
··-...:{· 

I 

' - ··' 

REPORT ON 
A TURAM ELECTRO~AGNETIC SURVEY 

CUB PROJECT, YUKON 
ON BEHALF OF 

ATLAS EXPLORATIONS LIMITED 

by 

· P. J, Fominoff, B,A,Sc, 

and 

Jon G. Baird, B.Sc., P.Eng. 

CLAIMS: 
Name ··Record 

, : •• _!. 

CUB 18 92280 
CUB 20 92282 
CUB 22 92284 
ROG 1 · .... 4 y 53030 
ROG 9 y 53039 
ROG 33 y 53062 
ROG 51 ... 58 y 53554 
BUC 2 I I , y 38258 
BUC 4 y 38260 
BUC 6 y 38262 

LOCATION: 

Number 

- 33 

- 61 

Eleven miles southeast . of Kluane, Yukon 
60°54• ~ latitude, - 138013' W longitude 
NTS 115-B ... l6 
~~itehorse ~lining District 

DATES: 
. September 5 to September 15, 1970 

0·135u6 



TABLE OF CONTENTS 

Page No. 

SUMHARY 

INTRODUCTION 1 

GEOLOGY 2 

DISCUSSION OF RESULTS 3 

CONCLUSIONS AND RECOMMENDATIONS 4 

PLATES: 

(in text) 

Plate 1 - Property Location Map . 1 II = 8 miles 
/ 

(in envelope) 

Plates 2' 3, 4 and 5 - Turam Electromagnetic 1" = 200' 
Survey Profiles 

-



SUMMARY 

The present Turam electromagnetic survey has revealed high 

background responses typical of low resistivity overburden or bedrock. 

~vo electromagnetic conductors have been distinguished, both 

of which have resistivity/thickness ratios higher than expected for 

massive sulphide conductors. 

If geological opinion is such that diamond drilling of these 

conductors appears warranted, the locations for two drill holes, each 

/ 4oot in length, are herein given. 
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INTRODUCTION 

REPO RT ON 
A TURAM ELECTROH/\G, ETI C SURVEY 

CUB PROJECT, YUKON 
ON BEHALF OF 

ALTAS EXPLORATIONS LI MITED 

During the period from September 5 to September 15, 1970, 

a geophysical field party under ·the direction of Mr. Steve Bortnick 

executed a Turam electromagnetic survey near Kluane Lake, Yukon, on 

behalf of Atlas Explorations Ltd. 

As shmm on Plate 1, the property is located about 11 miles 

southeast of Kluane, Yukon. The topography of the property may be 

described as mountainous and is covered by glacial overburden. 

The claims covered, in whole or part, by the present survey 

are listed on the title page of this report and are shown on Plate 2, 

on the scale of 1" = 200'. The present claims are held by Coranex 

Limited and were under option to Atlas Exploration Limited at the time 

of the survey. 

The 11Turam" fixed source compensation method was chosen for 

the electromagnetic surv~y since, in comparison with other electromagnetic 

techniques, it is relatively unaffected by orientation errors· caused by 

rough topography, provides deep penetration and allows accurate interpretation 

of anomaly characteristics . The attached copy of a paper by R. A. Bosschart 

and H. 0. Seigel entitled "Some Aspects of the Turam Electromagnetic 

Method 11 describes the equipment , the field procedures, the nature of 

results and the interpretative procedures involved in this type of survey. 

The electromagnetic methods detect massive sulphide bodies by 

means of measurement of the secondary electromagnetic field produced by 

. . 
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eddy currents. These secondary fields are measurable by a receiving unit. 

The Turam method employs a large closed loop of wire as transmitter, while 

the field strength ratio and phase difference at two nearby observation 

points are measured by means of two receiver coils. 

The presence of a subsurface conductor will be indicated by 

abnormal field strength ratios and phase differences. A typical anomaly 

will show a correspondence between high values of the field strength ratio 

and negative phase difference. The depth of burial of the current axis 

is reflected in the shape of the anomaly, and the ratio of the maximum 

amplitudes of field strength and phase is a measure of the resistivity/ 

thickness (r/d) ratio of the body. 

Approximately 12.3 miles of profile were covered by Turam 

electromagnetic surveying. Readings were taken each 100' along lines 

.oriented N 45° E and spaced 400' apart as well as three lines oriented 

0 . N 45° W. Areas of special interest were detailed by taking readings every 

50' and in one case an extra detail line was run between two lines 

reducing the spacing to 200'. 

A Scintrex SE-71 instrument was employed with a receiving coil 

separation of 100'. Five transmitting loops as indicated on Plates 2 to 5 

were used for the survey. The main frequency was 400 Hz, but some lines 

were also surveyed at 200 Hz and one at 800 Hz to further investigate 

some abnormal respo?ses. 

GEOLOGY 

The geology of the area including and surrounding the present 

claims has been studied by several geologists, most recently by M.E. Coates 

of Atlas Explorations Limited whose report of September 1970 has been 

made available to the writers. 
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The survey area is extensively ove rburden covered and no detailed 

geology is available. Important regional thrust faults pass near or 

through the property so that the grid may be underlain by volcanic rocks 

of Triassic and Jurassic age or by younger volcanics and sediments of 

Tertiary age. 

This survey was undertaken in an attempt to determine the origin 

of copper-bearing, laminated massive sulphide boulders found on the 

property as float in the overburden. 

DISCUSSION OF RESULTS 

Plates 2, 3, 4 and 5 show the results of the electromagnetic 

survey on the scale of 1" = 200'. The parameters plotted in profile form 

are the field strength ratios on a scale of 1" = 20% and the phase 

differences on a scale of 1" = 10°. The interpreted locations of conductor 

axes are shown. Well defined axes are show~ with solid circles and less 

definite axes with open circles. 

Field strength ratios ranging up to 110% and negative phase 

shifts up to -10° are common over most of the area surveyed. For many 

profiles gradually increasing field strength ratios and phase shifts are 

seen as the distance from the leading edge of the loop increases. These 

background departures from normal nul~ response are indicative of a damping 

of the transmitted electromagnetic field by bedrock and/or overburden of 

low resistivity, possibly less than 100 ohm-meters. 

Two conductive zones stand out from the high background. 

One zone, trending approximately east-west from 23 Eon L 12 S off the 

grid at 29 E on L 24 S, is seen for the 400 Hz results on Plate 5. As 

the highest response is seen on L 24 S the conductor probably continues 

l 
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some distance to the east. The r/d ratio is about 12 ohm-em/meter which 

is in the range of conductive bedrock rather than massive sulphide conductors. 

The depth to the current axis on L 24 S is about 250'. 

The second conductor is seen for 200, 400 and 800 Hz profiles 

on Plates 3 and 4 at about 15 E on lines 16 S through 24 S. Allowing for 

some continuation along strike to the east, the r/d ratio of this conductor 

is at least 10 ohm-em/meter which is higher than the normal range of massive 

CONCLUSIONS AND RECOMMENDATIONS 

The present Turam electromagnetic survey has revealed high 

background responses typical of low resistivity overburden or bedrock. 

Two electromagnetic conductors have been distinguished, both of 

which have resistivity/thickness ratios higher than expected for massive 

sulphide conductors. 

If geological opinion is such that diamond drilling of these 

conductors appears warranted, the following locations would appear to be 

optimum from the present electromagnetic results. 

COLLAR ANGLE 

L 16 S, 13 + 00 E 

L 24 S~ 26 + 50 E 

Jon G. Baird, B.Sc., P.Eng. 
Consulting Geophysicis t 

Vancouver, B.C. 

DIRECTION 

Northeast in 
:line trace 

Northeast in. 
line trace 

MINIMUH LENGTH 

400' 

Respectfully submitted, 

SEIGEL ASSOCIATES LIHITED 

~ J-r- J\\\ 
\ _Q. .}--~ .• ~ \fV--..1~ ~ 

. · P. J. Fominoff, B.A. Sc. \ 
Geophysicist 

January 21, 1971 
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and 

of the Turam 
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Harold 0. Seigel 
Harold 0. Seigel & Associates, 
Geophys ical Contractors and 

Con sultants, 
Downsview, Ontario 

Transactions, Volume LXIX, 1966, pp. 156-161 

ABSTRACT 

1\lost electromagnetic methods presentl y used in min­
in g exploration are of the mo,·ing source type; i.e .. the 
primary field source is moved sim ultaneously a nd in a 
fixed configuration with the receiver. 

Of the fixed- source methods, wh ich employ a sta tion­
ary p rimary field and a modng receiver, t he Turam 
method is the most effective and has marked advantages 
over alternative electromagnetic methods. 

The r esults are little affected by topograph ic rel ief, 
and a high degree of reso lution can be obtained because 
of the constant relation between source field and im·es­
tigation area. 

Another inherent ad,·antage of the Turam configuration 
is that it provides more favo urable dimensiona l re la­
tions. Thus, the pr imary field attenuates at a much lower 
rate than in mo,·ing-so urce config urations and, secondly, 
t he method is size sensitive; i.e., conductor size affects 
the strength of the response, which is not the case with 
moving-source methods. 

These factors r esult in a considerably better potential 
depth penetration. 
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Figure I.-General layout of the 'l'uram method. 

Figure 2.-Thrc<•-f n•qul'nry Turam ren·iving syslt•m 
(Shaqw SE-700). 

Introduction 

I ~ the_ period fo ll owing the first world \~ar, Scan­
dmavta became th e cradle of geo-electncal pros­

pecting. The s,,·edish "Tvaram" (Sundberg, 1931) 
and "Compensator" (Sund berg & Hedstrom, 1933 ) 
were the forerunners of the large majority of present­
clay electromagnetic methods. From the Compensa tor 
method were derived, in quick succession, the "T u­
ram" (Hedstrom, 1937) and the "Slingram" (Hed­
st rom, 1945 ) methods. Both techniques are still being 
used in virtually unmodified form, although the "Siin­
gram" has been adapted to a variety of a irborne ap­
plications and has, in the course of time, assumed a 
confusing array of pseudonyms, such as "Loop Frame," 
"Horizontal Loop," "E.l\1. Gun," "lVIinigun," "Honka," 
"Magniphase," etc., as well as a number of nam es for 
the airbo rne adaptations. The Slingram-deriYed meth­
ods a re characterized by a constant transmitter-re­
ceiver configuration, which is mo,·ed over the target 
area. They are ca lled "Moving Source Compensation 
Methods." 

The Turam method has been in active use since its 
development in 1932. In principle, it comprises a fixed 
transmitting layout of large dimensions and a moving 
receiver system which measures the gradients of phase 
and amplitude of the induced eiectromagnetic field . 
The coupling beb,·een the field sou rce and a conductor, 
which is variable in t he moYing-source systems, is 
constant in the Turam or related configurations, re­
s ul ting in a response of a somewhat different charac­
ter. T herefore, a di stinction is made between "Fixed 
Source" and "Moving Source" Compensation methods. 

A typical Turam layo ut ( Fignre 1) consists of a 
rectangular transmitt ing loop of insulated wire with 
sides several thou sand feet long. to which a lternating 
current of one or more frequencies between 10' and 10" 
c.p.s: is fed by a gasoline-engine-driven alternator. 
The receiver system embodies two induction coils, 
carried at a constant separation (e.g., 100 ft. ) and 
connected to a compensato r which measures the in­
t ensity ratio and the phase difference between the 
f ields received by the two coils. 

As a rule, profiles are measured outs ide the trans­
mi tt ing loop, perpendicular to the long ax is of the 
loop and not exceeding the length of the short axis . 

The inten::;ity of the induced pr imary field depend,; 
on the size and shape of the tr;l!lsmitting luop and 
the location of the ou:::crvation puint The free nir field 
streng-th ratio::: l>cl \\·ecn station:; succcssiYely occupied 
by the rece iving- coil:; are dderm ined by calculation, 
a nd the ob!;c n ·cd rnii o::: are norma lized throug-h divi­
sion by these Ya lues. The prcseJH'C of secondary fields 
is characterizccl by abnormal :f ield st rength ratios a nd 
phase cliffcrenl·es. 

- 1-
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,\ llhtHJgh in practice Turnm meas urements are, be-
1 · ;111~e of th · light, mobile reee iving system ( Fiynre 
.: l , mad e nq>idl. (at th e rate of:) to li mil '" per day), 
a rhang-e nf pr imary layout at least eaeh a lt ernate day 
i" n •quirl'd under average eonditiuns. In order to 
maintain this rate of coverage, a erew of four men 
i:; em ploycd-tW<J to measure and two to lay out and 
n 'l'o\'er loops. In terms of line miles per man-day, the 
T uram method is therefore rather le:s efficient than 
the mo\·ing-source methods. On the other hand, it has 
;-;pedfic acl\·antages in r esults O\'er the latte r , as will 
Ill~ ,;huwn below. 

Quantitative Interpretation 

When a block of ground is energized by means of an 
a lte rnating electromagnetic ( E.~L) fi eld, the result­
ing field at the surface i., when conductors are pre­
~e nt, ellipti cally polarized. This is because the secon­
dary fields are phase-shifted relative to the primary 
field. With methods measuring a geometrical compo­
nent (e.g., Vertical Loop E.M. methods), field ellip­
ticity has the effect of bluning the observations; i .e., 
instead of a precise angle of zero induction a "null 
width" of minimum induction is obtained, and this 
null width widens with increasing phase shift. As a 
result, such methods may become less definitive in 
the presence of medium to poor conductors, such as 
conductive overburden or r elatively disseminated min­
eralization. 

A major advantage of Compensation m ethods is 
that phase shifts are compensated and field compo­
nents can be measured accurately, independent of the 
degree of field ellipticity. Moreover, two related com­
ponents are usually measured (either phase and amp­
litude, or in-phase and out-of-phase components), 
which greatly diminishes the poss ibility of obtaining 
spurious anomalies, and, more importantly, beca use 
the relat ion between these components depends on the 
conductor cha racteristics, renders possible a quanti­
tative interpretation of the obtained data. 

In recent years, much work has been done to in­
vestigate the response of mathematical or reduced­
scale models of geological conductors in moving- ource 
or fixed-source configura tions and so prc, ·;ide a basis 
for the quantitative interpretation of field data (Wait, 
1952, '53, 'GO; West, 19GO; Hedstrom & Parasnis, 
1958; Paterson, 19G1; Bosschart, 19G1, 'G4 ). As a 
result, some conductor characteristics can often be 
closely enough determined to discriminate bet\\'een 
anomalies ari ing from potential ore conductors and 
those arisi ng from electrolytic conductors (overburden, 
weathered shear zones, etc.) and the conducting bodies. 
even at considerable depth, can be accu rately located 
for diamond drilling. The possibility of assigning 
significance to anomalies on the basi,; of amplitude 
ratios rather than on amplitude st rength, and giYing 
precedence to weak anomali es nmnng larger and 
stronger ones, in itself signifies a considerable exten­
sion of the capabilities of t hese methods. 

The r espome of conductors. calculated theoretically 
or obserYed in model experiments in a partieular mc· t­
suring configuration, are usua lly presented in the form 
of response d iagrams sho\\'ing n set of 1.\\'o cu rves 
which represent the va riation of peak ampli t uct es of 
the in-phase anct out-of-ph a,.;e l'ompnncnts with t he va­
riation of a response paramel'cr. The latter includes, 
in some form, the exciti ng frcqut•nt·y and the releYant 

eondud11r charaeleri slies. For instance, for an infi­
nite sheet the r esponse parameter may be written as 

). = JCJ'I f~ - . in which r = resistivity in oh m-em, f = 

frequ ency, and d = thickness in m. 

Such a diagram, representing the response of a 
med ium-size tabular conductor (1000 ft. strike length) 
in a Turam configuration, is shown in F'ir;u1·e .JA. The 
straight line marked Q is the in-phase to out-of-phase 
ratio. This ratio ,·aries with the response paramete r 
and the s trike length and thu s gives, for a determinate 
frequ ency, a value for the resistivity / thickness ratio 
of the conductor. The validity of this particular dia­
gram is limited to the specified s trike length, but it 
illustrates the gene ral relations. As they show the re­
lati on between the relative amplitudes of the re~ pon:;e 
and the frequen cy, an important function of such 
diagrams is to indicate how anomalies caused by bo­
dies of different conductiv ity can be emphasized or 
de-emphasized by changing the exciting fr equency. 
An example of this application is described below. 

In some a reas, the overburden is both conductive and 
of irregular configuration and thickness . At stan­
dard prospecting frequencies, the strong fi eld eli to r­
tion a r ising from this condition could mask t he res­
ponse of underlying conductors, even \vhen these would 
have appreciably better conductivity. In F-ig ure 3 B-1, 
an example of extreme overburden distortion at a f re­
quency of 800 c.p.s. is shown, \\'ith anomalies as st rong 
as 40 per cent field strength ratio (R) and a 24-
degree phase difference (P). The same traverse at a 
frequency of 200 c.p.s. is shown in the bottom profile. 
The field stt·ength anomaly has almost disappeared; 
from 40 per cent it has decreased to 4.5 per cent. The 
phase difference is down to 7.5 from 24 degrees. When 
these results are compared with the response diagram 
(Figm·e 3-1 ) they appeat· to be entirely predictable. 
The overburden anomali es have a r / d value of approx­
imately 50 ohm-cm./m. and thus A equals G2 ohm­
cm.sec./m. at 800 c.p.s. and 250 ohm-cm.sec./m. at 
200 c.p.s. As the curves show, the in-phase component 
drops 80 per cent and the out-of-phase component GO 
per cent with the change of A from G2 to 250 ohm­
cm.sec./m. This example shows that the overburden 
response can be drastically reduced by lowering the 
frequency. The process would, however, be fut ile if 
the re ponse from underlying better conductors would 
be proportionally decreased. ·with the use of properly 
selected exciting frequencies, h owever. this is not the 
case:. for a good conductor \\'ith . say, an r / d Yalue of 
1.5, the change in frequency \\'ould represent a change 
from A = 2 to ,\ = 8, with a corresponding drop of 
the in-phase ampli t ude of only 25 per cent and an 
actual gain in out-of-phase amplitude of 75 per cent 
(Figm·e 3A-2). 

Uncter 200 ft. of cover, this conductor mi ght (sub­
ject to size and over-all geometry), at a frequency 
of 800 c.p.s., gi\·e r; ~ e to a 2~ per cent in-phase and 
a 4 per cent out-of-phase anomaly (approximately 
20 pet· cent fielcl strength ratio, 2.5 degree phase 
diference) (Fif}urc .'JB-2), and would be difficult to 
clistingui~h from the 800-c.p.s. ovet·burden noise 
shown in Figure SH-1. At the lower frequency, the 
anomaly would be 17 per cent in-phase a IHl 7 per 
pe rl'cnt: out-of-phase (15 per cent fiel d st re11 gth ratio. 
5-dt-gree pha,;e difference). and it would stand out 
clParly from the reduced ovrrburden response. 

-2 -
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t'otent1a1 ucprn t'enerrar~on 

In assessing- the capabilities nf clcdromagnctie 
method s, the effective depth pene tration is among the 
most important fadors to consider. It can be defined 
a:; the maximum depth at which the r esponse of con­
ductors of potential economic interest can be clearly 
dist inguished fro m electromagnetic fields arising 
from other sources. 

An examination of the desc riptions of some fifty 
producing orebodies on the Canadian and Baltic Pre­
cambrian shields shows that the large majority are 
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(:Cnlratcd sulphides, with slril<c lengths va rying- from 
:wo Lo 3,000 fl. (see F irnn·c 4A) and depth extensions, 
where known. of a comparaiJic order of of magnitude. 
An example uf lhe response of good condudors with­
in this size ran ge in typica l muving-source and fixed ­
,.;ource config-urations is s hown in the same diagram 
(Firmre 4B ). The conductor is a tabular body of 
good conductivity (>.. = 10.3 ohm-cm.sec./m .) at a 
depth of GO ft. The strike length and height have 
been increased s imultaneou sly from 10' to 1o·• feet. 
It can be seen that, up to a strike length of 400 ft., 
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the response in both configurations is comparable. In 

th e moving-sou rce configurat ion ( Horizo ntal LrJO p) , 

a furth er increase in s ize results in very liLlie gai n 

in the response. Saturati on is r eached at a st rike 

length of GOO to 800 ft. 

In the fixed-snllrc:c (Tu ram ) configuration, the 

rr.s ponsc .- hows it s s l!!epe;;t ga in whl·rc t he moving­

sourc · l'!:'Sponsc flattens ()1'£; for an in cr ease in s tr ike 

length from 300 to :l,OOO ft., th e fix ed-source res­

ponse increases from G per cent to 80 per cent, or 
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more than 1~ times, whereas the moving source r es­
ponse increases from tl per cent lo 7.5 per cent, or by 
a facto r of les. t ha n 2. 

ln practical term.·, this mea ns that s ize has a ncgli­
gil>le effect on the delectab ility of a conducto r in a 
mov ing-source configuration , but contribute materia l­
ly to its detecbtbili ty in a fixec.l -source system. The 
larger the body, the greater the depth at which it can 
be f ound with the Turam method. A major r eason 
for the obse rvec.l difference in potent ial depth pene­
tration of the two types of configuration is the 
different rate of fa ll-off of the response of bodies of 
the shapes and dimensions di scussed above. 

For moving-sou rce configurations, this qu estion 
has been examined by Hedstrom & Pa rasni s (1958) . 
In a diagram, f or in:ta nce, they show t he variation 
of the r esponse of a 2,000 by 2,000 ft. sheet conductor 
of good conductivity (A. = 4 ohm-cm.sec./m. ) with 
the depth. ( P1:gm·e 5). Between depth to coil separa­
tion ratios of 0.2 and 0.8 the rate of fall-off increases 
from the 1st to the 5th power of the depth. In ground 
surveys, where the in-phase noise level is, under 
average conditions, r ar ely less than 2 per cent, a 
discernable anomaly will thus have to have an in­
phase amplitude of at leas t 4 per cent. As the dia­
gram l:hows, the response fall s be low this value at a 
depth to coil separation ratio of 0.57. At 300 ft., 
which is the largest separation practical, the poten­
tial dep th penetration is therefore less than 170 ft . ; 
at the standard 200 ft. separation, it is less than 
115 ft. 

The variation with depth of the response of a 
smaller conductor (1,000 by 1,000 ft ) of comparable 
conductivity (,.\ = 3.5) in a Turam configuration is 
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Fi).!"ure 5.-Vnriation of the n•;;pnnst• with dPpth of a thin 
tabular l'lmdurtor of infinitt• strikl' lt•n ).!" th in a nw1·ing 

so u tTl' t'l>nfi ).!"urat ion. 
(H <'dslrom ami Parmmis, l~l58). 

i hown in l •' irrm·e r, . To a depth of 200 ft. th e respon,;e 
fall s o ff at a rate of less t han the l :t power; to 
depth ;; of well over GOO f t ., it falls off at a rale of less 
than th e 2nd power. 

At a 600-f t . depth, the in-phase amplitude is sti ll 
better than 4 per cent. F or a 2,000 by 2,000-ft. body, 
it wou ld be a pprox imately 6 per cent. a nd, with a 
further increase in size, it could reach 8 per cent. 
The potentia l c.lepth penetration can thus be conserv­
atively e:-t im ated to be GOO ft. 

F1'guTe 7 is a field example of a 400-c.p.s. Turam 
traverse over two steeply dipping mixed graphite 
and sulph ide conductors under 340 ft. of overburden 
(Timmins a rea) . The fi eld strength rati o anomaly 
of the s trongest condu ctor is 23 per cent, which is 
approximately t hree times stronger than the fi eld 
strength ratio a nomaly of the sma ller conductor 
shown in Figu1·e 6 at the same depth of burial. This 
example indicates that the present body could be 
f ound at much greater depth and that the estimate 
of the potential depth penetration, based on the 
smaller body, is indeed conservative. It may be noted 
that the in-phase response in a moving-source sys­
tem (300 ft. coi l separation ) would be less than 1 per 
cent and that the body would be undetectable with 
such a method. 

Effect of Topographic Relief 

Neglecting external sources, the noise level of 
moving-source compensation methods is strongly de­
pendent on the coupling between transmitter and 
receiver; i.e., if the configurat ion is not rigidly main­
tained during operation, spuri ous in-phase anomalies 
result. For instance, an error of 5 per cent in the 

r R 
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Fig-ur<' IL-Yariation of th e r<'sponsE' with dept h (a) of 
a thin tahular enndudor of fini!t• s trikl' lt•ng-th (1000 ft.) 

in ll fiXl' d-so urec measuring config-uration. 
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Figure 7.-Turam traverse over deeply buried conductors in the Timmins area. 

coil separation causes a change of 15 per cent in the 

in-phase component. In the presence of secondary 

fields, both components are affected. Elevat ion differ­

ences between the coils produce a comparable effect. 

As a result, these methods become impractical in areas 

Of appreciable topographic relief. 

With the Turam system, a 5 per cent error in coil 

separation causes a change of 2 per cent at a distance 

of 300 ft. from the source, 0.5 per cent at 500 ft. 

and 0.2 per cent at 1000 ft. The effect of elevation 

differences between coils is, because the field at the 

surface is predominantly \'ertica l, eyen smaller. 

The effect of terrain relief on the measurements is 

therefore negligible. except in area::; of ven· rugged 

topography. MoreoYer, where corrections are required, 

they can be made, because of the fixed relation be­

tween source and terrain, in a simple and st raight­

forward manner. 

Conclusions 

In the foregoing, thoge a spec . s of the Tnram me­

thod that ha\'e marked ad\'antag-es O\'er alternaliYe 

method·; have been st res~ed. It is, at presen(·, the 

most powerful electromagnetic prospecting t oo l at 

our disposal. 

It is also a rather elaborate method and therefo re 

docs not necessa ri I~· rep re~ent. ! he nhlst effk ient 

appro:1ch under a II l'i rcum~ t:IIH:es. 

In areas t,f thin t'll\'el' and le\·el topography, ~ys­

tematic sur\'cy~ may, for ins(nnct\ l.Je done more 

economically with moving-source compensation me­

thods . Also, for fast g round follow-up of airborne 

electromagnetic surveys, where the problem is usually 

confined to determining the accurate location of pre­

selected anomalies, methods measuring geometrical 

components will yield the desired information more 

rapidly and at less expense. 

The proper fi eld of application of the Tnram me­

thod lies where conditions are more difficult and the 

r equirements seYere; in particular in cases where 

a hi gh degree of discrimination between conductors 

js de~ired, where the depth of overburden limits the 

use of other methods or where alJpreciable topogra­

phic r el ief occ urs. 
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