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INTRODUCT 10N

From July 18 to September 24, 1968, o digital high-
sensitivity ccromagnetic survey was flown over a rogion
cast of the Richordsen Mountains ond north of the Mackenzie
Mountains in the MNorthwest Territories. The progrem origin-
ally called for three moin areos to bo flown using a one by
threoe nile grid spoucing. All three blocks were tied to-
gether by a larger reconnaissance grid network. During
operations, an extonsion wos added to the western block to
be flown using o line spocing of 1} miles and a tie line
intervol of 5 miles. Because of the proximity of the moun-
toin ranges both to the south and to the west, the suxvey
was flown at threo different cltitudes. The most southern
portion was flown at 4,200 ft., the north-western extension
was flown ot 4,500 ft. ond the remainder of the survey, by
for the lorgest area, was flown ot on cltitude of 2,500 foet
above seca lovel,

The vastness of the area necessitoted on ottack from
tvo sides; the eastern paxt was surveyed using Normon Wells
ond Fort Good Hope os bases while Inuvik ond Fort McPhorson
sorved os centres for the western half. Both Norman Wells
and Inuvik provided the buse of operotions for the aircraft
and olso servod os secondary ground magnetometor stations.
The purpose of Fort Good Hope and Fort McPherson waus to pro-
vide closer monitoring of the voriations of the earth's
magnetic field. The ground monitor mognetometers at Norman
Wolls and Inuvik ollowod the crew to judge whother divrnal
conditions were acceptable for flying, while the other monitor
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stations would be vsoed to control the results obtoined, The
divrnol varictions will be the subject of a supplemont to

the present report.

A Quoenair, ovned and operated by Kenting Lid., was
veed as the survey circraftse A C.S.F. coesiuvn-vapour mag-
netometor operated in a towed bird wos uvsed to record the
total intonsity of the earth's magnetic field digitclly on
magnotic tape in units of 0.01 gammos. The recording intervel
was one second, controlled by crystal clock. An analogue
monitor was recorded in unison with the digital system,

Similar vnits were vsed as ground monitors.

Flight path was recorded on a 35mm continuous strip
camera and flight altitude by a Roseomount recording barometer.
Fidvuciol morks, controlled by the crystal clock, wore set on

the film and analogue records at 50 second intervals,

I  DATA PROCESSING AND COMPILATICN

Doto compilaotion included the following stops:
1. Flight puath recovery and locating intersections of
lines und tie-lines,

2. Reading X-Y coordinates of intersections and inter-
mediate points on the maps in units of 10 meters on
a standard UTHM grid.

3. Punching IBM cards showing times and coordinates of
these points.

4, Finding and correcting locotion errors by computing
aircraft ground speed between interscctions.
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5. Converting cirborne and ground magnotoneter readings
from magnotic tape to punched cards and correction of
any recording errors,.

6. Conmputing differcncos of magnetic valucs at ecach intor-
soection and adjusiments to level the daota together,

7. Computing final mognetic velues, including regional
corrcction and X-Y coordinctes for points ¢t inter-
vals of O seconds.

8., Transcribing, contouring ond drafting the final maps
at a scole of 1 inch to 1 mile with conposite maps ot @
scale of 1 inch to 4 miles,

9. Preparing profiles of each line using a vertical scole
of 20 gammas per inch.

10. Preoparing profiles of lines scrubbed for diurnal
reasons to aid in ¢ study of divrnal effects,

11. Preparing vertical gradient profiles for arecs thaot
warronted a more detailed study.

II INTERPRETATION BACKGROUND

In thoe ecrly stages of the survey, o geophysicist
stationed in Normon Wells directed the flying preogrom, By
inspecting the analogue records in the field it was possible
to plan the flight line directions in such e way so as to
obtain the maximum mognetic response from bodies by flying
over them at right angles to their strike direction,

A detoiled interpretation of the doto has been based
on a close study of the total field colcomp profiles ond con-
tour maps. In somo arecs the total field profiles yielded
very little information in the woy of depth estimates. As a
consequence, it was decided to compute verticol gredient

values ond produce profiles which together with the total
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field calconps formod the busis for a more exhaustive usage
of tho digitally reccordod data. Consistency of interpretation
on both total ficld and gradient was checked on the bost

defined anomalics and proved to be satisfoctory.

Preccoding the interprotation, a study of the diurnal
records was necessary in order to dotermine the volidity of
subtracting the ground magnetic valuves. Results of this study
shoved thot magnetic events arriving ut Normon Wells often
aerrived at Fort Good Hope with o phose shift as much as twenty
seconds. The distance botween the two stotions is epproxin-
ately 90 milos, The significance of this phaso shift is that
subtracting ground values recorded at Fort CGood Hope from air
values that are recorded 90 miles away could easily introduce
falce anomalies into the dota. Since some ports of the sur-
voy aro over 90 miles Trom the nearest ground station, and
the rodius of effective ground control is umnknown, ne subtroc-
tion of ground from airborne duta was performed. However, to
aid the intorpretation, oll lines that were rejected for
diurnol reasons wore processed for comparison with the
accepted data, This technique cllowed the interproter %o
decide vhether an anomoly was due to geologic conditions
or due to variotions in the eorth's mognetic field. The eri-
terion was simple: If the cnomaly wos evident on both pro-
files, it was real; its appearocno only on one, hovever,
indicated that it vas not due to geolegicel conditions. 1In
some casos, cnomolies of doubtful validity appcared in the
dato, on calcomps or mops. These ere vsuolly fectures shown

by one lino only. They are marked on the maps by queries.
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Anomaly locations wexe transferred from the profiles
to the maps and traced from line to line. Threec types of
anonalies are prosented on the interpretation maps; both
positive and nogotive busement anonalies above basement
enonalies and introbascmont anomalies. The lattor, constituto
the large regional anomolies which yield depth estimates in
the vicinity of 25,000 fecet svb-sea, while bascment features
are in the neighbourhood of 6,000 to 12,000 feet sub-seca,
Above bascment anomolies are considered to originate within

the sedimentory section or close to the ground surface.

These feotures, generally recognized by their omplitude, width,

character and depth, often present problems such that their
origin is questionable., In cases where it is difficult to

decide vhether a feoture originotes at the basement surfeace
or within the section, the axis is shown with an interroga-
tion mark, aond the preferred interpretotion is shown by the
onomaly symbel used.

This classificotion is nccessarily arbitrary. On the
bosis of present dota we cannot be sure which mognetic horizon
is tho actuval bascment., It is quite possible that the deecp
features, cleossed es intra-basemont, mark the real igncous
baosement surface, while the features merked os bosement may
sometimes reflect o motumorphic level in Precambrian or other

sedinents in some places.

The primary method vsed for dotermining depths has boon
tho Infloction Tangent Intersection mothod developod by the
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Compagnie Generale do Coophysiquo®, Depth estimates ere shown
in feet below sea level and ere, in gencral, accurote to with-
. in +107 relative to flight altitude., Considoring the reliab-
$1ity of ithe ostimeles, ond their donsity, on intervel of
1,000 feot has beeon vsed in the depth contours. On the eastern
port of the survey, bosement was interproted ot around 6,000
feet docponing westward vhere the magnetic pcottern takes on
the effoct of lorge regional fectures. Depth estimcte for
theso features revecl thet their source lies somevhore in the
range of 20-35,000 feet below sea level, Their size end
estimated depth is such thet they have been interpreted as
originating from below the basement surface, consequently,

their depth volues ore not contoured.

III INTERPRETATION

For simplicity and cohorence in the discussion of the
interpretation, the survey is divided into four principal
soctions; the ecastorn block (shects 12 to 17), the sovthern
block (sheets 21 %o 26), the centre block (sheots 9 to 11
and 18 to 20) and the western block (sheets 1 %o 8).

III.1 THE EASTERN BLOCK (sheets 12, 13, 14, 15, 16, 17)

From the total field contours, the dominant mognetic
features procent in this area are as follows: The regional
mognetic lovw situated near the niddle of the arec; the north-
westorly trending low in the northern half, the magnetic high

neor the wostern edgoe ond the throe general zones of cctivity,

®*GIRET, R. and NAUDY, H., 1963. Methodeos
~ actuelles d'intorpretotion des etudes
_ ceromagnetiques en recherche petroliore:
Lu_” World Pet.Congress Section 1.
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one in ¢ northwest trending belt extending across the northe
exn area, onhc occupying tho southeustorn quarter, end anothor
in tho souvthvestern cornere Tho broud magnetic highs end
lows are atiributed to chonges in composition of the mator-

fal within the basenent. Their cmplitudes and resulting

gradients tend to obscuro smaller anomalies that mey be super-

imposed. As o consecquonce, such smaller anomolies might not
yield reliable depth estimates ond often are difficult to
identify as being basoment surface featuros or intrasediment-
ory anomnclies., Severel of these cnomalies con be found in

the northern holf of the arca.

Many onomalies throughout the urca have yielded reli-
able depth-estimates, especially ovor sheets 12, 15, 16 and
17. Over these sheets the depth estimates are the most
abundant and likely the most reliable.

The bascment genorally dips westwards ond its depth
below sea-level averages 4,000 feot on the castorn boundaxy
of sheots 15 and 16, and 8,000 feet on the western boundary
of sheet 12, 1In between, severol interesting structures of
the busement have been revealed by the contouring of the

basemoent surfoce. The main ones are the following:

Anticline A1 (Sheeot 15). This onticline appears to be
linited to the south by fault F1, trending approximately
N60°West. Depth of basement at the top of the anticline was
found to be 3,800 feeot b,.s.l.

- Anticlino_A2 (Shoot 15), is trending opproximately
NW-SE. Depth of basement ot the top is the somo as for Al,

B L DS
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Another fault, F2, could constitute the southera boundary of
this anticlinal czrce; this fault follows a marked discontine
vity in the magnetic pottorn svggesting o lateral disploce-
ment In the range of 2 to 8 miles ond a possible downthrow

to the south.

Anticlino A3 (Sheet 15) is only o plunging "nose", with
a depth of buscment some 4,500 feet b.s.)l. at its axes. This

structure, therofore, appcors to be less interesting than Al
and A2,

Anticlino A4 (Sheets 14-15) is located on the same

trend as Al, but in o less favourable position since it is

structurolly lower. Average dopth to the surface of base-

ment ranges from 5,500 to 6,000 feet below sca-level.

An additional brood basement high has been interxrpreted
in the southeoastern corner of sheet 12, This is a large arca
wvhere the depth-estimates range botween 5,500 and 6,000 foct.
The closure of this structure to the cost is not well ascer-

tained due to the absence of cnomalies in this direction.

The quantity ond intensity of magnetic anomalios are
decreasing to the north, on sheets 13 and 14. For this
reason, the contouring of basomont could not be extended
north of line 17, It is possible to estimote, however, that
the basoment dips to the north on sheot 14 ond to the west

on sheet 13,

Most of these basement highs ore associated with indi-
vidual magnetic anomalies of basement type, striking north-

fentera
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souvth. Thore ore a nuuber of these cnomclies sprecd through-
out those shects. Sono are too week to give xelioble dopih
estinates, but thoy noy be importont indicotors of struciure
on the bascment surface end deserve further exploration.
Others nay be stronger, but local complicetions hindered
depth calcuvlotions. A prime excmplo is the circuler magnetic
high in the centre of sheet 14 (on line 22 botwveon tie lime
218 and 221). This couvld indicotec ¢ smoll plug lying on o

deeper~secated north-south axis,

In tho north end of this block (sheots 13-14), severcl
sharp, but weak magnetic cnonalics were moted. These erise

from magnetic matericl cbove tho bosement, possibly nocor the

~ground surface. They are short and irregulcr, and uanlikely

to be important.

As a conclusion, it is possible to assexrt thct im the
eastorn block of the survey area the thickness of the sodin-
entory section ranges from 4,500 to 9,000 feet. Good pros-
pects for further gocophysicecl investigotion hove beon found,
especially clong o trend stretching ocross sheet 15, with
individuol structures in Al ond A2,

III.2 CEMTRE BLOCK (Sheets € to 11, 18, 19 end 20)

The contre block, bounded by 66°00" N to &67°00" N
latitude and 129° E to 133°00" E longitude, is portly covered
by @ dotail grid network of 1 by 3 miles (sheets 8, 9, 10),

@ roconnaissonce grid of 3 by 2 (sheets 11, 12, 20) ead o
tiec-in network of 9x2 miles (sheet 18).
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The totoul field contours illustrote the predominence
of large reglonal "highs” aond "lows". These enomolics nay
be the resuli of changos in the rock composition within the
basemont und, consoquently, may influence neithor the topog=

raphy of the basowont suxface nor the sedimentary section.

But possibly, they could reflect the real igneous base-
ment surface, ot depths of 20,000 to 40,000 feot, for there
is obviously littile nognetic material in the overlying rocks.
Hovever, cortain weak mognetic features give much cshallowver
depths, ronging from 8,000 to 15,000 feet. We have chosen
to call this horizon tho basement surfuce, since it fits
well with the stronger feoturos to the cast. Byt obvicusly
it doos not ropresent a basemont of normeol Precambrian ignoous

type. It could be o metamorphic surface.

If we considor, for exampla, the field contours on
sheet 8, only o strong gradient decreasing from NE to SW
can be seen., This is ono of the deep scated effocts that
has been called introbasement, but vertical derivatives or
graphicol rosiduels show a residval anomoly, the exis of
wvhich is located approximately along tie line 353, botween
lines 40 ond 49, OQuantitative interpretation of this anomaly
yields dopth estimates ranging from 12,000 to more than
14,000 feet below seo-level. In the same way, another
anomaly appeooring on lines 60 and 61 neor tie line 350
yields depth estimotes everaoging 11,000 feet., This, ond
onother short north-south fecture are roleted to more por-

sistent cost-west anomclies in such @ broken manner that

aoterral
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foulting is implied. As for the huge magnetic gradient
stretching over the vhole sheot, its source may be located
ot 35,000-40,000 feet below sea-level,

Similor nognectic feoturos may bo seen on sheots 2 and

10; the huge cnomalies or gradionts several hundreds of
ganngs in intensity ore introbusement feotures which conceal
gmoller anonmalies hordly visible on the totul field records.
Those again were intorpreted mainly from verticul derivative
records; however slight theso anomolies may be, some of them
can bo correlated over long distances. For example, a small
anomaly may be followed across the whole sheet N°9 along tie
line 311; the computed depths range from 8,700 to 9,800 feet,
which suggests that the area is comparotively flot.

The most interesting prospect in this central arec
covld be the arco mapped as A6 in the southern part of sheot
19. Although the density of profiles is small in this areq,
the depth estimotes peint to on anticline trending opprox-
imotely east-west., Depth of basemont ot the top of the
anticlinal could be less than €,000 feet, wherecas to the
north and to the south it is more than 11,000 feet. This
feature is relotod to a magnetic anomcly of moderate strongth,

probably striking northwest, that might be intrusive.

Although strong introbasement anomalies obscure the
bacement magnetic feotures, depth contours of the besement
were tentotively drawn over the wvhole areca. The basement is
slightly dipping to tho wost on shoets 8, 9, 10 oand 11 and
to the south-wost on sheets 18, 19 and 20. A possibly closed
struvcturo, A6, is indicoted on the southern edge of shoet 19.

Geolerral
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III.3 THE SOUTHERN BLOCK (Sheets 21 to 26)

The urca coverod by shects 24, 25, 26 end the south-
orn part of sheots 21, 22, 23 was flown ¢t on oltitude of
4,200 foot A.S.L., ond the renoinder of this block ot on
altitudo of 2,500 feet A.S.L.

Two large eost-west tronding onomalies occur within
the arca; one of these features is locoted along the sovth-
ern boundory of the survey orcu - its depth to source cver-
ages 30,000 feet and the onomaly may be regarded as "intro-
basement”. The other lorge feature is locoted more to the
north ond yields depth estimates in the ronge of 25,000 -
30,000 feot, agein it is intrcboscment.

A caroful excminotion of the profiles disclosed thet
there are anomalies, generaclly not visible on the field
‘contour map, that can be reloted to the supposed surfoce
of the basoment. Such are two snoll anomalies on line 106
(sheot 22) which yicld depth estinates of 7,800 feet ond
8,000 feet. More to the south, the ostimated depths are
in the range of 12,000-14,000 feet, svggesting that the
basemont dips to the south in the northern helf of choet
22, More to the cast (shoot 23) tho basement clso dips to
the south, or southwest, from 9,000 to 12,000 foot in
depth. There is @ svggestion of boscment rising to 9,000

foot below scc level in the southeost cormer of the survey

In this block some of tho enomoly oxes may well bo
relotod to locol structure on the busemont surfoco. The
north-south exis in the north end of sheoet 22 could indlcate

[
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e @ noseo related to the basement high A6 to tho north.

Other anomeolies have cast-west sitxikes,.

The intrabasoment magnetic maximum along the southorn
boundory has an intriguing break about line 300 on sheet
25, In tho southeust corner of ihis same sheet, the exis
lics boyond the survey boundary, but is roplaced by a
shallover feature - possibly on bosement surfoce, but more
probably of sedimentoury origin., This lies over an east-

vost mountain seporated from the moin ranges,

IIX.4 WESTERN BLOCK (Sheots 1 to 7

The area north of 66°56" latitude, covered by sheoots
1, 2, 3 and 4, was flown at on oltitude of 4500 feot above
sca level, Within this area, the totol field contours indi-
cato the existence of u very large regicnol anomaly, the
centre of which probably lies just cust of the survey erca.
This feoature, u reflection of intrubascment compositional
changes, is so largoe thot it tonds to suppress total field
doviations that might be attributed to weaker and shallower

features,

In the oxtreme northwest corner, a feature of very
different typo lies right on the survey boundary. The
amplitude is moderate, some tens of gommas, and the oxis
clearly breaks between lines 572 and 574, MNote that the
magnotic contours show a peak offset from the cnomaly axis,
resulting from the effoct of the huge regional maximum to
the caost. This feature ylelds depths cround 6000 feot, 1t

geoterran
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. has beon tentotively cscribed to busement surfoco, although

it could be intrusive,.

Tho basemcnt depth contours across shoets 1 to 4
are highly speculative, assuming that this 6000 footl depth
con be joined by o smooth suxface to the depths obtained in
tho sovthexrn parts of sheets 3 and 4 which are basoed on
magnetic features of very differont charecter. Furthormore
the group of dopths in the southwest quarter of sheet 4 ore
not considered very reliuble, und the suggestion of baso-

ment dipping east across sheet 4 is not well controlled.

Analysis of the total field celcomp profiles revealed
the presence of o few features gonerally trending north-
sovth, The cuplitudes of those anomalies runge from ohe
to twenty gammas relative to the slecpe of the gradient.
Alternative lines were processed to produce vertical gru-
dient profiles which aided both in identifying onomclics
and dotormining depth estimates. As expected, the verticol
gradient profiles exposed the presence of mony features
that could not be observed in the total field data. Sone
features could be coxreloted from one derivative profile
to the next. One unique cnomaly of shallow or surfeoce

origin iz marked by an 'x' in the northoast part of sheet 2,

Most of the area covered by sheots 5, 6 and 7 was
flown at an altitude of 2,500' A.S.L.

The intorpretation of this ereau is oxtremely frustrot-
ing, since proctically all tho magnetic feotures may be

Geatarral
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regérded as reflecting doep magnetizotion contresis within
the boscnent end therofore hove no real significaonce in

terns of defining the boscuont svrfoce contours,

On sheet 6, for cxcnple, no bosement cnonaly «t old
covld be found; the bLasenmont depth contours on this shoot
vero drawn tentatively by extrapoloting the contours of the

odjoining sheots.

On shect 7, however, several enomelies couvld bo re-
loted to the basement surface, yielding depth esticates im
the range of 12,000-14,000 feet. To the north of this sheet,
o depth estimote of 9,700 feet was found (on T.L. 601),
wvhich could suggest @ riso of the bosement to the morth,

Some strongexr basement features lie just oviside the
survey boundary on sheet 6, end give e suggestion of cn
eastvord dipping surfece.

There ore some obvious effeccts of divurncl verictions
on these shoets, notably between 1ines 474 ond 476 on sheot
6, ond vhere the nmojor moxinum exis crosses the ecltitede

breack on sheat 5,

CONCLUSION

The results of this survey cre rcther disoppointing,
since so fewv magnotic anomalies have boen found. Mozt of
the region is donminoted by huge regionel magnetic feotures.
Theso could indicote @ bascment surfoce et o dopth of
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20:000 to 40,000 feot. But wo have preferred to considor
their causes below the bosement surfoces This conclusion is
supported by datu from tho eastern block, whore these feotures
are overxidden by much shallower features, typical of tho
Preconbrian crystelline rocks beneath most of the busin in

woestern Cunadae.

The survey has o scientific interest which is for
from negligible, since the intorpretation of these huge
anomalies could contribute to o study of the forces and
features oxisting within the ecorth's crust.

Locolly these big anomalioes hinder the intorprotation
of smoller features which ore of more immediate intorest
since they moy be relotecd to tho busemont surfoce. Evon if
the broader cnomalies were romoved, the residucl aonomalies
would be scorce ond generally small, except in the cestern
blocks This suggests that the bosoment is generally vory
honogencous and probobly of acidic composition (gronitic,

metomourphic, or sometimes even sedimentary),

The magnetic trends of the basoment surface ore genore
olly north-south, except in the southern ond south-contral

blocks whore some of thom may be eust-west.

The overcll pattern of the bosomeont dopth contours
shows thot the sedimontary section may vary in thicknoss
from 4,500 to more then 15,000 feot. In croas where tho
nunber of basement anomclios wos sufficient, closed struc-

tures could be found ond mopped, suggyesting possible leads

for further investigation,

aotarra
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*  The thinnex sedimentory section may be expocted to bo

found in the castexrn block, especially along its castern
boundary; but oven there the thicknoss of sodiments is greoter
than 4,000 feet. Further geophysical investigation in this

area could be concentrated on structures Al, A2, A4 and A5,

Intoresting prospeects may bo found on sheots 10, 11
and 12, vhore the bosomont contours suggest o possible east-
west anticlinal trend. Sedimentory thicknoss in this arco
ranges from 8,000 to 10,000 feet.,

On the southorn boundary of shoet 19, the structure A6
oppears to be reliable despite the comparatively small
nunber of profiles on this orca., This could be one of the ’

most interosting areas of the wholo survey.

Over most of the central and western blocks, the omount
of vseful informotion that could bo obtained by interpreting
the magnetic dota is very small., Two kinds of dota process-
ing woro mado to improve the interpretation: Manuval residuals
of particular feotures were drawn in order to filter out the
broader background enomalios; computed vertical grodient
-profilos were procossed for sevexal linos in order to enhance
coertain anomolies end to roveal features that could not be
obsorved clearly on the total field profiles. However, even
with tho cid of these techniques, depth estimotes were still
too scorce for dotuiled contouring of the basement,
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seol 19

The uso of digital high censitivity equipment, however,

proved to be wiso since no depth octinmaies of tho bascuent

covld havo boen obtainced over most of the survey oreo with

analogue records only.
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