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ABSTRACT

An area of about 111500 sQ' kn in north central

Manitoba between Amisk Lake and l¡lekusko Lake has been

geologically mapped by vari-ous spectral and airborne

geophysical techniques. The spectral remote sensing

techniquesinc]-udedinterpretationofpanchromatic

and col-our aerial photograPhs, Landsat' thermal and

radarimagery.Land.satdigitaldatahasbeenenhanced
by using the Image Analysis System at the Canada

Centre for Remote Sensing. Operations such as linear

contrast stretch enhancement, colour component trans-

formation, ratioing, principal component transformation,

spatial filtering and combinations of these r,^Iere attempted

to enhance geologieal features of i-n{erest. Airborne

geophysical remote sensing included J-nterpretation of

colour applicon plots of total- field and verti-cal gradi-

entaeromagneticsandVLFtota]-fie]-dandquadrature

electromagnetics.

Thetheslsdescribesvariousmethodswhichcanbe

used for mapping of litholog1-ca;-/struetural- trends and

other l-ineaments such as shear zones r f aul-ts and j oints '

and also formulates an integrated approach for economic

geologicalmappingandexplorationofstrataboundmineral
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deposits. The present study as wel-l- as previous studies

have indicated that Landsat digital data carries much

nore information than the paper print outs ' Linear con-

traststretchenhancementhasbeenfound.tobeVerysuit-

abl_e for mapping of lithological-/structural trends and

ratio inages are very good for mapping of other fineaments'

Vertical aeromagnetic colour applicon plots have

superi-orresolutj-ontothetota].fieldandhavefaci]-i-
tated. the photogeological mapping of near surface geo-

logicafstructuresand'inc]-udedmj.nera}izedzones.This
applies not only to exposed areas but also to areas

covered by 1akes, moderately thick Palaeozoj-c sedimentary

rocksandQuaternaryglacialoverburd.en.Interpretation
of Very Low Frequency electromagnetic col-our applicon

plotsappearedtobeofverylimiteduseinsupplementing

photointerpretationforregional-geologicalmapping,and

i,ras of practically no use in mapping of geological

structures in the Precambrian rocks bel0w the Pal-aeozoic

sedimentary cover. Ho'^lever, it i-s extremely useful- in

isolating anomal-ous conducting zones in exposed areas as

well as in areas where Palae ozoic rocks are not very

thi ek .

Thetheslsa].sodescribeshowtheintegratedmethods
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are helpful not only in mapping of lithologicaLf structura]

trendsofvariousstratabutalsotracingofextensionsof

knownmineraldeposits.IntheAmiskLake.ltiekuskoLake

areathereaTeapproximately50knownninera}occurrenceS

of go1d, and copper. The present work demonstrates that

these deposits are stratabound and how they might be

j-nterconnectedwitheachother.Thestudyfurthersug-

geststhe].ocationofthoseareaswheremineralexploration

effortmightbemostprofitablyconcentrated.Indeed
prelimJ-nary ground truth examination in a number of these

areas has indicated al_teration a10ng strike extensions.
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1 . O INTRODUCTION

1 .1 AREA

The Amisk Lake - wekusko Lake area is l-ocated within

the Churchill structur.al- province of the Canadian Shiel-d'

mainly in the south centra] Manitoba and some adjoining

parts of saskatchewan. The rocks of the area aTe highly

deformed and, metamorphosed and broadly belong to two major

groups; the Flin Fl_on - snoi¿ Lake greenstone belt and

Kisseyne\^r sedimentary gneissic beIt. The southern part of

the study aTea (u" shown in Map 1A of Manitoba) is covered

by Palae ozoic sedimentary rocks with increasing thickness

in a southerly direction. The total aTea covered during

the present lntegrated study is about 10,000 sq. km. and

is bounded by north l-atitude s 5luo35t and 5501Ot; and by

west longitud.es ggo35t and 1O2o1Ot. An additional area of

about 15OO sq. km. SE of Flin Fl-on is incorporated in this

study for mapping of Precambrian lithologi.ca:./structural-

trends bel0w the cover of Palae ozoic sedimentaries.

The

prompted

selection of the

by the following

area for the present study was

fact or s

1. Amisk Lake - wekusko Lake area is one of the very few

areas in the Canadian Shield where various types of remotely

sensed data are available consisting mainly of panchromatic
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aerial photograPhs on

radar imagerY as well

imagery.

vari ou s

as good

scales,

quaJ-ity

therrnal infrared and

multidate Landsat

2.Thisisoneoftheonlytwoareasintheprovinceof

Manitoba which is covered by vertical aeromagnetic gradient

Surveyandhascolourappliconplotsofverticalgradient

and total field aeromagnetics; total field and quadrature

components of airborne Very Low Frequency (Vlf') electro-

magnetics are available.

3.Thisareahasbeenmapped.inconsiderabledetai]-by

various workers and several published maps and reports have

providedagreatdealofgeo}ogicaldataand.thusminimized

ground truth coll-ection.

lr.Varioustyp"sofmetall-icored'epositsarelocatedin

the area and.therefore it \¡IaS poSSible to establish their

relationship with interpreted. d.ata from various remote

sensing techniques.

5. This area presents a typical geological setting of

the canadian shield and thus various conclusions drawn

fromthisintegratedstudycanbeappliedtoothercompa.
rable areas.

6. Much of the study area is covered by cl-aims of Hudson
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Bay Mining and smelting company for mining rights and they

vrere ready to partly fund this type of study in their area.

1.2 GEOMORPHOLOGY

The Amisk Lake - l,rlekusko Lake area features 1ow,

hummocky rather monotonous topography which is quite

typical of this part of the Canadian Shield. The

structural grain of the country is characterized by low

ridges which are appïoximatety paralle1 to the regional

lithol_ogical/structural- trend of the underlylng rocks.

Lakes and swamps are numerous and their shapes in

precambrian rocks are mainly controll-ed by bedrock

structures. The lakes in areas underlain by gneissic or

schistose rocks are commonly elongated parallel to the

trends of these planar Structures. The lakes in the areas

occupied by granitic rocks are rather sna1l and their

shapes are to some extent controlled by the jointing in the

granitic rocks. Lakes occurring in areas occupied by

Palaeozoic carbonate rockS are generally larger in Size,

few in number and have irregular outlines which do not

correspond with geological trends. 0utcrop densj-ties in

most of the study area is of the order of about 1 5f'.

Faults particularly those in volcanic rock areas are marked

by straight, 1ong, narrow valleys which are often occupied

by lakes. The last glacial advance in most of the area



5

Fig. 1 (i). Fiel-d photograph showing relationship of litho_
logical trends and Quaternary glacial
directions. The conpass is pointing in North
direction, glacial striations and chatter
mark directions are trendJ_ng N1 5oE whil_e

lithological trends màrked by colour banding

are aligned in more or less E-W direction.
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The geomorphological chronology which is evident from

the present study indicates that the geomorphological

d.evelopment of the area has probably progressed as follows.

The Precambrian rocks Lrere more or less planated before

deposj-ti-on of Palae ozoic sedimentaries and this surface

been preserved up to Late Tertiary period'

I,fith the removal of Palaeozoic

started d,eveloping minor rel-ief

weathering and erosion.

sedimentaries the area

due to normal processes

3.DuetotheadvancementofQuaternaryglaci-ersthis
rel_ief has got accentuated at many places in the glacial

advance direction and also glacial plucking of weathered

and soft material took place along the litholog1-ca1 /

structural trend.s. Furthermore ' Some areas have got

planated d'uring this advancement '

ln, After glacial retreat the tand'surface

slowly in response to isostatic rebound and

tional processes have started'

started

normal

rr_ s ].ng

denuda-
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5. These processes in due course of time have eroded

areas oceupied by less resistant rocks into valleys and

thus exposing hard resistant rocks as ridges. A whole

range of i-ntermediate resistance to erosion in various

lithological types resul-ted. in the development of a sort

of grooving pattern which marks the structural trends of

t,hese I ithol ogical units.

1.3 GENERAL GEOLOGY OF THE AREA

The Amisk Lake - wekusko Lake study area mai-nly com-

prises Precambrian Shiel-d rocks but in the southern part

they are overl-ain by Palaeozoic sedimentaries. The

Precambrian rocks of the area comprise two main belts

having differing lithologies, style of deformational events

and grade of metamorphism. These betts are commonly de-

scribed as the Flin Flon - snow Lake greenstone belt in the

south and as the Kisseynew metasedimentary gneissie belt

in the north. Bailes (1911) recorded that sedimentary and

volcanic rocks of Flin Flon - Snow Lake greenstone beft are

metamorphosed between greenschist to lower almandine-

amphibolite facies whereas the Kisseynew metasedimentary

migmatite belt is metamorphosed between middle to upper

almandine-amphibolite facies. The contact between these

two belts engages the attention of geologists ever since

Kalliokoski (19/+9) postul-ated that a fault extends along
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this contact. The age of the strata of both Flin Flon

snow Lake greenstone belt and Kisseynew metasedimentary

gneissic belt is Late Aphebian according to Rb-sr whole rock

i_sochron studies (Uutfrerjee g[ af, 1971; Anderson' 197/+;

Josse, 1g1/+; Stauffer g! gl, 1975; Bel1 et al-' 1975) '

Deformationandaccompanyingmetamorphismofthestrata

of both bel-ts is aiso Laie ApÌ:ebian accoi'ding to K-Ar:

dates on metamorphically developed mica minerals (Lowden,

1961; Lowden et a}, 1g63; Moore et al-, 1960)'

1./+ PREVIOUS I/'IORK

various parts of the Amisk Lake - wekusko Lake study

area have been mapped in considerabl-e detail by numerous

workers and a fairly complicated picture of the geological

setting and history has emerged from these studies' These

stud.iescanbegrouped.intwodistinctcategories-
Earlier work i.e. work carried out before 1971 wherein

theemphasiswasmainlytomapthelithologyofdifferent

parts of the area and discuss various stratigraphic and

strueturalproblems.Thesignificantworksinc}ude

stockwel-l (1935, 1937, 194/) j-n Elbow Lake' Herb Lake and

Flin Flon aTea; Armstrong (lg lrl ) itt l¡rlekusko area i

Harrison (1g/r9) ln Kississing area; Kalliokoski (1952)

in\,rleld.onBayarea.Recentworki'e'theworkcarriedout
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after 1971 is much more diversified and details of various

particular problems are highlighted. This includes

detailed structural- mapping by Froese and Moore (tgAO) in

the Snow Lake area; Froese and Goetz (lçAl) lt the

Sherridon area; Bailes (1975) in Guay - Ìrlimapedi a-reai

Bailes (lgso) in the Fil-e Lake area; BeIl (gle) itt the

l^Iekusko T,ake arÞ-a= Mukherjee et al- ?gll); Anderson (lgllr);

Josse (lgllr); Sangster (ltlZ¡; Lowden (1961)i Stauffer et aI

(197Ð and Bel1 et al- (1975) provided absolute ages of

various rock units. Geophysical work in the area has been

carried out by various parties in limited areas and mainly

using ground geophysical methods '

As rar as remote sensing work in the canadj-an shiel-d

is concerned Chagarlamudi (l9SO) ¿i¿ digital analysis of

Landsat data for rnapping rock outcrops in the coppermine

area of the Northwest Territories. He found that the

enhanced Landsat images are superior to the aerial- photo-

graphs in identifying large outcrops and in discriminating

among these outcroPS.

1.5 SCOPE 0F PRESENT \^IORK

From the above nentioned previous work it is apparent

that no attempt has been made to map the whole area by

using either spectral or geophysical remote sensing.

Although aerial photographs have been used by some workers
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in recent years for navigation or for locating extensions

of various formations but detailed photogeological maps

of neither ind.ividual- nor entire aTea are availabl-e. A

concentrated attempt has therefore been made to interpret

individual aerial- photographs of various scal-es for

details of lithotog1.ca1/structural trends and lineaments

such as faults and fractures. Detail-ed planimetricaJ-iy

controll-ed maps of the entire area showing these geologi-ca1

features along with salient topographic details are com-

piled in three pieces on 1 :100, OOO scal-e (U.p 1 , 2 and 3) .

Hogg (1959) applied integration of aerial photo-

interpretation and aeromagnetic data to geological mapping'

The techniques of remotely sensed spectral data acqui-sition'

its enhancement, . analysis and. interpretation have become

more varied and sophisticated during the last decade' From

these techniques generallyatwo pronged study has emerged

aS far aS exploration of metallic minerals is concerned"

Firstly regional study of líneaments probably correlatable

with faults, shear zones and related hydrothermal deposits

and secondly, analysis of areas of alteration, using

multispectral d.ata. During the present study an entirely

new approach of mapping the lithologi-ca:-/structural trend

lines is attempted which is found to be more suitable for

areas where ninerali zation is stratabound and al-teration



11

zones have been stripped away by Quaternary glaciation.

The techniques of airborne geophysical- data acquisi-

tion, processi-ng and printing have also improved quite

significantly in recent years. The applicon plots of ver-

tieal gradient and. total field aeromagnetics and total field

and quadrature components of Very Low Frequency electro-

magnetics are now availabl-e. A technique is formulated

during the present study to map lithologj-eal-/structural

trend lines from these plots and thus mapping of possible

conductive sulphide zones identified from VLF applicon

plots is possibl-e" An integlation of interpreted data

from both spectral and airborne geophysical techniques

has been found to be extremely useful- not only in geological

mapping but also for explorati-on for metallic mineral

deposits.

1 .6 ACKNOI^ILEDGEMENTS
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2.0 REGIONAL GEOLOG] CAL SETTING

2.1 GENERAL

The major part of the Amisk Lake , l¡lekusko Lake

study area is occupied by the Fl-in Flon - snow Lake

greenstone bel-t. To the north this belt is bordered

by the Kisseynelr metasedimentary gnelssic beii. In

the south the greenstone bel-t is overlain by the

Palae ozoic sedimentary rocks. These two Precambrian

belts have different lithologyr style of deformation

and the grade of metamorphi.sm. Lithologically the

Flin Flon - snow Lake greenstone belt is predominantly

composed of volcanic flows, derived volcanogenic sed'i-

ments and volcano-clastic rocks. Loca11y, however'

they have bands of sedimentary roeks and gneissic rocks

which occupy the core portions of large domal- structures '

The Kisseynew gneissic bel-t mainly comprises a Succession

of metamorphosed and migmatized sedimentary rocks. As

far as def ormation is concerned the Fl-in Fl-on - Snow Lake

greenstone bel-t j-s relatively more intensely def ormed and

comprises intricate fold pattern whil-e the Kisseynel^f

gneissic bel-t is characterized by open folds and elongated

domal- structures trending in more or less E-l¡l direction '

Bailes (1971) recorded that volcano-sedj-mentary sequence
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of the Flin Flon - snow Lake greenstone belt is meta-

morphosed between greenschist to lower al-mandine-

amphibolite facies whil-e the Kisseyne1^¡ metasedimentary

migmatite belt is metamorphosed between middl-e to

upper al_mandine-amphibolite facies. The contact between

these two belts has been engaging the attention of

geologists ever since Kalliokoski (19/r9) postulated that

a fautt extends along this contact' The age of the

strata of both the Flin Flon - snow Lake greenstone be.lt

and the Kisseynew metasedimentary migmatite belt is Late

Aphebian according to Rb-sr whole rock isochron studies

(Mukherjee g! g!, 1911; And'erson' 197/r; Josse' 197/')'

2.2 THE FL]N FLON SNOI^I LAKE GREENSTONE BELT

Thecomplexlyfold'edandmeso.grademetamorphosed

sequence of stratiform volcanic-sedimentary rocks with

closely associated granite gneisses occupying domal

structures forms an easterly trending belt from west of

Flin Flon to the east of the Wekusko Lake, is generally

referred to as the Fl-in Flon - snow Lake greenstone

belt.Inthenorththisbeltisborderedbythe
Kisseynei¡r sedimentary gneisses and in the south it is

overlainbythePa]-aeozoj-csedi-mentaryrocks.Thesub-

surface boundary has been apparently marked by the
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significant change in the folding pattern as wel-l as

gradual termination of lithological bands of strong

magneti_c signatures which are characteristic of the

Fl-in Flon - snow Lake greenstone belt. Towards the west

this belt continues outside the study area in

Saskatchewan. In the east Bell- (lglA) considered the

eastern limit to coincide with the boundary from where

pervasive potash metasomatj-sm starts further east of the

study area

The Flin Fl_on - snow Lake greenstone bel-t conprises

three main lithological subdivisi-ons.

Missi GrouP

Granite gneisses

Amisk GrouP

2.2.1 Amisk GrouP

The Amisk Group is mainly composed of three broad

lithological units

A. Mafic vol-canic flows, volcanic breccias, agglomerateS,

tuffs and their metamorphosed equivalents

B. MetasedimentarY rocks

C. Metasomatic rocks
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tuffs

volcanic flows, volcanic breccj-as, agglomerates'

and their metamorphosed equivalents'

17

rocks and their

with the Amisk

Thepred'ominantmembersoftheAmiskGrouparemafic

and intermed.iate vol-canic flows, breccias, agglomerates '

tuffs and their metamorphosed equivalents. The flows are

commonly pillowed indicating submarine extrusion and are

quite often intercalated with volcanocl-astic sediments'

Most outerops regard.less of their metamorphic grade, show

somedegreeoffoliationdevelopment.Primaryvo]-canic

features are relatively wel-l preserved in most of the

area. Amygdules range up to 5mm in diameter and are

commonly f Iattened and elongated.. Pil-1ow lavas (¡'ie. 2 ( i ) )

occur both in localized patches within otherwise massive

volcanic rocks and. as thick units with considerable l-ateral

continuity. The size of the individual flows is fairly

uniform ranging from o.5m to 1.5n and. width up to 0.5m.

Thepillowsaregreatlyelongated'paralleltothemain

fo]-iationandatplacestheirelongationhasreachedto

such proportions that the chilled margi-ns of the indi-

vidual piltows appear to be like bands in the rock'

B. MetasedimentarY Rocks '

Greywa cke -argil-lite- sandstone facies

metamorphosed. equivalents are interbedded
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Fig. Z(i). Field photograph showing pronounced pi11ow

structures in the mafic flow horizons of the

Amisk GrouP.



19

Group volcanic rocks. East of \¡lekusko Lake, Frarey

(1950) observed such sedimentary beds evidently under'

lying the vol-canic rocks. ïlil-l-iams (lgel) noticed a

thick sectj-on of sedimentary rocks lying within the Amisk

Group volcanic rocks. The individual- lithological units

show cross bedding and show gradation among each other'

C. Metasomatic Rocks .

These rocks include ttquart z eyetl gneiss and

garnetiferous quartz-plagioclase-biotite gneiss. Large

parts of these gneisses contai-n t'eyestlof grey and bl-ue

quar'z. In the Fl-in Flon and snow Lake regions these granite

gneisses are associated. with mafic volcanics of the

Amisk Group. As far as the origin of these rocks is

concerned the opinion of the earlier workers is greatly

different. stockwell (1g35, 1937), Harrison (lglrg ) and

Kall_iokoski (lgSZ) ¡ef ieved an intrusi-ve origin. lirlilliams

(gg) suggested that they are metasomatized acid volcanic

tuffs and agglomerates.

2.2.2 Granite Gneisses

The granite gneisses occupy the core portions of the

large domal structures in various parts of the Flin Flon

snow Lake greenstone belt. These rocks have been mapped
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previously by Alcock (lgZO) , Armstrong (lg lrl ) , Frarey

(lgtne), Harrison (1g/+g) and Quinn (lgSÐ. Bailes (19?1 )

suggested that the gneissic domes could be diapirically

mobil-ized Itbasement gneissestt ofder than the strata of

the Amisk Group. Later Bailes tl915), however, suggested them

to be all_ochthonous complexes of metamorphosed and

mobil-ized sedimentary rocks formed during high grade

regional metamorPhism.

The present study indicates that these domal

structures in the vicinity of snow Lake are ]ocated in

the core portion of the large antiformal structure

Figure 3 (xxxi ) and 3 (xxxii ) . The litho1 ogica¡-/ structural-

trends in the outer part of the large conical Herblet

Lake gneissic dome north of snow Lake are parallel to

the contact of the dome, while in the interior portion

these trends are having very complex pattern. This

study further suggests that the individual large domes

are often composed of many smal-1er domal structures

Map 2.

2.2,3 Missi GrouP

The Missi GrouP is mainly a sedimentarY sequence of

sandstones having well- preservedcoarse conglomerates and
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sed.imentary structures (Fig. Z(ii)). The outcrops of

the Missi Group are well exposed in the area northeast

of comback Bay and on the eastern shore of the Amisk

Lake. The basal unit of the Missi Group is normally

composed of a conglomerate that consists of angular

to stratabound pebbles of the various tithologies from

^-: ^l- r\-^rr* ,,;+l, -'innr qmnrrnl.q nf nhert^Ine unoel'Iyl-IIg fIlllJ-Þl! \¡-t LruP wr v¡t urrr¡vr

jasper, quaríz and granitlc material. The matrix is

generally greeni-sh to reddish coloured quartziLíc while

the pebbÌes of quart ziie, iasper and metavol-canics are

stretched and elongated. along the strong foliation.

Froese and Moore (lggO) in Snow Lake area designated

this group to be composed of metamorphosed lithic

arenites. In this area he found that the conglomerates

are missing and Missi Group rocks are represented by

fine-grained, grey, granobl-astic rocks which weather into

pinkish grey colour. They are thickty bedded (0.2 to 2n)

and break along parting planes into large slabs. Near

Flin Fl-on, Stockwell (lgeO) considered the base of the

Missi to be an unconformity. ülest of Flin Fl-on, Byers

and Dahlstrom (195/r) also found an unconformity at one

locality but considered that the Amisk and Missi Groups

are structurally conformable and that no maj or time break

exists in the sequence.
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a

Fig. Z(ii). Field photograph showing the Missi Group

sedimentary rocks with conglomerate band

and cross bedded sandstone.
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2,3 THE KISSEYNEI/J METASEDIMENTARY GNEISSIC BELT

The Kisseynew metasedimentary gneissic rocks occur in

an easterly trending bel-t, north of the Amisk and Missi

Groups. This belt comprises mai-nly a thick succession

of highly metamorphosed and complexly deformed meta-

sedi-mentary rocks which are intensely migmatized by the

granitic material. The metamorphism and deformatj-on are

strongest in the central part of the bel-t and decreases

in intensity towards both south and north. Polyphase

deformation has given rise to numerous isoclinal over-

turned fotds which are more or less paral-lel- to the

margin of the bel-t.

2. /,þ STRUCTURAL GEOLOGY

2 . /+ .1 Gene ral

The Amisk Lake - ldekusko Lake area, l-ike other areas

of the canadj-an shield exhibit an interplay of polyphase

deformation pattern. The observations during the present

study of vari_ous spectral and airborne geophysical

techniques were limited only to the negascopic structures

which included tithol ogicalf structural trends and other

lineanents such as faults, shear zones' joints and

fractures. It was therefore not possible to evolve a

detailed chronology of deformational events. The present
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hrork, however, brought out a detaited pattern of

lithological trends and l-ineaments which have been con-

sidered. to be of extreme i-mportance in exploration of

stratabound deposits. The structural patterns brought

out by spectral remote sensing' techniques are shown in

Maps 1 and 2 and in Figures 3(vii) and 3(ix). Map 3,

however shows these features below the cover of Palaeozoic

rocks. Maps L and. 5 shorn¡ similar f eatures which have

been mapped by aeromagnetic col-our applicon plots of the

total_ f iel-d and the vertical gradient I l.êspectively.

2 . /+ .2 The Ki s s eyneur Fr ont

Kalliokoski(19/rg)postulatedthatafaultextends

along the Kisseyneur - Amisk Group contact. Harrison

(ig51) l_isted the following evidences to support this

view

1. Contact marked by persistent 1i-neanent'

2.Abruptchangeindegreeofmetamorphismnearthe
contact.

3. Discordance between regional structures of Amisk and

Kisseynew strata.

lr. Typ"s of mineral- deposits are different on different

sides of the f aul-t.
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Heavy shearing occurs in several places along the

lineaments.

Robertson (lgsl), hourever, considered that the

lineament marks, for part of its length at least' a

conformabfe contact between the two rock units ' McGlynn

(ig59) found that the lineaments marks the position of a

fault that runs along the south shore of the Loonhead

Lake. He thought it to be a continuation of the same

fault mapped by Harrison (19/r9) in File Lake area'

Bailes (1980), however, found no evidence for a major

fault along the contact between the two belts i-n the File

Lake area and considered that the bound.ary is marked by a

steepmetamorphicgradientwhichincreasesintothe
Kisseynew bel-t where rocks are coarsely recrystal-lized

and partlY melted.

the

the

The present studY has, however,

western half of the Amisk Lake

Kisseynel^I front is characterized

indicated that in

ltlekusko Lake area

by

1. A series of fault traces (Map 1) and along these

traces numerous valleys have developed and thus give

toabroadlineamentpatternonasmal}sca]-eFlgures

l(xxxiv), 3(xxxvi) and 3(xxxvii) '

f aul-t

r-i oa
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2. Change in the lithological- characteristics of the

rocks on the two sides of the contact. The Flin Fl-on

snow Lake greenstone belt has predominance of mafic

vol-canj-c fl-ow horizons are conspicuously absent in the

Kisseyne\^I belt whieh is dominantly composed of migrnatized

metasedimentary rocks.

3. Change in the style of folds and deformational pattern.

The Flin Fl-on - Snow Lake greenstone belt is characterized

by a very complex outcrop pattern of tight fold's and

complex domal structures occupied generally by the gneissic

cores and mafic flow horizons wrapped around these domal

structures. The Kisseyneür belt, however, comprises mainly

E-l/,1 trending elongated domal- structures.

/0. Development of the drag fol-ds along the fault planes

associated with this front. In the area west of

l¡labishkok Lake (Uup 1) very prominent drag folds have

developed. The pattern of these fol-ds indicates a right

lateral- movement along these fault planes.

5. Remarkable change in the magnetic charflcteristics of

the rocks across this front (nigs. /r(i) and 4 (f i ) ) . These

ehanges include abrupt truncation of magnetic trends as

wel-l as the magnetic susceptibility of the rocks'
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6.

thi s

Intense shearing of the rocks in the vicinity of

front.

7. Change in the lineament pattern of the rocks on the

two sides of the contact. Lineaments trending

in various directions are present in both the belts,

but the rocks of the Kisseynew Group are characterized

by predominant NNì/ü - SSE trending short innumerable line-

aments. These li-neaments are best seen in the area north

of the Herbl-et Lake gneissic dome (Map 2). The l-ineament

pattern in the Flin Flon - Snow Lake greenstone belt is

marked by long straight ENE - WSW trending lineaments which

are depicted on Map 3.

2.5 SYNTHESIS AND DISCUSSIONS

The present study has brought out certain interesting

large scale features which are likeIy to enhance the under-

standing of the regional geological setting of the Amisk

Lake - I¡lekusko Lake area. The important points emerged from

the present study are

1. The complex patterns of the lithologica;-/ structural

trends in the Fl-in Flon - Snow Lake greenstone beft

mainly belong to two categories. The circular or elliptical

ones are associated with the gneissic domal structures and
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intricately folded ones are associated with the stratified

vol-cano-sedimentary rocks which are wrapping round the

domal structures. The gneissic domes are characterized

by the magnetic l-ows in the central- parts and the mafic

volcanic fl-ows are marked by tl" strong magnetic signa-

tures (n:-gs . 4.(ix ) , 4 (x ) and Maps /, and 5) .

2. 0n the basis of style of folding and magnetic signa-

tures the northern and southern boundaries of the eco-

nomj-ca1ly important Flin Flon - Snow Lake greenstone belt

ean be d"emarcated. The northern boundary is exposed and

is marked by several- other features associated with the

Kisseynelir front. The southern boundary is, however,

covered. by the Pata eozoic sedimentary rocks. It can be

seen f rom the Figures /+ (ix ) and Z, (x ) . The characterlstic

features of the Flin Flon - Snow Lake greenstone belt

such as gneissic domal- structures and folded mafic fl-ow

horizons are not present in the southern parts of these

figures. It is therefore bel_ieved that the southern

boundary of the Fl-in Flon - Snow Lake bel-t is located

where these characteristic features are ending.

¿

from

part

Typical mapping of lithologi.eal-/structural- trends

enhanced Landsat imagery suggest that the eastern

of the study area is occupied by a large antiformal
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structure closing towards the NE direction. The Herbl-et

Lake conical gneissj-c dome is situated in the core portion

of this structure Figures 3(xxxi) and 3(xxxii).

/+. The Kisseynew Front although wetl- defined by severaf

characteristics in the eastern part is l-ess obvious in

1,he l-^-,estern nar.t of the area. The various characteri-sticsr'

observed are mentioned in Section 2.lr.2 of this chapter.

The present study suggests that the development of this

complex front woul-d have progressed. following these StepS.

(i ) A vol-cano-sedimentarY

predominance of volcanic and

different levels.

sequence which had original

sedimentary rocks at

and

to Kisseynew

/.. \
( aa / uurl-ng

migmati zati on

gneisses.

folding, intense metamorPhism

took place and has given rise

(iii ) Witn cont j-nued compressive f orces smal-l s cal-e

thrusting and shearing along the planes marking the

ehanges in the mechanical properties of the rocks, the

migmatites and. the vol-cano-sedimentary sequence took place'

(1") These effects are more pronounced in the limb

portion of the large antiformal- structure and gradually

diminishes towards the nose portion in the NE direction'
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3.0 SPECTRAL REMOTE SENSTNG

3.1 GENERAL

Remote sensing is the science of deriving information

about an object from measurements made at a distance from

the object, i.e. without actually coming in eontact with

:+ mL^ +ì+,' '.'1"inl.r ìc nanorql'lr¡ moqqrrrad in rcmnt.e
-L U o -l-IlU qUOlr UJ vJ wl¡lv¡r ¿e

sensing systems is the electromagnetic energy emanating

from the object of interest. Parts of the Amisk Lake

I¡lekusko Lake study area are covered by aerial- photography

which incl-udes panchromatic, colour and infrared on

various scafes, side looking airborne radar' aerj-a1 thermal

imagery and by cloud free multidate Landsat coverage. 0f

these, aerj_al- photographs and Landsat digital data are

mostly used in the present study. The objecti-ve of this

investigation in this chapter have been to make an aSSeSS-

ment of the use of the Landsat digital data after vari-ous

computer assisted enhancements for identification and mapping

of lithologícal/structural- trend lines and other lineanents

l-ike shear zones, f aults and j oints. Visual- and computer

aid.ed interpretation methods \^Iere explored to analyse the

d.ata and. results \^¡ere compared with data obtained from

aerial- photographs. The j-nvestigation included visual-
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interpretation of various sets of aerial photographs

stereoscopicallyr ground truth acquisition and compara-

tive study to evaluate the capabilities and limitations

of each of these products.

3.2 AERIAL PHOTOINTERPRETATION

ûonven.bionai iow-aitiiucie aeriai photography is the

contemporary system of remote sensing that is most widely

used in the present study for economi-c geological mapping

of the Amisk Lake - I¡lekusko Lake area. Stereoscopic

techniques for j-nterpreting panchromatic and multiband

imagery and their relevant geological applications have

been well described by Ray (19601, Miller (1961), Al-lum

(l9ee), Newton (lgll ) and Reeves t al (1975).

Accordingfy, no attempt is made here to outline either

the practice or the benefits for general geological

mapping. Instead, attention is directed to only the

identification and mapping of lithological- f sLructural-

trend lines and other lineaments like shear zones, faults

and. joints which are most important factors for explo-

ration of stratabound economic mineral- deposits.

The study area is covered by aerj-al photography and

good quality panchromatic and colour photographs are

avail-able Figure ¡(i) and 3(ii). The present investigation
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Fig. :(i). Panchromatic aeri-al photograph of the File
Lake area.
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Fig. 3(ii). Col-our aerial photograph of the area NE

of Snow Lake.
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started with the interpretation of these photographs

stereoscopicalty and the interpreted data has been

transferred on planematrj-ca1ly controll-ed topographic maps

of 1z50,OOO scal-e by using a K.E. opticaÌ proiector. The

individual topographic naps were then reduced to 1:100'000

scale and then final tracing of the whole area has been

presented in the form of photointerpretation Maps 1, 2

and 3.

3.3 THERMAL ]MAGERY

On conventional thermal infrared images Fi-gure 3(iii)

and 3(iv) tne lighter tones represent the warmest radiant

temperatures and darker tones represent cooler temperatures.

]t can be seen that these images are apparently similar to

the panchromatic aeri-al photograph Figure 3(i), because

both are recorded as gray scale variations on film. A

careful- examination however, reveafs that in case of the

aerial photographs the tone is related to the spectral

signatures of the terrain features while in case of thermal

i-nfrared images tone is rel-ated to the radiant temperatures.

An aerial photography film is both the detecting and

recording medium for reflected energy in the 0,Å, to 0.9

/t m wavelength region. whil-e in thermal- infrared images

the energy is detected by a semiconductor device and the
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Fig. 3(iii). Thermal infrared image of the area SE of

Snow Lake.
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Fig. 3(iv). Thermal infrared image of the area NE of

Snow Lake.
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film only serves as a medi-um to display the imagery.

Thermal infrared images have been found extremely

useful_ in the study of geothermal areas, Ìava flows'

coal f ires, oil- f i-1ms, sea ice, thermal plumes, water

currents and in Archaeology. But their applicability in

geological studies especially in the mapping of lithological /

structural trends has been found to be of no practical

uSe when aerial photographs of the area are avaifable.

3. /+ RADAR IMAGERY

Side-looking airborne radar systems (Si,RR), produce

good quality images which provide synoptic information

over large areas. In regions of inclement weather

conditions when aeri-al- photography is not possible and in

aTeas covered. by thick vegetation radar can be a source

of val-uabIe information. After detailed comparative

study Mekel (lglZ) concl-uded that in l-ess adverse hreather

conditions and at Ìarge scales single radar images cannot

compete with conventionaf, stereoscopically viewed aerial

photographs. As far as interpretation of radar i-mages is

concerned some anatytical techniques used in aerial photo-

interpretation are used, A detailed account of geoJ-ogical

interpretation of radar inages has been presented by

Mekel (l9lz).
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Fig. : (v ) . Side lookì-ng airb,orne radar image of the

area ¿round Ltlekusko Lake.
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Fig. 3(vi.a). Interpretation of side lookìng airborne radar

image shown in F'igure 3(v).
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The eastern part of the Amisk Lake - l'rlekusko Lake

area is covered by a strip of SLAR images u/hich have

been taken during the flight from Winnipeg to Thompson.

During the present study one such Scene around Wekusko

Lake Figure 3(v) is interpreted and derived lithological/

structural trend lines and other lineaments are shown in

the Figure 3(vi). It can be seen from this interpretation

that rad.ar image is helpful in providing synoptic vj-ew of

regional lithologicaL/structural trends of the area in

comparatively ]ess time.

3.5 LANDSAT ]MAGERY

Landsat satel_lite data acqui-red over the Amisk Lake

I,rlekusko Lake study aTea is visualÌy interpreted and is

enhanced. by various computer methods for mapping the

l-ithologi-cal/structural- trend lines and other l-ineaments.

The charaeteristics of the Landsat satel-l-ites ' orbital-

characteristics, the onboard sensors' the data coll-eetion

and standard. data products have been diseussed in great

detait- by short et al (lwa ) and chagarlamudi (t çeo ) and

it has been found to be of no use repeating the same

information over here. In the present study only the data

from the Multi Spectral Scanning (l¿SS) subsystem is used and

its band identifieation numbers and corresponding spectral
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regions is given in Tabl-e 1

The standard Landsat products i. e. -1 :1 00,000 paper

print imagery and 1:250,000 col-our composites of different

bands and seasons present a synoptic view of the whole area.

The information contained in them provide a means for

studying regional features on a small scale and help in

extending local measurements to a regional- scale and in

isolating critical areas for detailed study. Analysis

proper thus started with i-nterpretation of these i-mages

for economic geological mapping of lithologica1/structural-

trend.s and other lineaments over large areas and then

progressed to successively larger scales confined to

smaller areas. This mul-til-evel approach has been the

key to present investigation and is i1l-ustrated in Figures

3(vi), 3(vii), 3(viii) and 3(j-x).

Four aspects

images unique and

studies.

of the Landsat MSS subsystem make the

especlally useful for geological

1.

2.

/r.

Synoptic view of the large area.

The spatially registered mul-tispectral radiometry.

The repetitive i-maging.

Capability of digital processi-ng of spectral data.

1i ü 1,¡lv

Ûf" r"\/\i!l.i()tlA

1.¡¡tR¡Íì \[s
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Fig. 3 (vi ) . Photograph of the original 1 :1 ,000,000

black and white Landsat irnagery Band 5

showing most of the eastern part of the

study area.
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Fig. 3(v'ij). Map showing the interpretation of lithoìogìca'l/

' strüctural trend lines and other lineaments from

l:1,000,000 black and white imagery as shown in

Figure 3(vi ).
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¡'ig. 3(viii). Photograph of the original 1 t250'000

colour composi-te of Bands 4, 6 and 7

Landsat imagery of the area shown in

Figure 3(vi).
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Table 1. Band ldentification Numbers and Corresponding
Spectral Regions in the MSS Subsystems on

Landsat SateLlites.

MSS Band
Identification Number

Band /,
Band 5

Band 6
Band 7

Band 8

Spectral ReEi-ons (Micrometers )

Landsats 1 and 2 Landsat 3

0.5
0.6
0.7
0.8

0.6
0.7
0.8
1.1

0.5- a,6
0.6- 0.7
0.7- 0.8
0.8- 1.1

10./r-12.6
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Fig. 3 (ix). Photograph showing the interpretatíon of
the lithologi-cal-/struetural trend. lines
and other lineaments from 1:250r000

colour composite imagery shown in Figure
al ... \
J(vr_r_r_/.
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The computer compatible tape of a Landsat scene

contains much more informati-on than is seen in paper

printouts as depicted in Figure 3(vi) and 3(viii).

Digital enhancement of the data has therefore been

carried out and the enhancement products and results

obtaj-ned are discussed in suceeedi-ng sections of this

chapter.

3.6 ENHANCEMENT OF LANDSAT ]MAGERY

The term i-mage enhancement is generally applied to

a number of operations designed to improve the interpret-

ability to the data suitable to the terrain conditions

and relevant to the needs of partieular interpreter.

During the past few years there has been a remarkable

increase j-n the number, variety and sophisticati-on of

techniques and equipment for the analysis of images obtained

from space. The requirement for enhancement of these images

is to compensate for degradation of the image due to

atmospheric effects and to improve spatial and spectral

image resolution.

0n negatives and paper prints of Landsat imagery the

human eye can generally differentlate about 1 0 grey tones,

whereas computer compatible tapes record a much larger

range of levels of radiance. Donker and Mulder (1976)
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have found in the Roermond aTea that in Bands /r, 5, 6 and 7,

a range of trT, /06, /+1 and 21 l-evels of radiance can be

differentiated respectively. The computer thus offers

the most comprehensive and through approach to image

analysis based on reflectance val-ues.

Today image enhancement techniques thus have

exeiting potential in geological remote sensing'

Enhancement serves the purpose of emphasizing subtle

spêctra1 contrast that have lithological- significance in

most caSes. Al-so, SPectral clasSifications and trans-

formati_ons can isolate areas with similar spectral

characteristics and ean help to discriminate lithological

types. Although the thematic classification of various

lithological units by spectral remote sensing is obstructed

by numerous factors. The important ones are as follows

1 . The spectral radi-ance of lithological units j-s rarely

characteristics in any avail-able waveband and usually

requires textural- information for even generalized classi-

f icati-on.

2,

the

0ut cr ops

l-ands cape

of rocks

and vast

comprise a

exposure s

very l-imited part of

are very rare.

3. The outcrops are obscured by weathered surfaces' lichen'

mos s , dust , rain and snobl .
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/+. The outcrops are usually covered by vegetation which

seldom has preferential growth on individual lithological

unit and is constantly changing the spectral signature

depending upon the season.

5. The various lithological- uni-ts rarely have their own

distinguishing colour signature and the overall radi-ance

is controlled by the percentage of various essential- and

accessory mi-neral-s conprisi-ng i-t.

6, The contacts between the lithological units are often

gradational-.

Because of these factors the absolute identification

of lithological- types by spectral remote sensing i-n an

unsurmountable task. Hohrever, spectral discrimination or

separation of spectral units and subtle contrasts generally

has helped in mapping the lithologicaL/structural trend

l-ines. The various image analysi-s procedures that can be

applied using the image analysis system at the Canada

Centre for Remote Sensitg, Ottawa are described in detail

by Goodenough (l9lg). A couple of suitable procedures

have been used during the present study of the Amisk Lake

l,riekusko Lake area and these are outlined in Figure 3(x)

and are detailed as f ol-lows.
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3.6.1 Contrast Enhaneement

Due to the limited dynamie range of high contrast

fil-ms and overall loss of information at each additional

reproducti-on step in photographic techniques ' it has

generally been found that digital methods of contrast

enhancement are far superior and more satisfactory. They

have been found to be very useful in directj-on and mapping

of lithological units. Here brightness levels i-n a scene

are redistributed in such a fashion that it encompasses

the entire sensltivity range of Landsat detectors by using

pertinent linear algorithms. Thls is achieved by assigning

new digitial values to each pixel in the scene as shown in

the following equation:

DVO
DVI - MIN
ffi-IN XN

where

DVO =

DVI =

MIN =

MAX =

N=

Enhanced digital value of pixel in output image.

Input digital val-ue of plxel.

Minimum digital value parameter.

Maximum digital value parameter.

Maximum digital val-ue to be expected in the output.

The mj-nimum and maximum digital val-ue parameters are

the cut-off values used in saturating to black and white
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respectively. These values are determined by an analyst

and are reassigned to mj-nimum and maximum (l¡) values on

the output image. Fi-gure 3(xi) shows the raw data of Bands

lnr 5 and 7 as seen on the display screen of the Image

Analysis System. Figure 3 (xii.) shows the same data as

Figure 3(xi) after Jinear contrast stretch eàhaneement.

The range which were small-er of digital values retained

are expanded between 0 and N. When this expanded range

of digital vafues is recorded on film as in Figure 3(xi-i)

it resul-ts in an expanded density range providing a higher

contrast.

Application of contrast enhancement for lithological

napping thus involves examination of the probability density

function (pnf) of the scene and determination of the region

of the histogram that contains the area of interest. If it

is observed that the most interesting and significant infor-

mation in an image is contained in bright regions, contrast

is increased there at the expense of eontrast in the less

informative darker regions. As it is apparent from the

Figures 3(xi) and 3(xii) the l-inear contrast stretch

enhaneement provides better discrimlnation of lithological

banding thus facilltating the mapping of lithological/

structural trends. The image analysis system also has

arrangements for colour modifications and one such col-our
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Fis' 3(xi)' 
;:";":::ï ":",::: ::",;:".i::i.;":::::
of the Image AnalYsis SYstem.



53

Flg. 3(xii). Photograph showing the data of Bands 4,

5 and 7 after the linear contrast stretch
enhancement.
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modification of J-inearly contrast stretched data is shown

in Figure 3(xiii). Sometimes these colour modifications

help in enhancing the subtle tonal variatj-ons.

3.6.2 Colour Component Transformation

The col-our of an object i-s a function of its ability

to refl-ect light in different parts of the spectrum. The

three colour theory explains that these primary col-ours

bl-uer green and red can produced all other colours if the

intensity of one or more of the lights is varied. In the

analysis of multispectral- images, it is found useful to

conslder any three channels of an i-mage aS a colour triplet,

regardless of the actual portion of the spectrum which is

represented. For example, the colour infrared film ís

sensitive to green, red and i-nfrared 1ight. To create a

col_our display, green light produces a blue dye in the

imagery, red light is represented by green and the i-nfrared

by red. Thus the false colour display is produced which is

although not natural but is found to be useful in many

cases.

VariouS colour component transformations of the area

East of Snow Lake are shown in Figures 3(xiv), 3(xv),

3(xvi) and 3(xvii). It can be seen from these figures that

these transfornrs are very good in identification of outcrop
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Fig. 3(xiii). Photograph showing linear contrast

enhancement d.ata after colour modi-

fication.
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Fig. 3(xiv). Photograph showing colour

transformation ( originat )

component

Martin-Tay1or.
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FiS. 3(xn). Photograph showing colour component trans-

formation (original) Martin-Taylor after

col-our modif ication.
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Fig. 3(xvi). Photograph showi-ng second colour component

transformation.
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Fig. 3,(xvii). Photograph showi-ng third col-our component

transformation.



3,6.3 Unsupervised Classification

In unsupervised classificati-on no'prior knowledge of

ground truth is assumed and the cl-asses obtained are based

on actual relations among the variables. The boundaries

are obj ective.ly determined from a computer algorithm to

delineate natural groups or clusters.

A widely used cl-ustering criterion, to which many

other clustering criteri-a have been shown equivalent, is

the rrsum of - squared - errorrf criterion . For example , if

there are c clusters, Mi 1s the mean vector for the ith

cluster computed as in following equation and Ci denotes

the set of data points belonging to the ith cluster.

Then the sum of squared errors (SSn) is defined by:

areas from areas covered bY swamps

mapping of lithologi'eal-/structural

lineaments.

I
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and are fairly good for

trend lines and other

X and Mi.

SSE ll'-"ll
2

l_ C
1

the Euctidean distance between

SSE is the cumulative distance

c

I
X1

where ll'.-',,11,"
I'n other words, between
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Fig. 3(xviii). showing the flow chart of a basic clustering
algorithm.
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Fig. 3(xix). Photograph showing unsupervised classi-

fication (6 themes ) .
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Fig. 3(xx). Photograph showing unsupervised classi-
, flcation (Themes 1, 2 and 3).
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Fig. 3(xxi). Photograph showing unsupervised cl-assi-

ficatlon (Themes h, 5, and 6).
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f¡

H

Fig. 3(xxii). Photograph showing unsupervised classi-
fication (Theme 1 ).
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each point in the data set and" the mean of the cluster to

which that d.ata point is assigned. A clustering algorithm

proceed.s as shown in the Figure 3(xviii).

There are many case histories avail-able indicating

successful application of unsupervised classification in

land use mapping, agriculture, forestry and water quality

monitoring. In generalr Seological applications have met

with very limited success because of the facts already

discussed in section 3.6 of this chapter.

3 .6. /r Ratio Enhancement

Ratioing is an enhancement technique in which two

spatùally registered spectral images are divided accordirJ-g

to a predetermined. formula pixel by pixel. The ratio

picture thus produced has individual pixels representing

the ratio of digital number (DN) of two channels. It is

a process of enhancing minor di-fferences between materials

by defining the slope of the spectral curve between two

bands. AlthouSh, ratj-o values can theoretically range from

zeTo to infinlty, most of the terrestrial scenes observed

have ratj-o vaf.ues ranging from about 0.25 to /+'0'

Suitabl-e ratio features have been determined for specific

remote sensing applications by reasoning based on the



67

physical phenomena involved and by experimentation.

Someti-mes ratios are used in which numerator and denomi-

nator are sums or differences of the pattern measurements.

The objective usually being to I'subtract outrr or rf di-vide

outrr the undesirabl-e effects of the atmosphere or variable

scene illuminatj-on. Ratio pictures thus enhance the colour

differences and also reduce brightness variations due to

topographic relief. If ill-umination changes across the

scene result in the presence of areas of light and shadow

but the original tone of the material does not, ratj-o

images wil-l show no change. Therefore ratio pietures have

the quality of suppressing the topographic effects, while

emphasizing the subtle differences between the rock types.

Ratio images are directly related to spectral properties of

various materi-als. Increased information has been obtained

by using various ratios that maximize the differences in

the spectral slopes of rock typ"s in the scene. Ratio

images have been used in many geological i-nvestigations

to recognize and map areas of mi-neral alterations. Rowan

et al (1g74) found that the /n/5, 5/6, 6/l composite pro-

vided the greatest amount of information for discrimination

between hydrothermally altered and unaltered rocks r âs well-

as separating various types of igneous rocks in and near the

Goldfield, Nevada mining distrlct. The

oxidized-i-ron absorption band at about

presence of

0 .85 . ¿, m l-ends itself
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\^rell to this technique. The detectability of limonitic

areas in a scene would be enhanced by using ratio images

that incl-ude this wavelength region

This property has made ratlo images quite usefuL in

geologic applications because they exaggerate subtle colour

differences in a scene and many geological problems require

the distinction between rock types that may appear to be

quite similar. The main drawbacks of the ratj-o images are -

2. Ratio techniques also enhance noise which appears

coloured in multispectral images.

1. Ratioing suppresses the ability of

criminate between rocks with strikingly
but similar reflectance spectra.

3. Atmospheric effects may al-so become visible

pi-ctures, because diffuse light scattered onto a

strongly coloured blue.

analyst to dis-

different albedos,

in ratio

scene l_s

Among vari-ous ratio enhancements shown in Figures

3(xxiii), 3(xxiv) and 3(xxv) tfre radio 7-5/4 image has

been found to be useful in not only mapping of lithologi.cal/

structural trend lines but also lineaments like faul-ts,

j oints and fracture patterns.
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Fig. 3(xxiii). Photograph of the ratio 7/5 image

(Vegetation or Biomass).
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Fig. 3(xxiv). Photograph of the ratio 7-5 image
/,

(Geomass ).
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3.6.5 Principal Component Transformation

Vari-ous data compressi-on techniques can make possi-

ble the transnission or storage of a smaller number of

bits of data without the loss of information. Thus' by

reference, data eompression studies tend to reveal the

amount of real informati-on present in relation to the

quantity of raw data. One approach for accomplishing

data eompression is indlcated in the Figure 3(xxvi).

In which a hypothetical plot of the distribution of data

in one dimension versus that in another is shown. If

the data are distributed in the region outlined in two

dimensional space. one can define a ne'hl coordinate system

with one axis (yl ) oriented in the long directlon of the

distribution and. the second axis (Y2) perpendicular to the

first. The mathematical operation required to do this is

a linear combinati-on of the data values i-n the old coordi-

nate system achieving the data values in the new coordi-nate

system as shown in the following equati-ons

Y
1

+ ulzxz

Y2 = uzjXj r u22X2

*11x1

where (x,, , x, ) are

coordinate system

data coordinates in the original

data coordinates

the

and {v.,',rr) are the
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t2

y1

Y2r

Fig. 3(xxvi). Principal component

dimensionaL space.

Landgrebe 1978 ) .

I1

axes in two-

(Alter David A.
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in the neli coordinate system. By such a transformation

it can be seen that the dynamic range for the new coordi-

nate Yl will- be muoh greater than either of the original

coordinates Xl or X2, while that of y2 will be quite small.

The same operation can be carried out for data in

higher dimensional spaces. New coordinate directions are

defined one after another, each time taking the direction

of orientation of the nei^I coordj-nate to be perpendicular

to all of the previously selected ones and in the direction

of the remaining maximum data dynamic range. Such a pro-

cedure is called prlncipal component transfo'rmation.

Since Landsat multispectral image data has strong

correlation from channel to channel the axes of probabllity

density functions are not statistically orthogonal, thus

variables on the axes (DN1, DN2....o., DNn) are not inde-

pendent. Frincipal component transformation can be used to

express the data in an essentially lower dimensional space

without significant loss of information. The Figure 3(xxviii)

lndicates the dynamie range present in each of the new

coordinates of the transformed coordinate system for 12'

feature multispectral data processed in this way. Duri-ng

principal component transformati-on ner¡I images are produced

by using n-dimensj-onal probability functions which have



Fig. 3(xxviii). Photograph showing

enhancement of 1 st

transformation.
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contrast stretch

pri-nclpal component



orthogonal and ind.ependent axes. This is done by

transformation of variables which corresponds to

and transl-ation of the original coordinate system

probability densitY functions.

77

a linear

a rotation

of the

Generally as observed by Donker and Mulder (1916)

ih principal component analysi-s, the first principal

component image is just a 'hleighted average plcture whereas

the remaining images represent essentially pairwise

differences between ehannels. Since variances are arbi-

trarily arranged in descending order and is the same

parameter that is used to describe the r^ridth of the DN

distribution in each one dimensi-onal probability density

functions, the first transformed picture will have the

largest spread in data in the form of greatest contrast.

3,6.6 Spatial and Directional Filtering

Whenever operations such as contrast stretch enhance-

ment aTe performed on a Landsat scene which has an

originally high brightness, it saturates large portions

of the original probability density functions. spatial

filtering is therefore applied in such cases to help in

suppressing gross changes in brightness over the scene

whilelocal-higherfrequencychangesareenhancedrthus
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Fig. 3(xxix). Spatial-frequency filtering of Land.sat

data. (After F.F. SabinslgTB).
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inereasing the ability to discrlminate details.

fn spatial filtering the regularly spaced pixels of

a Landsat scan l-ine are plotted along the abscissa of a

graph with the corresponding DNts as the ordinate. The

resulting curve as shown in the Figure 3(xxix) is a complex

wave made up of many simple curves, each with its o'h/n

constant wavelength. As the complex wave of a beam of

white light can be separated into 1ts component wavelengths

(eolours) by a prism. Similarly the complex wave of a

Landsat scan line can be separated into its component

wavelengths by a mathematical process known as spatial
filtering. Frequeney filters are designated high pass,

intermediate pass and l-ow pass depending on the spatial
frequency that is transmitted through the filter.

The di-stances between major terrain features such

as between valleys and hills are measured in tens of

ki-lometres, these f eatures have l-ow spatial f requency r

with very long wavelengths. Anticlines and synclines have

an intermediate spatial frequency with wavelengths measured

in kilometres. Joints, fractures and faults are linear

features with high spatial frequency and wavel-engths

measured in tens to hundreds of meters. High pass fil-ters
may be r.rr"d to enhance these geological features. The
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di-rection in whj-ch the fiLter is passed across the image

determines which l-inear features are enhanced; those

trendlng normal- to the filter direction are enhanced while

linear features parallel with the filter direction are

suppressed.

After spatial filtering however, brightnesses from

one locality to another cannot be rel-ated. In the case

of high pass filtering therefore high frequency data is
retained unchanged while low frequency data is suppressed.

The important effects of high-pass filters on the image

are

1, Most of the data in Landsat scene is low

while the random noise is evenly distributed.

frequency information is suppressed by a high

the picture obviously becomes more noi-sy.

frequency

I¡lhen low

pass filter

2, Sharp edges or boundaries of an image become l-ess

conspicuous. This is because the outermost weights of the

fil-ter arrive at the discontinuity before the center.

3. Features ori-ented in certain directions are prefer-

entially enhanced. Thi-s j-s sometimes helpful in identi-
fication of less conspicuous lineaments trending in
particular direction. Figure 3(xxx) shows that the
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fig. 3 (xxx) . Photograph showing

video filtering of

after high pass

ratio data.

data

7-5
/,

_)
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lineaments trending in almost N-S direction are more

conspi-cuous here than other enhancements.

3,7 SYNTHESIS AND DISCUSSIONS

After individual i-nterpretation of various types of

spectral remote sensing data, whieh included panchromatic

and col.our aeri-al photographs , thermal, radar and Landsat

images the interpreted is plotted on individual compilation

Maps 1, 2 and 3, and Figures 3(vii) and 3(ix) tney have been

critically examj-ned for the details of geology especially

mapping of lithologi-ca:-/structural trends and other

lineaments. This was followed by computer manipulated

enhancements which included contrast stretch, col-our

component transformation, unsupervised classification,

ratioingr principal component transformatlon and spatial

filtering. These enhancement products were then eval-uated

for their useful-ness to varj-ous geological aspects which

are summed up in accompanying Table 3(i).

The important points that have energed from the

present study are as follows

1. For effective and efficient geological surveys of

large areas the use of Landsat multispectral scanning

imagery can be of tremendous aid in conjunction with aeri-al

photointerpretation as first stage rapid mapping technique,
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is desired to extend

an unknown area.
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small scales or in situations where it

an investigation from a known area to

2. The lithological-/ structural trends are easy, to

interpret i-n this area because of the terraj-n conditions and

availability of good quality aerial photographs. These

trend lines in twin brought out a fairly detailed geologieal

picture of the area.

3. Typical mapping of fold structures has mainly been

done in terms of delineatlng lithologi.cal-/structural-

trends. Such trends are refl-ected by the morphological

expression of certain lithologicaL types and to a lesser

degree to variations in tonal dj-fferences due to selectj-ve

vegetation and rock/soil colourations. Differences in

resi-stance to erosi-on of a rock series results in an

alernate depressi-ons and ridges which are generally occupied

by elongated l-akes and oecassionally by streams and rivers.

Where such a linearity is repeated across the area, it is

reasonable to ínfer that the regional lithologica:-/structural

trend in para11e1 to the macro-texture produced by ridges,

streams and l-akes. These ridges evidently have a rather

greater resistance to erosion and are thus lithological

in nature. Flexures or folding observed in such units
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indicates a simil-ar flexuring or folding of lithologícal/

structural- trends associated with the formation of ridges.

l+. Individual- foliation planes or planes of schistosity

or gneissocity are rarely, if ever recognizable on aerial

photographs. However, the regional structural trend

direction is generally parallel to any banding or sequence

of lithological units.

5.Largebodiesofigneousrocksarerecognizableby
their irregular shape, sometimes combined with a

distinctive image texture derived, from the topography.

The gneissic plutons are outcropping nore or less extensively

than the surrounding lithology which has resul-ted in

reflectance contraStS. This is also occurrj-ng when the

plqton has a suffieiently different mi-neral composition

than its surrounding rocks to support a distinct vegetation

cover. virtually all- the acidic plutons are recognizable

by textural rather than the reflectance characteristics'

Lack of foliation and a rectangular grid pattern produced

by the intersecting set of major joints, lighter vege-

tation cover than the adjacent rocks have further helped

in their recognition.

6. A]lthemajorgeologicaldivisionsofthestudyarea

broadly d.istinguishable on the aerial photographs andare
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enhanced Landsat imagery. The Klsseynew sedimentary gneissic

belt in the northern part, the Flin Flon - Snow Lake green-

stone belt in the middle and overlying Palaeozoic sedi-'

nentaries in the south. The Kisseynel¡ sedimentary gneissi-c

belt is characterized by pronounced al-most E-i^/ trending

foliation and elongated domal structures, by vaguely bulbous,

smoothly textured Land surface with very few lakes, generally

lighter tones and characteristic nearly N-S trending joint

pattern. The Fl-in Fl-on - Snow Lake greenstone bel-t is

marked by very complex and tight folding patterns, more or

l-ess circular domal structures and innumerable elongated

lakes fotlowing either the J-ithological boundaries or the

fraeture pattern. The flat lying Palaeozoic sedimentary

rocks have distinctive light tone, drainage pattern and very

few but large irregular l-ake bodies.

7. Since Landsat images provi-ded a synoptic view of

the area, it was easy to bring out large scale geological

structures. The Figure 3(xxxi) shows the raw data of tt'¡o

ad j acent scen.es of Landsat imagery and Fi-gure 3 (xxii )

shows the geological interpretation of lithologica1-/

structural trend lines. It can be noticed that a very large

folded structure is closing towards the NE direction and

the Herblet Lake conical gneissic dome 1s situated in the

eore portion of this structure.
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Fig . 3'( xxxi ) . Photograph showing

ad.jacent scenes of

the raw

Landsat

data of two

imagery.
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Fig. 3(xxxii). Photograph showing interpreted data from

Figure 3 (xxxi).
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B. Digital images are readily mani-pulated by the computer

to prepare a more effective display of image data for

feature extraction depending on the needs of vari-ous

interpreters. The present study has indicated that Landsat

digital data carries much more information than the paper

print out. Linear contrast stretch enhancement has been

found to be very suitable for mapping of lithological/

structural- trend lines and ratio images are very good for
rnapping of other lineaments. hihen lj-near contrast stretch

enhancement of 7-5/lt rati-o data is performed, Figure 3(xxxiii),
it can be seen that mapping of both lithological/structural

trends as wel-l as lineaments can be suecessfully performed.

9. As menti-oned earlier col-our component transforms are

not very useful in either lithological/structural mapping

or the l-ineaments. But when hybrid colour components 1 , 2

and 3 are performed Figures 3(xxxiv) and 3(xxxv), it can be

seen that mapping of both lithologieal/structural- trends

and other lineaments can be done successfully.

10. These computer enhancements can also be printed on

black and white 1t50,000 scale. Figure 3(xxxvi) shows

one such print out of hybrid colour components 1, 2 and 3

These printouts because of their large seal-e facilitate

large scale mapping of geological struct.ures. In the
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Fig. 3(xxxilf ). Photograph showing contrast stretch enhance-

nent of !-ú- ratio data.
4



Fig. 3(xxxiv). PhotograPh

ponents 1,

Flin Flon.

90

the hybrid colour com-

of the area around

showing

2 and 3
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}'ig. 3(xxxv). Photograph

ponents 'i ,
Flin Flon.

the hybrid colour com-

of the area north of

showing

2 and 3
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r

Fig. 3(xxxvi). Photograph showing 1250'000

white computer Print out of

around Flin Flon.

black and

the area
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present study it has been found that the lithologi.ca:-/

structural trends can be mapped successfully but they

are not of much use in mapping of small scale l-ineaments

because their linearity is lost between the digital
values of grey tones. However, very pronounced large.

scale lineaments can be interpreted from these print-
outs. Figure 3(xxxvii) shows interpreted data from this
print out. It can be seen that pronouneed ENE -WSl¡l

trending lineaments which are assocj-ated with the

Kisseynevi Front are clearly seen.
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Fig. 3(xxxvii). Photograph showing the interpreted data

from the black and white computer print-

out shown in Figure 3(xxxvi).
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Table 3 (i )

The following Table summarizes the relative utility of
various enhancement products for geological mapping purposes.

Enhancement
Produ ct s

1 Linear Contrast
stretch enhanee-
ment

2. Colour Component
Transf ormati-on

3. Unsupervised
Clas s ifi cation

lr, Ratio enhancement

a, Z
5

I_ú
/,

NE

ffiv,

Contrast Stretch
Enhancement of
7-5 ra1"j-o

lr

Mapping of
outcrop areas

Mapping of
Lithologie s

++

Mapping of
structural
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Cultural
features
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+

++

++

o

o

o

+

o

+

+

o+++

oob,

6. Hi
rl_
TA

o

o

+

o+

ter
i-o

ttr
1
t

++cipal
tof

+

+

++

++

++h pass video
of 7 -'5

/,

++

++

++

++
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ponent 1, 2 and
3
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- poor
o fair
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/, ,0 AIRBORNE GEOPHYSTCAL REMOTE SENSTNG TECHNI QUES

4.1 GENERAL

The applicability and integration of various airborne

magnetic and electromagneti. tgchniques with remotely

sensed spectral data for economic geological mapping and

exploration of stratabound volcanogenic sulphlde mineral

and gold deposits is discussed in the present chapter.

Magnetic methods include interpretation of conventional

airborne isomagnetic eontour maps and colour applicon

plots of total fiel-d and vertical aeromagnetic gradient.
Among electromagnetic methods, airborne Very Low Frequency

(Vl¡') survey data in the form of colour applicon plots of

total- field and quadrature are interpreted.

Interpretation of these maps has been carried out

visually with the principal aim of mapping the lithological/
structural- trend lines which have formed the backbone of
present economic geological mapping and exploration

programme's for stratabound sulphide nineral- deposits and

gold occurrences in the Fl-in Flon - Snow Lake greenstone

bel-t.

It
Land sat

has been demonstrated in Chapter 3 that enhanced

images and aerial- photographs are of great importance
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mapping the lithologj-car/structural trend l-ines. For

obtai.ning a smal-l- scale synoptic geological_ view it is
found that integration of interpreted data from Landsat

imagery with total field isomagnetic eontourfcolour
applieon plot is extremely useful. rntegration of aerial
photointerpretation with vertj-cal aeronagnetic gradient
data has proven to be helpful in detaired geological
investigation. rnterpretation of vLF appricon plots
has been helpful in identifieation of conductive zones

r^¡hich appear to be rel-ated to sulphide mineralization
and integration of photointerpretation with vertical-
aeromagnetic gradient data has facil-itated mapping of
these zones. Furthermore aeromagnetic interpretation has

enhaneed the understanding of structuie and lithology in
the area and this in turn has highlighted certain inter-
esting geological aspects which appear to have direct
bearing on the distributj-on of gold minera]ization in the

Flin Fl-on - Snow Lake greenstone bel-t.

/,,.2 AEROMAGNETICS

Aeromagnetic data in the form of isomagnetic contour
maps of total- field and col-our applicon plots of total
field and vertical gradient have been used. to improve the

resolving power of the photointerpretation technique.
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Several- case studies Hall- (1968), MacLaren and Charbonneau

(t964), McGrath and Hall- (lgOg) have indicated in the past

that regional aeromagnetj-c anomali-es are closely related

to major geological features, especially the tectonic

trends of greenstone belts and associated. granitic plutons

in the Canadian Shield.

Theinterpretationproperoftheaeromagnetictotal

fiel_d data is generally carried out with two objeetives.

The first is qualitative interpretation in which lithotogical

and structural trend lines are marked and other structural-

features such as faults and shear zones are del-ineated'

The second is quantitative interpretation in which the geo-

metrical shape, magnetic susceptibility and position of

each causative body is calcul-ated. i" the present study

only a qualitative interpretation is attempted because

this alone can be integrated r¡ith spectral remote sensing

data.

Integration of interPreted data

sensing and aeromagnetics has helped

and exploration in the following ways

from spectral

in geological

remote

mapping

1. Tracing

lithologi cal

of lithological/structural trend

units in areas covered bY lakes

lines and

and slüamps t
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Palaeozoie sedimentaries and by overburden of Quaternary

s ediments .

2, Corroborating the litholog ical/structural- trend l-ines

obtained by visual interpretation of aerial photographs

and enhanced Landsat irnages.

3. Identification and mapping of mafic volcanic flow

sequences which are conspicuous due to their stronger

magnetizati.on. Mapping the trends of these mafic fl-ows

is crucial because it has emerged during the present study

that the gold deposits in the Flin Flon - Snow Lake green-

stone belt are stratabound and are assoeiated with these

flows. This aspect is dealt in detail in Chapter 5,

Furthermore mapping of these flows has autonatically
brought out the structural pattern of interbedded felsic
f l-ows with which copper deposits are associ-ated.

ln, Identification and mapping of both felsic and mafic

bodies r¿hich are not recognized by photointerpretation.

Felsic bodies are characterized by weaker magnetic

signatures ranging broadly between 61150 gammas to 61300

gamrnas and a general plateau l-ike appearance in case of total

field applicon plots (Fig. /*(i)). In case of the vertical
aeronagnetic gradient applicon pJ-ots they are generally

represented by shades of yellowish colours with a mosai-c



100

Fig. /u(i). Photograph of colour applicon plot of total

field aeromagnetic data East of Fl-in Flon

showing gneissíe domal structures marked by

yellowish colours with shades of red while

mafic horizons are represented by red bands.
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of light reddish col-ours with intensities ranging between

0.000 gammas/metre and 0.100 gammas/metre. These bodies

also have more or l-ess circular outline in case of domal

structures and an elongated outline in case of anti-

elinal structures. Mafic flow.horizons and gabbroic

si1ls are recognj-zed by very strong magnetic si-gnatures

ranging between 61300 gamnas to 63500 gammas in case of

total fiel-d applicon plots and between 0.100 gammas/

metre to ?.000 gammas/metre in case of the vertical

gradient applieon plots. The mafic bodies are also

characterized by linear banded shapes.

5. Aeromagnetic data.has been helpful in not only

delineating but also filtering out many faul-ts and shear

zones from litholog ieal/structural trends identified from

spectral remote sensing.

6. Isolating the trends of Precambrian basement - In

Precambrian Shiel-d areas of Canada there are trends of

different. categories; (u) Precambrian grai-n whlch is

original lithological- banding, (¡ ) superimpose;d f oliations

of various Precambrian deformational episodes, (c) trends

of Palaeo zoic sedimentary rocks wherever they overlie the

Precambrian Shiel-d areas, (d) strong trends overprinted

on al-l exposed rocks due to Quaternary glacial episodes
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(Ffg. 1 (i)). Sinee the aeromagnetic signature is not
generally affeeted by last three factors it is possible
to identify trends associated only with the Precambrian

lithologi cal- banding.

L,2.1 Vertical- Aeromagnetic Gradient Surveys

vertical aeromagnetic gradient col-our applicon plots
of an area of about /r/+50 se. km. on 12501000 scale are

avail-able for the Amisk Lake - iriekusko Lake study area

around cranberry Portage. The data from these maps have

been interpreted in this integrated project. The aero-

magnetic information on these maps hrere compiled from

digitally recorded high sensitivity aeromagnetic data

obtained by two self orienting cesium vapour magnetometers

instal-l-ed in twin tail booms rnounted on the Geological

Survey of Canadars beechcraft. The magnetometers l¡ere

vertically separated by a distance of 2.05 metres with
each measurj-ng the total- magnetic fiel-d to a resolution of
0.005 gammas. The survey of the area hras carried out

along N-s flight lines which are more or less perpendicurar

to the strike of the geological fornations. Flight
al-titude v¡as 150 metres above the ground surface with a

flight line spacing of 300 metres. Doubl_e control l_ines
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ï¡ere flown at an average spacing of 12 kilometres.

The vertical- aeromagnetic graáient values, which

approximate the first vertical derivative of the earthrs

total field, are obtained by dividing the differences

between the total field readings to two magnetometers by

their vertical- separation. The vertical gradient data

r^ras filtered with a digital operator to remove instrument

noise. The vertical- gradient data from the control- l-ines

were not used in the compilation of the maps. The data

hras edited, compiled, l-evell-ed and gradient val-ues for

contouring interpolated onto a square grid (O.ZS cm grid

spacing at 1t25rOOO scale) by automatic computer processes.

The contours iÀIere then photographically reduced to 1¿50 '000
scale. The final data grid was contoured and plotted using

the automatic contouring progranme and digital plotter.

The airborne survey and digital compilation was

carried out by the Resource Geophysj-cs and,Geochemistry

Division of the Geological Survey of Canada by using the

following computer automated techniques. Aeromagnetic

digital data values htere interpolated from the flight line

data at the nodes of a regular grid covering the survey

area. Each grid. cell was 0.08 cm Square. A eofour code

ï/as assigned to each cel-l according to the amplitude of
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the aeromagnetic value within the cell using the col-our

scale shown inthe legend of these maps. The data matrix

i¡ras output on an applicon plot get plotter to produce a

col-our mâp, a photocopy of which is shown in Figure 4(ii).

1. Better resolution of anomal-ies produced by closely

spaced geological formations;

Hood et al (1979) outlined the

of vertical gradient over the total

data

2. Anomalies produeed by near surface

features are emphasized with respect to

deeply-buried features;

3. Dj-rect

contacts by

following advantages

field aeromagnetic

ge ologi ca1

those caused by

deli-neation of near vertical- lithological-

the zero gradj-ent contour;

L, The vertical grad.ient data is free from regional

gradient of the earthts magnetic fiel-d and diurnal

variation.

In geologically complex areas l-ike the Flin Flon

snow Lake greenstone bel-t the aeromagnetic vertical-

gradient exhibits far superior resolvj-ng power which in

turn helps in econonic geological mapping of l-itholo gLcal/
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Flg. zu(ii). Photograph of colour applicon plot of

verticaL aeromagnetic gradient data East

of Flin Flon showing separate anomaly bands

of individual mafic fl-ow horizons which give

rise to composite anomaly in total field

applicon plot (Fie . /r(i ) ) .
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structural trends in the following ways

1. Compound and composite total field anomal-ies which

appear as integrated ones in the total fiel-d applicon

plots (¡'ig. /r ( i ) ) and conceal- the intricate nature of

the causative individual bands.' These bands can be

demarcated by using the vertical aeromagnetic gradient

data (nig. /'(ii¡¡.

2. Combined effects of more distinct anomaly l-ocation

and higher resolution is particularly important in

mapping lithological/structural trend lines (Map 5),

3. The most important task in mapping and exploration

of stratabound gold and sulphide mineral deposits

requires -
(i) identification of mafic volcanic bands which

stand out prominantly due to their strong

positive magnetic signature'

(ii) delineation of these bands,

( ii-i ) demarcation of their structural- trends .

Since all- these requirements are ful-fil-led by using

the vertical aeromagnetic gradient maps' they may become

extremely important in the exploration of stratabound gold
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deposits which are found to be generally associated with

mafic bands. Al-so sulphide mineralization which are

rel-ated to interbedded felsic bands in the Flin Fl-on

Snow Lake greenstone bel-t would have a similar applica-'

bility.

/+. The lithologi.ca: /structural trends outl-ined by the

interpretation of vertical aeromagnetic gradient colour

applicon plots can best be correl-ated and integrated with

these trends obtained by i-nterpretation of spectral renote

sensing products. This greatly facil-itates the photo-

geological mapping of geological structures and their

included zones of sulphide mineralization.

/u,2.2 Interpretation of total field isomagnetic contour

maps and col-our applicon plots of total field and

vertical aeromagnetic gradient

The general procedure fol_lowed in interpretation of

various aeromagnetic products for mapping of lithologica:'/

structural trend l-ines and other l-ineaments is outlined

be1or,¡

/+.2.2.A Interpretation of isomagnetic contour maps

The interpretation of isomagnetic contour maps has

been carried out following these s+,€ps.
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1. Colouring of these maps by seleeting

interval as wel-l as a col-our scheme which

geological features in greatest detail-s.

interval and colour scheme adopted was as

a contour

enhances the

The contour

f ol-L ows

Less than 2300 gamma

Between 2300 to 2500

Between 2500 to 2700

Between 2700 to 3500
More than 3500 gamma

val-ue s'
gamma values
gamma val-ue s

gamma values
valu e s

blue colour
yellow col-our
pink colour
green col-our
brown colour

2. Since isomagnetic contours are roughly parallel to

gross eompositional- layering they have been used in out-

lining the general trend lines of these lithologies. This

demarcation of trend l-ines in the entire study area has in

turn brought out certain large scale geological structures

which wer: apparently not observed by earlier workers and

are discussed j-n this chapter under the heading synthesis

and di-scussions.

/+.2.2.8 fnterpretation of colour applicon plots of total

field

The colour applicon plots of the total field which are

interpreted during the present integrated study i¡Iere com-

piled by the Geophysical Data Processi-ng Section of the

Geological Survey of Canada. The individual plots have
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positive magnetic values from 6117 5 gammas to 6/+000

gammas, normal magnetic values from 61150 to 61175

gammas while negative values hrere between 61150 and

601 00 gammas. Their interpretation has al-so been carried

out with the primary aim of outlining litholog ieal/

structural- trend 1ines, tracing of faults, shear zones

and bands of high positive values by using the following

steps.

1. Since the col-our applicon plots ürere devoid of

topographic information and had only coordinates marked,

the first step was to trace the outl-ines of l-akes and

important cultural features like settlements and the

coordinates fron 1t50r000 topographic maps on transparent

overlays. The applicon plots were al-so on the same scale

so it was easy to natch the coordinates and thus direet

interpretation was possible on these overlays. These

oierlays with interpreted d.ata were then reduced to

1:100r000 scale and final tracing LIas done as shown in

Map lr.

2. The following characteristics of anomalies have

been used for delineating the lithological/structural

trend. 1ines.
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(a) The trend lines are

marking the changes from

magnetic value.

drawn parallel to the

one magnetic value to
l-ine s

another

(b) By joining the elongated anomalies in the direction

of their long axes.

(c) Since the colour scheme adopted in these col-our

applicon plots has paler colours for normal- magnetic

values and darker colours for higher magnetic values

demarcation of trend l-ines h¡as facilitated by these

contrasting colour differences.

3. Faults and l-ineaments are recognized by

(u) Abrupt ehange in the eol-our

perticular magnetic vafues along

curved Iines.

characteristic of

straight or slightly

(b) Noticeabl-e displacement of magnetic anomalies.

(c) Since most of the faul-t zones in the area are

characterized by lower nagnetic signatuies due to

shearing and alteratj-on than the enclosing rocks, they

have been discerned by lighter tones along straight

lines in darker areas (Figs. 4 ( iii ) and /, (iv ¡ ¡ .
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Flg. 14 ( iii ) . Photograph of the colour appllcon plot of

the total field aeromagnetic data SE of

Flin Flon showing straight NE - SlÙ

trending faults and lineaments.
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Fig. z*(lv). fnterpretation of the col-our applicon plot

shown in Figure /+ ( if i ) . The NE - Si^l

trending faults and lineaments are shown

by dashed lines and lithological/structural

trends are shown by solid lines.
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/+.2.2.C Interpretation of colour applicon plots of vertical
aeromagnetic gradient

Colour applicon plots of aeromagnetic vertical- gradl-

ent which have been interpreted during this study were also

compiled by the Geophysical Data Processing Section of the

Geological Survey of Canada. The plots have magnetic

values plotted in gammasfnelre and they range from O.0OO

to 7.000 for positive magnetic val-ues and 0.000 to -10.000

for negative values. Their interpretation has also been

carried out with the ma j-n aim of tracing stru clourai-f

lithological- trend l-ines; demarcation of faul-ts and shear

zones, dykes and bands of high positive val-ues. The

adopted procedure is outlined under the following steps

1. The first step was exactl-y simil-ar to the one

followed for interpretation of col-our applicon plots of

total field menti-oned earli-er in Section 4.2.2.8.

2. The lithological/structural trend lines were traced

using the following parameters.

(a) Trends of changes from one magnetic value to another

magnetic value. Here both positive and negative rnagnetic

val-ues are used.



(b)

l-ike

Trend l-ines joining

anomalies which are

smal-l- elliptical string
aligned in a perticul-ar

11 /+

of bead

dire ction.

(c) By joÍning elongated anomal-ies in the direction of
their long axes.

3. Faults and lineaments are mainly recogni-zed by

following the sane parameters used in interpretation of
colour applicon plots of total- fierd which are mentioned

earlier i-n Sectj-on /t,.2.2.8.

/,,. 3 ELECTROMAGNETICS

/u.3 ,1 General

Electromagnetic prospecting techniques are most

commonly used in exploratj-on for conducting sulphide
mineral deposits. The Fl-in Flon - snow Lake study area

has been explored by several_ mining companies by using

various ground and airborne electromagnetic systems.

During the present study only the i-nterpretation of colour
applieon plots of vLF total- fiel-d and quadrature data is
attempted in the western half of the study area. The

principal aim of usi-ng this data-is to evar-uate it for
economic geologieal mapping of lithologicar/struetural-
trend lines and how best this data can be integrated with
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the data

s ensing

obtained by other spectral and geophysical remote

techniques.

As the name implies, the Very Low Frequency, method

j-nvol-ves the propogation of time varying, 1ow frequency

(ln comparison with radio frequencies) electromagnetic

fields in and over the earth. There is a close relation-

ship between the transmitter, recej-ver and the buried

conductor in the electromagnetic situation. Radio trans-

mission stations in the Very Low Frequency range of

5-25 kflz are used as transmj-tters and an aircraft mounted.

detector rece j-ves its transmitted si-gna1. The VLF

antenna is effectively a grounded vertical 1oop, several

hundred feet high. Consequently it is much shorter than

a transmission wavelength which for a frequency of 20 kldz,

is 15 km. whereas the smal-l loop is equivalent to a magnetic

dipole, the short loop behaves as an electric dipole and

the electric field component is practically vertical. The

magnetic field l-ines are horizontal circles eoneentric

about the antenna; at distances of several hundred kms

the fiel-d is practi-ca1ly uniform over a large area and

is at right angles to the station direction.

A world-wide network of high power vLF stations are

located for marine navi-gation. The sites are arranged
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in such a i^ray that at least two stations can be detected

anywhere over the earthls surface. The receiver for

detecting VLF signals measures the total fiel-d and a

quadrature component by means of two mutually perpen-

dicul-ar coil-s wound on ferrite. cores.

4.3.2. Colour applicon plots of VLF total field and

quadrature data

The data shown on these plots represents the vector

sum of the longitudinal-, lateral- and vertical components

in case of VLF total fiel-d and quadrature component of

vertical- anomalous component in case of VtF quadrature

data of the anomalous field. This field is generated by

currents flowing in near surface conducti-ve material within

or on the earthts crust measured with a Totem lAEM receiver.

The pri-mary field üras generated by the vLF navigational

station at Cutl-er, Maine; operating at 17.8 klrJz. The

data has been fil-tered using the Fraser coefficients whieh

effectively computes an averaged slope of the measured

fie1d, thus centering the anomalies over conductors.

The airborne survey and digital compilation was

carrj-ed out by the Geophysical Data Processing Section

of the Resource Geophysics and Geochemistry Division of
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the Geological Survey of Canada. The survey lliaS carried

out in June 1980. These maps hlere compiled using the

following computer automated techniques. Very Low

Frequency total_ field digital data val-ues hrere j-nter-

polated from the flight line data at the nodes of a

regular grid covering the ,u",r"y area. Each grid cel-l

was O. 08 cm Square. The col-our code rt¡as assigned to each

cell according to the amplitude of the VLF el-ectronagnetic

value within the cel-l- using the colour scal-e as shown in

the legend. of the map5. The data matrix was output on an

applieon colour jet plotter to produce coloured maps'

photocopies of which are shown in Figures /r (v ) and ¿u (vi ) .

In the ease of the VtF total field the val-ues were plotted

as percentages and. are rel-ated to increasing conductivities

and correspondingly darker reddish tones in the applicon

plots. The positive values range from 0/" to 180f, whil-e

negative values are from 0f' to 190/'. fn the VLF quadrature

applicon plot the increasing quadrature components are

represented by darker bluish tones so that the positive

val-ues of VLF total fiel-d appear as negati-ve val-ues and

negative val-ues aS positive ones. Furthermore in quad-

rature plots the values are al-so compressed so that they

range from 0f' to 9O/' in case of positive values and 0f' to

-1 00 iÁ in case of negative val-ues .
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Fig. /u(v). Photograph showing colour applicon plot of

the VLF total field of the area East of

Flin Flon. Positive conductivities are

indieated by darker reddish tones and nega-

tive values by bluish shades.



Fig. /u(vi).
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Photograph showing colour applicon plot of the

VLF quadrature component of the same area as

shown in Figure /u(v). Here positive con-

ductívities are lndicated by bluish shades

whiLe negative conductivities are shown by

reddish shades. The transmission lines are

seen in the extreme northern and south

eastern parts of the area
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The maj-n approach adopted in interpreting the VLF

applicon plots 'h¡as the following:

1. since these applicon plots are devoid of topographic

informatj-on and had only coordinates narked, the first
step was to trace the outl-ines'of l-akes and important
cultural- features like settlements and coordi-nates from

1:50r000 topographic maps on a transparent overlay.

2. Interpretation proper started with outlining the

areas having very high conductivity values above the go/,

value r,¡hich is hal-f of the total- range of posi-tive values

and are coloured light blue. Furthermore areas lying
between positive val-ues from 0/' to 90f, have been coloured

green while areas of negative val-ues have been kept blank

as shown in Figure /+(vii).

3. rt has been noticed that some of the highry conductive

anomalies are related to cultural- features l-ike transmission

lines and railway tracks. These anomal-ies are identified
throughout the whole area and are isolated by assigning a

green colour to them after erasing the blue colour from

these areas.

4. AnomalÍes

identified and

lying over

left with

areas eovered by l-akes have

colour because

be en

theyoriginal bl-ue
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Fig. /, (vii ) . Interpreted map from the col_our applicon
plot of the VLF total field.of the area

East of Fl-in Flon as shown j-n the Figure

/*(v). The areas shaded with pale green

colour are having the range of 0/, to 90fr,

bLue ones .are having high conductivities
over 90iÁ. The red lines are indicating the

trends of these anomal-ies.
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are nost probably caused by conducting clays deposited in

lake bottoms.

5. Anomal-ies which are rel-ated neither with the

nor with the cuLtural- features have been fil-tered

r^/ere assigned a red colour (Fj-g. l, (viii ) ) .

lake s

out and

6. Records showing the mining cl-aims have been consulted

and it has been found that most of the red col-oured anoma-

l-ies lie over areas claimed and dri]led by various parties.

This i-ndirectly confirms that these anomalies may be related

to conducting sulphide zones.

7. After identification mapping of these anomalies which

perhaps represent conducting sulphide zones has been

carried out by using

(u) Very Low Frequency total field and quadrature data

these data have been helpful in tracing the extension of

stratabound sulphide zones by using trends of various

conductivities which roughly correspond with lithologJ.caJ /

structural trend lines and are marked by red in Fígure /t(ix).

(b) Data from various aeromagnetic products which are

discussed earLier in this chapter were helpful in tracing

the extensions of these conductive zones.
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Map showing EM anomaLies of various types 
'

the green ones are associated with trans-

mission l-ines or rai-1way tracks, blue ones

are related mainly to the conductive clays

at the lake bottoms and red ones are gener-

all-y associated with the conduetive zones

of probable sulphide mj-neralization.
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(c) Photointerpretation data - when photointerpretation

data is plotted on the same traci-ng fil-m it was not only

possible to see the extensions of these zones but al-so the

complete pattern conneeting these individual zones.

1,.4 SYNTHESIS AND DISCUSSIONS

After individual interpretation of aeromagnetics

which included total- field isomagnetic line contour maps'

colour applicon plots of total fiel-d and vertical- gradj-ent

and el-ectromagnetj-cs using VLF total field and quadrature'

the interpreted data is plotted on individual- compilation

maps and has been critically examj-ned along with the

original products. The main purpose of doing this was to

bring out the interrel-ationship between various aeronagnetic

and electromagnetic products and their usefulness in identi-

fication and mapping of various geological aspects. The

results obtained from this study are summed up in the

accompanying Tabl-e /t(1). This hlas fol-lowed by studying

aeromagnetic and airborne electromagnetic data in conjunction

with the data obtained from spectral remote sensing. The

important points which have emerged from this integrated

study are as follows

1. The most striking characterístic

i-n the Amísk Lake - lllekusko Lake area

of

l-s

the magneti-c field

that the magnetic
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trends generally follow the original lithological banding.

Itlhile in the field and by photogeological mapping this

banding is generally masked by development of strong axial-

plane cleavage and schi-stosity and several sets of fracture

planes associated with deformat.ional events and. Quaternary

glacial trends. Therefore aeromagnetics, especially the

vertical gradient greatly facilitates recognition of these

lithological trends from other trends.

2. Furthermore aeromagnetics help in napping lithological

trends bel-ow the lakes and s\^Iamps and the Palaeozoic sedi-

nentaries and Quaternary sediments. Nearly all- the southern

half of the shiel-d area shown in the colour applicon plots

of the total field and vertical- aeromagnetic gradient in

Figures Zo(ix) and /r(x), is covered by the Palaeozoic carbon-

ate sedimentaries whieh are nonmagnetic and act like a

transparent screen for magnetic values. The litho1 ogical-/

structuraL trends of Precambri-an rocks can still be mapped

by interpreting the applieon plots as shown in Maps /, and 5,

3. It has been found that the integration of interpreted

data from Landsat lmages and total field aeromagnetic colour

applicon plots is extremely useful- for small scale geological

view. 0n the other hand, for detail-ed geological mapping of

lithological/structural trend lines it has been eoncluded
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Fig. /u(ix). Photograph of the total field aeromagnetic

colour applicon plot of the Cormorant Lake

area East of Cranberry Portage.
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Fig. 4-(x). Photograph of the vertical aeromagnetic

col-our applicon plot of the same area shown

in Figure 4(ix).
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Fig. /u(xi). Photograph of the corour applicon pJ-ot of the

verti-cal aeromagnetic gradient of the area SE

of, Flin Flon shown in the Figure /i(iii).



that better integration is

aerial photographs and the

is used.

(") outcrop

standing out

and /r(x)).
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when data from the

aeromagnetie gradient

pos s ible
verti cal

/n. From the structural geology point of view the aTea is

complexly folded by at l-east two episodes of folding.

This is apparent mainlY due to

pattern of the mafic fl-ow units conspicuously

due to high magnetite content (figs. /r(ix)

(¡) Presence of a number of structural

anticlines and. synclines as interpreted

domes and

in Maps 4

plunging

and 5.

5. The nature of the magnetlc fiel-d in the Flin Fl-on

Snow Lake greenstone vol-canic bel-t changes dranratically

across the Kisseynew front into the Kisseynehl sedimentary

gneiss belt in the area North of Flin Flon. The magnetic

patterns in the Flin Fl-on - Snow Lake greenstone belt are

t:"t complex representing a typical example of a polyphase

deformed. greenstone belt, whereas in the Kisseynew sedi-

mentary gneissic belt the patterns are much sj-mpler'

corresponding to elongated domal features trendi-ng more

or less j-n an E-W to ENE - i^lslü direction exactly matchlng

those obtaj_ned. by photointerpretation. Furthermore, the
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trends on the two sides of this front show abrupt trun-

cations. Since magnetic anomal-ies are invariably rel-ated

to the distribution of different rock types, the zone of

change-over appears to be rel-ated to a major structural

discordance. This is further substantiated by a clear-cut

change-over in the style of folds and defornational

behaviour (f igs . /r(i) and Zr (il ) and their corre sponding

interpretations on Maps /, and 5). The rest of the

Kisseynew sedi-mentary gneissie belt is represented by a

series of comparatively narrotl¡ linear to curvilinear

parallel highs and lows. fntensities within the highs

are generally lower than those observed wlthin the Flin

Fl-on - Snow Lake voLcanic belt.

6, The geology of the Flin Flon - snow Lake greenstone

belt is very complex and nany of the large scal-e geological

structures are not apparent in existing geological- maps

because they tend to be lost in a maze of geological de-

taiLs. The interpretation of 1 :1 00 r 000 scale i-somagnetic

contour maps reveal-s that much of the western hal-f of the

study area is occupied by a large folded structure which

has its closure in a north easterly direction Figure /r(xii).

Furthermore this aeromagnetic interpretati-on has also



131

Fig. 4,(xii). Photograph of coloured isomagnetic

contour maP.
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demonstrated that the northern limb of this fold structure

seems to be lateralty disconnected due to stretching into

a number of circular, elliptical and elongated geologi-ca1

structures having very high positive magnetic signatures.

Effects of later more or less N-S cross folding on these

structures is al-so conspicuously seen.

7. Large' more or less circul-ar to elliptical low

magnetic areas correlate well with the terrain underlain

by rocks of granitic composition. 0n the other hand'

remarkable correspondence between high magnetic vafues

and. greenstone bands and their metamorphic equivalents is

observed in the Flin Fl_on - snow Lake volcani-e bel-t.

Local1y, magnetic highs are also associated with gabbroic

sill-s, iron formatlons and dYkes.

8. Although vertical aeromagnetj-c gradient applicon plots

aTe far superior than the total field applicon plots as far

as mapping of lithological-/structural trend lines are con-

cerned better definition of faults and fractures are

observed in total field applicon plots (Figs. 4(j-iÍ)'

/r(iv) and /r(xi) ). It is therefore recommended that vertical-

gradient applicon plots should be used in conjunction with

total field applicon plots for economj-c geological mapping

of stratabound d eposi-ts .
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g.Amonge]ectromagneticVLFtotalfieldandquadrature

appliconplotsithasbeenconc]udedthattheVLFquad-

rature applicon plots are better than vLF total fiel-d'

in the following ulays

(u) The anomalous conductive zones are better defined.

(b) Anomal-ies associated l¡ith

transmissj-on l-ines and railwaY

d efined.

eultural features like

tracks are also better

(c) The overall outcrop pattern is better

(¡':-es. 4.(v ) and /r (vi ) ) and coincides with

and photointerPretation data '

displayed,

aeromagneti c

(d) The apparent depth of penetration below the

palaeozoic carbonate sedimentaries is more and consequently

the def inition of anomal-ies is also sharp, Figures 4t(xiii )

and /u(xiv).

lO.AlthoughtheappliconplotsofVLFtotalfieldand
quadrature data are not of much use in mapping the

litholog i. ca:J./ structural- trend lines, they are of great

help in isolating zones of high eonductivities which are

likelytobere].ated.tosulphidemj.nera}ization.
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Fig. zu(xii). Photograph of the col-our applicon plot of

the VLF quad.rature data of the area South

of Cranberry Portage which is entirely

covered by mod.erately thick Palaeozoie

sedimentaries.
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Fig. ¿n(xiii). Photograph of the colour

the VLF total field data

shown in Figure /+ ( xii ) .

applicon plot of

of the same area
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5.0 APPLICATION OF INTEGRATED REMOTE SENSING TECHNTQ,UES

FOR ECONOMIC GEOLOG]CAT' MAPPING AND EXPLORATION OF

MINERAL DEPOSITS

5.1 GENERAL

This chapter describes the geological application

of various aj-rborne spectral and geophysical remote

sensi_ng techniques and al-so formul-ates an integrated

approach for economic geological mapping and exploration

of stratabound mineral- deposits. fntegration of interperted

data from the aerial photograPhs, enhaneed Landsat imagery

and. airborne geophysical- data namely total- field and verti-

cal gradient aeromagnetics and VLF electromagnetics has

yielded significant results in the Amisk Lake - itlekusko

Lake study area. The Fl-in Flon - Snow Lake greenstone belt

of this area hosts numerous occurrences of copper and gold

which are presently being mined or have been periodically

mined since the beginning of this century. Mapping of

lithological/struetural trends using airborne speetral

and geophysical techniques has provided an excellent tool

for mapping and exploration in this belt. Spectral remote

sensing techniques alone have helped in mapping of strata

but when integrated with airborne geophysical techniques

it was possible to map these strata with more certainty.
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fn areas covered by lakes and swamps, Palaeozoic sedi-

mentary rockS and Quaternary overburden the strata may be

grouped in broad categories of rnafic as wel-l- as felsic

rich components. vLF applicon plots have helped a great

deal in isolating various conductive zones.

0f prime importance in exploration has been recog-

nition that the eopper deposits as well as the gold

deposits are primarily stratabound and that it is possible

to map these containing strata by various airborne

spectral and geophysieal remote sensing technj-ques.

Integration of these techniques has suggested an explo-

ration tool in the search for mineralized zones in the

Amisk Lake - I,rlekusko Lake aTea r¿hich could al-so be applied

to other comparable areas of the canadian shield. The

varj-ous maps provide an overviei¿ of a complicated outcrop

pattern and an information base that might be util-ized

by exploration geologists and geophysicj-sts to aid in

formulation of their exploration strategies.

5,2 MINERAL DEPOSITS OF TI{E AREA

copper and gold mineralization i-n the Amisk Lake

I,rlekusko Lake area has been known since the turn of the

century and up till now more than 50 individual occurrences

of copper and gold have been reported. At present it is
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generaLl-y believed by most of the workers that vol-canic

exhal-ati-ve theory satísfactorily explains the origin of

known copper deposits (Sangster, 1972), The present

study suggests that the gold deposits may al-so be strata-

bound on a megaseopic scale.

In recent years a considerable amount of ex.ploration

has been directed" to volcanogenic stratabound deposi-ts.

It is partly due to their higher grade than other types

of deposits which provides a rapid return on l-ower

developmental expenditlll€' Furthermore because of their

syngenetie origin and stratabound nature their exploration

is considerably easier. The present study was undertaken

to map the original lithological/structural trends and

other lineaments which occasionally displace them by using

various airborne spectral and geophysical remote sensing

techniques. Mapping ofthese trend lines by these techniques

is cost effective and better suited for stratabound deposits

than conventional field methods.

The Flin Flon - Snow

classified into two broad

the basis of the economic

Lake greenstone belt can be

mutually gradati-onal groups on

significance.

A. Mafic volcanics

of the stratigraPhic

which tend

succession

to occupy the lower

and with which most

parts

of the
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B. Felsic vol-cani cs which

and with which most of the

ated.

gold occurrences are assoei-ated.

tend to occupy the upper parts

are associ-copper oceurrences

5.2.1 Copper DePosits of the Area

The copper ore deposits of the Flin Flon - snow Lake

volcanic belt are massive, stratiform and stratabound and

they are closely associated with the felsic volcanism.

Sangster (lglZ) considered the massive copper-zinc sulphide

deposits of this belt to be a good example of vol-canogenic

deposits, because of their volcanic host roeks, internal

metal zonj-ng, stratiform and stratabound character, foot-

wall stringer ore and Mg(Fe) alteration. He also con-

sidered that this kind of deposit forms largely as a sub-

aqueous sulphide sediment, over or close to a volcanic

fumarole, exhaling metal- rich brine. This origin is widely

accepted for the massive cu-zn sulphide ore deposits of

the Fl-in Flon - Snow Lake volcanic belt'

Most of these stratabound. volcanogenic sulphide

oecurrences in the Flin Flon - snow Lake greenstone belt

appeartooccupyapproximatelythesamestratigraphic

leve] in the sequence. Accordingly it seems 1ikely that
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these mineral- occurrences are col-lectively rel-ated to

a single widespread mineralizing event. Studer (lgAZ)

observed that al-l- the known copper deposits in the

area oecur in felsie rocks a short distance bel-ow the

eontact with an overlying mafio rock unj-t.

5.2.2 GoId Deposits of the Area

The distribution pattern of the gold deposits has

been studied to assess the rel-ationship of gold

occurrences with the lithological/structural trends of

the rock unj-ts, their magnetic signatures, nature of

rock types and lineaments indicating shear zones ' faults

and fractures to find out whether gold is stratabound

or rel-ated to the hydrothermal- regime in the Flin Fl-on

Snow Lake greenstone belt. itlhen various gold occurrences

have been plotted on the Maps 1, 2, 3, /, and J showing

lithologicai--/structural- trends and other lineaments

derived from spectral as well- as airborne geophysical-

remote sensing, a close spatial relationship is found

between the lithological/structural trends and the gold

occurrences j-n the area. Secondly these occurrences do

not appear to be even distantly related to the l-inearnents

like shear zones, faul-ts and fractures. Furthermore it

has been observed that the gold occurrences are mainly
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related

ized by

to the mafic flow horizons which are character-

the strong magnetic signatures.

These facts suggest that the gold is stratabound

at least on a megascopic scale. 0n a macroscopie scalet

however, gold apparently occurs in high concentration

in quartz carbonate veins which occupy minor fractures

and faults developed mainly in the competent members,

which are mainly mafic fl-ows of the volcano-sedj-mentary

sequence of the Fl_in Flon - Snow Lake greenstone belt.

Similar occurrences of gold deposits have been observed

i_n the Rice Lake - Beresford Lake area in the southern

Manitoba where Stephenson (lgll ) also recorded a close

spatial assocj-ation between mafic flows and gold rich

quartz veins. Association of gold rich quartz veins

and mafic flows has al_so been reported from various

shiel-d areas of the world. 'tr/oodall (1965) noted that

many gold quartz veins j-n the Archaean of western

Austral-ia are closely associated with metabasal-ts or

quartz diabase. Similarly gold deposits of the

Archaean gold belts of Zimbabwe and the Transvaal,

south Africa and Kolar gold fields of southern India

are hosted by the pillowed basalts or their schistose

equivalents (Switt, 1951 and Narayanswami , 1963).
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The present work illustrates that the primary source

of the gold in the area is the mafic flow horizons and

it is during their metamorphic di-fferentiation which

accompanied. main rnetamorphic event, has gi-ven rise to

gold rich quartz carbonate veins by l-ateral seeretion

which have got emplaced preferentially along the fracture

pattern in these rocks. This clearly explains their

cl-ose spatial stratabound assoeiation with mafic flows

on megascopic scale and oecurrence of gold quarLz veins

which are hydrothermal in nature on a macroscopic scale.

The hypothesis that wall rocks may have supplied the

bul-k of the vein materj-al by l-ateral- secretion is not ne\^I

and was proposed by many earlier workers in various parts

of the worl-d. Lindgren (lgOO) advanced this hypothesis

to explain the Archaean gold deposits of western Australia.

A similar mechanism was proposed for the gold-quartz veins

of the 'rMother Lode Systern'r of Cal-if ornia (Knopf , 1929),

the gold deposits of the Uchi greenstone belt of Ontario

(Bateman, 1g/+O) and Yell-owknife gold deposits, Northwest

Territories (Boy1e , 1955),

At present most of the gold production in Manitoba

comes as a byproduct of copper refining. Presence of

gold j-n these stratabound massive sulphide deposits which
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are beli_eved to be of volcanogenic exhal-atj-ve type is

of genetic significance and further suggests that the

gold in the area is also stratabound. In case of the

Flin Flon - Snow Lake greenstone belt there seems to be

two broad al-ternatives. Firstfy' the gold may have

been added either before or subsequent to the formation

of an exhalative copper ore body by separate ore

forming process. Secondly, the gold may have been

deposited coevally with the eopper minerals from the

same metal_l_iferous fluids. Thus from logical rather

than geological evi-dence the presence of a minor amount

of gold in stratabound copper deposits is believed to

be of genetic significant and suggests that gold is

also stratabound like the copper deposits.

5.3 ECONOMIC GEOLOGTCAL MAPPING AND EXPLORATION OF

MINERAL DEPOSITS

Economic geological mapping and exploration, where

mineral deposits are stratabound, generally conprises

following objectives -

1. Detailed mapping of the trends of various strata

2, Grouping of these strata j-nto various lithological

categorie s
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3. Mapping of faults and shear zones which coul-d

possibly displace these strata

4. Deriving the extensions of the known mineral-ized

zones and the connections between various zones

5. Identification of new suitable environments of

mineraLi zation

6. Tracing of the extensions of these suitable

environments of mineralizati-on

The various study methods consistent with these

objectives used to produce economic geological Maps

6, '/ , 8 and 9 inelude the f ollowing:

A. Visual

i-mage s

data

interpretation of aerial-

and enhancement products

photographs, Landsat

of Landsat digital

B. Visual interpretation of col-our applicon plots of

vertical gradient and total field aeromagnetic data

C. Visual interpretation of colour applicon plots of

VLF total- fiel-d and quadrature electromagnetics

D. Plotting of the known occurrences of the mineral]zed

zones
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E. Demarcation of the extensions of these zones

F. Ground truth col-1e ction

zones exist along these

to see whether alteration

extensionq

G. Synthesis and presentation. of data

A. Visual

image s

data

Interpretation of aerial-

and enhancement products

photographs, Landsat

of Landsat digital

This part of the study methods has been diseussed in

detail in Chapter 3, The main objective behind the

visual interpretation was mapping of the lithological/

structural trends of various rocks and other lineaments

such as faul-ts, shear zones, joints and fractures.

Lithological- trends of various rock units are character-

ized by subtle original col-our banding Figure ¡(i) or by

the alteration bands along the original bedding surfaces

Figure 5(ii). Even more or less massive rocks of the

area show faint banding pattern Figure 5(iii) which can

be seen on aerial photographs quite easily. A micro

rel-ief is invariably developed along these lithological

trends due to variabl_e resistance to erosion and this

micro relief has greatly facilitated their mapping FJ-gures
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Fig. 5(i). FieLd photograph showing primary lithological

. banding which gives rj-se to subtle tonal

variations in aerial- photographs.
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Fig. 5(ii). Field photograph showing alterati-on bands

along original bedding surfaces of the rock.
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-/... \Fig. 5(iii). Field photograph showing faint banding

pattern in the rock.
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:(i) and 3(ii).

The l-ineaments sueh as faults, shear zones, j olnts

and fractures are mapped by their following visual-

expressi-ons.

(i) Abrupt, sharp and angular breaks in the drainage

patterns

(il) Abrupt termination of drainage 1j-nes

(iii) Long, straight or curved stream segments

(iv¡ Alignnent of several- topographic features along

straight l-ine s

(v ) Abrupt changes j-n surf ace radiance producing tonal-

change s

(vi) Straightr persistent cl-iffs or escarpments

(vii) Straight or curved breaks in otherwise unbroken

topography

(viii) Displacement of strata along straight lines

(1") Termj-nati-on of strata along straight lines

(x) Change in the style of folds along straight l-ines
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These visual- expressions

with few others have i-mproved

their mapping.

B. Visual- fnterpretation

vertical gradient and

when found in conjunction

the level- of confidence in

of colour applicon plots

total- field aeromagnetic

of

data

The various criteria and steps used in their i-nterpre-

tation for mapping of lithologieal/structural- trend lines
and l-ineaments l-ike faul-ts, shear zones, j oints and

fractures have been discussed in detail in Section /0.2,2

of Chapter lr.

C. Visual Interpretation of col-our applicon plots of VLF

total field and quadrature el-ectromagneties

The. naj-n approach adopted for the i-nterpretation of

these applicon plots for isolating the eonductive zones

of eeonomic geological- interest has been discussed in

Se ction /n ,3 .2 of Chapter /n .

D. Plotting of known occurrences of the mineral-ized zones

The locations of various known eopper and gold

deposits has been taken from Manitoba Mines Branch Map

ER 79-6-/+ East and i,rlest parts which accompany Economic

Geology Report 79-6.
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E. Demarcati-on of the extensions of these zones

once the l-ocations of various copper and gold deposits

hasbeenplottedontheinterpreted.datafronspectral
remotesensi-ngand.ai.rbornegeophysicstheirextensionsas

well- as connections with the nearby deposits have been

traced. following the litholog i_ca1-/ structural trends ' In

the same vray extensions of conductive zones obtained

from VLF plots have also been demarcated'

F.GroundTruthco]-]ecti-ontoseewhethera]-terationzones
exist along these extensions

Infieldthemai.nemphasiswastoseewhethera].ter-

ation zones such as gossans exist along the extensions

of these mineralized zones. Along several of these

extensions al-teration zones, Figure 5(fv) have been noticed'

and'incertainplacesexeavationsanddrillinghasbeen
done by various explorating agencies, Figure 5(v).

G. Synthesis

The data

reduced scale

and Presentation of data

is presented. in the Maps 6, ? and' 8 on a

of 1 2250,000.

In exploration for gold deposits the various remote
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Fig. 5(iv). Field photograph showing al-teration zone also

the strike extension of known deposit.
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l

11g. 5(v). Field photograph showing large alteration
zone by reddish brown eolour. The yellowish

brown colour in the l-ower part of photograph

is the eol-our of excavated roek.
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sensing techniques discussed above have not yet found

direct application simply because the economic quantites

of gold present in a rock are so minute that they do

not change the physical- properti-es of the host rock to

any measurabl-e extent. The prgsent work has, however,

suggested several indirect approaches which might be

used as part of an exploration strategy. These more or

less fol-low the steps A to G. The only additional points

which should be mentioned.

1. Since gold is found to be stratabound on a mega-

scopic scale and the trends of these strata can success-

fully be mapped by various spectral and geophysical-

remote sensing techniques, it has been found that the

extensions as well as relations with other known deposits

can be established.

2. Gol-d is f ound to be mainly associated with maf ic

fl-ow horizons which have characteristically strong magnetic

signatures and it has been found that these bands can be

mapped by using aeromagnetic data especially vertical

gradient applicon plots.

3, Situations where gold is

mineralizat j-on i-n appre ciable

associated with copper

quantiti-es, it is possibl-e
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to detect first the copper mineral-izaLion by electro-

magnetic surveyi-ng techniques.

5./, ECONOMTC GEOLOGICAL MAPPING OF PRECAMBR]AN ROCKS

BELOW THE COVER OF PALAEOZOIC SEDIMENTARY ROCKS AND

QUATERNARY OVERBURDEN

More than 60/' of the Canadian Shiel-d is eovered by

various types of cover, which includes Palaeozoic sedi-

mentary rocks, Quaternary glacial material- and innumer-

able lakes. In this seetion an attempt has been made to

do econornic geological- mapping of the Precambrian rocks

by integrating the interpreted data obtained from spectraÌ

and geophysical remote sensing. This integration has

yielded significant results in a test area of about 3000

se. km south and southeast of Cranberry Portage.

The aim was to find out how far various remote

sensing techniques and their integration coul-d be used

for unravelling the lithological/structural trends and

other lineaments belov¡ the cover of Palaeozoic sedi-

mentary rocks and Quaternary glacial material especially

for those who are involved in prospecting in these areas.

Since mapping of lithol-ogical/structural trends and other

l-ineaments has demonstrated applicability in the exploration
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of stratabound deposits, an attempt has been made to trace

these f eatures bel-ow a moderately thick Pal-ae ozoic cover.

This mapping is likely to help varj-ous exploration geolo-

gists and geophysicsts by highlighting the cause of the

geophysical- anomalies, tracing their extensions, making

coherent and Sensibte patterns out of scattered anomalies

and by providing more promising targets for dril1ing.

As has been discussed in this chapter, that the

lithological/structural trends and other lineaments

derived from the interpretation of aeromagnetie data are

very closely related to the tithological/structural trends

and other l-ineaments interpreted from spectral remote

sensing techniques. This applies not only to exposed

areas but al-so to areas covered by lakes, moderately

thick Palae ozoLc sedimentary and Quaternary glacial over-

burden. I¡lith increasing thickness of the Pal-ae ozoic

sedimentary cover lithologi-ca: /structural trends become

increasingly less obvious, whereas other l-ineaments such

as faults, joints and fractureS a¡e evident even through

very thick cover perhaps due to repeated small seale

movements related to the earth tides. These l-i-neaments

are most conspicuously seen in aerial photographs and

Landsat imagery and are less conspicuous in vertical aero-
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magnetic gradient appficon plots. This necessitates an

integrated approach in order to obtain the total-

structural picture of an area which forms an essential-

part of the economic geological mapping.

This study of mappi-ng the lithologi cal_/structuraf

trends q.nd other lineaments bel-ow the Pal-aeozoic sedi-

mentary and Quaternary glacial cover has highlighted

the following aspects.

1. Determining the extent to which these features can

be mapped by spectral remote sensing techniques.

2. Determining the extent to which these features can

be mapped by ai-rborne geophysical techniques l-ike verti-

cal- magnetic gradient and total- field applicon plots.

3. Determine how well conductive zones can be detected

by airborne efectromagnetics like VLF total field and

VLF quadrature.

The anomalous magnetic field associated with the

Flin Flon - Snow Lake greenstone belt, in the areas south

and southeast of Cranberry Portage, whi-ch have a moder-

ately thick cover of Palaeozoic sedimentary rocks, is

characterized by a complex pattern of lithoÌogical-/
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structural trends. These trends have circular and

elliptical shapes which are probably associated with
hidden domal structures. Using verticaf gradient data

the preferential- enhancenent of near surface geological

details makes it possibl-e not 
l"fy to demarcate the

trends of various beds but al-so important faults. It
has also facifitated the interpretation of the postu-

l-ated extension of the economically important Flin Flon

Snow Lake vol-canic belt in the south bel-ow the Pafaeozoíc

on the basis of typical structural- and magnetic signatures.

The important results of the present study are as

foflows

1. Mapping of lithol-ogi-ca:-f structural trends and other

l-j-neaments can be successfully carried out when inte,
grated approach to spectral and geophysical- remote sensing

is applied.

2. Aerial photographs are exceptionally useful in picking

up the lineaments like faults, shear zones, joints and

fractures because they seem to refl-ect through the cover

probably due to earth tides.

3. Vertical

are extremely

aeronagnetic gradient colour applicon plots

useful in mapping of lithological/structural
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trends beeause the Palaeozoic rocks are

act like a transparent screen.

non-magnetic and

/+. VLF quadrature applicon plots are better than VLF

total fiel-d i-n picking up the anomalous conductive

zones below the Pal-ae ozoic coveir Figures 4 (xii ) and 4 (xiii )

and their lateral- extensions can be traced by vertical

aeromagneti-c gradi-ent applicon plots.

5.5 SYNTHES]S AND DISCUSSION

The present study covers a fairly Ìarge area of about

11 r500 se. km and provides detailed information regarding

outcrop pattern which is crucj-al- in exploration of strata-

bound mineral deposits. The salient points that have

emerged from the present study are as follows.

1. Systematic mapping of l-ithol-ogical/structural trends

and other l-j-neaments using airborne spectral and geo-

physical techniques have provided an excellent tool for

mapping and exploration in areas of stratabound deposits.

2. It has now been generally accepted that airborne

vertical- magneti-c gradient data has numerous advantages

over the total field aeromagnetic data, and the present

work demonstrates their usefulness in economic geological
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mapping of varj-ous strata and in the exploration for

mineral- deposits especially the extensions and trends

of the mineral-ized zones.

3. Spectral remote sensing techniques did not prove to

be advantageous as a direct prospecting tool- for copper

and gold deposits, but they have been found to be

invaluabl-e for mapping the trends of the strata, which

forms the k"y for the exploration of stratabound deposits.

/-. Standard vi-sual- interpretation of aerial- photographs

has been done basically for two reasons. Firstly' it

will help in comparing the amount of geological i-nfor-

mation gathered by this method and other rernote sensing

techniques lncluding aeromagnetic and airborne electro-

magnetic interpretation and secondly it will provide

relevant geological information in areas for which

detailed geological maps hlere not available. Furthermore '
it was expected to provide some additional information in

areas which have been mapped in the past without using the

aeriaf photographs. Published geological maps often give

very l-ittl-e information about the lithological/structural-

trends and other lineaments.

5. It has been noticed that there is always a go od
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correl-ation between the lithological-/structural trends

derived from the aerial photointerpretation and aero-

magnetics. l¡lhen a transparent overlay of trends narked

from spectral remote sensing is pÌaced over the vertical
aeromagnetic gradient applicon.plot it was possibfe to
extrapolate these trends from well known areas to less

defined areas as wel-l- as below the lakes and swamps.

6. Integration of airborne spectral and geophysical_

remote sensing has highlighted certain interesting geo-

logical aspects in the Fl-in Flon - Snow Lake greenstone

belt which have a suggested bearing on the nature of the

gold mj-neralization in the area. Most of the gold

deposits are found to be associated with the bands of

anomalously strong magnetic signatures which generally

represent mafic flow horizons.

7. A cl-ose spatial relationship between gold occurrences

and lithological-/structural trends of mafic fl-ow horizons

suggests that the gold is al-so stratabound on megascopic

scal-e. This is further substantiated by the fact that
these occurrences are not even distantly related to major

faults and shear zones in the area which coufd have acted

as channels for the movement of gold bearing hydrothermal

fluids.
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b.u CONCLUS] ONS

The Amisk Lake - hlekusko Lake area is l_ocated within
the churchill structural- provj-nce of the canadian shield.
The rocks of the area are highly deformed and metamorphosed

and broadly belong to the two major groups; the Fl-in Fl-on

Snow Lake greenstone bel-t and the Kisseynew sedimentary

gneissic belt. The southern part of the study area is
eovered by Pafaeozoi-c sedimentary rocks with increasJ_ng

thickness in a southerly direction. The total_ area

covered during the present integrated study is about

11,500 se. km. The present study has brought out certain
interesting large scal-e features which have enhanced the

understanding of the regional geological setting and the

economic mineral- deposits of the area. The following con-

cl-usions \,rere reached on the basis of the resufts obtained

in this study.

1. For effective and efficient geoÌogical surveys of

large areas the use of Landsat multispectral imagery is
of great help in conjunction with aerial photointerpretation

as a first stage rapid mapping technique, most advantageous

at small scales or in situations where it is desired to
extend an investigation from a known area to an unknown

o.! É4 ¡
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2, since Landsat images have provided a synoptic vieu¡ of
the area, it was easy to bring out large scar-e geologicaÌ
structures. rt has been found that the eastern half of
the study area is occupied by a large for-ded structure
which closes toward the NE direction and the Herblet Lake

gneissic dome is situated in the core portion of this
structure.

3. Digital images are readily manipulated by the image

analysis system to prepare a more effective display of
image data for feature extraction. The Landsat digital
data carries much more information than the paper print
outs. Linear contrast stretch enhancement has been found

to be very suitabl-e for mapping of lithologicar/structural
trends and ratio images are very good for mapping of other

l-i-neaments. ülhen l-i-near contrast stretch enhancement of

ratio data is performed, the mapping of both lithologj-ca]-/
structural trends as wel-1 as lineaments can be successfully
performed.

ln. Integration of interpreted data from Land.sat images

and total- fiel-d aeromagnetic colour applicon plots is
extremely useful f or smal-l- s cal-e geological- v j_ew.

conversely, for detail-ed geological mapping of l-ithologicar/
structural trends, it has been found that better integration



is possible when data

aeromagnetic gradient

16/,

from aerial- photographs and vertical-

is used.

5. Although vertical gradient plots are far superior

than the total field plots for detailed mapping due to

better resol-ution the definition of fau]ts and fractures

is very r^¡ell seen in the applicon plots of the total

fie1d. It is therefore suggested that vertical gradient

applicon plots shoul-d be used in conjunction with total

field applicon plots for economic geological mapping of

stratabound deposits.

6. The nature of the magnetic field in the Flin Fl-on

Snow Lake greenstone belt changes dramatically across

the Kisseyne!¡ front in the area north of Fl-in Flon.

Spectral remote sensing also suggests distinct l-ineaments

runnJ-ng paralleI to this contact.

7. Among el-ectromagnetic VLF total- field and quadrature

applicon plots, it has been concl-uded that the VLF

quadrature pJ-ots have better definition of anomalies than

the total field plots. This is not only true for the

exposed areas but al-so areas covered by the Pal-aeozoic

sedimentary rocks.

8. Mapping of lithotogica:./structural trends and other
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lineaments can be successfully carried out bel-ow the cover

of Pal-aeozoic sedimentary rocks, when an integrated approach

of spectral and geophysical remote sensing is applied.

Aerial photointerpretation helped in mapping of lineaments

whil-e lithological trends have been drawn from the vertical
gradient data.

9. Systematic mapplng of lithologicalfstructural- trends

and other lineaments by integrated methods has provided

an excellent tool- for mapping and exploration in areas of

stratabound deposits.

10. A close spatial rel-ati-onship between gold occurrences

and lithological--/structural- trends of mafic flow horizons

suggests that the gold deposits are al-so stratabound like
the copper deposits. Secondly, the gold deposits are not

found to be related to the major faults and shear zones

mapped in detail- by the remote sensing techniques.



166

Alcock, F.J.
19202

Al1um, J. A
1966:

REFERENCES

The Reed - hlekusko map area,
Manitobai Geological Survey
Memoir 119, 47 p.

northern
of Canada,

-F,

Photogeology and regional mapping; Pergamon
Press, 0xford, U.K.

Anderson, R.K.
197 /+: Rubidj-um-strontium age determinations f rom

the Churchill Province of northern Mani-toba;
University of Manitoba; M.Sc. thesis
(unpubli shed ) .

Armstrong,
19 /nl z

J. E.
ldekusko,
Canada,

Manitobai Geological Survey of
Map 665A, with descriptive notes.

Bailes, A. H.
1911: Preliminary compilation of the geology of

the Snow Lake - Flin Flon - Sherridon area,
Manitoba; Manitoba Mines Branch, Geological-
Paper 1 /71 , 27 p.

197 5: Geology of the Guay - La/imapedi Lakes area;
Manitoba Mineral Resources Division,
Publication 75-2, 10/n p.

1980: Geology of the File Lake area; Manitoba
Mineral- Resources Division; Geologi-cal-
Report 78-1 , 13 /þ p.

Bateman, J.D
19401 Rock alteration

Ge01. , Vol. 35,
in the Uchi Gol-d area; Eeon.
pp. 382- /u0/r.



8e11, C.K.
19782 Geology, Wekusko Lake map area, Manitoba;

Geol-ogical Survey of Canada, Memoir 3B/n,
B/+ p.

8e11, K., Blenklnsop, J. and Moore, J.M.
1975: Evidence for a Proterozoj-c greenstone belt

from Snow Lake, Manitoba; Nature, Vol- . 258,
pp. 698-701.

Boyle , R.l^/.
1955: Geoehemistry and origin of the Gold-Bearing

Quartz and Lenses of the Yel-lowknife Greenstone
Belt; Econ. Geo1., Vol-. 50, pp. 51-66.

167

and Dahlstrom, C.D.A.
Geology and mineral deposits of the Amisk
I¡lildnest Lake area, Saskatchewan; Saskatchewan
Department of Mineral- Resources, Report 14,
177 p.

Byers,
1

A.R
95/rz

Chagarlamudi, P.
1 980: Mapping rock outcrops from Landsat digital

data; University of Manitoba, Ph.D. thesis
(unpublished ) .

Donker, N.H.\¡I. and Mulder, N.J o .

1976: Analysis of MSS digital imagery with the aid
of principal component transform; ISP
Commissi-on VIf , Helsinki.

Frarey, M. J.
lo/4.t / +v . Geological Survey of

1950: Crowduck Bay, Manitoba, Geological Survey of
Canada, Map 987A.

Crowduck Bayr
Canada, Paper

Manitoba;
/,,8-22.

Froese, E.
1980:

and Moore, J.M.
Metamorphism in the Snow Lake area, Mani-toba;



168

Geological Survey of Canada, Paper 78-27, 16 p.

Froese, E.
1981 z

Goodenough,
19712

Hal1, D. H.
1968 2

Hogg ' N.
1959 z

and Goetz, P.A.
Geology of the Sherridon Group in- the vicinity
of Shõiridon, Manitoba; Geologieal Survey of
Canada, Bulletin 80-21' 20 P.

D. G.
The image analysis system (CfAS) at the
Canada Centre for Remote Sensing; Canadian
Journal of Remote Sensing, Vol-. 5, No. 1 ,
pp. 8-61.

Re
an
of

tt)
d
ional magnetic anomal-ies, magnetic units,
crustal structures in the Kenora District

Ontario. Can. J. Earth Sci. , YoL. 5,
1277-1296.pp.

Harrison, J.M.
1949: Geology and mineral deposits of the File

Tramping Lakes area, Manitoba; Geological
Survey of Canada, Memoir 250, 92 p.

19 51 Precambrian correlatj-on and nomenclature,
and problems of the Kisseynew gneisses i-n
Manitoba; Geological Survey of Canada,
Bulletin 20, 53 p.

Air photointerpretation
exploration programne ;
May Issue, pp. 67-7/+.

in the integrated
Canadian Mining Journal;

Hood, P.J.,
1979:

Holroyd, M.T. and McGrath, P.H.
Magnetic methods applied to base metal- explo-
ration; In Geophysics and Geochemistry i-n the
search f or metal-l-ic ores; Geol-ogical Survey of
Canada, Economic Geology Report 31, pp. 77-10/,.



Jos se,
1

Kall-iokoski, J.
19 49: 't¡leldon Bay

of Canada,
Manitoba; Geological- Survey
/u9-5.

G. R.
On).,/ r+.

169

Rubid.ium-strontium age determinations from
the File'Morton-l.tloosey Lake area of the FIin
Flon volcanic belt, I¡lest Central Manitoba;
University of Manitoba, M.Sc. thesis
(unpubtished) I O0 p.

aTea,
Paper

1952: Interpretation of the structural geology of
the Flin Flon regi-on, Manitoba; Geological
Survey of Canada, BuIl . 25 ,

Knopf, A.
1929:. The Mother Lode System of California; U.S

Geol-. Surv. , Prof . Paper 157 .

Landgrebe,
19782

D. A.
Useful information from
data: Another look, In
Quantitative Approach.

multispectral image
Remote Sensing The
McGraw-H1l-l-.

Lindgren
190

I¡I,
A. Metasomatic Processes i-n

I¡lestern Austral-ia; Econ.
pp. 530- 5 4lr.

the Gold Deposits of
Geol., Vol-. 1,

Lowden, J.A
1961 z ofAge determinatj-ons by the Geol-ogical Surve

Canada; Report 2, Isotopic ages; Geologj-ca
Survey of Canada, Paper 61-17; pp. /u/n-5/+.

v
t-

Lowder, J.A.
19622

, Stoekwel-1, C.H. and l,tlanless, R.K.
Age determinations and geologic studies:
Including isotopic ages - Report 4.;
Geological Survey of Canada, Paper 62-17¡
pp. ot-t2.



Maclaren, A.S. and Charbonneau' 8.1¡1.
1968: Characteristics of magnetic data over major

subdivisions of the Canadian Shield; Proc.
Geol-. Asso. Canada, Vo1. 19, pp. 5l'66.

area, Manitoba;
Memoir , 305, 72

170

Ge ologi cal
p.

McGlynn, J. C.
1959: Elbow-Heming Lake

Survey of Canada,

McGrath, P.H. and Hall-, D.H.
1969: Crustaf structure

Regional magnetic
Sci., Vol. 6, No.

in Northwestern
anomalies; Can.
1 , pp. 1 01 -107.

0ntario:
J. Earth

Mekel, J.F.M
1On).I / lk. if." Geological interpretation of radar images;

ITC Textbook on Photo-interpretation, Vo1.
VIII, No. 2, 6L p.

Photogeology; McGrar¿-Hil-l-, New York.
Miller, V

1g 61

Moore, J.M
1960:

Jr. , Hart, S. R. ,
Potassium-argon a
Bul-l. Geol. Soc.

tl

Barnett, C.C. and Hurley, P.M.
ges in northern Manitoba;
Amer., Vol. 71, pp. 225-229.

Mukherj ee, A

1971 z

Newton, A.R
1971 z

. C. , Stauffer, M. R. and Baarsgaard, H.
The Hudsonian orogeny near Fl-in Flon, Manitoba;
A tentative interþretation of Rb/Sr and K/ Ar
ages; Can. J. Earth Sci., Vol. B, No. B; pp.
939 -9 /16 .

Narayanswami, S.
1963: The gold fields of

Soc. India, Memoir

The uses of photogeology'
Geo1. Soc. S. Africa, Vol
PP ' 1 /,9 -171 '

South Indi-a; Geological-
1, pp. 39-/rB.

review; Trans.
LXXIV, Part 3,

à



171

Quinn, H.A.
19 5 /+l Nelson House, Manitoba, Geological Survey of

Canada, Prelim. Map 5/n-12.

Ray, R. G.
1960: Aerial photographs

and mapping; U.S.
230 p.

in geologic interpretation
Geol-. Surv. Prof. Paper 373,

Reeves, R.G., Anson, A. and Landen, D. editors-in-chief
Manuaf of Remote Sensingr 2 Vol_s. , 21/u/, p. ;
Amer. Soc. Photogramm., Falls Church, Va.,
u.s.A" 22046,

Robertson, D

1951 z e Kisseynew lineament, northern Manitoba;
e Pre cambrian , Vol . 24,, pp . 8 -23 ,

Th
Th

Rowan, L. C. , l{etlauf er, P. H
and Stewart, J.H.

197 /+: Discrimination
hydrothermally
Nevada: U. S. G

35 p.

Goetz, A.F.H Bi1lingsl"y, F.C.,

of rock types and detection of
altered areas in south-central-
eol-. Surv. Prof. Paper 883,

Sabinso F.F
1978:. Remote Sensing prlnciples and j-nterpretat j_on;

l¡1.H. Freeman and Company.

Sangster, D.F.
1972: Precambrian

deposits in
of Canada,

volcanogenic massive sulphide
Canada: A revi-ewi Geological Survey

Paper 72-22.

Stauffer,
19752

M.R., Mukherjee, A.C. and Koo, J.
The Amisk Group: An Aphebian (?) island arc
deposit; Canadian Journal of Earth Sciences,
Vol- . 12 , pp . 2021 -2035 .



172

Stephens on,
1971 z

J. F.
Gold deposits of the Rice Lake
Lake greenstone bel-t, Manitoba;
Mines Branch Publication 71-1,
pp. 337 -37 /+.

- Beresford
Man i toba

Report 16,

Stockwell, C.H.
1935: Gold deposits of the

Geological Survey of
7/+ p.

Elbow
Canada,

Morton
Me moir

aTea,
186 ,

Lake mineral
Pre cambrian ,

1937: Gold deposits of Herb Lake area, northern
Manitoba; Geological- Survey of Canada,
Menroir 208 , /+6 p.

19/+/+: The Flin Fl-on - Sherridon - Herb
area; Manitoba and Saskatchewan;
Vol. 17, pp. /+-7.

Studer, R.D.
19822

Swift, 'W.H.
1961 z

Geology of the Stall Lake copper deposit,
Snow Lake, Manitoba i Canadian Ì4ining and
Metallurgical Bull-etin, Vo1. 7 5, No. 83'l ,
pp. 66-72.

An Outline of the Geology of southern Rodesia;
S. Rhod. Geol. Surv., 8u11. 50.

\nlo odal-1
19

R.l^1.,
6 Ão Structure of Kalgoorlie Gol-d Fields, fn:

Geology of Australian Ore Deposits,
Commonwealth Metal-lurgica1 and Mining Congress,
Trans. I , pp. 71 -79 .



furAp ruffi" I

PFIOTO-INTER PR ETAT¡ON MAP SHOIJIIING LITHOLOGICA

(FLIN FLON AND A
102 10 00 102 00 00

55 10 00

It

/

\

\

(

,\
/\
Illt,t

\
\



[L /STRUCTURAL TRENDS AND OTI{ER LINEAMENTS

ADJOINING AREAS)
101 30 00 101 00 00

55 10 00

s

I
I

il

I t¡

I
I

"--\

I
I

I
l/

,/

--r
/¡
I

I
I

I
tl

I
ltt

s

I

)
I

\

/
I

\
\

--..\

I

ltllr

I

K
ii
It

tl
l1

It
rl
l¡

ar\



\

I

I

I

/-
\

\
\

\

\
t
\

\ '-..--.---¿\

\\
\ \

Þ'ôÔ

I

"e"

00 00 99

I ,'tt- '
I

I \l
\

/

\\,"
\ \\
\ 1\

\\ \
\. \_ -\

' -t\

\r

y((rc

. -ì- \\

T \----\ -:-\ \
\
\ \\

\
\

/

tt-

\\

\

-\

I

.v\
/

.-*-

\
\

\\

\

I

\\
Þ--

,À

r)
I

'/,€
-/ \- --

-/

\-
/

----- I /
/

I
I

-\l.*--_- t=-

\ 
=t=- \

\

\

)\

/\
I

I
I

I
I

I

:

/_-/

)a

\4

\

I

\,.,

\"



//V
NAo s PA t A K E

w¡FH
\_ 6.

/

u¡K

\\
\ (_

\

\/-__

Dt\
\

._------.--

v/
I

I

tr4))
,'l ,r'\

\

(
I

I

I

1
I

I

I
I
I

S//-j=

,'u v\

\
-\- v=\

\t/
\

\

\

v,'ß\
II

I
\

\
-5

t\
t\
1\

/ II
v
/

/
\ ---
\

\ v":
\

\ì \

\

\
\

\ l--

./ii
zt)x

\

\
-zt
¡t I

I\

I

\

\

\

\

I
I

/

,l

I
\

\

\\

,

I

I

:
JI

I

\l

tl
\---\-

\\-

-à
)

//''

lt
lt

II

I

I

I

,

I

I

I

I

I
I

I
I\r

I v
/

/
I

\

\

ii

==='I

\

T-l

\
Itl l I/l

I

I

l,l

4lr
.+

I

\r!
I I)

I\ \:
ilI >\_-t/ //1

î



4/,

J
a.

a.
{

q

avq
È
ov

cD

Ir

\

/

/
/

,

,
,
I

,

I

I

I
4

t/
I

,r;l

I(

I
t

I

I

\
\

\
\

il
I

\"

J
\

\
tt

tt

\

I
/

I
/

/

I
/

I

1..
)"

I

I

I

----:i\

I
I

I

I
/

I // I

ø
-lr

I
ú

/
/7

lr

è
I

/

Y
,rl

ilil//,

"'tlI

l\

54 35 00

102 10 00 102 00 00

SCALE 1:100000

2 2 I

K lLOMETRES

64o



V
lt
'¿.

\ \\
\\

\\\

¿

t)

\

\
\

I
I

I
/

I\

I
I
I tltl

tl

ì
I

I

\

\
j

\

\

I
..t

/ ..1

I

-/

u,

'f



(

\
\

MAp ruffi. ä

PHOTO-INTERPRETATION MAP sHow¡

101 00 00
100 30 00

55 10 00



ION MAP SHOWING LITHOLOGICAL/STRUGTURAL TRENDS

AREAS)
100 30 00 100 00

(SNOW LAKE AND ADJOINING

\
\

\
\

\

I

I
I

\
Þ
\

J
=/--\l

I

\

I I
I

I

Itt
I

I\
I

\

X

\

\ \

\

\
tl
tt

)t -A-
\ l---_\

\
\

\

'//'
\

J

\

,ñ

\ \

\
\

\\ ,(

\
/ I

I/ \\ \

\I ln

t,:

II
I \t





-\
¡n

-t
.-

.-
 - 
<

íi-
 \

) >
\

'/-
 

>

t \l
\.

I
-\

--
 

--
- 

-\
- \r

=
- 

- /-

v I

\-

l1 \-
-\

\,>
\

)l

ltt
--

 
\ 

\
-\

\
_

\_
..-

-_
\ 

-\

4

-/
/

/: =
-

rr
- )

*

\
ì\

-/

/_

2¡
-\

r(
ñ

y

-1
 -

1

(

I \

n
_l

ltf
r

\\-

ilt
J Itt

ì 
--

-
tì.

.\ 
--

.'

ir-
-

-\
-_

-

È \
:.



SQUALL L AK

/-Å
\
\

\

A

--)
\{

J

rl

4\

,ñ \

$

)n
I

= I
I

I

I
\/
N

-ë
-l

I

tyI
/

I
\

I s
\

l_
.--=S\w

I I
I

tttl
I

ñI

\/Y

^
I
I

I

I

)ÑN

II
/{r

t t/

,,,1,W,

I
lil-,

ltI

I
II

\

\
\
\

\
\

\
\
\

ñ

...1

I

J

C

\

\

N

t?

(

\
/\
t\
I

-l

1/t\ \,',t..

FILE LAKE

I

ù il\\ rrr

///'

I

I

\

\



-\
 

\

-7

,'-
t-

!,i
[u

t
L

-_
ll\

\
.-

ilt

¿

\ =
\

'+
,,

-

-

--
\

(I

r-

\

\\

tr 1t \\

/ 2.
-

¡t

::
\ r\

\
+

- -/
/

.1
(

-<
,

J
\\

\c
3

ô

ll

R
ç<

(

1

s

lt,

r

U
) o c

t 0 á m

\<
-

-\
\

-=
ñ

\ tt
\ s'
\



\

ìrcÈ

sC
A

r2
\z

\\\ 
\

r\.- '
\$\\

\
(,,\\\

\
:\

Þ

\-\
\.

-l..1I¡\

I

- 
-- 

/

lt(/
II

\-

-\-- 
- --

- -ìl

IrIII

7
(z1zs

\
\

\./ 
\

r))
Y

L
f.

A
-t_A

\
I

. t. r:.

-ìr.'

?
¿

-

II

\

\--
-:/

-l
-tI

)("



..u
\

o=
z

\:

)

\t
\\l

â

-k

-a
-

z \ S

-.
.\

\\\
\ 

\\

l- l¿
/)

\ \ \
11

,,

J

\+
S

"-
\

I I L

-l/
\

r\
\

\

--
l

ì-
-\

-
_-

=
:-

È

Iz
\

/\

,a

,\
/._

_

\

\

I N

-\
lll

l

tt

-l 4- ¡

\ ./

.\ \.a
:;-

--
 ll 

-
..t

 
\\ 

ll

\\



I

( \.. \ \

,\
/\

./

'l 4-
-

I

/._
_

-<
- 

ll 
lll

\
\

\\

[t{
Ír

ir

4
\-

-

\\\

\ \

:\
X

\

\ \
\

\

I



RI

r' I
I
I
I

\

\
4

tt l,

/

r

I

l

I
4

-r-

l
I

r

//{

.-1

+

¿-¿¿ /

I
I

////
/\

c

\
\ t-

)

l-2
\ I

I
\
\

I

\54 35 00

101 00 00

SCALE 1:1 000

100 30 00

2

K ILOMËTRES

2 o 4 6



100 30 00
100 00 00

SCALE 1: l OOOOO LITHOLOGICAL/STRUCTURAL Tf

o 2 4 6 I LINEAMENTS

KILOMETRES



100 00 00 LEGEND

LITHOLOGICAL/STRUCTURAL TRENDS

LINEAMENTS

54 35 00

99 35 00



I

"*Ég

4 
,,,11)l

-- æ

/

f,çUg*'o"¡t

6s¡?

Ð

//

zzl /
Vz

--../ \

I
))

(
\\

// /

/
II

I /
I I

//

ËGG LAKN

ru/fÅp ruffi. m
p e{ ffi ru. ffi * K ru Wffi ffi W mffi Y',ÅY X & rU ffiAP ffiHæWKruffi fuKYE{&KÕffiN

(SOUTH OF GRAN1CI1 45 0o

54 35 00

I
I -/t4 /-a

r r I

t,It
I
I
II /ó('--

{
È
\

I

I
I

///

(\
0

))

I

\
I

\
I

I

I
I

I
/((

I /--...--.-----\ I I
II

r)



.æffiKæÅU/ffiyffie#ffiywm&k wffiffiromffi Arum æwffiffim tuäruffi&ffiffim&wffi

ffiffiANMËRRY PÕRTAffiffi} 1CI0 45 00

L¡THOLOGICAL/STRUCTURAL TRENDS

TINEAMËNTS

KILOMËTRË

IffiGffiNM

ffiffi,qtffi 1:trmffiffiffiffi

54 35 00

B64202

\/
^

\
\/,/,,,

,/
r' o\

,A

s-

II
I

I
I

II
l-
l-

/Ç.

\\
\
\

\\_
a

\
\

l-
I
I
I
I

I
I
I
I

\\
ccil
1-t!

\
/

/
\\\ \

I

Gl\
\

\

I
\
\

\

N
II I

î'
)lt\ì /

I

I

6A ryÖ erl



ffiffiw w w*wffi w ffiffikffiwffiffi K ffi w ww KWKKffi æMWWKffiW fuK M ffiwwfuWw

101 45 00 {ffiffiUTffi ffiffi ffiffi&M

54 35 00

54 22 30

ËGG LAKË

I """"
I

."t."

/
(

)

/

ñ
(

I
/

I
/

/

(*--.-

/
/

/
/

/

-7-\

)

t-j:---
/_-

I

r
\

I

I

,

,

(\

/-

r

\

L
\-,¿

4t

/((

4

-/ /#1'--

¿

/*

\

/-

{
È
\

rt

/

'..--\\

I
I
I,i'

It
I

I
rl

I

I

I
I

I /=
I

--)

I

4 ,ulll

ru

Þ?ÚsÉÕ$r

"ÞÉË

/,,/

? æ

6s
p?

Ð

ztl /
/r'

101 45 00





MrAp ruffi. 4

LITHOLOGICAL/STRUCTURAL TRENDS AND OTHER L

TOTAL FIELD AEROMAGNETIC AP
101 45 00 101 15 00

55 00 00 si( ¿¿¿¿
¿¿

-¿¿ ¿¿¿/¿- ¿¿¿¿2

tt ¿ 
¿¿

--
---/

-------,,__\_-
)))--

/

) \\
.#

t: \_-_

I
,
,
1

,
,
,

ry

( (c ::-#' _.-.-.--:--:

54 52 30



AND OTHER LINEAMENTS AS INTERPRETED FROM

IOMAGNETIC APPLICON PLOTS
101 15 00 100 45 00

55 00 00

'.-

((

z

I

--_-¿
--\_/-_--\-- )))

t
LITHOLOGICAL/STRUCTURAL TRENDS

LEGEND

LINEAMENTS 54 52 30



54 52 30

54 45 00



oorot.f,ro

oa)Nto$ro

\\

=
:- 

-
=

:

{t(

\

\

Ir1l

\\

\\

\\\\\
..\\\tr\\\\

\\ 
\

\\ 
\

r\1\
t'.\tt 

tt 
t,.

\\\\r\\\

\\

\.\ 
\

\
\\\1\\\\\\\\

\
t\\ \
I

\7\ \

\

\\\I \IIII

I

\\
\ \

\

\

N



54 37 30

54 30 00

/

/

./ a

/
/

¿

¿
¿¿

--

((

\

4
\

\

\

ll ú/ ttl

=-i

I

))tll ,4- It

Il



54 37 30

54 30 00



54 30 00

54 22 30

101 45 00

\(( (t
\\

\\
l) ) 4

\

\

I

il)l'

llt
It

ttl

-,-.
((

Il
__)¿
è

ill
)

s
101 15 00

(CRANBERRY PORTAGE



54 30 00

i

I

,]
l

54 22,30

101 15,00 100 45 00

RRY P TAGE AREA)



MrAp ruffi" 5

101 45 00

LITHCI.CIGICAL/STRUCTURAL TRENDS AND oTl{ ER

VERTICAL AEROMAGNETIC GRADIEN

101 15 00

55 00 00

54 52 30



AND OTþI ËR LINEAMENTS AS INTERPRETED FROM

ETIC GRADIENT APPLICOÌ{ PLOTS

101 '1,5 00 100 45 00

55 00 00V

/

)

\ h,

:
\-. \-

//
//

(

LITHOLOGICAL/STRUCTURAL TRENDS

LEGEND

LINEAMENTS 54 52 30



54 45 00

54 37 30



54 37 30

54 45 00



oC
D

C
\

C
\I

$ro

oooc9$lf)

oOro$c)O

ë(II4t(þF¡-(rE\êfLnåd
8¡

ooroo

--/

o
)2

\
\\

-_,--

)-t'
/./

))

?\

\\

4

I
\

\li

/)))
illr

eN
=

t--
Ê

(
o

'\\
{



-.

T
\

It
\

\J
e

4
til\\

\\\\'
r

))
\))

)I

\

\\

\\

\

))
\

\

\\\

o

\

t,

(

t

or{)

o
ødd&gd4c{\

ooros'o
Oc9C

\I

c\¡

rtro

oooc)$ro



54 30 00

54 22 30

101 45 00

:----
----.%--

)\--

\\\
ll

+¿-

l( lt

l\t
(t

I I
\

))I

101 15 00

(CRAI{BERRY PORTAGE



t tl')

(((I)

!// \\ll

))
)\

'ì¡ftt a\

1\
\\

"ìr
\ \

1\
\
\

-l
\
\\
1\
\\
1\))

54 30 00

54 22 3 0

100 45 00101 15 00

RRY PORTAGE AREA)



MAP NO.6

f,:H@"i¡"l*"8[ü't¡"[]H:3[ÞmffiTATH@F'T t'Yf AP 55Ë'fl@LVnn5ffi 8".ff'Ët'flf,]1.ffiffiHffi/l\L/gTtrRUJGTruJI-?AE- TIFì[ÌffinS

(FIINI !-LON AND ADJOINING ARËAS)
102 f o o0 101 30 00102 00 00

55 rO O

55 00 00
I
I

t\
I
I

\l
i.

t ÂK€

ø

/(
,I

\
'ùt

llt il,

-.-{



nifÅfÐ SH'fl@HIHñ'SG F*tTt'lGL,@ffinGÁ.qL/STffi[JtTunfAe. T"mHiì{]Ð,$ ÊIfiSÞ ÕTfr'{ffim F*fiNmAË|,ïffiNTS

(FLINI FLON AND ADJOINING ARËAS)
101 30 00 101 00 00

55 10 00

55 00 00

/
\
\

Y(

(

/l

\

.\

Lt

-t

I
I

/

ç-\

I ill/

1-
/z

\

4
I
I

Itl

(_

T--

,'l ,r'\ s
//n.//

'at ^^{t/
w

ì\r

I

\--
I

"/ w\ì7\l \
<1
IJ

¡r
t'. \

t

^rrN

\
\llt ¡. I

/

N/q OS fy'LÁX€



54 45 00

o

è

q

u,

ø
EI

4')//
ù{

I
ú

ù

iltrrl

4

TT

oF

{
\'r
1l

t'El

t\

'p

Jf

--x

\l

ot\
\ I

I

'lr
J

-S,
t\

,

/¿ 1
I

/l
I

t
I

,
F

I|
EI I

\
FL

\'\
I

lr
rl, INl\

I
ls
I

¿1 /'
--\--
ì

f-
I
I
I

f3
¡?tIJ c¡

\\\\t
\

\

((

/

I

ìl
-l
1

I

I

t Á8È

54 35 00

102 102 00 00 tol 30 0010 00

X ILOME I NÊ8

t

LtlHotootc^t/6lFUctuhA

LINE^MËTIO

COPPÈh DËPO5II

GOtD OEPOAtt

PÊOBAALÈ EXIEN6ION OF C



?
I

tl

/tt

//'

\--
I

\1,

f

'L-r.
I
I

,.1.

//'
U

t

)

\\
tt.

,^
çt,

I

I

,
/Ð

--x \

I

lt-

rl

\
\

Ji

I
l-
t

\
))

--\--

ú

((

:

/"

\

<t
ú-3

Á¡
I
I

I

I
I
I

,/ ç--

('
I
I

t,

Çt

I
ittl

I
I
I

I

i^'i
/l t

L

t/.
////

\j

\\

r-lI'

o

-\

f/(ÂKE

n

54 45 00

54 35 00

LEGEND 101 00 00

lllHo!ootcaL/alRucluFA! InENOô

LtNE^MÈHro

COPPEF DEPOSII

GOtD ÞEPOSII

PÊOBÀBTE EXTENSION OF COPPEP DEPOôII

ÞFoB^ÈtE EXIEAStON OF OOtO DEpo€tt

^').//

ffi
Ð

r01 30 00

KITOMEIRES

'#Ë



tVIAp ¡\o.7

101 00 00

pt't@T@*gNTIãffipFÈi,äTATü@nt ffiAFÐ St t0u.f ntJG n-HT"t.ä@L0GEGAn.,/STË.ïflJffiT&rm

(SNOW IAKE AND ADJOINING ARE
100 30 00

55 10 00

55 00 00

ry

OÑ,JEA 
D LÁKË



FtG E=ETËt@L@&ËgAL/srrî{flJGT&FFåd' E- T[rffiH\qF]s Ailüm ûTü'åffif; F*i]-1ffi*\F'TFåËtgrs

(sNow LAKE AND ADJOtNtNc ARËAS)
'I O0 00 00 99 35 00

s5 10 00

55 00 00

2i

FILE LAKE

ù



---'t

J_
/

t

I

R€ED LAKE

tl

\\

,/!
.t-/

\\

f
ll

!È
I

/r

<-l
qf

I
--1

f

tl

\
I

/l
I
Ill

I

\l
¡l

I

FILE LAKE

I

ì\
,tftì
K

\\\N -

ET

TJ
__J_

\l\l

-(rir

I

o
B
te
I
I
I

I
I

I

4t.,
t'l

/l
I

+

Itl

//

I
I

tl
I
I
/o

0/

54 45 0o

54 35 o0

'I 00 so 00

KILOMË1FE8

101 00 00



\\\ rs -

FILE LAKE

I
fl,\{

I

I

\

-7

.L=--

\r
',ioi,

K

\

I

I
Irl

I
I

--a-"

J_

\

\' \

t/

//¡

54 45 00

64 35 00

ioo o0 00 LEGEND

4)//
ä
o *sr

,*""þ
é-

ttlHoLoorc^L/sTRUCf UnAI tBENOE

TINEAMETIS

COPPE¡ DÉPO6If

GOLD DEPOAIf

pFosÀoLÈ EtlENstoN of copÞln ùEpos¡r

PNOBABLE EXlEISION OF GOLÞ OEPO9IT

9S 35 00



MAP I{O,8

LITHOLOGICAL/STRUCTURAL TRENDS AND O'THËR LINEAMËNTS AS INTËRPRETED FROM

VERTICAL AEROMAGNË]"IC GRADIËNT APPLIEON PLOTS
'lor 15 00tol 45 00 100 45 00

55 00 00

54 52 30

55 00 00

54 52 30

54 45 00

LITHOLOG¡CÂL/SIRUCTURAL IRENDg

PROBABLE EXTENSION OF COPPER DEPOSIT

PROBABLE EXTENSION OF GOLD DEPOSIT

LEGEND

COPPER DEPOSIl

GOLD DEPOSIT

LINEAMÊNf9

-)

lt

E

o

I

.t-t"*

"¿

54 45 00



54 37 30

54 30 00

54 37 30

54 30 00

54 22 30
54 22 30

r01 45 00 10r 15 00

(fr l-l/\i\Jffi r;ffi RY PÛITTAGE ARHA)

loo 45 00




