

n

i i  11111: ; - -  - I - - .  ¶ -n p0 i i :  I S -

- 

52



TABLI: IX

1~i-I I’ E—Fll - ;Ib ,_i 1 IISOR ( ( ) f ~I - J 3 1 l ’P J \ T i I ) t i

- - 

£-~~~~~~~~~~~~~~~~~~~ 
- °~~ ,F I ( ~U R A ’ i - , .; 

- ‘

~ ~~ A P T  R~~-e-

b u s t . Pc - u  P 1 1 2 1 - I n o WTF’ P1 12b -

- S t P c - i n  P 11 2W t - )  WT!? I - 1 1 , I  \ -

P l- A r_ i ’ - t u t u - i  P 112E to We- St T i - u n t o  u n i t  dr o i c _ i n I I  12b
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:1/S A n I s - n n a  PI . 0Ob  to S o u t h  T e r n u n  i n n - i l G r o u n d  P 100P

P 1  iu, r u t e n n a  P 7 4 S  I -sn h , r  t i n  T e r m i n a l  G r e - n _ i t - h  1 P7 ~S
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Data  Wi- n-c not  u ; i u u o c ’ t l u t . - . 1  , s ince  a I mr q e  p e r — c - r u t  a - u -  of I h i t - measure-

ments were t , i k e i _ i  over a l i n t _ i c - I  &e - I freq uency range h ’ - - t w eer i  35 and
213 l i z .  ‘rb_it - u n _ i t - - i s u rem en t  n - c - s u i t s  are suznn’i arized i n  T e - P i c ’  X

with he nit -an  - t u t u  S t e - u - I a n - ’! d e vu a tu o ns  1 is t . - ~i in ‘I O u — u t-  X I .

The c - u - n i t - u t  mo t e -  P~ S cy’ u ° - -od an t e n n a  has  in  i ’ s r i - a n  r n r o u - u m m i t v

s.~ ‘‘ c n a l  c - i f -  I ’ : :  ‘, c l t i c d i  c o o l  3 be cons idered  p a r u _ i s i  I ic e Ic- n cr _ its.

1- ’ i - u - u r ’ -  1-1 i l l u s t r , m t c u s I b u - - s i t u i i t u -n _ i  w h e r e  .1 f e - m i t -el b i n - - h l i n c -

is cc i  - ‘ u n  2 5  ‘u t - - m o -; 1)1 I I _ it ov er l_ i e i - F  a n t e n na  o’:c -r  ,. 7— m i l e  l e n _ i - n t  h

- ‘I the n i - t n t  in  l i n e .  In u d d i t i o n  a r e cen t  n -  - u  i t t m o _ i - ;  o f ’ I - let - i _ i -~ nC

c m U l e  t n - - n - u  l i _ ic ’ , PP t~o I he noi t h  h e - ;  P- lW p l a c ’ -s - ,  u - . m r a s i t i c

cl.u--rne u-_i t _i-.’ i t . l _ i l u n  10 meters of t i_ic ov’-’rhead lin t - -  rnvc.’n - m 1 - ‘ h  of

2—1 /2 rn _ i l~~:;. Such p r o x i m i t y  ot t u_ it. use cabl c-u ; i n-; b - - u - : m u n u h  ‘ a in—

f l u e - e n _ i c c ’  ti_ic E/U we-vt’ i n - ut  us Lou -ne me-a su r om er u t as -c’ - i I u s  . t u ’ . ’

n - n c e - - m t , m t  1 - s n u  on -  ~- a tt ~~rn s t ’ - , - r i n _ i s  ex 4 - c / r im c ’ :_ i t s .  P e e -c -n ’ I-u- C

n a ’ t - -nn s’ - - e r _ i t t ’ ;  m e , m s u r - c n nu u - r_ i ’ n : b e i r  out t b - f , u c t  t b _ i - u ’ t , b u i  W I T

a n t c ’ u u n : a  has  changed  s i n c e  l’~7 3. ( P r iv a t e  C u u t u i r n u u i c m ’ ui -t u ,

P .  h _ i u u _ i n _ i i s t t - r, t - IP SC) P h a s i u _ i u n  c - f  the  various a nt - - t una e i -u-nn ~ r_ i~~~S

a t ’ - d i f f e r e n t  by 2 00  to 3 00  f r o m  r e v i ou s l_ i -  n - c u su rc : - i  u n - I n - u n - -

t h e - i  p i t  t t . - r n s .

The s o u t h  overhead  a u _ i t -u i n a  does not seer_ i  to  i - c  . u f

b-1 ohe  I a u l t  - ‘I buried cable near the overhead 1 1: _ ic ’ . ‘ F t _ i _i - is

I - r u l - i f -  I y - h ue to I but- I m e - f  t h at  the bur ied  ca bl e  is  ( -n l y  m u  t he-

k- I_ i cnn - -u - n 5 ~u c - r n c u n t  of _ i t. s b - n _ i - ; t i n  arid has a u _ i  _ i v i - r u - m - : e  u _ i u ’ .~~- ’ i t - , c’

of 0.2’ .

‘F l ue ’ me , u su r e ’ n _ ic / n t  n e - s u i t s  t o r  the  C O f l u l . l c t j \ ’ l t  y u r _ id e r  t h e

s o u t h _ i  u i _ i t . - - u _ u i lee- is cons i S t c ’fi t w i t h  prey l i - I n s  S t  tid i t S  _i~~h i le

n- e- :n. -i ‘ e-
~ 

v al u e s  a r e  qnucustionable , suggest in n - n ; - a n  u n i t i c

cont,mnn 1 f l i t  m u n n i . t i.- i s ur em en t  e r rors  a s s o c i a te d  v u  h c o n t , _ i u n u n i i —

tion cou ld bc caused by one- of ti_ic followin-r f,m c t -rs:

- u . It h e-u ;  bc -en  shown f i c u r n  modeling and n _ ie n su re rn t -n t
ye n - i f i c , u  t ion I u n i t  - u - - s ided lone-  w i rc ’ pa re-s it i c

l i r m e  ( Z ~ 100 ohms) located withi n 0.01.’- (- 2 0 m e t ,n s )
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I
c _ i f  I 1 -  1 / I I  I i t - 1 - u  sen n-;~ - n s  , - - _ i n n-i n - “ d i  - - ‘ ‘ ui v i  - i m—

4 u c O  l i n e - c ’  n ub u Oil - - n - i ’  5 _ i t  ‘ - u r —  i t  151 2 . 5 : 1 — 11 I n f e e - I  c;

of’ a P r o w _ i - h -  3 P i n - u S u ’  ic P i n - - on Part I: Cc,nd;~-c ’ i - u - i t

t~t -  i S I t  t n - u - - n t ’ -- , I_ i l u ’() 2- - n ’c t n t  I) — n - . I , h - i ’ ‘ 
- - I  i ’ m  1 v

I
1 -  . I I — f i - I U c if l  - u : .  i n - - m - - n I 1 - 

~~ m e - ( ‘ u -u n~i ’ - - C I - -U n orn -i n o  - u —

b u y  I ~~it - u n hu St - P 4 -  - n - - u  n - u s  _i i c c’ 1 cnn _ in t u  I w h o  nu t I a - ce-mn-ton

u n - n i h . ’  i n u n 4 - c - d  m u  in ,- u S l en _ i s t t u t u ,  200  - - hlnituc .

4 -o n ’ t h e  i i i ’ ’ nm - i c- u t - f i - n u n _ i t  u - u n _ i  sh- ic..’n u n _ i  P i e - u n - ’ -  14 ,

: ‘ w e - u I  1 seen-i t l u u t  f l u - ’ ru_i~u j - o  ce- n ’ , u n - - m n _ i l l  i O n -  i~S l f l

tI-m n’ 1:2- f j e l l .  A l c t n q  u~~i I c -’ u : t - i u m n _ i u i - - ’ i ~~i r a s i ’ ic n c - a r

I I no 1 lot _ i ’; ‘ - i nc- i-b-- c- Id  n-; I n _ i  so t - ‘ -ic - - is  b _ i a ye-  t~ i_ i -

‘u n t  Iaoct of n ’ u - v i u u - n  - u  c ; r  t u ,  p1~ u i ’ -  e - Ionu - u- n to ‘ h e  sen_ in --

i n : ;  n-m t - - u _ i n - u  t s h u ’ ’ 1 d u n ~-p  - t h c - r c  b -u - re I n _ i c _ i n _ i t t u t u -

f i e l d s  u : u- . i n n i n  e u _ i  P r  t h c u  r e c c - L i c ’ r .  T u e  1 1 — n  i c - l i  ~c i _ i n - o r ,

‘ c u ,  ‘h e  o I l _ i c - n  I n - i t t - i , i s  ru - I  u t S  s c - n - u -- I t  ivc- t o  s m i l e —

e n - i - - i 1- i n : w i n - ’  p - u r - u s i ’ i e - u ; , s i n _ i c ’ ’ t-e- ’ c ,-t n n ; l v  a

s m u l i  v o l u m u - u - - o f  t h e  i r e - u  oveir w h i c b u  t I n - u -  u - : m r , c n - i t  ic

H — f  i d - i  e - t t~~ t c ’ s. For t h u  - ‘ u sc of u - i s i t _ i  ; l c  l o ne -  wirt-

u~- m r e - s i t  Ic  1 in i u , u ; r - ) u n _ i c . lc -d n’ c - n n_i~~’ ol’; re-un t h u  I l — f  i c - id

n ;c -n sor h e - c u t e - - n i ;, ‘ b a  I — I  i c - I d  ca n t  u t ’ u u _ i , i t i s n~n cc - ‘ : 1 1

n - u ’ o b a b l - .’ h u t  l e s s  - b _ i a n  10 - c - t e - e - f l t

‘i ’hn GTP S c h lu r n b , : n i r e r  (1 972) eu -n p m n _ i s u o n s  n o r  th_ icu I- /W u - un _ id

h/ S  m u u ’ ’ - n u n - - m u n - -s : : I n - u w  - u n c - i , i t m ’ ,’c i- 1 c o n s i s ’  - - u _ i ’ an i s c ’ r or ic

p r o f i  1 - u - in hs ,th h i n e c t u o n s  s n u — ; - n c : - s t u n q , e u _ i c e  t u e - i n , an

t - r  n oneou n_ i , tu ne~i n ;  u n - -ti 5 : 1 - mu I I SO tn -t oy it ~- n u f _ n  o- ‘ Lu ‘ - . - ; cc h ,’u -

l egs .

5 . 2 .  t , u ’u- cu - n e - ’ c j  l ’ m t t t u  j n l c , - r u - n c n t i t  i o n

‘ F l u e -  n - s u i t  ; e n  tu b _ i s  su r v . -y  m m ’ ’ in _ i -
~~ 

u t - n 1 m - t n ’ c ’ ’ u - -c - u ’ w iL i

p r e v i o u s  GTIO P - i t i u m b c - n ’ - ; e r  ( 1 1 , 7 2 )  s t  i d i o t ;  a t  I n n s  n - I t t ’  wh i ch

rn_ ie - de - Il e d the- t l l o - ’ u - t n q i - i c ’ n - ’ - u l  ‘‘i ntl _ i i t t  r u - ’ in ’ ’:
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S ‘1. i~~l h i  h / P  L i h I :

m - 7 0 
- - _ , — t t ,  10 m 1c7 0 - -u s - 2 0  m

17000 2,1 : n-_ i 2 ’  7(i O 2 10 rn

150 3 - I t) nu n 2 7 0  3 11) -n-

m -5 .) S u ’~ Q ~
170 ) F -t ( 2 - ’ !  0) TI ’l

S
Fin .- E’1_i’ un ’ - - t i t u s  U - - n  ‘ u ,  n u o n o u d  .;u - c urves ann - -I i e- - n i l  n r - —

f

~~

li n

~

n - ‘ m n ,  b’ i n ’  c - n u n -  f - - u I  is d - - n ; c r i b n n - .; a 1 u ’’e- ro- - ! - - i n ’ 1 .

s t r u i c t i t - ’ - i n s i st  u n ’ ;  nsf .u l iu u - -.’ r t u n ; l s  i v i ’ y l ay e r  m~ t h u s  s u n ’ —

t i e - c - fe- i l - c n.-u - c -d b r ‘ u h i - t n :  r - - s i s t i v i t c . ’ r n n L - l  n i t , - I e r  ru un i u r u - t l - v r

1- -cc r’t - S i u u t l vj t ’ l  I t v - n  a 1- t~~’ S .  F l - , - - upo n I ny n c_ i f  ‘ 1 ,

proh .ubi’,: con r o s t - c , t u u u -  0 t- he u 4 ; - u ’ c : n  t h u - u - n 1 m ’ - -, - r u - u of - h~ - Pcu-hluu’:—

ber - ’ ;c n  d a t e -  c-u - h _ i c - - r e -  t he  h i - n h  r-’sis ’ l v i  t - ’  I uve’ r is i to ’ ‘ i c y --

ubu ic ’ . ‘Fl_ic n-c-cot_i t AFt’: results I I  e-~ II.: ( t b _ i c , - n - e -u - :L u- - - m u -- ,) Sun- - U  1 , 1

n - -
~~

lect  t h - -  n ’ r e - n , u ’r t i e ’ s of I I , ’ I owc u r  I - i c ’ e r  - l c t t e r u - n i n : - ’-, u  j u t

Schlumberger ‘~-J u n m c .

- — 1- -

* (n_i_ia n-tin - in - , vu - u l .u 8, 10 -1 , 1Th

L u n w , ~ r L a -u - e r s  S c h l - m n - u l - c - r - ; - s r 9 , 0 3 5  ~- , 8 l 0

* j W ( )  tu ’ u - l - m r i ’ e -~ ions , i i ’ u n _ i e -  l W  - u f l t - ’flfl,i n lflc .

The- a ;rc cu r ’ u n t  of f u n ’  v , ulu i - - uu in - U of d i e  sen sc-  01 tin - ’

u u n c 1~~1 i t r e - u i . ’ i S  n _ i _ i n 4  n — m u — n i - u -  ~ioOth T h i s  - i - u t - i ,tsi the null  an—

C flf l u measurements s u : ; co - st  , u sh c - - u r ~- ,- u t  t e r n :  cci f b i  u n _ i  - m o s t  — w e s t

S t  r_ i i n .  t h ’ -  P u - u U  rock -

i l _ i c -  n i ’ - i u > ’ h u - n - u: un _ i -I j cn i u u c : n ; u i ’  s s :t- - c-iu _ i i- , I- ’ t u n ’a n c. 15 repre’sent

the a v e r u - t u -  n ’ ’ s i s t i v i l  ie s  c _ i v c ’ n r  t b _ i c -  f u l l  F ~2- u n : ’ o u _ i u u ~m - m ’ ~ b~-

s - m u - t i ed j f l t o n - -,-’ i l s  f - i n  two - ‘ - I i r i : n i t  i o n s .

Tl m Sc 5 - u I  - u  s u e - - n c - S t  - w i t ’ -  c n I ~ - e - r i ’ ’  ‘ I , - 4’r es c’ :_ ic- tu- of a f o u r —
I u ’j - r earl b_ i . H c - c , u t e ; c  - t he t n~ u I ‘u ’ : -  - u I S c-ni v a f’~’c-u- - ens  of

n - n - - ’ nr s ‘hjc ~n mmd q - u m t - -- St ni)nqi’/ - u n u i , ir ot u - c n ) n c  u i t  t he- sc  d e - t a  a n n
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t u ken at  f ac e  v , i l ’ u c ’ )  , a s i mp l e  t b m r c - ’-’— Lm yc’ r i m t ” - n n s r ’ - ’  - I ’ u - m u

( n - u  1_ i i i h n osi s ’  i v i t n - ’  la’;c ’ - n  s , i n m d w i c l  .1 b c - ’ ’ W c - ’ - r ,  t - ~- - low n - -si s—
t in - - i ty 1 u - u ’ ’ e- n ’ s )  c i i i  I - ‘  - -nsf I t I - -U  — IFi - - - u I - — Lu — - - - i_i n i t  , I - -

n - r c - ~ - a n i f  m t_ i ) s h -u w s  t h , u ’ t~~~1S : ; u ’ i n ’ m o n _ i - i n  l u -  i n - v - - n ’ - -  I , - u n - i n _ i t t
t I m e  t . ’ i d n ren ; ,i s ’  iv i ’ n-- - -  i i - - m u - u t , l_ i e - - n l c ’ ‘ m u ‘h i s  n b a ”- -

Th~- fcm l b ow in u - n c e - n _ i c i u s  n o n _ i s - - tn _ i  be — I n - m ccu n :

a - T h i c ’  t~~ - ; - e - u  ,1 ~i~ -’ - n l u - i t t  1 - - -  - 1 - m  n m -  - t~- - i n- - I b y ‘ I - - v - i  I m u

O f  I_i , / ,  ot Lh’ - ratio of i t s  - L i e - S u n s  ‘ 
-

- in u_i

re-s is t i v i ty

— 
, — k —p_ i

— 
- /2 - k 1L -

- ( n - ni x  t ma>:)

1 .  T l u i _ i  r e s is t i v i t y  o n  h e -  mi  n - l i e  1 - m ’:e-r u r _ i n _ i o t  n _ _ u -  do—
t i - r m i n i e i l  }u - r e c n i s e i y  b u t  m u i s ’  I - ’  n-u- m x .

c . T h c ’  - I m i c k n c -n-; s of  n I _ i  m i d d l e  L my c ’n 1 5  -liv’ u u b- .

- 1 / 2
- ! u  max ’ -

- — —- I f rn-ax

d . The T~~- 5 J  st i V  i ty  of t h i -  bot I c u r t ’  l u _ i c - n  ( , ,  ~ - - m u _ i d

l ess t h i n ,  t b -  1 (;wn n- t obn_ iervc-c j v - ul t ic - .

T h i s  U - a d s  t o  t h e  t o 1 i ~ ,w i u u n  - - u n _ ic — - U n _ i _ i, n _ i s  i c -n a l  i t _ i t e n - u - r n - t  m —

‘ ion fo r  the  l a y e r - - i — e a r t h  s t r n n i - t u r o  ~ h _ ii ’  W F 1 ’ :

P -_ i cr

1 Sum rf e -ce- St  n - -~ u m ’ ; l v  , m n i s c - t r o p l c  — ,i f ’ -cc ’ c ’ n _ i s  u _ i f
nm - t n - u -; thick

2 ,~ l 7Oci ‘l:n n—n _ i - -- i e r ;  h-> ~00 n- - ct c_ ir s

3 
- 

I 11 0 C) — n - u ;  5 -i , n-_i

- - -- ‘~ 1000 - —m

The f u l l  - u n t , - n n a  AM : uu ic - - i s u r n u t n e n - i t  s 1 - n ’ :  ‘ hue -
- P a n t e n na

add 1i second d im e m s  n u t  f t  f f  - u b ~~n-’ n ’  i a y e r c - !  c a n t h  i n c t n - u  :-
t ion . ‘ 1’l m ~ - n - - s u i t s  1 ’iow t h u t  u i — c - u s  I-c- t b u c - a ‘ S  , u n _ i t i  v- - s t  , ‘>t —

ini b it low rr~ _ i u1 - i ct iv i’ i C S .  I b m - -  ‘;-i’p ~-n y1v u~_ ii e- Pcl _ i~ - l i t - n - n o r  ( I  • 2 )
i l - m ’ - u , e - o n u t b t n c -  I w i t h  l I t ’ -  E - ~~~ n ’ , - s i - n n m  u l  p l o t s  u t - i h,u l f—l e e - n-s e - su n - c-—

r;q



m e n t s ,  s u m - i - n e s t  u u i - n _ i c - n - a l  1- , W co- c - j o e - i c f r u i t o r _ i n - ;  i i i  ‘h e li d-

r m e -  ‘n .  ,t m S i r n 1  I i t t ’  i c nt _ ins - Ic- 1 Wi i i  Ui  Co n _ i s  i s t e- ’ _i she--a r i t i c  - j n t e r—

sec t in _ ic; a n _ i - - n t h  i c - u  1 5 0 0  n t t n - t ’ r s  i i - , n- t i _ i c -  c c - n _ i t - - n -  , i u - t  ex’ n - n _ i c h i r _ i — n

~0 the c-Je St  U’ - :  5, 00 r u t  t’ni; - ron -_ i t i m  t e n - .  [ - :v c - n - r t  m m - ;  ne-r .h

nil L I _ i c  ,; l _ i c ’ , mn I m u _ i c, would I -- I _ m u S t y ,
,,-c - u _ i r luc t, _i n”- . r n - i  - u nsy n _ i e a r

f _ l i t ’  u u - c ’ n n - ’n -  of I l i c -  i nn - u , e- e- I, 1 i - i  hn’ us hj, ’d_i - m u  2 .

5 . 2 . -i P u , t u : u m - m r  o t  WIT  C c - n u n - n e - f l  ‘ i t - ’ - S u n  
~

-
-- -: R ’ : - s u I ’  u_ i

The- results run-’— t i ’, - O ct  nbc  - t  :‘~c f ’ tF l i t  o r ;u I - n e - f  ii in-n c u d

h~ ~ m n ~ , n - u n - h _ t i  a n _ i - i  n n i l  w i t  ‘ - t n :  m n n - e - u s t i u u -n -s - n _ i t s  n - u _ i -  _i- c _ i t ,  -e

c u e - - i _ i  1 t b _ i -  W 1 ~ t 
- 

,i n cu- - I - 0 l i t - ’: ’ ‘ne - c -  I - t i c ’  t 1 - - - m t i c ’  c ’  ,m~.- i t ‘x u_ id hi  - u I  I

‘ _ i t t  I S O ’ rd l i t  -

-rh- s u n n y -n - -  c - n n n - i m , _ i s m t - - ‘- i s  - u  - : 0 - n - c ,  - L - H  - “‘ n- - r- ’c - r t -~~ u-m~ - - ,r - t

he W I  1- 1 W n -u n I .  -n utci 1 i r u e  - T I m - u -  ‘n ;n in i n . :  1 - i c c - c l  lo t c - r- , u 1 - —

i l i n g  t n - - n - u  20 rn - n ’ , _ i s u t  I t .  n s t u L v ) u i s , l _ i u l ,f . - i u u c j  f u j i i n : f d t _ i u _ i -. u

l i n e  rn _ i c -  n s u n e n - u ~ -n ’ s. I i i ’ ’  , i u m i i v s i ~ ; n ; b ~~’wc- ’i  t h e -  i t  c ’ c t i ’ u - n :  c - u , —

u u c n i v i n v  for thc ’ I. .-. u t i t u - n u n s  h i n t ’ - c _ i t  5 0 I I , ’ u be 2. ’~- x 10 —

mhos , un’nc- - ‘ i - i ’ . T b _ i  - rn-suits c: t  this sunv- :v u r n - I  v a n - i c - u s  ot  b i e r

f W’: l s t e -u i - u ;  ur n s un-n -’ n r :, uu - u n  i i i  ‘l’ t t i l c  Xl.

Son_ in - -  ob st - n - c -a t i o n s  ce-n br~ - n_i n b -  ‘ n or_ i ‘ t  - - u - c - s - n U n -  c t ‘ U i _ i s

sun ’-n-u-v i n _ i . i  O u S t  ‘,‘. ~s4 u J L ’ - s .  The -sc -  ~m n c -  -~ s n r 1 I - - v u ; :

• -r :- _i~ - ‘IT!- : Sy l v a n ia  ~mnd  t . U S C  I - u  I f— ~-e- - -  ‘ - h  u n- - - 1  n- n - -ci

f u l l  an t  er_ i n _ i l - , ‘- -n _ idu c’t i’,’i ici s m r -  in _ i n - mo t h - :n,u-n-’n-’’ ’n’

‘ -u- i t h i n  ‘ H  t n - c - -n _ i ’ . S m t i n _ i u i c u l  u : c - u j ~~si s  . i u - - s ti- ’_ i- - t _ i

n - m ’ t h e  (ITI . Pc’ l ’. ’ - _ i r u i a  t” - -as ’~, r - - u .I 1 ~
- - u t ’ - t_i :_i u c- - n _ i —

c l u u e -  i - u - it y — i m ’ e- b _ i - m s  f L u - - l o we st  n-n t.,in _ i - i ar d I c u - u t i  in

of , ,t I I o n  1-j ’ u 1 t _ i e - h c u~~ - ’  n~ l e t _ i  t i _ i a  i t  on- - : I , t n , I

n-’,ea suic-in _ ienm t S -

• 1 _ f  f u e l  u v e  c-~i - t t c j u i , :’t i n - ’ i t l e s  n-e-uiic ’c’d n u rr _ i  i n u l , - u ; u c _ i i , _ i —

t l c u - r -  , ui _ i d n u n - - r u e - u i  _ i v e r u - n i n _ i - ;  o ’ m t n y  short n’l e - ’  ro,.It’

- 1t- n -r m ea S u r - n ~u c fl ’ ut  c e - i n _ i s i s t e n t  lv n’o ( imlce  v o l  a~s i t c w - - n

- b_ ian b ” , ’m- ~ tine n’u t u - a sn r - ’n- ’ -u m ’ s. On- - inc_ in -SIPU’ c - x l ) 1 u r u _ i~_ i —

ion i s S h,s ‘ 2 f l  - , - - t ’ :  - I - - - r i ~_i - i n n - c  - c - t i n  ye ny

iit.~ i b ’  ~ u 1 u ur_i n a r n - n m  t i - u , i i  c m u n e u , Y c : c m . - u m ’ 1>: ‘ n _ in’ n - c _ i n - n i l e -  —

mc- ru I 
~_i a .1 oru q  t h e  I - 

W ~~‘ - - t i n  m n - n i  - ;h’ nu ns ! Imp u t t b u n ’
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h i qh  c o n d u c t i v e  r e q i o n s  t o  t 5~- u u u ’ n r t h  and c-i’ s’ .
E l e v e n  k j j n n r t c ’ t c - t  e l e c t  r 1 -u _ i wo- m i m I  e - er t ’ m i n l y  u -c-

I t b _ i n n -  qe n l o q ic t r a ct  u r i n m - ;  m u u ’h n u n e - u u ’ - r .

• GTE Sy iv a n i a — n u e m s u n i  c - m i  ‘
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SECTION A .5

MICHIGAN REGION STATION LU CAT I (

LATITUDES LONGITUDES*
STATION DESIGNATIHN DEC ‘-IINS DEC

L i n e  A

S30 4 6 49 .2 271 4 5 . 3
S28 41 5 0 . 5  271 50.2
S29 46 49 .2 271 54.2
M 4 8  4 6  5 0 . 2  271 5 7 . 1
Sb 46 5 4 . 1  271 5 7 . 8
S11R 4(~ 47.7 272 21.5

Line B

S27 46 4 1 . 4  2 71 2 -~.7
N42 46 44.6 271 37 .1
S31 4/ 44.7 272 4.1
S32 46 45 .6 2 7 2  10 .9
S33 46 4 4 .2 2 7 2  11.5
S213 46 45 .6 2 7 2  11.7
S210 46  43.8 272 16.8

Line  C

S46 46 3 8 . 9  27 1  2 4 . 2
S26 46 39.1 271 2 4 . 5
S212 46 39. 7 271 53.5
S203 46 37 .5 271 57.7
N12 46 35.2 2 2 9.5
S33A 46 37.3 2 2  10.3
S34 46 37.3 272 12.8
S211 46 36 .8 272 21.8

Line D

S202  46 33.1 271 37 .9
S43 46 32 .5 271 44.3
S204 4 1 32 .~~ 271 5 9 . 8
~-135 41) 34.9 272 0.1
M94R 46 33.3 272
S 24  4 /i  3-~.2 2 7 2  15 .3

L i n e  E

S44 46 28.2 271 24.3
S48 4 / -  2 8 . 5  271 2 9 . 3
N9 46 25.7 171 29.4

* Fo r true longi tude , subtrict from /(l 0~~~.

A— h O



LATITUDES ~~~~I T F J F S *

STATION DESIGNATION DEC DEC M I ~~S

542 46 28.7 271 38.2
S45 46 25.0 271 43.0
M8
~ 

- l h  2~~.7 271
S205 45 27.5 271 54.9
5206 4 6  2 7 . 7  2 7 2  5. 6
S207 4I i 27.2 272 17 .6
S208 46 28.2 272 27.7
S3 4 6  26.7 272 33 .5
Si 46 27.0 272 3~~.0
S4 46 25.7 272 37.7
S4B 46  25.3 272 3~~.2
S2 41 27.0 272 41 .0

Line F

S25 4/1 21. 0 271 2 4 . 6
S37 46 21.4 271 32.(
S41 46 21.2 271 41.2
S4OR 4 6  21.3 271 45.7
M105 41- 22.7 271 ~4.5I S13B 46 21.0 271 55.7
M4 46 20.7 272 12.6
S17 46 20.9 272 23 .3
S13AR 46 24.1 272
S13 46 22.1 272 22 .9
S5B 46 21.2 272 34.9
S5 46 22.8 272 35 .5
S6R 46 19.3 272 38.4
S7 46 20.2 272 43.0
S12 4 1  ~~~~ 272 4 4 . 3

Line G
S47 41 16.1 271 25.8
S38 4I~ 16.2 271 34.7
S39 46 16.2 271 39.4
S87 4 1 16.1 271 46 .1
N3 46 16.8 271 51.9
S49 4( i  17.2 271 54.6
N1 6 4~~ 1 15.3 272 2.9
S21 46 16.2 272 8.4
S16 46 16.7 272 15.3
S50 441 15.8 272 17.4
S15 4 15.5 272 26.3

* I-or t~ Y U L  l o ng  i t  I Ide , sul’t .. r I -~ t i -  CF1 F 3 ( 0 0

I



LATITUDES LONGITUDES*

STATION DESIGNATrON DEC MINS DEC MINS

~14 46 15.( 272 32.2
S8R III 111 .8 272 42 . 3$ S9 46 j 1 7  2 7 2  4 8 . 3

L i f l  U

57 1 46 11.2 271 23.8
S73 46 10.9 271 29.3
S84 46 10.8 271 40.5
S67 46 11.5 271 45.2
S81 46 10.7 271 50.2
S72 4 6  11.0 271 53.1
S69 ~6 11.1 27 2 1.1

4’ 10.0 272 11.8
4~~ 1 1. 3  2 7 2  22.0

S51 4 6  12.4 272 23.8
S52 46 11.5 272 28.0
S53 ~1 12.2 272 33.8
S54 46 10.i 272 40.4
S55 4 6  8.5 272 43.7

L i n e  I

S86 46 7.1 271 31.9
S75 46  5 2  271 41 .1
S74  4 6  7 . 1  271 51.1
S79 46  5 . 7  2 7 2  0.5
S77 46 5.9 272 6.2
S70 46 6.9 272 9.6
S61 36 1 .7  2 7 2  1 4 . 3
S62 46 6.7 272 20.2
S60 4 6  6.5 272 26.9
S59 46 6.1 272 30.7
S57 -36 5.8 272 39.8
S56 46 5.7 272 44.1

L i n e  3

S85 4 1 , 1.4 271 4 0 . 7
S82 46 1.8 271 47.0
S83 41- 1.7 271 52.0
S80 4 6  0 . 3 271 58.8
S130 4(1 1.8 272
S78 46 1.4 272 8.8

* For tr )F ( l~,FIUj tU(IC , -~u b t i  i - ~~t f r I ) r n  3~ I O ~~ -

A— 112



LATITUDES LONGITUDES*

STATION DESII;NATTON DEC MINS DEC ~1INS

S1~3 46  1.3  272 18.5
S200 4’ 1.6 272 36.9
558 46 1.5 272 40.8

* 0?’ r — FL - l o f lq i  ‘ I l - l i ’ , ~-k 1 1 t t~~~ t f i  ‘~~m

- - 
~~tions not used (e i th ~- r  reIlI lits or bad station mn~lsur1~~~— 

ment s ) :

S38 , S22, SIL , S11R , S19 , S32R , S 2 I A ,
k 4 }3R , Si IA , S6 , SB , S-3 0, ~-19-1 

, N L 2 R

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S I T E  LIII 7AT I ~~~~

L A T I T U D E S  ) I  
: 1 l

~~1~~ 2~~ AV E R A G I :  LO G ~
NL~ -;c SITES DEC N 1 N 3  H G  ~- 11~ lS ( 7 5  E z )

46 36.9 87 3/- . 1 3.25
3 / -  1 8 . 1  88 8 .8  2 . 3 5
41 1 1 . 5  87 5 8 ’~ 3.10
4 ’  23 .2 87 8.4 1.77
4 6  1-1. 3 87 15 .7 3.68
41 12.1 87 28.8 3.64

N8 -1 / 13.5 88 21.1 3.11
N 9 4 6  25.7 88 30.5 2 . 5 4

~ 10 46 3 . 0  88 17.8 3.28
Nil - 1 4 . 54.2 88 5.0 2.46

46  34 . 3  87 50. 4 4 . 4 - 1
N14 4/’, 20 .3 88 19.1 3.55
N15 46 30.5 88 16. 7 3.77
. 1 11 4 6  14 . 8  87 5 4 . 4  3 .70

N 2 8  4(3 2 .2 88 32 .2 2 .  3 1 /

N32 4/I 2.4 - 87 41.9
4 /  7.1 87 -18. 5 3.77

A — i  13
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