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FOREWORD 

Most adu lts take· a conse rvative approach towards ideas and gadgets with which they are 

unfamiliar. Earth scient ists a re no exception to this gene ral rule . The rate of acceptance of new 

techniques is inf luenced by a great variety of factors, not all of which are of a scientific or economic 

nature . The response of the geoscience community to the usefulness of Landsat imagery in the study 

of Canadian geology has been a good example of these mixed reactions. This natural scepticism has 

tended to be compounded by the periodic simplistic generalizations of satellite technology salesmen 

who have encouraged the popular be lief that all the Earth's natural resource problems were about to 

be so lved by the pinpointing of ore bodies a nd oil fields from space. In fact satellite imagery provides 

a n ideal reconnaissa nce technique for unknown or little known regions. Recent planeta ry missions 

provide exce llent examp les of t his . Sate ll ite imagery provides a quick means of classifying broad 

a reas, and tracing linear features . It is ideal fo r deve loping countries which lack basic mapping . In 

Canada, where conventional reconnaissance mapping had been completed only a short time before the 

first ERTS satellite was lau nched, Landsat imagery arrived too late to contribute to this 

primary task. 

This volume was conceived several years ago with two objectives in mind. To outline the 

cha racter istics of the Landsat imagery, including its advantages and limitations, and to provide 

comment a ries by exper ienced geologists on thei r view of the significance of the imagery with respect 

to areas with which they a re fa miliar . These geo log ists we re g iven the opportu nity to comment on 

the extent to which the imagery reflected known geology, and the extent to which previously 

unrecognized features might be seen. The overa ll impression is that apart from gross phys ical 

featu res, the imagery tends to accentuate surficial geology at the expense of bedrock geo logy. It 

should be emphasized that no advanced processing techniques we re available to the 31 contributors. 

Thus the commentaries a re based solely on "eyeball analysis" . Complex digital techniques for the 

fu rther manipu lation of Landsat data are now relative ly accessible, and additional beneficial results 

in the futu re a re a distinct possib ili ty . 

In the meant ime, this volume se rves as an introduct ion to the geology of Canada as seen from 

space, and illust rates the exce lle nce of La ndsat image ry as a base for many purposes. 

A.G. Darnley 

Directo r 

Resou rce Geophysics and Geochemist ry Division 
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The scene on the cover shows a portion of the northwest coast of Baffin Island in the Canadian Arctic. 

The largest of the many fjords pre sent is cal led Milne-Inlet which opens into Eclipse Sound . 
West, south and immediately east of Milne Inl et the highly disserted plateau surface is 3-500 m above 
sea level. Most of this p lateau area is underlain by nearly f lat lying sediments (sandstone, sha le, 
limestone, and basalt) of Neohelikian to Eocene age . Num erous northwest trending diabase dykes can be see n intruding the sediments. Southea st of Mi lne Inlet, a wedge shaped area, part of the Baffin 
Uplands, rises sharply to heights of 1000 m or more. This area is under lain mainly by a metamorphic co mplex of Archean and Aphebian gne isses and intrusions that include the Mary River Group of 
metasediments, metavolcanics, ultrabasic rocks and iron formation. Som e of the highest grade iron deposits in the world occur in the iron formation. 

The snow and ice covered mountains seen in the northeast quadrant of the imag e represent part of the Davis Highlands, part of which are more than 1500 m above sea level. The highlands are 
underlain in t he main by the same rocks found farther south in the Baffin Up lands. 

The whole r eg ion is crossed by numer ous steep, north west t r ending faults that were initiated in Helikian (mid-Proterozoic) time and have been active up to r ecent time . Most of them can be seen 
on this image. Th ese faults have divided the r egion into the al t ernating horsts and grabens that make 
up the North Baffin Rift Zone. The basic dykes refered to earlier , were emp laced, some along and same parall el to these faults (G . D. Jackson). 



LANOSA T IMAG ES OF CANADA - A GEOLOGICAL APPRAISAL 

Abstract 

Landsat t echnology, satellites, and t echniques used t o analyze imager y of various t ypes of 
terrain, are discussed. 

Through descrip t ions of se lected images of interesting geolog ical and geomorpholog ical f eatures 
from ac r oss Canada , ge ologist s evaluate t he effec tiveness of Landsat imager y as an aid in t he 
geolog ical appraisal of the area. A lthough most metalliferous deposits are t oo small to be identif ied 
on images due to t he modest spatial resolution of the images, Landsat imagery does provide the 
geolog ist w ith a new per spec tive of his fi eld area ; the earth scientist can now identify large regional 
li neam ents, fracture patterns, many structural and litho logic units, and the distribution of gla c ial and 
surficia l material s. 

Future satellite-borne sensors are expected to have bett er resolu tion , operate at a greater 
range of f r equenc ies, and poss ibly may provide st ereo coverag e. 

Resume 

On traite de la t echnologie Landsat, des satellites e t des t echniques utilisees pour analyser 
l'imag erie de divers types de t errain. 

Par des descriptions d'images presentant des particularites geologiques e t geomorphologiques de 
toutes les regions du Canada , les geologues evaluent l'efficacite de l'imagerie Landsat en tant qu'aide 
a l 'etude geol ogique de la r egion. La plupart des depots meta ll if eres sont de trap f aible et endue pour 
etre identifies sur les images, en raison de la foibl e r esolution spatiale de ces dernier es, mais 
l'imagerie Land sat f ournit vraim ent au geologue une nouve ll e per spective du terrain etudie; le 
geologue peut maintenant identifier les lineaments r egionaux de grande et endue, les r eseaux de 
fra c ture, de nombreuses unites struc turales e t lithologiques e t la repartition des materiaux glac iaires 
et les depots de surface. 

On estim e que les prochains de tec teurs transportes par satellite auront une meill eure 
r esolution, f onctionneront sur une plus vast e gamme de frequences e t perm et t ront probablement une 
couverture ster eoscopique. 

INTROD UCTION 

In 1966, the United Sta te s Government init ia ted a ne w 
ac ti vi t y ca lled the Nat ural Resources Program under t he 
contro l of the Nat iona l Aeronautics and Space Ad min istra tion 
(NASA). The progra m's t ask was to de t e rmine the feasibility 
of monitoring the ea rth' s na tura l and cu ltura l resou rces by 
re mote sensing from space . As a result of th is stud y, the 
f irst Eart h Resources Technology Sa te llite (ER TS-1 ), whic h 
was launc hed in 1972, was deve loped. Since 1972 , the re have 
been two more sate llites in the ser ies, the na me of which has 
bee n changed to 'La ndsat'. Of the 3 La ndsa ts, t wo 
(Landsats 2 and 3) a re still opera tional. AH 3 Landsa ts we re 
given almost ide nt ical instr ume nt packages a nd t he same 
gene ra l orbi t a l cha racteristics. La ndsa t is usefu l to Ca nadian 
scie nti st s fo r the fo llowing reasons: 

The sate ll ite orbit e nsures t ha t vi rt ua ll y t he whole 
countr y is reached by its sensors; 

The entire countr y is overflown ever y 18 days, wh ich is 
part icu la rly va lua ble fo r invest igati ng cyclic or seasonal 
pheno mena and also ensures tha t every pa rt of countr y 
will e ventualy be viewed free of c loud, haze a nd seasonal 
snow ; 

Eve ry Landsat carr ies a t least one imag ing sensor 
recording re f lec t ed so la r e ne rgy a t 4 d iffe re nt 
wavelengths. Thi s muJ t ispec tra l capabi Ji ty has direct 
value fo r ma ny agricu lture , la nd -use , fo restry a nd 
hydrology a pplica tion s and to a lesser e xt ent, to the earth 
sc ie nces . The main limita tion of the La ndsat Prog ra m so 
fa r has been the modest spat ia l reso lut ion of it s imaging 
syste ms. 

The Canad ian response to the American space progra m 
was posi tive and e nthu sia stic . A Canadian ground rece iving 
st a tion rec orde d its first sate llite image withi n hours of the 
fir st image produced in t he United Sta tes . The re a re now 
t wo ground rece iving st a tions in Canada and a very e xtensive 
na tiona l progra m for the acqu isition of re mote ly sensed da t a 
fro m sate llites and ai rc raft. The progra m is c o-ordinated by 
a sin gle Fede ra l agency, the Canada Centre fo r Remote 
Sensing. 

This countr y has no control over the U.S. space 
progra m, but it is c lear that short of nat iona l disast e rs, the 
Ame ricans a re a lready committe d to continuing the ir space 
probes beyond the mid- 1980s. However , this does not a ssure 
the continuity of any spec ifi c sensor package into the 
inde finite future . Eight to ten yea rs is a reasona ble estima te 
for the life span of even the most successful syste m, s ince in 
th is time , t echnologica l a dvances br ing pressures fo r replace­
ment by be tte r, quic ke r, a nd chea per tec hniques. It t a kes 
one to two ye a rs for scient ists to e va lua te a remote sensing 
syst e m. lt may t ake a muc h longer tim e tha n thi s fo r the 
working sc ie nti st to deve lop confidence in the ne w da ta a nd 
to find ways to incorpora te them into his ongoing progra ms. 
This time problem w ill not be solved in the immedia te future . 
There a re plans for more satellites carrying an ever-widening 
range of sensors. With sensor di ve rs ification there will be 
more da ta to tra nsmit, more data processing, stor ing a nd 
accessi ng facilities w ill be needed, a nd it will be even more 
diffi cult for working scientist s to ma inta in suffi c ient contac t 
with the new t echnologies to utili ze fully the new da ta set s. 



This report comprise a coll ection of Landsat 
Multispectral Scanner (MSS) images preceded by a review of 
the Landsat technology. The review provides a broad over­
view of the satellites and their imaging systems and discusses 
the various techniques used to ana lyze images as well as the 
kinds of natural features that can be recognized on these 
images. Throughout the review emphasis is placed on those 
aspects of the technology considered most importa nt to earth 
scientist s. The coll ection of images following this review, 
has been evaluated by geologists using simple, visual 
techniques. It wi ll be ev ident from the descriptive part of 
this report that despite all the sophisticated devices for 
image enhancement that have been developed, in the great 
majority of cases the best resu lts are achieved by giving a 
top quality image to an experienced scientist. 

The collection is presented fo r a numb e r of reasons: 
the need for a basic collection of La nd sat imagery that may 
be used for teaching and for reference purposes; to provide 
an introduction to the variou s c lasses of Canadian Land sat 
imagery; and that the geologica l commentaries will promote 
discussions a nd perhaps focus the opinions of other geologists 
on the applications of Landsat images for geoscience. 

The images have been chosen to illustrate the many 
lithologica l, structu ral and geomorpho logical features found 
in Canada. Many images, like those of Manicouagan and the 
Central Labrador Trough (Fig. 1.9, 1.3), have the kind of 
visual appeal, combi ned with scienctific inte re st, that would 
qua lify them for a place on a ny list. Others were included to 
show distinc tive structu ra l or lithological environments. 
Whenever possible the choice was made with an eye to visual 
appeal as well as to scientifi c interest. Nine images are 
presented a s colour composites. Regrettably reproduction 
cost s inhibited the printing of most of the images in colour. 
Five monochrome mosaics a re a lso included. Most of them 
a re composed of 2 or 3 images only, so that the scale of 
reproduction is only marginally less than that of the single 
prints. Only the Belcher Isla nds mosaic (Fig. I. I), con­
structed from 10 prints, is reproduced at an appreciably 
reduced scale. 

All t he images were reproduced from the same neg­
atives that a re used to produce prints for the general public. 

The commentaries, which accompany the images, were 
written by geo logists with many yea rs of experience working 
in the area each described. Many of the authors are in fact 
the prime geological authority for their image area, and a ll 
are either presently employed by the Geological Survey of 
Canada, or have at some time in the past been associated 
with the Survey. For most of them this was the first time 
they used Landsat imagery although they were all familiar 
with the uses of conventional aerial photographs. The 
co llection of commenta ries has value as the first response of 
31 geo logists to a new form of imagery. Every author has 
been free to treat the subject as he wished within the 
limitation of a two page presentation. 

Editing has been kept to a minimum, and because some 
of the writers were uncertain about the usefulness of 
Landsat, their adverse comments have also been retained. 
None of the commentaries should be regarded as the 'fina l 
word', this is precluded by the lack of space. Most com­
mentaries end with a short list of references which a re 
intended to provide access to the literature for those 
interested in pursuing further studies. 

BASIC FACTS ABOUT LANDSAT 

Landsat-1, which was launched on 23 January 1972 
performed magnif icently before its final shut-down on 
6 January 1978. Landsat-2 was al read y operational by this 
time, having been launched on 22 January 197 5. Landsat-3 
joined Land sat-2 in space on 5 March 1978 . La ndsats 2 and 3 
a re expected to continue functioning into the early 1980s. * 

The information gathering systems of all three 
satellites a re nearly identical, consisting of a Multispectral 
Scanner (MSS), Return Beam Vidicon television cameras 
(RB V), and an electronics package for a ground data co llec ­
tion syst em (DCS). Every Landsat a lso carries two video tape 
recorder s by which MSS or RBV data can be stored for later 
transmission to earth. 

Orbit Pattern 

All three Landsats have identical circula r, nea r-polar 
orbits c irc ling the earth eve ry 103 minutes at altitudes 
betwee n 890 to 940 km. Because the orbits are not truly 
polar, 'world' coverage re fers to a ll parts of the world 
between latitudes 81 ° N and 81 ° S. Every 24 hours, each 
sat e llite ci rcles the ea rth 14 times of which 4 or 5 daytime 
passes cross Canada. The orbital pattern of each sate llite 
progresses westwards in such a way that a ll 'day 2' orbits lie 
immediately west of 'day l', and 'day 3' orbits a re again west 
of those of 'day 2' (Fig. 1). It takes 18 days (and 251 orbits) 
for the globe to be viewed by the two imaging senso r systems 
on board each satellite . Each 18 day cyc le is repea ted with 
great accu racy, the satellites retrac ing every orbita l track 
within 37 km in the cross-track direction. Landsats 2 and 3 
are 9 days apar t within their respective orbit cyc les so that 
by using images taken from both sate llites, world cove rage is 
obtained every 9 days. The sate llite orbits are a lso designed 
to be sun- sy nch ronou s, that is, a ll daytime orbits c ross points 
on the sa me latitude a t the same sola r time. This ensures 
that imagery from ad jace nt or near-adjacent orbits acquired 
at the same time of yea r will have the same sun eleva­
tion a nd, therefore, will have the same distribution of 
shadows. The satellites cross Canada in the daytime about 
9:05 -9: 15 a . m. so la r time continuing southwards to cross the 
equator at 9:30 a.m. so lar time . Figure 2 shows the variation 
of the su n's e levation at 9 a . m. so lar time se lected latitudes 
throughout the year. The main orbi t parameters are 
summar ized in Figure 3. 
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Figure 1. Flight path pattern of satellite showing westward 
progress ion of orbits. The earth can be scanned in 18 days 
( 251 orbits). 

* Land sat MSS and RBV systems have performed magnificently, significantly better than design 
estimates. Sub-system fa ilures must be expected and seve ra l have occurred, especially 
during the past year. The Cornell Remote Sensing Newsletter dated March 1981, provides an 
update on the status of Landsat imaging systems. 

The MSS on Landsat-3 has been shut down because of system malfunction. Landsat-2 MSS is 
st ill functioning for direct readout to ground stations. RBV cameras on Landsat-3 a re 
working. The U.S. will try to acquire worldwide cove r of RBV data converted to digita l 
format . Landsat-D, the next satellite of the series, is to be launched in 1982 a nd is still 
expected to have on board a multispectral scanner and thematic mapper . 
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Figure 2. Change in the sun's elevati on (at 9 a.m. so la r 
tim e) w ith the season at se lected lati t udes. 

The Multispectral Scanner 

The multispectra l scanner (F ig. 4) is an instr ument that 
uses an osc illa ting mir ror t o scan, sequentia lly, narrow str ips 
of g round perpend icu lar to t he direc tion of t rave l of t he 
sa te ll it e. The move men t of the sate ll ite provides for the 
bu ildup of a continuous st rip of imagery. So la r ene rgy 
ref lected from the ground is ref lected in t urn by t he mir ror 
through an optical syst e m wh ic h disperses the ene rgy in to its 
seve ra l wavelengt hs, di rect ing select wave le ngths onto a 
ser ies of de tec to rs each of which records t he inte nsity of 
ra diat ion received. All th ree La ndsats a re equipped with an 
ide ntica l MSS system which detects rad iat ion at 4 differe nt 
wave length s, t wo of which are in the visib le pa rt of spectrum 
(Bands 4, blue -green and 5, orange-red) and two in the near­
infrared pa rt of the spec tr um (Bands 6 and 7). La ndsat-3 is 
equipped wi th an addit iona l chan ne l to detect the rmal­
infra red radiation (Band 8) but th is channel failed soon afte r 
launc h. The re a re 6 detec to rs for each of t he 4 bands, 
a rra nged in such a way t hat with eve ry scan of the MSS 
mi rror , 6 lines of informat ion a re recorded in each of the 
4 channe ls. 

The MSS syst em produces a cont inuous strip image of 
the ea rth's su r face 185 km wide at four different 
wavelengths. Eac h image is made up of pictu re element s 

·called pixels; each pixel rep resents an a rea on t he grou nd of 
79 by 79 m. The da ta sa mpling rate is high enough that t he re 
is a 28 per cent overlap of the a rea sampled by each adjacen t 
pai r of pixels. The re is no over lap between seq uent ial li nes. 
The effec tive a rea of the ea rth 's su r face rep resented by each 
pixel is t hus 70 m a long t rack and 57 m in the cross-track 
direction . Every pixel is recorded at one of 64 (0-63 ) 
poss ib le brigh tn ess levels. 

For convenience in handling, the data st ream is 
separated at the ground rece ivi ng stations in to seg ments 
ca lled scenes, each of wh ich rep resents a 185 km length of 
the imaged swat h. Eve ry scene shows an a rea 185 by 185 km 
and inc ludes 10 per cent dup lication of the image which pre ­
cedes it and 10 per cent of t he image wh ic h fo llows. Eve ry 
scene is nor mally pub lished in fou r band s (or cha nnels) wh ich 
in a ll, t ot a l 30 .4 million pixels. Because t he image swath is 
bro ken up at the same set of lat itudes, the image cen tres 
form rows which cross the orbi t path s more or less ortho­
gona ll y. Th is has led to a world refere nce system for 
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Ele vation 
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Area Co vere d 

Global Cove r age 

Ground Speed 

Orbit Repeat Acc ura cy 

Appro x . Time of 
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Figure 3. Summary of orb it characteristics. 
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Figure 4. Geometry of the mu ltispectral scanner 
f light path. 

MSS images. Orb it t racks a re numbered sequentia ll y, 
inc reasi ng westwards, whereas rows are numbered from 'l' a t 
80°N inc reasing so uthwa rds. Every image cent re can be 
uniquely refere nced by its orbital path numbe r fo llowed by a 
row number. Index maps for Canada can be ob tained on 
demand from t he Canada Centre for Re mote Sensing 
in Ottawa. 

Images acqui red from ad jacent orbits show a deg ree of 
side lap which var ies with lati tude. At t he equato r, images 
side lap 14 per cent of the ir swath width. Within Canada, 
side lap ra nges fro m 40 to 85 per cent as shown on F igur e 5. 
Thus much of t he Northwest Terr ito ries can be imaged by 
scenes t aken from every second or t hi rd orbit. Arou nd 
Ellesmere Island in the high a rctic, images from eve ry fif t h 
or sixth orbit wi ll provide full coverage. 
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The ground re solution of MSS im ages has been defined 
as an a rea 79 by 79 m. Most na tura l objects a re recognized 
in part by their size and shape and partly because of the con ­
t rast in reflec t a nce between each ob ject a nd its backg round. 
The re is, in fact, a trade -o ff between size and contrast . The 
sma ller an ob ject is, the g reater must be the contrast with 
its background if it is to be seen. Converse ly, a la rge object 
may be rec ognized even though the cont rast with its sur ­
rounding s is mode ra te to low. According to information 
theory, a na tural ob ject within the norm al range of ref lec ­
tances needs to be at least 3 pixels (24 0 m) across before it 
may be de scribed as having a recognizab le shape . Landsat 
resolut ion has bee n defi ned in photograhic terms by 
Co lvoco re sse s (1 972 ) who calcula ted that a low contrast sub­
jec t (l. 6:1) should be at least 316 m wide to be rec ognized 
whe reas a subject with high contrast (1 000:1) need only be 
224 m wide. 

There a re a numb er of occasions when a subject 
(often a bridge or a road) smaller tha n 79 m in one direction, 
has been rec orded on an image. Jn every case the objec t is 
seen because of the very high contrast between it and its 
background (Bochofer , 1973; Wa llace and Peakes, 1974; 
Lansing and Cli ne, 1975). While smalle r tha n one pixel in 
physical size, the object is nev e rtheless, a lways rec orded as 
filling at lea st one pixel. 

The most common sca le for the product ion of Landsat 
prints is 1:1 OOO OOO . En la rgements of port ions of images to a 
sca le of 1: 50 OOO or la rger a re not uncommon. Ma ny La nd sat 
use rs would suggest that a sca le of a round l :250 OOO is, for 
most app lic a t ions, a reasonable maximum usefu l sca le. 
Further increases have little or no effect on resolution. Even 
at a sca le of 1: 250 OOO individual picture e le ments a re 0 .32 x 
0 .23 mm, ju st ba rely vis ible to the eye wi thout the use of a 
lens. 

More inform ation of geological va lue is gained from 
studying the topography of a n a rea than any other s ing le 
aspect. Unfortunate ly Landsat images a re gene ra ll y inade­
quate for t rue stereoscopic analysis . Two factors contribute 
to this: 

a . Imagery from ad jacent orbits is needed to form the ste reo 
model. The amount of s idelap between ad jacent o rbits 
var ies wi th lati tude as discussed previously (Fig. 5). The 
minimum 50 per cent sidelap needed to ensure complete 
stereo c ove r is found in a ll a reas north of 54 ° N, which 
effec tive ly exc ludes the sou thernmost third of Canada. 

b. The topography in t he stereo-imag e of a normal pa ir of 
ai r photos is exaggerated by a fac tor of 2 to 3 times or 
more , depending on the ratio of the air base (the distance 
between two consecu tive exposu re s) to the fl yi ng height. 
This is known as the Base/Height rat io. As the 
Base/ Height ra tio increases, so does the vert ical exag­
geration, so tha t slopes appea r steeper and hill s highe r in 
the stereo-image . This effect makes the topograp hy 
easier for the viewer to ana lyze. With normal a ir photos, 
which have 60 per cent over lap, Base/Height ratios mostly 
range from 0.3 to 1.0, depending on the foca l length of 
the lens. The Base/Height ratio for Land sat i mage ry with 
60 per cent side lap is 0.08, inc reasing to 0.1 where the 
sidelap is 40 per cent. Such Base/ Height ra tios offer litt le 
ass ist anc e to the interpreter . 

Willi ams (197 3) reporte d that vertical differences of as 
little as 100 m have been rec ognized, but for most purposes , 
200 to 400 m probably rep resents the smalle st vertical dif­
ference that can be recognized on a n MSS st e reo pair using 
standard photog ra mmetr ic tec hniques. 

An alternative approach to this prob le m is de sc ribed by 
Ba tson et al. (1976) whereby para llax proportion a l to the 
terra in e levations is introduced into an image a t the time the 
im age is printed out from magnetic tap e. The e levation da ta 
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Figure 5 . Variation in sidelap with latitude. 

LANDSAT l and 2 

Mi rror scan rate 

Number of detectors 
i n eac h ba nd 

Bands per scene 

Scene overfl ight time 

Area of scene 

Pixels per scan line 

Lines per band 

Pixe l s per band 

Pixe l s per scene 

Area of pi xe l on ground 

Area of pixel excluding 
overlap 

SPECTRAL BANDS 

4. 0.5-0.5 mi crons 
5. 0 . 5-0.7 mi crons 
5. 0.7-0.8 microns 
7. 0.8- l. l microns 

13.5 scans/second 

6 

4 

26 seconds 

185 x 185 km (includes 10 % 
repeat of previous sce ne) 

3240 

2340 

7.5 mill i on 

30 . 4 mi 11 i on 

79 x 79m 

79m (along track) x 57m 
(across track) 

4. 0.5-0.5 microns (Green) 
5. 0.5 - 0 . 7 microns (Red) 
5 . 0.7-0.8 microns (Near 
7. 0.8- l.l microns Infra red) 

LANDSAT 3 MSS is i ndentical to earlier Landsats except 
for an addit i ona l Therma l- Infrared band (10.4 - 12 . 5 microns) 
whi ch has 2 detectors and therefore on ly one third the 
reso lu tion of the other bands. Th i s band developed 
problems and was s hut down very early in the mission. 

Figure 6. Multispectral scanner characteristics. 
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3 

4125 

16. 2° 

l 26mm 

3 . 5 seconds 

185 x l 85km 
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(Green , red, 
solar - infrared) 

Figure 7. Return beam vidicon cam era characteristics. 

are obtai ned from published topog raphic maps. Two prints of 
the same image, one wi t h pa ra llax a nd one without, provide a 
three dimensional view of the scene when viewed unde r a 
st e reo-scope . The a mount of parallax introduced into the one 
half of the ste reo pai r can be va ried so as to control the 
vertica l exaggerat ion of the topog ra phy in the stereo mod e l. 

The main cha racte r istics of the mult ispec tra l scanne r 
a re summarized in Figure 6. 

Return Beam Vidicon Cameras 

Each Return Beam Vidicon (R BV) ca mera has a shutter, 
that, when activated, exposes brie fl y the ras ter surface of 
the vidicon tube. The scene stored on the raster face is then 
read out, line by line, for trans miss ion to earth, or for 
storage by the video-tape rec order. 

Landsa ts 1 and 2 each have 3 RB V's bore -sigh ted to 
observe the same area of ground . Eac h ca mera is sensitiv e to 
a diffe rent part of the e ne rgy spectrum which, as Figure 7 
shows, correspond s fa irly we lJ with bands 4 (gree n), 5 (re d) 
and 6 (nea r-infra red) of t he MSS syste m. 

The cameras are fired si multa neou sly to provide cor­
relatab le data, a nd a t sufficient time interva ls to e nsure 
10 per cent forwa rd over lap. Each exposure records a grou nd 
scene 185 by 185 km, exact ly the same as an MSS scene. 

AIJ RBV cameras have 4125 scan lines and each line 
c ontains a simi la r number of pixels . Thus each pixel 
rep resents the energy rece ived from an area of 45 by 45 m on 
the g round . The RBV cameras on La ndsat-1 were turned 
off a month af ter lau nc h because of a malfunc tion. The 
La ndsat-2 ca meras a re ope rational but a re only turned on 
over Canada du r ing the su mm e r. 

Land sat-3 has only 2 RBV cameras. These cameras 
have longer focal length lenses so tha t each images a n a rea 
of only 79 by 79 km. The cameras are a lso sighted to view 
the MSS syste m swa th width in two, s ide by s ide and s lightl y 
over lapping, frames. The two ca meras a re fired simulta ­
neously a t su ffic ient t ime intervals to produce coverage 
equa l to one MSS scene (Fig. 8) from every group of 4 images. 
The two ca me ras a lso have the sa me spectral sensitivi ty as 
panch romatic film which is used in ae ria l cameras. As 
or iginalJy c once ived, t he RBV system was a n a lterna tive to 
MSS. The latte r, howeve r, proved more re liable in space , and 
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Figure 8. Landsat-3 re turn beam vidicon scanning pattern. 

because it has a s ing le optica l system, the seve ral spec tra l 
bands are more easily and more acc urate ly correla ted. As a 
result, where MSS a nd RB V systems have comparab le 
fu nc tion s, MSS data acquis ition and product ion is give n 
priority over the RBV in both Canada and the United Sta tes. 
On Land sat-3, the RBV 's have a diff e rent func tion to the 
MSS system. The RB Y's have a muc h highe r resolution, and 
because each scene is exposed a t a single in st a nt of time, an 
improved geometry . It may even be possib le to overlay high 
reso lution panchromatic RBV im ages with MSS da t a . 

Video Tape Recorders 

MSS and RBV data a re no rm a lJ y transmitted di rectly to 
g round stations in line of s igh t . Whe n image ry is requi red 
from a reas where there are no grou nd st ations, up to 
30 minutes of data can be recorded on a VTR for transm iss ion 
to ea rth a t a later time. La nd sa ts 1, 2, and 3 ea rch carr y 
2 VTR' s. 

Data Collection System 

The Landsat sate llites a re able to c ollect data 
tra nsmitted from scatte red, a nd often remote ly loca ted, 
ground sites for re-transmission to Landsat ground receiving 
stations. Da ta collection sites operate automat ica lly and a re 
usua ll y used to coll ec t environmenta l information, often from 
weather stations and from sites where stream or lake leve ls 
a re mon itore d. 

GROUND RECEIVING STATIONS 

There are two Government opera ted receiving sta tions 
in Canada ; one is located a t Princ e Albert, Saskatc hewan and 
the othe r a t Shoe Cove nea r St. John's , Newfoundla nd. 
Imagery of Canada, Ice land, most of Greenland and the west 
coast of Ireland can be rece ived by these stations. 

The United Sta tes has three g round receiv ing stations, 
loca ted at Fairbanks, Ala ska, at Goldstone, California, and at 
Greenbelt, Ma ry land. 

In the last few yea rs receiv ing st a tions have been built 
in Argentina , Austra lia, Braz il , In dia, Ita ly, Japan a nd 
Swede n, and simi la r fac ilities a re being pla nned for Tha iland 
and Upper Volta in l 980. 
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Data flow at Prince Albert Ground Receiving Stat ion 

Figure 9. Flow chart showing the method of processing data at Prince Alber t. 

MSS Data 

Until late 1978, MSS data received at Prince Albert and 
Shoe Cove were recorded on High Density Digital Tapes 
(HDDT) which were flown daily to Ottawa for processing. In 
1979 new data handling systems were introduced at both 
ground rece iving stations in Canada (Fig. 9, 10). At Prince 
Albert (Fig. 9) most of the monochrome imagery is produced 
in real time using the new Multiple Image Processing 
System (MIPS). This system applies radiometric and 
geometric corrections to the MSS data as they are received , 
passing on the corrected data to a Laser Beam Image 
Processor wh ich simultaneously produces four 70 mm frames 
(bands 4, 5, 6, and 7) for each scene. MIPS can also be used 
in an off -l ine mode to produce a single 18.5 c m monochrome 
transparency . False colour composite images may be 
produced from three 18 .5 cm monochrome transparencies 
(bands 4, 5, 7) by sequential printing onto colour film, using 
blue light to print band 4, green light to print band 5 and red 
light to pr int band 7. In parallel with the MIPS system, the 
incoming data stream is also stored on HDDT's which can be 
used Ja ter for processing by MIPS to imagery or fo r the 
production of Computer Compatible Tapes. 

Man y users need access to the imagery within a few 
days of its reception. To satisfy these customers. 'Quick 
Look' prints (one band from each MIPS scene) are prepared 
for shipping wihtin 24 hours of the data being received. 

Some agencies need imagery for analysis within hours 
of its reception at the ground station. For these users, there 
is a Fax (facsimile) service by which Quick Look images are 
transmitted by telephone from the ground station direct to 
the user. Quick Look prints are also reproduced in 16 mm 
format as microfiche records. Each microfiche ca rd ca rries 
one day's production of MSS data, about 70 scenes. MSS data 
a re processed at Shoe Cove (Fig. 10) in a way simi lar to that 
at Prince Albert, except that the Shoe Cove facility has no 
processor for printing high reso lution images. Instead, a 
second tape rec order produces HDDT's that are air-freighted 
to Prince Albert for full processing. Quick Look prints a re 
obtained using a cathode-ray tube display . These a re then 
mailed to so me users, transmitted via the Fax sequence to 
others, and are reproduced for microfiche. 
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Geometric corrections are applied to MSS data to 
produce an im age that is reasonably compatible with the 
standard National Topographic Series (NTS) map sheets. This 
is mainly achieved by correct ing for the effects of earth 
rotation. The earth's rotation introduces a lateral shift in 
the sequence of strips of ground viewed by the MSS scanning 
mirror . When the image is rec on stituted, this shift must be 
re-introduced. The co rrected image has a skewed shape 
which varies in degree with latitude. Corrections are also 
applied to allow for the earth 's c urvature, for variations in 
the speed of the scanning mirror, and for variations in scan­
line length . This provides an image on which all points are 
said to be properly located within 4 mm (4 km on the ground) 

Radiometric corrections a re carried out to produce an 
image that is visuall y pleasing. In Canada, one radiometric 
correc tion is app lied which allows for diffe rences in the 
individual re sponse of the 24 detectors . The MSS system 
carries an internal, calibrated light source to which the 
detectors are exposed af ter every a lternate scan . Their 
re sponses are then passed to the ground receiving station 
with the image signal. The correc tion derived from this 
internal ca libration system is used to remove most of the 
striping that would otherwise affect the image. Residual 
striping often remains and can sometimes be removed by 
further processing. A grey scale calibration wedge is added 
to the edge of the dest riped image when it is written onto 
film. This grey scale is used to control tape to film exposure 
and film reproduct ion, including the preparation of colour 
composites. 

A new MSS image product, the 'DICS image' was 
deve loped in 1979. Every DICS image (Digital Infor mation 
Correction System) is a subscene of a Land sat image 
representing the a rea of a quarter of a st a ndard 
1:250 OOO NTS map sheet . DICS images (and associated 
CCT's) have a much improved geometry which is due to 30 to 
50 ground control points used in their construction. Accu rate 
placement of ground features to ± 50 m (- 0.5 pixel) is 
c la imed. With such precision it is fa r easier to work with 
images of the same a rea obtained on different dates. 
Standard radiometric corrections are applied to D!CS images 
and CCT's. In addition, the images (not the CCT's) are band 
stretched. 
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Figure 10 . Histogram of MSS Band 4 scene shows how haze is removed from this scene by 
subtract ing 5 brightness values from every pixel. 

His tog rams showing the dist r ibution of brightness 
va lues in a scene (Fig. 11) commonly indicate that the 
MSS data t ake up Je ss than half of the full range of brightness 
va lues avai lab le . This process is com monly ca lled band 
st retching. 

Computer Compatible Tapes of MSS scenes are offered 
in three st a nda rd forms, as raw data tapes, without 
correct ions of any kind; as syst em corrected tapes, in which 
standard radiome tric and geome tr ic correc tions have been 
applied; and as DICS tapes which are subscenes with standard 
radiome tric and precise geo me tric corrections. 

RBV Data 

Selected RBV scences are received only at 
Prince Albe rt. The scenes are recorded on analogue t a pes 
and simulta neously processed on a ca thode ray tube dev ice 
wh ich provides immedia t e, uncorrected, 'Quic k Look' pr ints. 
The ana logue tapes are sen t to Ottawa for processi ng on a 
high reso lu t ion printer. Here, the images a re archeved and 
the tapes re t urn ed for re -use. 

Summary of Sta nda rd Canadian La ndsat Products 

MSS Imagery 

MSS Computer 
Compatib le Tapes 

RBV data 

Tra nspara nc ies/Prints, 4 bands, 70 mm 
or 18.5 cm format 
Co lou r composites, bands 4, 5, 7, 
18.5 cm format 
DICS Prints/transperanc ies l :500 OOO 
Quick Look prints, 18 .5 cm format 
Fax (facs imile ) of Quick Look 
Microfiche of Quick Look. 
Mosa ics of Canada, 1:10, 1:5, 
l :2.5 million scales. 

Raw Da ta CC T, Full scene, no 
corre c tions 
System correc ted CCT, Fu ll scene, 
standa rd radiome tric/geome tric 
correc tion s 
DICS CCT, Pa rtial scene, standa rd 
radiometric, p rec ision geo me tric 
correc t ions. 

Prints 1:500 OOO sca le. 

The United States a lso has a very sophistica ted system 
for processing HDDT' s to imagery a t the EROS Data Center 
in Sioux Fa lls. This system, ca lled the EROS Digita l Image 
Processing System (EDIPS), became operational in 
J a nua ry 1979 . A description is c ontained in La ndsat Da ta 
Users Notes, Issue 3, for November 1978. 
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Figure 11 . Histograms of MSS Band 7 scene befor e and 
after stretching . Data are normalized for comparison. 

ANALYTICAL TECHNIQUES 

In the past few years there has been a remarkable 
increase in the numbe r, variety, and sop histication of equ ip­
ment fo r the ana lys is of images, espec iall y images from 
space. It is particularly important to de t erm ine why one 
approach shou ld be used ra the r than another. The cho ice of 
me thod should not re st solely on the availability of equ ipme nt 
but on the a im of t he ana lysis itself. 

The principal tec hniques used to analyze images a re 
summarized here in th ree sec tions, visual methods, computer 
methods, and a third mixed g rou p using photog raph ic, optical 
or e lec tronic techniques. 

Visual Method 

Visual ana lysis of the sa te llite image is sti ll by fa r the 
most importa nt method for a number of reasons. 

It is the simplest , most freely ava ilab le technique 
requiring the minimum of equ ipme nt. Although a hand lens is 
generall y suffic ient, a light table for t ran spare ncies a nd a 
stereoscope preferably with zoom Jen s provide reasonably 
adeq uate basic support. For geosc ientists the main sou rce of 
in fo rm a tion in La ndsat is found in the distribution of textural 
pa tterns and linear features. Abstrac ting this c lass of 
informa tion - as wi th aeria l photogra phs - is still 
accomp lished most effic iently by visual ana lysis, because the 
human eye is more ski lled tha n a ny computer in being ab le to 
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recognize a wide variety of patterns and to detect their 
re levance. The eye can a lso cope with unforeseen 
occurrences and deal wi th events which have a low 
probability of recu rrence. 

Land sat imager y with its four spectral bands is designed 
specifically for the investiga tion of ref lectance 
cha racteristics. Although spectral discrimination techniques 
applied to the study of rocks or to surficial mat erials have 
not been investigated in Canada as thorough ly as the subject 
deserves, there a re few grounds for believing that such 
techniques wi ll provide more than a generalized basis for 
automatic mapping of the terrain even in northern Canada 
(Boydell, 1974; Siegel and Ab rams, 1976). The reasons for 
this are that in most of sou thern Canada a heavy forest cover 
or deep so il cove r derived from g lacia l material allows little 
scope for the recognition of the under lying rocks through 
differences in reflecta nce. In northern Canada the situation 
is much more favou rable in that the percentage of rocks 
outcropping is in many places high and different c lasses of 
surfic ia l materia ls may be cha racterized by a pa rtic ula r type 
of vegetation . Even he re, however, no one type of vegetation 
is restricted to one class of surficial material, and most of 
the exposed rocks are obscured by an irregular cover of 
li chens, a re stained by ca rbonaceous material derived from 
the lichen cover, and also have a che mica lly weathered outer 
surface . The effect of these facto rs is to reduce con­
side rably contrast s in reflectance between rock types. All 
investigations of Landsat imagery shou ld be initiated with a 
visual analysis which should be the basis for deciding what 
other forms of analysis, if any, are needed to co mplete the 
study . 

Computer Method 

Computers are employed to modify the data to present 
information in a more meaningful (interp retab le) way . This is 
accomplished by suppressing or eliminating some information 
or by combining data, particularly those from different 
bands, in some selective way. Measurements and statistical 
information relating to the image a lso can be obtained . 
Standard compu ter systems can be used a lthough there is now 
a growing number of compute rs dedicated to the specific task 
of analyzing imagery. Scientists who have had some 
experience with co mputers are now able to handle such 
systems either themselves or with the assistance of an 
operator. 

As the use of a compute r is re latively expensive, the 
sc ientist must devote time to become acquainted with the 
system used and its capabilities. A computer undoubtedly 
offers the most comp rehensive a nd thorough approach to 
image analysis based on reflectance values. However, its 
app lication to linear and textural features (faults, fold 
traces, bedding and schistosity trends) is usually rather poor . 

The approaches most com monly used a re: 

l. Automatic classification of reflectance data . Many 
mathematica l procedures have been developed, most of 
which may be grouped into two broad ea tegor ies. 
Supervised c lassifications are ca rri ed out using natura l 
c lasses derived from field work or form published 
information. Unsupervised c lassifications a re applied 
without reference to information obtained from the area 
itself (Goodenough et al., 1974; Taylor, 1974; Kalenski and 
Wightm an, 1976). 

2. Combining spectral bands. These may be added, 
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sub tracted or ratioed, and either positive or negatives of 
bands can be used. False co lour composite s can be 
generated by exposing two or three monochrome bands or 
ratios of the same scene through differently coloured 
light sources onto co lour fi lm (Vincent, 1973). 

3. Edge enhancement. Grey tone boundaries or gradients are 
emphasized, so that textures a nd linear fea tures stand out 
on the image: a directional control may be introduced to 
se lect linear features with a spec ific orientat ion . 

4. Dens ity s li cing. The number of g re y tones present in an 
image is grouped into a series of density steps each of 
which has known upper and lower limiting values. Each 
density step may be coded with a distinct co lour , which 
faci litates visual recog nition of areas with a simi lar 
density dist ributed throughout an image. 

5. Ad justments to the density g radient (Billingsley, 1973; 
Goetz et a l. , 1973). In cases where a particular class of 
information is recorded in one part of the density range of 
the image, it is possible to expand that range of densities 
so that sma ll density differences are emphasized and so 
more easily recognized. Band stre tching and haze 
removal techniques fit in this categor y. 

6. Mensuration . Subjects that have distinct ref lectance 
cha racte ristics like water, can be measured with some 
accuracy . Other sub jects may be confused by fa lse 
co rre lations. 1\i\easurements of linea r or textural features 
a re still extremely difficult to accomplish a nd the 
methods that exist are still experimental. 

Photo-Optical-Electronic Methods 

The third a lternative represents a mixture of systems 
whose common characte ristic is that the input is an image. 
The techniques used to handle the image may be grouped 
into : 

a . Purely photog raphic (darkroom) techniques. A ski ll ed 
technician can achieve results which c losely approximate 
those obta ined using the very expensive optical, 
e lec tronic and co mputer-based devices mentioned here 
(Lamar and Mer ifield, 1973; White, 1973; Nielson, 1974; 
Colvocoresses, 1975; Ro ss, 1976). 

b. Optical techniques. These include additive viewe rs, which 
are multiple projection devices, allowing the simultaneous 
registration of up to 4 transparencies onto a single screen. 
Different filters can be introduced into each of the 
optical trains. False -colou r displays can be constructed 
by the scienti st with an abso lute minimum of training. 
The other main optical technique in volves Fourier ana lys is 
(Arsenau lt, 1974; Pincus and Dor, 1974; Ulaby and 
McNaughton, 1975). Fourier transforms are produced from 
images . The transforms a re filtered, afte r which th e 
fi lte red transform is reconstituted to form a filt ered 
image. This technique is particularly sui table for the 
study of intersecting patterns of linear features . 

c. Electronic devices, most of which scan an image with a 
f lying spot scanner or a television camera, using a 
monochrome or colou r television moni tor to display the 
output s ignal. The input signa ls can be processed in a 
variety of ways (White, 1973; Reeves, 1974); the most 
common treatment being to break up the input signa l into 
a range of levels or 'sli ces' each of which can be assigned 
a co lour on the disp lay monitor. Systems are usually 
modu lar in design so that the ir functions can be extended 
to inc lude new capabilities as such are needed . Many 
systems now include mini-computers. The ran ge of tasks 
is less than that of the dedicated computer a nd the results 
a re also limited by the quality of the image used as input 
to the system. Perhaps it is because of the limitations of 
the film input, that these e lectronic systems ra rely 
provide any rea l discoveries. They do serve admi rab ly to 
emphasize features that are already known. The y are also 
able to provide colourful displays which, hopefully, will 
illustra te some significant event more vividly than is 
possible with monoc hrome material. 



CHOOSING AN IMAGE 

Getting the most infor mation from an image is the aim 
of eve ry im age-analyst , so the way an image is chosen 
dese rves more than a li ttle thought. Pick ing an image 
acqui red a t the 'right' time of year can be vita l. It is also 
very importan t to under stand the various kinds of information 
ava ilable in the different MSS bands and band comb inations. 

Seasonal Changes 

Land sat imagery changes in appea rance with the 
seasons. Most of these changes are due to variations in su n 
e levation, to the presence of snow, and to changes in the 
vegetat ive cover. 

Because of the natu re of the sate Iii te orbit, sun 
elevations will be const a nt within a ny short time per iod for a 
given latit ude, but will be differe nt for diffe rent latitudes, 
and wi ll a lso vary according to the season. The magnitude of 
these variations is shown in Figure 2. 

E-1729-19344 Band 7 
22 July 1974 

Sun Elevation - 42° 

When an image is needed for the study of reflec tance 
differences, one with a mi nimum amount of shadow, that is, 
with as high a sun angle as possible, should be se lec ted. When 
a study is more conce rned with v isualizing the topography 
imagery with suff ic ient shadow present to bring out 
topograph ic detail should be chose n. The most favou rable sun 
angle for any given area will depend on the steepness of the 
slopes present in that area . In general a suitable su n a ngle 
wi ll be 2-3° less than the slopes on the ground that a re of 
pa rticula r interest to the investigator. If the sun angle is 
too high, too many slopes facing away from the sun will be 
illuminated. If the su n a ngle is too low, shadows may obscure 
the terra in rather than revea l it. ln mounta inous terrain, su n 
a ngles of 30° or even more may be required whe reas in hi ll y 
count ry, suitable su n elevations may range between 12° and 
20° . ln flat to gently rolling terrain, very low sun a ngles, 
even le ss than 5°, may be desirab le . 

E-1189-18432 Band 7 
28 Janua ry 1973 

Sun Elevat ion - 3° 

A portion of the Precambrian Shie ld in the Nort hwest Te rr itories bordering on Coronation Gu lf 
and west of Bathurst Inle t is illustrated. 

The left hand (summer) image of this Ii ttle known a rea revea ls detai ls of the drainage pattern . 
The land a rea is made up of a variety of g rey tones which a re la rge ly related to differences in the 
natu re of the vegetative cover . The right hand (winter) image is snow -covered and was obtained 
when the sun was 3° above the horizon. This image can reveal differences of only a few tens of 
metres in the topog raphy of this ba rren landscape. 

Figure 12. Effect of sun 's el evation on details of the terrain revea led by image. 
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A heavy cover of snow results in a high contrast im age 
in which ve ry dark tones representing topographic shadows 
and forests stand out against the bright snow background. 
Ex cept for the tree cover most of the non-topographic detail 
is effectively supp ressed and the image is simplif ied. Shadow 
patterns a re far easier to ana lyze on a uniform snow covered 
surface . A su itably low sun elevation with heavy snow cover 
is often the best comb ination for view ing su rface topography 
(Gregor y, 1973 ). This effect is demonstra ted in Figure 12 
where a summer and a winter image a re shown for 
comparison. A light snowfall in ea rly winter tends to be 
retained in valleys rather than on the upland interf luve a reas. 
Such images may be preferred for fracture analysis stud ies 
since the valleys appear outli ned in white in cont rast to the 
medium to dark grey tones representing the interfluve a reas. 

Fe w geoscientists are working on the re lationsh ips of 
plant associations to soils or to the under lyi ng Ii thology . 
Mo st data co me from agr icultu ra li sts (Westin, 1973), a nd a nd 
fore sters (Sayn-Wi ttgenstein and Wightman, 197 5). Canada 
has been div ided up ve ry broad ly into forest regions and 
subregions or sections, based on cl imate, topography, so ils, 
ground moisture, and geo logy (Rowe, 1972). Few of these 
units are su ffi ciently distinctive to be recognizable on 
Landsat imagery (Nielson, 1974 ). The problem lies in the 
inhomogeneity of woodland a reas. A forest st and ra rel y 
consists of a sing le species of tree having the same age 
throughout. Most often a fo rest stand consists of a variety of 
t rees differing in age, often with a variable bushy under­
growth. In add iti on, the density of the trees varies from 
stand to stand (Lawrence and He rzog, 197 5), and because the 
proportion of three types a lso differs, so does the shadow 
component. Because single trees are not large enough to 
fill a pictu re e lement, spec ies recogn ition using La ndsa t 
is extremely uncertain . In practice Canadian foresters 
a re only able to differenti a te with confide nce pre ­
dominantly c oniferous from predominantly deciduous stands 
(Kirby, 1974). Given so few variables, (coniferous trees, 
deciduou s trees, no trees) it is und e rstandably ra re that the 
nature of the tree cove r can be used to recogni ze changes in 
the underl ying litholog y. The exceptions are usua lly cases 
where trees occur over one rock type and not over an 
adjacent rock type (see Fig. 6.4). 

Where the tree cove r has been removed per manently, it 
is usually because the soils are deep e nough to be used for 
farming. In Canada, most agricultural districts a re located 
on soils derived from glacial overburden. Once again, the 
agricultura l patte rn, whether it be grasses or c rop s or bare 
soi ls, generally provides little informa tion about the 
underlying lithology by its reflec tance a lone (Kristof and 
Zachary, 1974; Evans, Head, a nd Dirkzwages, 1976). 
Significant information about structures underlying glacia l 
material, however, can often be obtained by stud yi ng 
drainage patterns, the distribution of surficial moisture, and 
t he topography. 

North of the tree line, which inc ludes roughly the 
no rthern half of the Precambrian Shield and Arct ic is la nds, 
the vegetation cover is far more c losely rela ted to the 
surficial e nvironm e nt. Here, many terra in types have a 
distinctive vegeta tion cover (Anderson et al., 1973). In a 
number of such cases, the reflec t a nce cha rac teristics of such 
areas may be unique to that region (Bo yde ll, 1974). The 
quality and reliability of a utomated terrain c lassif ications 
based on reflectance can be improved by using im age ry from 
different times in the growi ng yea r (Kalenski a nd Sche rk, 
197 5), and by using ae rial photographs to monitor the ho mo­
geneity of the reflec t ance classes. 
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Image Formats 

Single Bands 

MSS scenes a re most co mmonl y processed as 4 separate 
monoc hrome images. The most obvi ous c haracte ristic of the 
four frames is that band s 4 a nd 5 look similar to each other, 
as do bands 6 a nd 7. The greatest spect ral contrast is found 
by comparing band 4 or 5 with band 6 or 7 (Crain, 1974). 

The spectral cha rac te r istics of each of the four bands 
can be under stood more easily by reference to Figure 13 in 
which the 4 spectral bands are related to a series of general­
ized spec tral curves fo r five broad classes of surface cover -
soils, vegetation, a ge nera l group comprising road s, built-up 
areas and e xposed sandy areas, water, a nd snow and ice . 

Band 4 

Soi ls, fresh green vegetation, roads and urban areas, 
and ice or snow features are all more or less distinguishable 
on this band. Water is tra nspa rent, and so although water 
boundaries a re difficu lt to locate, suspended sediment and 
she lving sandy bottoms in coastal areas ca n be recognized. 
This is sometimes c onside red the best general purpose band 
for earth scientists. Unfortunately this band is a lso the one 
most s trong ly affected by atmospheric moistu re, wh ich often 
super imposes a ha ze and sometimes a heav y fog on the image 
s ignal. The loss of image contrast can be rega ined by 
suitable processing, but this is not norma ll y done in Canada 
a t present. 

Band 5 

Vegetation is hardly distinguishab le from soi ls but 
road s, urban a reas and sandy beac hes have a much brighte r 
sig na l and usuall y contrast strongly with thei r surroundings. 
Areas of snow and ice are a lso c learly seen, but have hardly 
any interna l structures or textu res. Suspended material in 
large water bod ies can also be seen in the band a lthough in 
less detai l than band 4. Band 5 is affected fa r less by 
atmospher ic moisture so it is frequentl y prefe rred as an 
all-purpose image. 
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Bands 6 and 7 

Vegetation, water, and shadows are the significant 
features of this band. Fresh green vegetation reflec ts so lar­
infrared energy very strongly . Peaking in spring, the energy 
return gradually falls away through summer into fall. Soils 
are most easily distinguished from vegetation in springtime. 
At this time, roads, towns and even beaches may disappear 
from view because their signal response is often too close to 
that of the vegetation. 

Water absorbs solar-infrared radiation and so appears 
dark on the imagery, and shows no sign of suspended sediment 
loads. These are the bands for delineating drainage systems 
a nd water bodies. Free moisture may reduce the grey-tone 
contrast of snow or ice fields with their su rroundings. Areas 
of sea-ice corn monly have very distinc tive water patterns on 
their surfaces which may be used to separate different 
generations of ice. There is little scattered solar-infrared 
energy in areas not illuminated di rect ly by the sun . As a 
result shadows appear darker and contrast more strongly with 
illuminated a reas. One of these bands is usually chosen for 
lineament studies because both the topography (defined by 
shadows) and the drainage are most c lear ly recognizable. 

Ratios 

These images are produced by dividing the brightness 
va lues of one band, with those of another . Photographic 
methods may be used to do this, but the compu ter is most 
efficient . Ratios emphasize the differences in energy return 
between the two constituent bands and minimize the ene rgy 
changes in each band due to the surface topography 
(Taranik, 1978). On the negative side, the analyst may be 
confu sed because objects with the same ratio may be derived 
from very different ranges of br ightness level. Band ratios 
are frequently introduced into research projects but their 
application is sti ll a matter of 'tr y it and see'. The most 
successfu l uses of ratios in geo logy studies have been in 
poorly vegetated terrain. For example, ratios 5/4 and 4/5 
have been found to accentuate the contrast between 
hematite-r ich red beds and su rrounding non -ferruginous rocks 
in sparse ly vegetated a reas of Arizona (Goetz et a l., 1973) 
and Wyoming (Vincent et a l. , 1975; Offield, 1976). 

Ratio 7 /6 was found to improve the contrast of ye llow 
limonit ic roc ks with surround rocks in Wyoming 
(Offield, 1976) . 

Ratio 7/5 was used by Bcilviken et a l. (1977) in Norway 
to discriminate between g rasses growing on copper-rich so il 
and those growi ng on normal soils. 

The reverse form of the same ratio (5/7) has been found 
to co rre late well with the volume of green vegetation, the 
biomass, present in any area. The ra tio or a modified fo r m of 
it is a lso used to monitor the progress of the 
sp ringtime, 'green wave', and the fa ll, 'brown wave' 
(Ash ley and Rea, 197 5). 

Band Combinations and Complex Ra tios 

The number of combinations that can be derived from 
four bands is a lmost infinite. The sequentia l exposu re of two 
or more band s or ratios are a lmost always done using 
different c olours to represent each component band. Such 
colour composites can be produced in a variety of ways but 
mostly they are special products, created by the researcher . 

Once again, no general ru les have been found, and with 
one exception (the standa rd 3 band co lour composite) 
successes tend to be re lated to spec ific situations. 

Where a simp le ratio is known to be useful corre lations 
may be e liminated by using a colour combination consist ing 
of the ratio and one of its constituent bands. The 
combination 4/5 + 5 has been used by Taranik (1978) for 

separating rocks and soi ls from vegetation . Examples of 
some of the more complex ratio c o lour co mbinations which 
have been used are : 4/5 + 4/6 + 6/7 for recognizing red 
sandstone aquifers in Arizona (Goetz et a l., 1973) and 
4/5 + 5/6 + 6/7 for distinguishing rocks affected by hydro­
thermal alteration in the Goldfield dist rict of Nevada 
(Rowan et al., 1974). 

There is a widespread agreement that the best way of 
presenting MSS data is in the form of a colour combination 
using bands 4, 5, and 7, where blue represents band 4, green 
band 5, and red band 7. Such images a re already standa rd 
products in the United States and Canada. These prints 
contain all the information present in each of the constituent 
bands. Carter (1973) has even c laimed that colou r combined 
scenes from South America provide at least 40 per cent more 
information than do individual monochrome bands. In such 
prints, the vegetation domain is clearly defined in red to 
magenta colours, the non-vegetated land a reas are equally 
recognizab le by their pale blue-white and brown tints, and 
the water domain varying from black to blue conta ining pa le 
blue stream lines which indicate suspended sediments. It is 
not suggested that colour prints a re always essential to a 
study. Lineament stud ies need an image which emphasizes 
the topography and the drainage pattern, both of which are 
found in bands 6 and 7. Some parts of the Canadian Shield 
are covered totally by uniform forest growth which causes 
the co lour combination to appear ent irely monochrome. 

The widest range of colour is found when there are 
large diffe rences in grey tone between the bands used to 
produce the composite image. This occurs most commonly in 
a reas where the vegetation cover is variable or is irregular in 
distribution, commonly in areas of extensive ag ricu ltural 
development and in tundra and a rctic regions. 

In 1977 the Geoscience Working Group, a subcommittee 
of the Canadian Advisory Cou ncil on Remote Sensing 
declared itself strong ly in favour of the colour combination 
as the most useful MSS product for ea rth scientists. The 
need for spec ial preprocessing of the imagery was 
recogn ized ; in particular the need to remove haze, to stretch 
the range of brightness levels in each band, to app ly so me 
edge enhancement and to use prints at a scale of I :2 mi ll ion 
for analysis. In addition, the Working Group also 
recommended that at least one complete set of such co lour 
prints should be prepared for the whole of Canada using 
images that are known to be free of haze and c loud and to 
have minimal seasonal snow cover. Such a co llec tion wou ld 
form a readily accessible data base . Beginning in 1979, the 
United States will be produc ing a c olour product very simi lar 
to that described by the Working Group. Even in 1978, 
images of this kind were being made availab le on an 
experimental basis, to geologists in Australia (Smith et al. , 
1978 ). No count ry yet recog nizes the need for a national 
co ll ection of best qua Ii ty colou r combi ned images. 

THE INTERPRETATION OF MSS IMAGERY 

Lithology 

Sedimentary Rocks 

The appearance of sedimentary rocks on MSS imagery 
varies greatly. Where sediments are we ll exposed, the 
effects of differential erosion of the harder and softer rock 
strata may reveal bedding planes and fold structu res - strong 
indicators of the origin of these rocks. Although the sedi­
mentary origins of these rocks can frequently be recognized, 
or at least inferred, the rock type cannot be determi ned by 
its spectra l character istics. 

Some sediments are recognized and mapped because of 
distinctive differences in their drainage and fractu re 
patterns. The do lomite, sandstone and shale visible in the 
Coppermine River image (Fig. 1.4) are fine examples of thi s. 
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Some sediments are recognized as such by the presence of 
linear topographic featu res. The Front Range of the Rocky 
Mountai ns appea rs on the Fort St. J ohn image (Fig. 6.1) as a 
series of Jong ridges in which bedding trends parallel to the 
length of the ridge are clea rly recog nizable , although 
individual beds can rarely be t raced a long strike . If the 
units in a rock sequence offer nearly un ifor m re sistance to 
e rosion, as happens in the case of the Main Range, shown on 
the Fort St . John image, little in format ion can be obtained 
about the nature of the rocks or of their structure. 
Similarly, the Quesnel Lake image (Fig . 6.7) re presents two 
parts of the interior system of the Cordillera , the Cariboo 
Mountains and the Inte rior Pla teau . Except for bedding 
trends in the Cariboo Mountains, there is little or no evidence 
to suggest the number of rock types and the fo ld str uctu res 
known to exist in th is region. 

Sediments on occasion, can, be recog nized by 
differences in reflectance. One examp le of this occurs in the 
Dubawn t Lake image (Fig. 1. 5) which shows t he well ex posed 
Dubawnt sandstone to be nearly devo id of t opog rpahic or 
dra inage featu res. The sandstone, however, can be dis tin­
gu ished from the su rrounding rocks by its highe r 
reflectance - especiall y in band 4 and 5. On Bathurst Is land 
(Fig. 4.1 ), almost complete ly exposed and highly reflective 
Paleozoic ca rbonate and sand stone al te rnate with darker 
co loured and partially vegetated mudstone. The sandstone 
and the carbonate, however, cannot be separated visually. 
An in teresting prob lem a ri ses in the Ogilvie River image 
(Fig . 6.5), whe re there is a wealth of contrasting fold pat­
terns and reflective differences in the Pa leozoic a nd 
Mesozoic elastics and carbonates, yet rock units est ab li shed 
in field mapping procedures cannot be recognized on the 
image. When the fresh green vegetation cover exceeds 10% 
of the su rface area, the reflectance character ist ics of the 
outcrops and bare so il may be changed sign ifi cantly (Siegal 
and Goetz, 1977) making it vi rtually impossible to recognize 
the rock by its reflectance a lone . In veget ated areas, sed i­
mentary units must be distingu ished by textural informa tion 
de rived from the drainage pattern, linea r topographic 
featu res and by variations in the vegetation pattern. The 
Bathurst (N .B.) image (Fig. 2. 1) is totally covered with 
vegetat ion, yet some distinct ions can be made between 
quartzite and greywacke of ea rly Paleozoic age because of 
different drainage patterns a nd minor changes in the 
vegetation pattern. 

It is also rather easy to draw mis leading conc lu sions 
from the study of Landsat images. There is, for example, a n 
a rea of highly reflective, well exposed li mestone which 
appears on the Frobisher image (F ig. 4.4 ). A second br ight 
a rea, this time representing glacia l drift, appea rs on the 
same image. The two areas can be distinguished only by a 
pattern of para ll el grooves in the a rea of morai ne, which is 
be lieved to be due to vegetat ion growi ng within linear 
ho llows. 

Igneous Rocks 

La rge bodies of igneous rock may be recogni zed by 
their irregular shape, sometimes co mbined with a distinctive 
im age texture de rived from t he topog ra phy and in places 
showing c rosscu tting re lationship to str uctu ra l trends in the 
adjacent rocks. A pluton may outcrop more or Je ss 
extensively than the su rrounding litho logy wh ich will result in 
reflectance contrasts . This may also occur when a pluton has 
a sufficient ly different mineral composition than its sur­
round ing rocks to support a distinct vegeta tion cover. 

When exposed, basic plutons gene ra lly have a lower 
reflectance tha n the rocks that su rround them. Thi s is 
ev id e nt in the case of an amphibolite body in the Cape Smi th 
Fold Belt image (Fig . 1.2) and a gabb ro-trocto lite in the 

utak image (Fig. 1.10). 

I2 

Virtually a JJ of the more acidic plutons a re recogni zed 
by textural rather than ref lectance c ha racteristics. Ac id 
plutons in the Cape Smith Fold Belt image (Fig. 1.2) a re 
recognized by th e ir Jack of fo lia tion lineaments a nd by th e 
rectangu la r g rid pattern produced by intersecting sets of 
major joints. On the Frobisher Bay image (Fig. 4.4) a gran ite 
is characte ri zed by the large number of ponds scatte red 
a bout the su r face . A nearby hypersthene g ra nite has a rolling 
topog raphy but few pond s. In nei the r case is the ligh t 
vege tation cover different to that of the surrounding rocks. 
The Dubawnt Lake image (Fig. J .5 ) includes a gra nite pluton 
recogni zed by a series of a rc ua te lineaments said to be 
re lated to band ing in the rock. 

Basic dykes a re easil y picked out on the Hami lton Inle t 
(Fig. 1.6) a nd Bylot Is land (Fig. 4.3) images. In all cases 
they are re la tiv ely re sistant to e rosion and fo rm linea r 
ridges. Mo st of those vis ible a re more than 60 m wide and a t 
least 30 to 50 m high . Recogni t ion is improved when the su n 
e levation is very low so that the dyke is outlined by its 
shadow. Sills a re more diffi cult to recognize unless they a re 
inclined, a nd the refore, have cha rac te ri stics s imila r to dykes. 
lnc lined sil ls appea r on t he Coppermine (Fig . 1.4) a nd the 
Lakehead (Fig. 1.8 ) images . The Centra l Lab rador Trough 
image (Fig. 1. 3) conta ins spectacu la r examples of strongly 
folded gabb ro si !l s. 

Metamorphic Rocks 

Metamorphic rocks are widely distr ibuted in Canada. 
Although they a re best disp layed within the Canadian Shie ld 
they a lso underlie la rge a reas of the Cordi llera . The y are 
perhaps the most difficult of all rocks to recognize and to 
ana lyze, both fo r rock type and fo r structure. 

The inc reasi ng metamorphic g ra de of a rock seque nce, 
broadly speak ing, red uces the differences in the physical 
properties of the rock types, which in tu rn, causes them to 
have a more uniform resistance to e rosion. Whe re the 
mine ra l compositions of the various rock types a re simi la r, 
the soil a nd vegetat ion cove r are a lso more unifor m. 

Individual foliation planes or planes of sch istosity a re 
ra re ly, if eve r, recog nizable on Land sat imagery. Howeve r 
the regiona l fo liation direction is generally nearly pa ra lle l 
to any banding or sequence of lithologica l units that may be 
present. Differences in the resistance to erosion of a rock 
se ries re su lts in an a lte rnati on of ho llows and ridges which 
may be occupied by strea ms or by elongate Jakes. Whe re 
such a linea rit y is repeated across an area, it is reasonab le 
to infer that the reg ional foliation or schistosity is parallel 
to the macro-texture produced by ridges, st reams and Jakes. 
The eastern ha lf of the Wopm ay Fault image (Fi g. 1.12) shows 
a gneiss with a we JJ deve loped fo lia tion which is easily 
recognized because of the drainage a nd Jake patte rn. 

Complex fra c ture patterns, which a re mu lti-directional, 
inte rsec ting constantly, and commonly with recognizable 
offsets, are typical of the metamorphic rocks of the Shield. 
The western pa rt of the Wopm ay Fau lt image (Fig. 1.12) is 
underlain by massive granitic roc k with a weJJ developed 
complex fracture pa ttern cha rac teristic of th e western 
Precambrian Shield. Foliated rocks of the Churchill tectonic 
province are a lso recogni zable by their cha racter istic Jake 
pattern on the utak image (Fig. 1.10). In other parts of the 
Canadi a n Shield (e.g., the Central Labrador Trough Fig. 1. 3) 
the re a re a reas of Archean gneiss where directiona l textu res 
and fracture pa tte rns a re ha rdly a ppa re nt. 

Both the Frobishe r Bay (Fig. 4.4) and the Dubawnt Lake 
(Fig. 1.5) images inc lude exa mples of Jineated a nd 
nonli neated gra nitoid gneisses. 



Structures 

Folds 

Individual bedding planes in sedimentary rocks are 
rarely if ever visible because few are sufficiently exposed for 
the resolution of the Multispectral Scanner . Where folds in 
sedimentary rocks a re recognized it is because particular 
rock units have distinct reflectance, vegetat ion cover , or 
topographic form . 

In metamorphic rocks, individual fo li ation planes due to 
schistosity or to gneissosity are also not visible on the 
images . It is often possible to recognize ribbed or linear 
textures in metamorphic rocks representing discontinuous 
ridges in the topography parallel to the regional gneissosity 
or schistosity as recorded in fie ld observations . These ridges 
evidently have a rather greater resistance to erosion and are 
thus lithological in nature. F lexures or folding observed in 
such units may indicate a similar flexuring or folding of the 
foliation planes associated with the ridging . A fold must be 
about 0.5 km wide before it can be recognized with 
reasonable confidence. 

The Bathurst Is land image (Fig . 4.1) shows a series of 
sediments fo lded in two nearly orthogonal directions. The 
Belcher Islands - Richmond Gulf image (Fig . 1.1) pictures 
skeletal islands consisting of tightly folded plunging 
anticlines and synclines. Alternating sedim_ents and gabb ro 
sills in the Lab rador Trough image (Fig. 1.3) are folded and 
sheared in comple forms which differentia l weathering dis­
plays in great detail. Tight isoclinal folding gives a 
ribbed appearance to simi lar rocks of the Cape Smith image 
(Fig. 1.2) but only a few fold c losures can be seen here. More 
dome-like folds with doubly plunging axes are prominent 
within the Grenvillian rocks of the Lac Simard image 
(Fig. 1. 7). The Wop may Fault image (Fig. l. I 2) shows the 
refolding of foliated rocks. The largest single structure is 
the Ogilvie deflection, most of which is shown on the Ogilvie 
River image (Fig. 6.5) . This large open fold conta ins a wide 
variety of smaller fo ld struc tures, the most remarkable of 
which is the series of en echelon folds comprising the 
Taiga ranges. 

Fractures 

Fractures may be recognized on Landsat imagery by 
abrupt changes in the topography, lithology, drainage, 
vegetation, or land use patterns. In the great majority of 
cases, a fracture is indicated by a linear hollow which may or 
may not be occupied by a st ream or la ke. The hollow 
represents the differential erosion of rocks weakened by 
fracturing along a steeply dipping plane . 

Abrupt changes in rock type across a linear boundary 
may indicate a fault particular ly when str uctu ra l elements 
(bedding, fo lds) on opposing sides of the junction have a 
different orientation. Such features can be seen clearly in 
the folded sediments of the Bathurst Island image (Fig. 4.1) 
where offsets to lithological boundaries permit rough 
estimates to be made of the amount of horizontal movement 
along some fracture planes. 

The orientation and intensity of near vertica l fracturing 
within the rocks of the Canadi an Shie ld may be used in 
con junction with st ructural trend patterns to characterize 
the vari ous structu ral provinces. 

The complexity of a major fracture system in rocks of 
the Canadian Shield shows clear ly in the Wopmay Fault image 
(Fig. 1.1 2). A 10- 15 km wide zone of fractures occurs in 
basal Grenville rocks a long the line of the Grenville Front 
(Lac Simard image, Fig. 1.7). Low angle thrust fau lts are 
especially common in Cordilleran rocks but a re rarely 
recognized on sate llite imagery . Vertical thrust faults can be 

seen in amazing detail on the Central Labrador Trough image 
(Fig. 1.3) and somewhat less obviously on the Cape Smith 
image (Fig. 1.2). 

Both the Bylot Island (Fig. 4.3) and Frobisher Bay 
(Fig. 4.4) images are crossed by parallel steeply inclined 
faults separating horst and graben structures. 

In the Co rdil lera of Western Canada the most 
inte rest ing structures are the great trench fault systems 
which separate major structural units. Lateral movements of 
hundreds of kilometres have been reported for a number of 
these trenches. The Tintina trench as shown on the Ogilvie 
River image (Fig. 6.5), the Shakwak trench appears on the 
Fort St. John (Fig. 6.1) and Quesnel Lake (Fig. 6.7) images 
and the Fraser Fault system appears on the Lytton image 
(Fig. 6.3). 

Arcuate or circular structures appear on three images. 
By far the largest and the most striking is formed by 
the entire east coast of Hudson Bay (Belcher Islands -
Richmond Gulf image, Fig. 1.1). The Manicouagan image 
(Fig. 1.9) presents a fine example of a circular 
(or polygonaJ?) structu re whereas an oval-shaped feature also 
appears on the Hamilton Inlet image (Fig . 1.6). 

Glacial Features 

Most of the features which characterize a glacial 
landscape may be seen on MSS imagery. 

Two images show permanent ice fields with marginal 
valley glaciers. The Kluane Lake image (Fig. 6.2) shows the 
St. Elias mountain ice field which includes Mt. Logan, the 
highest peak in Canada. The Byam-Martin ice fie ld is 
portrayed on the Bylot Island (Fig. 4.3) image. Median, 
lateral and terminal moraines are clearly visible as well as 
numerous piedmont forms due to the coalescing of ice from 
two or more g laciers. 

The Lytton (Fig. 6.3) and Prince Rupert-Terrace 
(Fig. 6.6) images show the glaciated landscape of the Coast 
Mountains of British Columbia . In the latter image, some of 
the U-shaped val leys are f looded to form a fio rd coastline. In 
less mountainous terrain ice movement has produced a 
genera l deepening of the landscape as shown in the coastal 
lakes of the Western ewfoundland image (Fig. 2.3) and the 
broad open inlets of Bathurst Island (Fig. 4.1). In fairly 
flat terrain, a crag-and- tail landscape is produced, as 
illustrated by the Manicouagan image (Fig. 1.9) which a lso 
shows marked grooving in the andesi tes at the centre of the 
circu lar structure. 

Moraine deposits of all kinds are visible on many 
images. Several forms of hummocky ground moraine can be 
seen on the Brodeur Peninsula (Fig . 4.2), Dolphin and Union 
Strait (F ig. 5.1), Fort Providence (Fig. 5.2), Dubawnt Lake 
(Fig. 1.5) and Neepawa (Fig. 5.5) images. Ridging and 
drumlinoid features are illustrated on the Uranium City 
(Fig. 1.1 I), Frobisher (Fig . 4.4), Nutak (Fig . 1.10) and Coral 
Rapids (Fig. 3.1) images. Coppermine River image (Fig. 1.4) 
shows two sets of intersecting drumlinoid ridges as well as 
washboard moraines. The latte r feature also occurs on the 
Central Lab rador Trough image (Fig. 1.3). Eskers are visible 
on the Dubawnt Lake (Fig. 1.5) end the Coral Rapids 
(Fig . 3.1) images. 

There are two instances where a linear morainic topo­
graphy is present but cannot be recognized. Both of these 
images - Quesnel Lake (Fig. 6.7) a nd Medicine Hat 
(Fig. 5.4) - have a su n elevation of 45° or more. 
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Glacial lakebeds with spillways, meltwater channels and 
raised beaches, frequently at several elevations, can be seen 
on the Lakehead (Fig. J.8), Neepawa (Fig . 5.5), Fort 
Providence (Fig. 5.2), Wekusko Lake (Fig. 5.6), and Coral 
Rapids (Fig. 3.1) images. 

Surficial Features 

A wide variety of surficial features can be recognized 
on MSS-images with a high degree of confidence. 

Areas covered by alluvium commonly can be recognized 
by their flatness, smooth tones, generally with a more 
developed land use, by drainage characteristics, and by their 
shape and location. Thus the a lluvial flatlands of the 
Mackenzie Delta (Fig. 5.3) are recognized by their 
association with the mouth of a major river, by the large 
numbers of lakes and drainage channels, and by the 
appearance of a lush growth of vegetation . Alluvium derived 
from the reworking of glacial material can be seen on the 
Fort Providence image (Fig. 5.2). 

Sand plains have a distinctively high reflectance in all 
bands. They may be confused with fresh snow but are 
unlikely to be mistaken for older, compacted, snow or wet 
snow because of meltwater and drainage patterns which 
characterize the surface of older snow. Examples occur on 
the south shore of Lake Athabasca (Uranium City image, 
Fig . J.11) and adjacent to the coast on the Hami lton Inlet 
image (Fig. J.6). Beaches have similar reflectance char­
acteristics and are shown on the Uranium City, Hamilton 
Inlet, and Prince Edward Island images (Fig. 1.11, J.6, 
2.2, respectively). 

Saline lakes appear on the coloured Medicine Hat image 
(Fig. 5.4) with a distinctive pale blue co lour edged with 
white. The blue colour is due to suspended solids associated 
with the saline waters. 

Sediment plumes are visible on the Mackenzie Delta 
(Fig. 5.3) and south James Bay (Fig. 3.2) images. 

Few cu ltural features have a direct interest for the 
geo logist. It is a lways useful to be able to recognize a few 
of the more common features which might cause some 
confusion. One of these is the fire burn, especially typcial 
of images of the Shield. A burn usua ll y appears as an 
irregularly shaped patch commonly covering a n area of 
100 km 2 or more . Soon after a fire, the burned out areas are 
very dark on a ll bands. As a fresh growth of vegetation 
develops the burned area may appear brighter than its 
surroundings especially in bands 6 and 7. In a rea where forest 
fires are very common, whole images may consist of a ragged 
sutured mosaic of variously toned fire burns, each tone 
representing a different age of burn. Burns can be seen on 
the Fort Providence (Fig. 5.2), Wekusko Lake (Fig. 5.6) and 
Wopmay Lake (Fig . J.12) images. 

Areas where extensive Jogging operations are in 
progress may be recognized by the network of access roads 
and by the geometrically shaped areas of cleared forest . 

Most roads, many power Jines, piepJines, and cut 
seismic Jines cna be seen either because of the exposure of 
non-vegetated surfaces or because of the clearing of the 
vegetation cover along a linear track. 

Mineral Exploratim 

No mineral deposit has yet been discovered using MSS 
imagery alone. lt is most unlikely that one ever will be, 
because few orebodies at the surface of the ground are as 
large as a single resolution element. The best that can be 
hoped for is to find signs of secondary alteration, either the 
discolouration of exposed rocks and their weathered products 
or perhaps some distinctive change in the reflectance of the 
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vegetative cover that may be related to unusual concentra ­
tions of metallic elements in the soil. Satellite observations 
of either condition are rare, nonetheless Lyon (1975) found 
anomalous reflectance va lues in pine and juniper trees over 
soils with high molybdenum content, and Vincent (1973) 
desc ribed ferruginous haloes surrounding known deposits of 
sulphide in the well exposed near-desert environment of 
Wyoming. Ha loes of the kind occurring in hot desert a reas 
are not, of cou rse, fou nd in Canada. 

Despite the vast amount of wilderness in Canada, there 
are very few areas that have not been explored thoroughly 
for signs of surface mineralization. Most conventional forms 
of exploration are now directed to finding orebodies that do 
not appear a t the surface of the earth . Landsat MSS images 
may still have a significant role to play in this form of 
exploration. Jn the search fo r industrial minerals, MSS images 
have been used to help located areas underlain by limestone 
(Awald, 1974). However, it was not possible to judge the 
quality of the limestone, as this required the app li cation of 
more detai led methods. 

For coa l exploration, Landsat images may be used to 
delineate regional fracture patterns which may resu lt in 
understanding regional structures (Wier et al., 1973). Most 
coal mining areas are too well known for this imagery to 
provide much usefu l lithological information. Open pit mines 
larger than 10 acres (Wier et al., 1973) can be recognized on 
the imagery, so that the broad effects of coa l mining on the 
landscape can be monitored (Anderson and Schubert, 1976). 

For oil exploration, MSS imagery may be useful to 
separate basement rocks from sedimentary cover and to 
recognize structural units such as typica ll y large basins and 
domes within the sediments (Halbouty, 1976). These are best 
displayed where exposures are reasonably good or whe re a 
lithological unit has a distinctive vegetative cover. Linear 
structures may exert considerable control over the definition 
of a favourable environment (Collins, 1973; Erickson et al., 
1975). Such features commonly are visible even where cover 
material has been derived from elsewhere (Saunders et al., 
1973). Stud ies are most effective when information from a ll 
sou rces, geophysical and geological, a re used . Jn the Umiat 
district of northern Alaska, Lathram (1974) has used Landsat 
MSS imagery with geophysical and geological information to 
infer possible extensions to oil fields as well as the possible 
location of new ones. 

In the sea rch for base and precious metals, Landsat 
image ry may best be app lied to locate environments 
favourab le to mineralization. The Precambrian rocks of 
Ontario can be grouped into granitoid rocks, metavolcanics, 
metasediments and sediments. Bodies of massive sulphide, · 
gold, iron and nickel are concentrated in the metavolcanics 
whereas uranium, nickel-platinum and copper are found in the 
sedimentary and metasedimentary rocks . Each of these 
major environments can be recognized with a fair degree of 
confidence (Palabekiroglu, 1974). This confidence is 
improved substantially when other geophysical information, 
particularly aeromagnetic and possibly gamma radiation, is 
incorporated into the analysis. Many ore deposits are known 
to be related to fractures, either directly or indirectly 
(Abdel-Gowad and Sil verstein, 1973; Lathram, 1974; Offie ld, 
1976). Most of the ma jor regional fractures can be 
rerognized and plotted even when there is an overburden of 
glacial material or a heavy vegetative cover . 

For geothermal sources, MSS imagery has been used to 
locate areas deserving more detailed study, such as those 
showing signs of recent or active vo lcan ism comb ined with 
recent faulting (Lepley and Doss, 197 5) . Individual hot spots 
are rarely recognized although areas of warm ground may 
often be picked out from an image after a light snowfall, or 
in the case of Jakes, because of delayed freezing in fa ll, or 
ea rly thawing in spring (Reynolds and Wagner, 1975; 
Williams et al., 1973). 



SUMMARY 

Landsat MSS imagery is useful in a wide variety of ways 
which are considered under the following headings. 

The Regional Overview 

There has always been a need to visualize an entire 
wo rking a rea on a single image. Photo mosaics are rarely 
avai lable or adequate fo r this purpose. Using Landsat imagery 
it may be possible to see the relationship of geologica l 
features to the immediate region, to the geological province 
and even to the nation . With such material so readily 
available on a worldwide scale, there is no reason why major 
structu res shou ld not be traced across continents and 
between continents, in a way that was previously impossible. 
Access to this kind of information must lead to a broadening 
of views wi thin the geo logical community. This facility to 
see areas fa r greater than one is ever likely to be ab le to 
visit and study in detail wiJJ lead to the generation of ideas. 
Following up these ideas may require other more detai led 
sou rces of information. If Landsat is used only as a catalyst 
to stimu late the geological imagination it wil l have been 
successfu l. 

Environment Mapping 

MSS imagery may be usefully applied as a fi rst stage 
rapid mapping technique, most effective at scales of 
1:250 OOO or smaller, in areas where previous informa tion is 
sketchy or in situations where it is desired to extend an 
investigation from the known into the unknown 
(van der meer Mohr, 1974) . The possibility shou ld not be 
over looked that information may be recognized on satellite 
image ry that has not so far been recognized by field work or 
on ae ria l photographs (Lathram, 1974) . 

Satellite imagery is of greatest assistance in the 
mapping of broad regional structu res such as tectonic 
prov inces or domains (Viljoen and Viljoen, 1973) and in 
the delineation of regional fault and lineament patterns 
(Abdel-Gowad and Tubbesing, 1974; Werner, 197 5). The 
im agery has many applications associated with the mapping 
of topographic and surficial elements in the terrain. 
This may include the recognition of geomorphological units 
(Short and Lowman, 1973; Parry, 1976), g lacia l phenomena 
(I sachsen et al., 1973), and the ana lysis of drainage systems 
and of erosion p rocesses (Morri son and Hallbe rg, 1973). 
There is a particu larly valid a ppli cation assoc iated with the 
study of dynamic processes like sediment plumes 
(Bukata et a l., 1974 ), the movement of sediment in coastal 
waters (Williams, 1973), and even the a nalysis of areas 
sub ject to landslides (Gagnon, 1974) or to earthquakes 
(Gedney and Van Wormer, 1973; O'Leary and Simpson, 1976). 

Rock units with similar topographic or weathering 
character istics may be recognized by a particular texture or 
pattern produced on the image when such rocks under lie 
seve ral hundred squa re kilometres. Recognition of rock types 
by their spectra l reflectance aione is not a particularly 
promisi ng techn ique in Canada at present. 

La ndsat imagery can be used for the ed iting and 
revision of maps (Short and Lowman, 1974). With the he lp of 
imagery it may be possible to add much structura l 
in fo rmation, revise the position of some lithological 
boundar ies, and perhaps confirm the existence of features 
only suspected or half-recognized from field work. 

Mineral E;rploration 

MSS images may help locate environments favourable 
for further exploration particularly when these are linked to 
an analysis of other geophysical, geochemical, and geological 
data. They may also help improve established metallogenic 
concepts and exploration hypotheses or help to develop new 
ones. They may also help monitor the envi ronment 
associated with mining developments and provide logistica l 
information for planning field operations. The latter may 
consist of information about the advance and retreat of the 
snow line, knowledge of lake thaw and freezing and the 
locat ion and movement of ice in arctic waters. 

Photomaps and Educational Material 

Enlarged MSS prints or mosaics, may be used as 
photomap underlays to geological or geophysical data at 
sca les up to l :250 OOO. 

MSS imagery provides an excellent portrayal of the 
ground surface with more detail than can be found on any 
topographic map. Such images re present a very valuable a id 
to the teaching of geomorphology, and st ructu ra l and regional 
geology. 

ORDERING IMAGES 

When ordering prints or transpare ncies, the first, and 
biggest, step is to find the identification number for an image 
that most closely meets one's requirements. This may be 
done through a telephone call or a letter, requesting a 
computer search, to the Canada Centre for Remote Sensing 
in Ottawa, or to one of the sate llite receiving stations , 
preferably the one at which the data were received. Search 
requests should include information about the location of the 
area of interest (by latitude and longitude or by orbit path 
and row number), the time of year, and the upper limit of 
c loud cover that is acceptable (2% cloud = l sq. inch = 
7 cm 2

) . 

Paper prints and transparencies (monochrome and 
co lour), microfiche and Computer Compatible Tapes may be 
ordered from: 

Prince Albert Satellite 
Receiving Station, 

P.O. Box 1150, Prince Albert, 
Saskatchewan, S6V 5S7 

Phone: (306)764 -3636 (-3602) 
Te lex: 084-2942 

Shoe Cove Satellite 
Receiving Station, 

P .O. Box 160, Pouch Cove, 
Newfoundland, AOA 3LO 

Phone: (7 09)335-2831 
Telex: 061-4:)71 

Canada Centre for Remote Sensing 
2464 Sheffield Road, 
Ottawa, Ontario, KlA OY7 

Phone: (613)993-0121 
Telex: 053-3777 
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Price listings are also availab le at th se locations. 

Landsat MSS mosaics of Canada at sca les of 
l: 10 million, l :5 million and l :2.5 million can be ordered 
from : 

National Air Photo Library, 
615 Booth Street, 
Ottawa, Ontario Kl A OE8 

Telephone: (613) 995-4560 

The Canada Centre for Remote Sensing maintains 
browse files of Canadian MSS images, both in colour and 
black and white, complete microfiche records, and a 
compu t er file of all availab le MSS images. lndex maps 
showing the location of image centres, image li stings and 
information bulletins are also published periodically . 

All 3 U.S. Ground Receiving Stations include parts of 
Canada in their reception areas. Imagery of the Yukon, 
southe rn British Columbia and Alberta, the Maritimes and 
southern parts of Quebec and Ontario can be obtained from: 

EROS Data Centre, 
Sioux Falls, 
South Dakota, 57198 
U.S.A . 

Telephone : (605) 594-6511 
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1.1 BEL CHER ISL AN DS - RICHMOND GULF 

G.D. Jackson 

Part of the east coast of Hudson Bay 
forms a near-perfect a rc, the centre of 
curvature of which l ies immediately west of 
the North Belcher Islands (Fig. 1.1, l.lA). The 
contact between Archean gneisses to the east 
and Aphebian strata to the west deviates little 
from this arc except at Richmond Gulf. 

Aphebian sedimentary and volcanic rocks 
on the low-lying Belcher Islands have been folded 
accordian-like into a series of doubly-plunging, 
arcuate, open synclines and closed anticlines 
(Fig . l . l B). Differential weathering and 
submergence has produced a striking sinuous 
pattern . The cent res of curvature of the axial 
plane tr aces and the east coast arc 
subparallel, and their centres 
of curvature are aligned 
roughly along an east-west 
line . Belcher Island folds are 
part of the S-shaped Belcher 
Fold Belt that extends from 
west of James Bay northward 
to the Ottawa Islands and 
Cape Smith. Intensity of 
fo lding appears to decrease 
eastward from the Fold Belt 
toward the east coast of 
Hudson Bay . 

Several hypotheses have 
been postulated for the origin 
of Hudson Bay and/or the east 
coast arc, none of which need 
be mutually exclusive . It is 
interesting to note that little 
mention has been made of the 
much larger, and nearly as 
perfect, a rc outlined by the 
northwest coast of Hudson 
Bay and the Paleozoic-
Precambr ian bou ndary on 
Southampton Island and south­
west on Hudson Bay. The 
main hypotheses are: 

1. The east coast arc ref 1 ec ts 

BELCHER ISLANDS . N.W.T. 

MG -1253 
PH OTO TAKE N 1973 
UNCONT ROLL ED MOS AIC 
M 1 103 /3 5 6 . 89 , 93 . I 09. 125 , 14 1, 157 . 
M 11 04 / 507 6, M 11 SO 503 / 6 
MAP SHEETS 21 44 , 21 45, 2180 , 2 181 
N. A.P.L RE PRO DUCT I ON CEN TRE 
ENER GY . MIN ES ' R£S OUR CES 

arcuate faulting accompa- Figure 1.1 
nied by westward ti lting of 
Aphebian sediments . The 
The main fault extends paralle l to the coast several mi les 
inland with paral le l faults into the water, perhaps for 
example between the Nastapoka and Hopewe ll islands 
and the mainland. The faulting may be re lated to the for­
mation of t he Belcher Fold Belt, or may be much younger . 
In either case the latest movement might be Tertiary . 

2. The arc is a relict from the impact of a huge meteorite 
prior to the deposition of the Aphebian sediments and 
volcanics . 

3. Hudson Bay is the former site of Precambrian 
plume activity. 

4. Hudson Bay as a who le, or only its eastern arc, represents 
a line of junction of two pieces of continental crust along 
a line of former island a rcs through the Bay. 

Whatever the origin of Hudson Bay and the east coast 
a rc, the present configuration is probably re lated to arcuate 
faulting that was initiated during or after deformation of 
Aphebian rocks to form the Belcher Fold Be lt. 

22 

.• 

References 

Beals, C .S. , (ed.) 
1968: Science, His t ory and Hudson Bay; Department of 

Energy, Mi nes and Resources, Ottawa, 2 volumes . 

Be ll, R . 
1879: Repor t on an exploration of the east 

Hudson' s Bay; Geolog ical Survey of 
Repor t of Progress, 1877-78, p. 1C-37C. 

Dimroth, E., Baragar, W.R.A ., Bergeron, R ., and 
Jackson, G.D. 

coast of 
Canada, 

1970: The filli ng of the Circum-Ungava Geosyncline; in 
Symposium on Basins and Geosynclines of the 
Canadian Shield, Geological Su rvey of Canada, 
Paper 70 -40, p. 45 - 142. 

_, 



\ 
\ 

JAMES BAY 
GSC 

Approximate boundary between Archea n gneisses 
and Aphebian sedimentary and volcanic roc ks .... .. ... •.... . . 

Syncline (di rection of plunge s hown) . . .... . .... . . • .....•.... ~ 

Ant icline (direct i on of plunge shown ) .. .. .. .. ... ....•.. • .... ~ 

Ce ntres of curva ture of axial planes 
approximate l y along this li ne . . .... . ........•... . ..... .... . . ~A--~ 

Figure l.lA 

Eade, K.E. 
1966 : Fort George Ri ver and Ka niapiskan Ri ver 

(west-half) map-areas, New Quebec; Geological 
Survey of Canada, Memoir 339, 84 p. 

Goodwin, A.M. 
1974 : Preca mbrian belts , p lumes, 

deve lopment; Ameri can Journal 
v. 274, p. 987-1028 . 

Hood, P.J. (ed.) 

and 
of 

sh ield 
Science, 

1969: Earth science sy mpos ium on Hudson Bay ; 
Geological Survey of Canada, Paper 68 - 53 , 386 p. 

J ackson, G.D. 
1960 : Belcher Island s, Northwest Territories; Geologica l 

Survey of Canada, Pape r 60- 20, 13 p. 

Kra nck , E.H. 
1951 : On the geo logy of the east c oa st of Hudson Bay 

and Ja mes Bay; Acta Geog ra phica, v. 11, no. 2, 
71 p. 

Lee, S.M . 
1965 : 

Le ith, C. K. 

Innu ss uaq - Pointe Normand a rea, New Quebec ; 
Quebec Department of Nat ura l Re sou rces, 
Geo logical Report 11 9, 134 p. 

1910: An Algonkia n basin in Hudson Bay - a compar ison 
with the Lake Supe ri or Basin; Bullet in of 
Economic Geology, v. 5, p. 227 -246 . 

Low, A.P. 
l 930a: Report on an exp I oration of t he east coast of 

Hud son Bay from Cape Wol stenholme to the south 
end of James Bay ; Geological Su rvey of Canada, 
Annual Report fo r 1900, v. 13 , p. l D-84D. 

9 

8 

9 

19 [\ I 
8 I~) 1 

8 

\1>2 
I 
j7 

J 
2 

I 7 

I 9~ 9 a)s 
al 

8 

7 
7 

I 
8 

8 
~ 

9 
7 

8 8 

8 
8 

8 

APHEB IAN 

Greywacke , a rgi 11 ite , tu ff, 
arkcse , quar tzite , co nglomerate 

Basalt, tuff, agg l omerate , 
feldspar porphyry , breccia 

Dolomite , quartzite , 
conglomerate , arkose , s late, 
li mestone , tu ff , iron-formation 

Basalt, tuff, brecc i a 

Do lomite, lumpy - be dded 
l imesto ne and dolomite, 
argillite, s late, quartzite , 
sa nd s tone, arkose 

Basal t, tu ff , agg l omerate , 
feldspar porphyry, quart z 
lati te, arkose, iron-format ion 

Dolomite , lime s tone, qua rt zite , 
tuf f, argill ite 

Figure 1.1 B 

9 

BELCHER 
ISLANDS 

9 

9 

9 

GSC 

[2J Undivided 
3 , 6 ; 5 ls 
absent 

8 Undivided 
1- 3 

23 



Low, A.P. (cont.) 
l 930b: Report on the geology and physical character of 

the Nastapolia Islands, Hudson Bay; Geological 
Survey of Canada Annual Report for 1900, 
p. I DD-31DD. 

Moore, E.S. 
1918: The iron - formation on Belcher Islands, Hudson 

Bay, with special reference to its origin and its 
associated algal limestones; Journal of Geology, 
v. 26, p. 412-438. 

Stevenson, J.M . 
1968: A geological reconnaissance of Leaf River map-

area, ew Quebec and orthwest Territories; 
Geological Survey of Canada Memoir 356, 112 p. 

Woodcock, J.R. 
1960: Geology of the Richmond Gulf area, New Quebec; 

Proceedings of the Geo logical Association of 
Canada, v. 12, p . 21-39. 

Young, G.A. 
1922: Iron-bearing rocks of Belcher Islands, Hudson Bay; 

Geological Survey of Canada, Summary Report 
for 1921, p. IE-61E. 

1.2 CAPE SMITH 

F.C . Taylor 

The Cape Smith Fold Belt wh ich crosses the 
cent re of Figure 1.2 is a part of the Circum­
Ungava Geosyncline. The Fold Belt and the rocks 
to the north belong to the Churchill Structural 
Province (Fig . l. 2A). The area to the south of the 
Fold Belt is underlain by rocks of the Superior 
Structu ral Province. The boundary between the 
two provinces is partly a fau lt and partly an 
unconformity. Although the boundary is clearly 
recog ni zable on the image, it is rarel y possib le to 
distinguish fau lted sections from sections whe re 
there is an unconformity. 

In the Superior Province, rocks of Archean 
age ( ± 2600 Ma) have a prominent northerly trend. 
An area of massive to poorly foliated granitic 
rocks, loca ted about 25 km northeast of the mouth 
of the Sorehead River, can be recognized on the 
image by a grid pattern of fractures . Thi s region 
also has pa ler g rey tones which are presumed to 
represent differences in the vegetation cover . 

Church ill Province is divisible into two parts, 
the Cape mith Fold Belt adjoining the Archean 
rocks and an a rea of gneisses north of the fo ld 
belt. The fo ld belt is largely composed of basic 
volcanic rocks with a few intercalated sedimentary 
hor izons . Many of the subparallel valleys, which 
give the area its distinctive texture, a re formed in 
the most easily eroded sedimentary rocks . There 
are a number of strike fau lts within the Cape 
Smith Fold Belt, the most prominent of which can 
be recognized by the convergence of valley linears . 

CHURCHILL PRoVTNcr 

The northeastern quadrant of the image repre sents 
an area la rgely underlain by amphiboli te derived 
from volcanics . The grey tone of the amphibolite 

Figure 1.2 GSC 

and of the volcanics is dis-tinct ly darker than that of the 
paragneiss and granitic gneisses to the we st and the nor th . The 
contact between the Cape Smith Fold Belt and the gne issic 
terrane to the north is known from fie ld work to be a 
gradational one and cannot be recogni zed on the image . The 
structu re of the gneisses and amphibolite has been described 
by field geologists as "chaotic". 

Even a brief study of the image does suggest a) the 
presence of a series of dome-like structures adjacent to the 
fold belt, and b) the regional trends of the fold belt and the 
feldspathi c gneiss a re essentially paralle l. 
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A granodiorite stock south of Kettlestone Bay is 
difficu lt to recognize by reflec tance alone. Superficial 
geology landforms that are prominent both on the ground and 
on 1 :60 OOO scale airphotos cannot be seen at all. 
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1.3 THE CENTRAL LABRADOR TROUGH 

W.R .A. Baragar 

The image (Fig. 1.3) captu res a segment of the 
Labrador Trough . The trough deposits - the Ka niapiskau 
Supergroup - rest unconformably upon a n Archean basement 
of gra nitic rocks (unit l) on its southwestward side and merge 
into a complex assemblage of high-grade granite and 
paragneiss (unit 8) on its northeastern side (Fig . l.3A). In 
this distance the grade of metamorphism increases from sub­
greenschist to granu lite fac ies . The re lationships a re well 
shown on the image, where on the southwest, the corrugated 
topograph y of the trough abuts the smooth, massive surface 
of the gra nitic basement, and on the northeast, interfingers 
with a wea kly foliated terrane. 

Within the trough, the Kaniapiskau rocks a re presented 
in a succession of thrust slices which a re readily 
distinguisha ble in the image. The west ernmost slice, whic h is 
c omposed ent irely of sedimenta ry rocks (unit 2) - greywacke, 
shale, dolomite, qua rtzite, a nd iron formation - has in 
general, a finely laminated texture, in places so fine as to 
appear almost massive. This is succeeded eastward by fault 
slices dominated by closely-spaced gabbro sill s and inter­
layered sediments (unit 5). These impart to the region a 
beautiful cor ru gated topography that emphasizes the under­
lying structure. Note particularly the interlacing folds 
traced by gabbros si lls northwest of Attikamagen Lake . The 
third major thrust fault, northeastward from the boundary of 
the trough, is an obvious decoJlement; southwestwa rd­
plunging folds of high ampli tude in the overlying strata 
"bottom-out" a long this surface. This and the easternmost 
fault are high-angle thrust faults which accounts for their 
linear trac e on the image. The slice e nclosed by the two 
fault s is predominantly volcanic ; pyroclastic rocks (unit 3) 
and pillowed a nd massive basalts (unit 4) separated by a shaly 
formation profusely intruded by mafic a nd ultramafi c si lls 
(unit 6). Unit 6, e tched in marked relief by erosion, traces 
out the fold pattern with remarkable clarity. The lavas a re 
more massive but sti ll unmistakably st ratified . The eastern­
most fault marks the l im it of what is generally call ed the 
Labrador Trough . Eastward the schist s and gneisses (unit 7a) 
a re not ma rkedly foliated on the image except for the band 
of paragneiss (unit 7b) at the eastern limit of readi ly 
rec ogni zable Kaniapiskau st ra t a . 

The most notable glacial deposits visib le on the image 
are the washboard moraines evident as fine chatter marks in 
the northern part of the image. 
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1.4 COPPERMINE RIVER 

W.R.A . Baragar 

All the major geological divisions of the region are 
c learly distinguishable on the mosaic (Fig. 1.4). The Epworth 
Group and the late Aphebian granites, feldspar porphyries, 
and metamorphic rocks a re each cha rac terized by distinctive 
landscape textures; the former by pronounced, northwesterly 
trending lineations and the latter by a vaguely bu lbous, 
dimpled surface (Fig. J.4A). They are separated by the 
Muskox Intrusion which is not distinguishable on the image. 

The Hornby Bay Group is marked by a smoothly 
textured land surface of few lakes and the Dismal Lakes 
Group by its lighter tone . The finely corrugated la ndscape 
presented by the plateau basaltic sequence of the 
Coppermine River Group can be seen on the image. It forms 
an open, gently northward-plunging trough that is truncated 
by the unconformably overly ing Rae Group . Major faulting 
which offsets the Coppermine River a nd ear lier uni ts does 
not penetrate the Rae Group and so can be assu med to be 
earlier . On aerial photogrpahs the Coronation Sills which 
pervade the Rae Group have a marked expression and give it 
a distinctive appearance which appears to be lacking on the 
Landsat image. Here the si ll s are exp ressed c hiefly by the 
islands in Coronation Gulf. The essentially flat- lying 
Paleozoic dolomite like other dolomites of the region is li gh t 
in colour but any surface disti nctions it may have a re 
obscu red by glacia l deposits. 

Glac ial markings and deposits are notab le in three 
places on the image; within the Paleozoic dolomite, at the 
western end of the Coppermine River a nd Rae groups, and a t 
the eastern end of the Coppermine River g roup. They a re 
mostly drumlinoid ridges and flutings but several end 
moraines can be seen west of the west end of Coronation 
Gulf. The interference pattern in the drumlinoid ridges just 
north of the west end of Coronation Gulf is presumed to be 
due to the super imposed ice-flow directions. 
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1.5 DUBAWNT LAKE 

K.E. Eade 

The image (Fig . 1. 5) lies in the central part 
of the Churchill Structural Province in the 
districts of Mackenzie and Keewatin. For most of 
the area south of 63°N, geological ground control 
is minimal, being limited to observations made on 
geological reconnaissance su rveys (Wright, I 967) . 
North of latitude 63°, additional data are 
available (Donaldson, I 969). 

Geological features visible on the image add 
little to our geological knowledge of the region. 
The major feature of the image is the contact of 
the Dubawnt Group sedimentary rocks (chiefly 
sandstone) and the underlying rocks of the 
Hudsonian orogen . The contact is in places 
obvious but elsewhere is diffuse, particularly on 
the south and east. Eastward glacial transport of 
large amounts of the easily-eroded sandstone is 
responsible for the apparent displacement of the 
contact as seen on the image, from its known 
position. The southern part of the contact is 
obscure both on the image and on the ground due 
to heavy glacial cover . 

Certain features other than the Dubawnt 
Group can be recognized. North of Carey ·Lake, 
Wright (I 967) described the Carey Lake complex, 
the southwestern third consisting of syenites, 
granites and gabbroic rocks and the remainder, 
coarse grained granite. The pluton is visible, and 
the contacts of the comp lex can be slightly 
modified from those of Wright by interpretation 
of the image. Arcuate lineaments within the 
pluton, visible on the image, suggest sheeting or 
banding within the coarse grained granite. Small 
granite plutons east of Mosquito Lake and west of 
Dubawnt Lake are visible on the image a lthough Figure 1-S 
they are not obvious. 

On the published geological map, most of the basement 
rocks are undivided granitic gneiss . In the easte rn part of 
the image some differences are apparent in the basement 
rocks and, using the original field data, contacts between 
more massive granite and granitic gneiss have bee n 
interpreted on the overlay . Two faults have also been 
interpreted southwest of Carey Lake. The more northerly 
fault is based on limited field evidence as well as the image. 
No ground control is available in the area of the southe rn 
fault but aeromagnetic data (not available when the field 
work was done) does support this interpretation. 

30 

In the lower left corner of the image, two small plutons 
of granite, within the granitic gneiss terrane, have been 
recognized. There are very limited field data to support this 
interpretation. 

Eskers, all mapped previously by Wright, are prominent. 
In the lower right corner of the image an area of peculiar 
texture has been outlined. Ground observations suggest this 
is due to hummocky, boulder-rich, moraine . 
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1.6 HAMIL TON INLET 

J.M . Stevenson 

The most recent GSC maps of the Ha milton Inlet area 
were published by Eade (1962) and Stevenson (1970). 

Northeast-striking st ructu ra l trend of gne isses of 
Grenville age in the north half of the a rea is particularly 
evident Fig. 1.6, l.6A. Ground examination indicated that 
evidence of this trend has been accentua ted by glacial action. 
Massive granitic rocks of Benedict Mountains are readily 
apparent. Traces of a large oval structu re of unknown or igin 
may be seen northwest of Jeanette Bay. The sinuous gabbro 
dyke which trends in an east direction north of Groswater 
Bay for some 40 km is particularly obvious. 

The greater part of the southern half of the Landsat 
image area is under Jain by a complex of massive basic rocks 
that form the Mealy Mountains. This region has been 
extensively faulted, and one of the most prominent fault 
traces may be readi ly seen extending southeast in a gent le 
cu rve from the south shore of Lake Melvi ll e. The light 
coloured area between Labrador Sea and the east end of Lake 
Melville is a vast sand plain wh ich forms ex tensive beaches 
on either s ide of Cape Porcupine. 

In general, the Landsat image of t his region shows only 
gross struc tura l a nd morpho logical fea tures. For pu rposes of 
geological mapping, standard l inch to l /2 mile ai rphotos 
provide considerably more detail t han does Landsat image ry. 
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1.7 LAC SIMARD (ONTARIO AND QUEBEC) 

A.J . Bae r 1 

Two st ructura l provinces are 
represented on this image, the Superior in 
the northwest and the Grenville in the 
southeast . The Grenville Front is made 
prominent by the contrast in topography 
between the Pleistocene cover of the 
Superior Province and the rocky hills of the 
Grenville Province. Gneissosity, foliation, 
and fractures stand out, in as much as 
lakes, swamps or valleys follow them. 
Structures and lithological contrasts that 
are not morphologically recognizable 
cannot be seen. 

There is a strong corre lation between 
the fold pattern, as seen on the Landsat 
image and the ae romagnetic pattern of the 
rocks from this area, as seen on 
l :250 OOO map sheets, suggesting that 
large -sca le contrasts in bedrock lithology 
are in fact reflected in the topography . 

The major structural features of the 
Grenville Province are clearly vis ible on 
Figure 1.7. In the southeast corner of the 
image, there are several major fo ld 
systems with a southeast trend. The folds 
are isoc linal and have sha rp fold hinges 
which stand out c learly. Closer to the 
Grenville Front lies a zone whic h appea rs • 
large ly devoid of structural features . Th is 
zone correlates broadly with the 
aeromagnetic low shown on the 

GSC 

Aeromagnetic Map of Canada (Map 1255A). 
The strong northeast-t rending fractures 
associated with the Grenville Front itself 
show up well, particularly in the 
northeastern corner of the image. Finally, 
the a rea unde rlain by the Superior Province 
appears to be almost totally lacking in 
major structural elements and/or 
contrasting rock types. 

Grenville fro nt ............................. . ........ /--...._/ 
Granit i c rocks . . .................... . ..... ... .. ....... .... . .... . .. g 

The distribution of major geo logica l 
units in both the Superior Province and the 
Grenville Province are shown on 
Figure 1.7 A. They are taken from a com-

Vo l canic rocks .............. . . .......... . ....... .. ....... . .... . ... v 
All unlabeled rocks north of the Grenvi ll e Front are metased iments . 
Rocks south of th e Front are gnei sses and granitic rocks. 

pilation of a geology map (scale Figure 1.7 
l:lmillion) by Baeretal., 1977. This 
compilation was prepared without the benefit of Landsat 
imagery. Comparison with the image shows how much of the 
geology and the structure is visible from the air in the 
Grenville Province, and how little in the Superior Provi nce . 
This may in a sense reflect the different grades of 
metamorphism, as high-grade gneisses resist weathering 
better than low-grade rocks. 

Among observab le features of lesser inte rest to 
geo logists are the logged-out areas and areas of exposed 
rock , both of which a re shown as a white or c ream colour, 
and muddy water, which appears as a red-brown colour in 
some of the larger shallow lakes in the no rthwestern part of 
the image. mall, high contrast objects such as log-booms on 
the Ottawa River, are recognizable, as well as most of the 
towns, villages and railway lines. 

1 Present address: 

Geology Department 
Univ ersi t y of Ottawa 
Ottawa, Ontario 
KlN 6N5 
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1.8 LAKEHEAD AREA OF NORTHERN ONTARIO 

M.J. Frarey 

The image cove rs 
Ontario including the 
together with a small 
United States. 

the lakehead a rea of 
city of Thu nde r Bay 
pa rt of the ad jacent 

Three major geo logical terranes of different 
cha racter and age can be distinguished on the 
image (Fig . 1.8, l. 8A). Area A, compris ing most 
of the image, is underlain by a complex of 
migmatite, granite, sediments and volcanic rocks, 
a ll of Archean age deposited prior to 2560 Ma 
ago. The image shows conspicuous faults cutting 
the Archean rocks, as we ll as the general east- to 
east -northeast-trending st ructu ral grain. 

Area B is under lain by sed ime nta ry rocks of 
the Animikie Group, which were deposited 
between 2560 a nd 1800 Ma ago, a nd lie with great 
unconformity on the Archea n rocks to the 
northwest. The cont act between the Archean and 
the Animikie is in part obscured sou th west of 
Thunde r Bay by glac ia l lake deposits which are 
large ly cu ltivated and are well-marked on the 
image. The Animikie sediments a re re lative ly 
susceptible to e ro sion, and their structu ral and 
stratig raphic features are not we ll-shown. 
Clear ly show n because of their topographic re lief 
a re c lusters of diabase sheets and dykes near the 
southe rn edge of Area B. These inc lude the well­
known Logan si ll s. 

Geological contact. . .. ... . .... .... ...... . .. . . / - ' · · 
Structural trend ........ . .. . .. .. ...... .. .... . - --
Stratification ............................... - -
Fault. ...... . .......... ... ...... . ..... ... .... rvvv rvvv 

Dykes and sheets ............................. - -

Area C comp ris es sedimentary rocks of the 
Sib ley Formation, volcanic rocks of t he overlying 
Os ler Formation, and you nger diabase masses of 
the Logan diabase group, all of He lik ian age. 
Tre nds of Sib ley sedimen tary rocks and Osle r 
volcanic flows are shown with remarkable clarity, 
the former on the Sib ley Pe nin su la, and the latter 
on the peninsu la to the northeast and on Isle 
Royale. The southern margin of the great Logan 
diabase that su rround s Lake Nipigon is c learl y 
show n for a distance of some 30 km nea r the 
northern edge of the image. Figure 1.8 
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1.9 

This spec tacular feature, more than 60 km 
in diameter, is centrally located in the Grenvil le 
Geological Province of the Canadian Shield 
(F ig . 1.9). The great ring of water occupies the 
site of two former narrow, crescent lakes, 
Manicouagan and Mushalagan, that were f looded 
in 1964 following the construc tion of Manic 5, a 
Quebec-Hydro dam . 

The r ing of lakes is deeply incised (possibly 
below sea level in places) in structu rally a nd ,/ 
lithologicall y complex Precambrian Grenvi ll e­
type gneisses, intru sives, crysta lline limestone, 
quartzite and amphibolite (Fig . l.9A) . Remnants 
of crumpled Middle Ordovic ian sedimentary rocks 
rest unconformably on the eroded surface of the 
Precambrian rocks . The interior of the ring is 
occupied ma in ly by andesi tic roc ks of probab le 
Mesozoic (Triassic) age, that form a plateau 
around an elevated co re of older, anorthositic 
rocks . The 'crag and tai l' appearance of the 
landscape and the prominent groovi ng of the 
andesites withi n the circular lake are the result 
of ice movement from north to south . 

Manicouagan has been variously desc ribed as 
an impact crater and as a resurgent caldera. 
More complex histories have also been proposed. 
Shock textures of extra-te rrestrial origin have 
been fou nd in the area . However the str uctu re is 
not truly ri ng-shaped but appears to be controlled 
by fractu re systems which trend northeast and 
northwest . This same fracture pattern domina tes 
the whole region. The presence of volcanic and 
ul trabasic intrusions in this structural 
envi ronment is also str ict ly 'norm al ' for the 
Canadian Shield . 

MANICOUAGAN 

E.R. Rose 

Anorthos ite ............ An 
Andesite volcan1cs .. ... Vc 

Two other major ci rcular (polygonal) 
structures can be seen adjacent to Manicouagan 
(I, fl) but ve ry litt le is known about either 
of them. 

Rock boundary .....•.... ,---'-./ 
Boundary a long fracture .. -c-
Beddi ng .... . .............•. / 

Figure 1.9 
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1.10 

This image covers a section of the Nain-
Churchill Str uctural P rovince boundary in 
northern Labrador (Fig . 1.10, l.lOA ). The 
boundar y is obscu red by an int r usion of 
a northosite and adamellite except at t he uppe r 
centre, where it can be recognized as a change 
from a linear topographic pattern in the C hurc hi ll 
province to a more massive pattern in the Nain 
province . 

The rocks of the Nain province, chief ly 
migmatites, have a general nort her ly t re nd but 
this show s only south of Snyder Bay and in most 
places c annot be distinguished from t he 
a northosite-adamell ite intrusive rocks. The rocks 
of the Chu rchill province a re chiefly we ll - layered 
granulite, garnet-qua rtz-feldspar gneiss, a nd 
migmat i te. The gneissosi t y and fold structures in 
these roc ks are well displayed . In gene ra l, 
Church i 11 rocks appear darker g rey on the image . 
The a northosite and adamell ite cannot be 
d istinguished from one a nother but the contact 
between the adamel lite a nd layered rocks of the 
C hurchill province shows qui t e we ll. The 
Kiglapait pluton, a gabbro- t roctol ite layered 
intrusion, is visible on the right . The contac t 
between this pluton and the Archean migmati t e is 
readi ly identified by t he textural con trast . 

The great east-tr e nding va ll eys on the lowe r 
edge of the image a re post- adame ll i te faul ts , 
probab ly of a hinge type, with the axis of ro tation 
under the cloud cover at the lower left . East­
no rt heast-trendi ng dr um lino id ridges in t he lower 
cent re are indicative of the easterly f low in t hi s 
reg ion . 
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1.11 URANIUM CITY, SASKATCHEWAN 

The image (Fig. 1.11, l.llA) shows four 
distinct domains . 

Domain 1, south of Lake A thabasca, 
corresponds to the Athabasca Formation. This 
domain differs from the other three by the 
appa rent scarcity of rock exposu res, and by the 
glacial flutings, characteristic of drift near the 
ice terminal. 

The other three domains occur north of 
Lake A thabasca. 

Domain 2 follows the north shore of the lake 
a nd extends northward in an irregular fashion. lt 
represents a mobile belt, as its rocks are intensely 
deformed a nd much dissected. Much contortion 
and fracturing c haracterizes this domain. In the 
south, the rocks are typically heterogeneous, 
becoming more homogeneous towards the north. 
This change corresponds to a gradual increase in 
the intensity of metamorphism and granitization 
approaching domains 3 and 4. Several major 
fractures can be traced which co rrespond to 
known maJor faults of the area. However, the 
St . Louis Fault, which has some economic 
significance does not show a t all clearly on 
the image. 

Domai ns 3 and 4 lie north of domain 2. In 
general, they are mo re homogeneous and massive 
looking . Their appearance suggest s stable blocks . 
They a re either gneiss, dome like, or intrusive 
bodies. Fracturing is also a common feature, but 
not as striki ng as in domain 2. The fractures 
resemble joints in massive homogeneous bodies. 
They a re more regula r in trend and form sets. 

Economical! y this area is known for its 
uranium minerali zation whose occurrences are 
known to occur mainly in the area of domain 2. 

The boundaries of domains 2, 3, and 4 do not 
correspond exactly to those shown on the 
geological and tectonic maps of Canada. 
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1.12 WOPMA Y FAULT SYSTEM 

John McGlynn 

The Wopmay fau lt system sepa ra tes two very distinct 
geo logical environments in the Bear Struc tura l Province, a nd 
is the dominant featu re of this image (Fi g. 1.12). The fau lt 
system trends in a northerly to east of northerly direc tion 
separating rocks of the Hepburn Metamorphic-Plutonic Belt 
east of the fau lt from the Great Bear Batholith, west of the 
fault . These two belts a re major tectonic units of the Bear 
Structural Province. 

The fault system itself is expressed as a narrow, linear 
featu re . Within this zone are sedimentary a nd volcanic rocks 
of the Aphebian Snare Group tha t a re in fau lt contact with, 
or overlain unconformably by, younger sedimen t ary a nd 
volcanic rocks of t he Great Bear Batholith. The Snare st ra t a 
a re cut and metamorphosed by g ra nodiorites which do not 
int rude the you nger strata. 
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East of the fault zone in the Hepbu rn complex are 
gneisses and migmatites intruded by massive granodiorites 
a nd quartz monzonites. The gneissic structu res can be seen 
in the image. The obvious fo ld structures a re second fo lds 
that refold olde r folds in the co mplexly deformed gneisses. 
We st of the fault zone a re massive g ranodiorites, qua rtz 
monzonites and granites, and associated intermedia te to 
ac idic subaerial volcanic rocks of the Great Bear Batholith. 
Major structu res to be seen in these rocks are northeast­
trending linea rs, so me of which a re known to be late faults 
which die out as they a pproach the Wopmay fau lt. 
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2.1 BATHURST, NEW BRUNSWICK 

W.H. Poole 

This image (Fig. 2.1) of northwestern New Brunswick 
represents an area of sediments, volcanics and granitoid 
rocks of Pa leozoic age (Fig. 2. lA). 

The youngest rocks are flat lying Carboniferous sed i­
ments which underlie the eastern edge of the image area and 
form an outlier near yrand Falls in the southwestern part of 
the image. Because of the continuity of the vegetation 
pattern between Carboniferous and the surrounding older 
rocks, the boundary of the youngest rocks is hard ly ever 
distinguishable. In addition, there is an east to north arcing 
lineation evident in the area south of Bathurst, the result of 
glacial scouring, which makes boundary definition even more 
difficult . 

The oldest rocks represented in the image are the 
Tetagouche series (Os, Ov) and granites (g) which have dif­
ferent terrain characteristics to that of the younger 
Ordovician to Devonian rocks (Os, S, Di, s and v). The 
Tetagouche and granites have a generally homogeneous 
texture in the image, owing perhaps to the multiple deforma­
tion and low-grade metamorphism commonly found here. 
Linear ribbing can be seen in the younger rocks which are 
mixed sediments and volcanics with simp le st ructure and 
slate-grade or lower metamorphism . Silurian sediments in 
the southeast (Ss) do not have a ribbed texture, perhaps 
because they consist of a uniform greywacke-s late 
assemblage. 

Lineaments are plentiful in the younger st rata on the 
northwest a nd west . Most fine lineaments probab ly reflect 
bedding. Others are strike-faults; some have been mapped . 
One major fau lt shown on the lineament overlay as a 
boundary (dotted) in the north west corner separates Ds and 
OSs strata with a slight co lour difference on the image. The 
Rocky Brook Millstream Break extends into one of the 
prominent lineaments extending southwest as depicted on the 
geo logical map . 

Within the Tetagouche-granite terrane, the Catamaran 
Fault (C) is prominent on the image as far east as the 
unconformab ly overlying Carboniferous (Cs); a sou thwest 
extension to Saint John River appears possible from the 
image . Several lineaments, some of which are probably 
faults, appear in the Tetagouc he-granite terrane in the 
central part of the image. Some lineaments or parts of some 
have been mapped as faults, others have not. 

A curious doughnut-shaped featu re, 3 mm in diameter 
(circled on the lineament overlay) in the west-central part of 
the image is an isolated mount a in, Bald Peak, r ising 1000 feet 
(300 m) above the countryside and lacking trees on its top. 
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Figure 2.1 

The usefulness of Landsat imagery to geology in the 
Bathurst a rea is limited . The geo logy has been mapped in 
most a reas at a scale of l inch to l mile, and many parts at a 
scale of 1/4 inch to l mile. Trends within and granite 
contacts aga inst Tetagouche rocks cannot be identified. 
Boundaries of the Carboniferous terrane cannot be reliably 
identified. On the other hand, some lineaments, possibly 
faults, can be identified, and as such, focus the attention of 
regional geologists to sea rch for an explanation. One such 
lineament trends eastwards towards the Brunswick No. 6 
mine, 30 km south-southeast of Bathurst. Airphotos taken 
from a n a irc raft at 70 OOO foot altitude would be more 
valuable in this part of New Brunswick . 

Refere nce 

Potter, R.R ., Jackson, E.V., and Davies, J .L. (compil.) 
1968: Geological map, New Brunswick; New Brunswick 

Department of Natural Resources, Map No. 1, 
1:500 OOO . 
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2.2 PRINCE EDWARD ISLAND AND NORTHEASTERN NOVA SCOTIA 

D. Benson 

Prince Edward Island is underlain by easi ly eroded 
Carboniferous and Permian sediments . The image (Fig. 2.2) 
does not reflect the bedrock but does show ve ry clear ly areas 
under cu ltivation as well as numerou s beaches. 

Nova Scotia is largely underlain by lower Paleozoic to 
Triassic rocks (Fig . 2.2A). The sou theast part of the image 
depicts quartzite and subg raywacke of the Cambro­
Ordovician Meguma Group, intruded by Devonian granite . 
The streams follow fracture patterns in the bedrock and most 
lakes li e in depressions and a re dammed by glacial debris or 
by beaver dams. 

North of the Meguma rocks, a narrow band of da rker 
grey tones indicates a trough (St. Mary's Grabe n) of 
Carboniferous sediments . The eastern half of the trough has 
a sharp fault-bounded northern contact . The southern 
boundary is an unconformity. 

The Antigonish Highlands to the north, and the 
Cobequid Mountains to the west are underlain by Paleozoic 
volcanic-sedimentary complexes intruded by severa l diff e rent 
types of igneous rocks. Their complex structu re is indicated 
by a non-directional drainage pattern. The southern faulted 
boundary of the Cobequids disappears under the 
Carboniferous Pictou Basin to reappea r as the Hollow Fault 
separating the Antigonish Highlands from Si lurian and 
Devonian sediments which fo llow the coast . 

The three large Ca rboniferous basins, Antigonish, 
Pictou and Cumberland have well defined contacts with the 
older rocks about them. 
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l Prince Edward Island 
2 Megurra Rocks 
3 St. Marys Graben 
4 a, Antigonish Highlands 

b, Cobequi d Mountains 

Figure 2.2 
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2.3 WESTERN NEWFOUNDLAND 

L.M. Cumming 

This image Fig. 2.3 shows a portion of western 
ewfoundland where the V-shaped indentation of White Bay 

separates Bur lington Peninsula from the northeast-trending 
Great Northern Peninsula. 

A lowland area extending south from White Bay is 
underlain by the youngest sedi menta ry rocks of Carboniferous 
age in Newfoundland (Fig . 2.3A). However, land areas 
flanking White B'ay are underlain by some of the oldest a nd 
most metamorphosed rocks in Newfoundla nd . These rocks 
are the Fleur-de-Lys Group exposed along the west s ide of 
Burlington Peninsula and the Long Range Precambrian 
Complex which forms the high plateau of the Great 
Northern Peninsula. 

The overall signifi cance of the dist ribution of rock 
types and landforms within the broad a rea of the image may 
be summarized using plate tectonics . The area east of White 
Bay is considered to be the marg in of an oceanic plate a nd 
the area west of White Bay to be the margin of a continental 
plate. This oceanic plate a butted against the continental 
plate and was fo rced (or under thrust) benea th it . The edge of 
the oceanic plate then had the configuration of a west dip­
pi ng sla b of relatively dense "oceanic " roc ks . This local 
doubling of the thick ness of the c ru st of the earth provided 
the buoyancy necessar y to later uplift the ent ire Long Range 
as a cohe re nt block . The ave rage width (50 km) of the Long 
Range is a func tion of the angle of plunge of this 
underthru st s lab . 

A smaller portion of the oceanic c rust was a lso 
overthrust onto the edge of the contine ntal plate, fo rming 
high land such as Table Mountain (in the sou thwest corne r of 
the image) which is underlain by ultrabasic rocks. 

These thrusting events took place in Ordovic ian time 
and the huge t rough-shaped depression formed a long the 
junc tion of the two plates late r became fi lled wi th sediments 
of Carboniferous age. 

The two- fold composition of the Great Northern 
Peninsu la is revea led by the juxtaposition of a narrow 
west ern coast a l lowland and a high plateau . These are unde r­
lai n respect ive ly by relatively soft Pa leozoic carbonate roc ks 
and by re sistant Precambrian gneisses and intrusive granites. 

To the east of Cow Head a se ries of para lle l stripes a re 
the traces of imbricated thrust faults, whic h repeat the 
succession of t ranspo rted carbona te rocks. Farther north the 
St . John High lands a re capped by resis tant white qua rt z ite of 
the Lower Cambrian Hawke Bay Formation . 

The Precambrian crystalline backbone of t he Great 
Northern Peninsu la is divided lengthwise into two equal parts 
by "Bostock 's Line". The eastern part is charac terized by 
darke r tones (indicative of greater amoun ts of vegetation) 
and corre spond s to the area affec ted by Paleozoic meta­
morphism. A swa rm of narrow, northeast-trending dia base 
dykes can be seen in the northern part of thi s a rea . They a lso 
extend into the western pa rt wh ic h contains an outlier of 
flat-lyin g arkose of the Lowe r Cambrian Bradore Formation, 
which shows as a ci rcula r ba rren patc h near the west 
escarpment of the Long Ra nge. A lake, 17 km southeast of 
this outlier , contains num e rous is lands whic h rep resent a zone 
of intense deformat ion of the gra nit ic rocks of the loca l a rea. 
An ova l-shaped burned-over a rea is ev ident a long the eastern 
coast near Grea t Ha rbou r Deep. Straight-line contac ts 
rep resenting norm al fau lts between Preca mbrian and 
Paleozoic rocks are shown between Sops Arm and Great 
Cone y Arm in the southeast, and near Leg Pond in the 
north west. 
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Figure 2.3 

Glacier s f lowing west to the sea gouged out the 
"biscuit-boa rd" topography of this scenic area . The s ix finger 
Jakes whic h c ha rac te ri ze this are a , a re now inla nd bodies of 
fr esh water, due to a 300 foot rebound of the land after the 
melting of the glac ial ice. 

South of Bonne Bay the ultrabasic rocks of the Bay of 
Islands Complex show as a n a rea of bare rock a t Ta ble 
Mountain . East of Bonne Bay is Gros Morne National Pa rk 
dedicated in 1973. 

Features Visible on the Image 

Tonal Contrast s 

Lightest tones - Burned over areas. 

Hawke Bay Quartzite, Bradore Arkose, Pacquet gra nite body 
and Pa laeozoic limestone s, a ll light toned. 

Ca rboniferous strata. 

Darkest tones related to wet or moist areas rather tha n 
specific rock group, i.e . not to c hange in metamorphism east 
of Bostock line. 

Drainage 

Lake distribution and pattern on Precambr ian is 
c ha racte r istic . 
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Larger lakes along west margin of Great orthern Peninsu la 
due to greater ice e rosion on softer limestone sediments. 

Polygonal pattern nea r north end of Great Northern Peninsula 
due to greater thickness of periglacial deposits? 

Drai nage patte rn gene ra ll y fracture controll ed, plus e rosion 
along fo li ation or banding in Precambrian gnei sses. 

Erosion 

Coast line erosion on Burlington Pe nin su la shows difference 
between massive and banded gneisses well. 

Uplift a long west coast of Great Northern Peninsula we ll 
seen, a lso gene ra l tilt of the peninsula to sou theast . 

Scarps formed by hard beds of Hawke Bay Quart zite and 
Bradore Arkose we ll deve loped. 

Structures 

Fracture pattern well display ed . 

Di stinc tion between dykes a nd fractu res not a lways c lea r. 
'Swirl s' around the Pacquet grani te and elsewhe re on the 
Burlington Peninsula we ll seen. 

Precambrian Complex of the Long Range generally more 
massive than the Fleur-de-Lys Group. 

Hawke Bay Quart zite faulted against the Precambr ian 
Complex but Bradore Arkose may rest unconformably on 
Preca mbr ian Complex. 

References 

Baird, D.M. 

54 

195 1: Geology of the Burlington Peninsula, Geo logical 
Survey of Canada, Paper 51-21. 

1954: Geological Map of Newfoundland; scale 1 :760 320, 
Depa rtment of Mines a nd Resou rces, St . John 's. 

1959 : Sandy Lake (west half), ewfoundla nd; Geological 
Survey of Canada, Map 47 - 1959 sca le 1 inch to 
4 miles. 

Cu m mi ng, L.M . 
1973 : Geological Map of the Gros Morne National Park, 

sca le 1 :50 OOO, in Geology of Gros Morne 
Nationa l Park, Western Newfoundland; National 
Pa rks Documentation Centre, Ottawa, Ontario. 

197 3a: Geology of Gros Morne National Park, western 
Newfoundland; vol. II, 223 pages, Parks Canada, 
unpublished report. 

Cu mming, L.M. and Grant, D.R. 
1974 : Bedrock landslides of Post Glacial age in the 

Lookout Hills region of the Gros Morne National 
Pa rk ; Parks Canada, Unpub li shed report, 88 p. 

Howley , J .P. 
1925 : Geological Map of Newfound land, Geological 

Survey of Newfoundland, St . John's sca le 1 inch to 
17 miles (approx) . 

Neale, E.R . W. and Kennedy, M.J. 
1967: Relat ionsh ip of the Fleur-de-Lys 

younger g roups of the Burlington 
Newfoundland; Geological Associa tion 
Special Paper no. 4, p. 139 -1 69 . 

Strong, D.F. et a l. 

Group to 
Peninsula, 

of Canada, 

1974: Geochemical evidence for an east-dipp ing 
Appa lachian subduction zone 
Nature, v. 248, p. 37 -39 . 

Thomson, H.C. 

in Newfoundland; 

1905 : Notes on a Journey through the Nort he rn 
Pe nin su la of Newfoundland; Geological Journal, 
v. 26, p. 187 -1 98 . 

Weeks, L.J . 
1955 : Geo logica l map of the Is la nd of Newfoundland; 

Geo logical Survey of Canada, Map 1043A, sca le 
1 inch to 12 miles. 

Willia ms, H. 
1967: Is land of Newfoundland, Geological Survey of 

Canada, Map 1231 A, scale 1 to 1 million. 



ST. LAWRENCE AND HUDSON BAY LOWLANDS 

3.1 Cora l Rapids, Ontario 
R. Skinner 

Section 3 

3.2 South James Bay 
R. Skinner 

3.3 Toronto 
B.A. Liberty 

55 



3.1 CORAL RAPIDS, ONTARIO 

R. Skinner 

This image covers the boundary between two principal 
physiographic regions of Canada, the Canadian Shield to 
the south, a nd the Hudson Bay Lowlands to the north 
(Fig. 3.1, 3.1 A). Rivers flowing northward over the re lative ly 
resistant crysta lline rocks of the Shield form rapids and falls 
where they drop down into the lowlands, which are underla in 
by relatively flat-lying limestone, shale and sandstone. Seven 
dams (D) have been constructed along this "fall-line" 
demonstrating how man has utilized this importa nt physio­
graphic boundary. Striking differences in the patterns of 
vegetation and st ream drainage as well as difference in 
frequency of lakes distinguish the two physiographies . These 
cont rasts are due, in part, to the differing underlying rocks , 
but also reflect different late and post-glacial processes in 
the area. The darker (better forested) sinuous, linear areas 
(E) are eskers c lea rl y distinguishable on Band 7 as a string of 
parallel or twin and elongated kett le lakes. The da rk er 
co lour reflects a relative ly dense forest consisting primarily 
of jack pine whose growth is favoured by the well -drained 
sands compared to lower adjacent till and c la y plains. 

The Jineations (L) are giant striae and drumlinoid 
features resulting from a late glacial readvance 
(the Cochrane) of the James Bay lobe of the continental ice 
shee t about 8500 years ago. The southern limit of this 
readvance is just south of the area contai ned in this frame. 
It is believed that this readvance was a glacial su rge perhaps 
triggered by an over steepened profi le due to rapid melting 
and oblation of the ice margin in extensive glacial lake 
Barlow-Ojibway. The su rge overrode the eskers (e.g. near L 
at middle of image). Following the surge (and there were 
probably many others a long the front of the ice sheet a t that 
time) the Tyrrell Sea inundated the northern portion of this 
a rea up to about 500 feet which more or less coincides with 
the Precambrian - Pa leozoic contac t. Beach deposits (B), 
particularly thick where rive rs emptied into the Tyrrell Sea, 
have provided convenient sources of aggregate for the con­
struction of dams a t the fall line and for rail road beds a lso 
visible on the image (RR) . Marine clay, deposited in the 
Tyrrell Sea, blanketed the flat-lying Paleozoic rocks of the 
lowland s. The gentle slope, poor drainage of these clays and 
perhaps the maritime influence of the Bay to the north have 
led to the accum ulation of peat bogs (P) shown as light, 
highly reflec tive a reas between st reams in this area. The 
banks of rivers in the lowlands are better drained and a re 
therefore, fo re sted, and appear darker in co lour . 

Human activity is clearly visible on this image. Two 
div e rsions (d) for hydroelectric generation a re visible . Both 
have resulted in great ly accelerated erosion indicated by the 
light, highly reflec tive bare so il. In the diversion known as 
the Adam Creek Diversion in the western part of the image, 
vast amounts of glacial marine c lay, till and sand have been 
eroded by the excess discharge during spring flood. Highly 
re f lective sandbars are visible for miles downstream (S). 
These hav e formed since the diversion in the early l 960's 
(Skinner, 1974). 

At t he time the image was produced (August) most 
streams and lakes in this region are c lear, therefore they 
show as black, with the exception of the Abitibi River which 
in Cree means "dirty" or "muddy" river . The Abitibi drains 
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Figure 3.1 

the major part of the glacia l lake Bar low-Ojibway clay plains 
(Abitibi Clay Plain). Clay eroded from the banks and beds of 
lakes and st reams is kept in suspension in the Abitibi 
accounting for its high turbidity. Lake Kenogami is a shallow 
kett le lake in glaciolacustrine clays. Its turbidity is due to 
wave action which keeps the c lays eroded from the banks in 
suspension. 

Finall y, the large ligh t pa t ches along the southern 
margin of the photo a re vast areas c lea red of trees for pulp 
and paper. New logging roads can be seen trending north­
ward, one in the sou thwest corner, taking advantage of the 
natural roadbeds provided by the eskers . Othe r road s (R) and 
Power Transmission lines (PT) are indicated on the photo, 
most distinguishable where they cut across the "P inard 
Morrai ne," a broad delta moraine just south of the 
Precambrian-Paleozoic con tact. It too, composed of sand 
a nd gravel yet overridden by the Cochrane surge and capped 
with a thin ti ll, is re latively well-drained, and therefore 
supports a relatively heavy stand of trees . 

Although detailed timber su rveys are carried out by 
pulp and paper companies and provincial forestry 
departments, Landsat images offe r an inexpensive means of 
charting on a periodic and synoptic basis, the c learing of 
forest s , the area burnt by forest fires, and after a quick 
means of fore casting road requirements and other la nd use 
pressures. The ease with which this scale and quality of 
imagery can be quick ly examined and natural phenomena 
interpreted would be of tangible benefit in any regional land 
use assessment . 
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3.2 SOUTH JAMES BAY 

R. Skinner 

The extensive sediment plumes in James Bay are the 
most striking feature of Figures 3.2A, 3.2B. This sediment, 
derived from the lowlands and the Abitibi Clay plains on the 
Shield to the south is resident in this coastal environment for 
some time. Because the regional s lope out to sea is so 
gradual, vast areas of mud flat are exposed at low tide . 
Wave action, during rising and fal ling tides whips the mud 
into suspension which is subsequently extended by currents 
into spectacular sediment plumes, convoluted by edd ies in the 
current. In late July, when this image was c reated, the rivers 
entering the bay were relatively clean, as indicated by the 
darker coloured plume moving out from the mouth of the 
Moose River into the more turbid water at sea. 

On land, one can trace contact between the Paleozoic 
rocks of the lowlands and the harder rocks of the Canadian 
Shield. Raised beaches are a lso discernib le on the lowlands. 
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The blanket of marine clay covered by muskeg (light) crossed 
by streams (darker) indicate the differences in vegetation 
patterns. 

By studying the juxtaposition of sediment plumes on 
successive images it is possible to gain a first order approxi­
mation of the nature of currents along the coast of Hudson 
and James Bay (Fig. 3.2, 3.2A). The summer of 1973 was 
characte rized by Jong cloud- free periods and it would be 
possible to assemble plume pattern c hanges for this period. 
Supplemented by data from subsequent seasons and ship­
acquired data, this use of Landsat images is potentially a 
highly cost-effective means of gathering surface current 
information. By repeating such studies from month to month 
and year to year, a fairly good impression of current patterns 
cou ld be gained. 
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3.3 TORONTO 

B.A. Liberty 1 

The Lake Simcoe image (Fig. 3.3) embraces the 
southern edge of the Canadian Shield and onlapping 
Ordovic ian sedimentary strata. Four areas of distinct tonal 
character are vis ible. Area 1 displays struc tural grain typical 
of the Precambr ian Grenville Province , with intrusive bodies 
su rrounded by deformed sedimentary features . Lakes are 
abundant. Area 2 is underlain by jointed, generally porous, 
Middle Ordovician limestone units. Modern and relict pre­
Pleistocene drainage patterns a re present . The area is 
subdivided into a southerly zone underlain by the relatively 
impermeable Lindsay Formation on which surface drainage is 
vis ible . Area 3 is characterized by the presence of Upper 
Ordovic ian sha le and Quate rnary morainic material, and is 
therefore darker in tone . This a rea is covered in part by the 
Oak Ridge (Pleistocene) Interlobate Moraine, which in the 
northeastern part of the a rea attains considerable thickness 
and relief. Drainage is impeded a nd predominantly northw a rd 
into Area 2. Are a 4, of light tone along the western edge of 
the image, Silurian strata bounded to the east by the Niagara 
Escarpment. Items of specific interest inc lude the following: 
I) the Kawartha Lineament (Liberty, 1969) is c lea rly 
delimited by the Kawartha Lakes, Lake Simcoe and 
Nottawasaga Bay; 2) pre-glacial drainage is visible in the 
Rice Lake, Stony-Pigeon-Scugog Lakes, and Cout chiching­
Simcoe-Cook Bay linears; 3) the west arm of Lake Simcoe 
extends toward Nottawasaga Bay a long the northern edge of 
the buried Barrie Island (Deane, 1950); 4) the Simcoe 
Escarpmen t (Liberty, 1969) which arises from the bifurcation 
of the Niagara Escarpm ent, south of All iston, is traceab le 
eastward to the Cook Bay extension; and 5) possible 
Precambrian structu ral control of the Paleozoic rocks can be 
seen as grain in the area north of the Paleozoics in Area I. 
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4.1 BATHURST ISLAND, N. W.T. 

J.Wm. Kerr 

The principal featu re to be seen on the Landsat mosaic 
of Bathurst Island is the pattern of folds in Paleozoic bed rock 
(Fig . 4.1). Two prominent light coloured units delineate this 
pattern, which occurs a lso on a pub lished geo logical map 
(Kerr, 1974). The older is a resistant carbonate unit, made up 
principally of the Lower to Middle Devonian Disappointment 
Bay and Blue Fiord formations. These grade out westward 
into formatio.ns that do not show the light colour. The 
younger unit is a soft, friable Upper Devonian sandstone of 
the Hecla Bay Formation . A very small exposu re of the 
Hec la Bay Forma tion is visible on the image where it 
outcrops along a fau lt on Ca meron Island (Fig. 4. lA). A very 
small outlier of the Belcher Channel Formation, the basal 
unit of the Sverdrup Basin, is vis ible on Helena Is la nd (2). 

The mosaic of Bathurst Island displays the right angled 
intersection of the east-trending Parry Islands Fold Belt with 
the north- trending Co rnwallis Fold Belt. The Cornwall is Fold 
Belt developed first and occurs on ly in the east; the fold s are 
deep seated a nd we re produced by ve rtical movement of 
underlying basement blocks. The Parry Is la nds Fold Belt is 
younger and was formed by southward transport on a decolle­
ment . Southward re lative movement produced left lateral 
faults along the western edge of a nd within the Co rnwa ll is 
Fold Belt, one such fault being shown (5). 

A rectilinear pattern of inlets is vis ible on the Landsat 
image, hav ing segments that tre nd rough ly para ll el to eac h of 
the fold direc tions. These inlets were controlled by bedroc k 
structures and we re sculptured by e rosional processes, 
including glaciation . Bathurst Island lac ks prominent glacial 
la ndfor ms such as eskers and drumlins (B lake, 1964 ). It bears 
evidence of glaciation in the form of till, e rratics, and 
meltwater cha nne ls, but these a re not visib le on the 
Landsat image. 

The prominent east-west valley through Bathurst Island 
is Pola r Bear Pass (6) . It can be seen that in t he pass long 
a r ms of the sea nearly bisec t the Island and a lso that the 
valley is a nticlina l. The valley was ice-filled until about 
8500 years ago and from that data unt il a bout 4500 yea rs ago 
it was occupied by a n a rm of the sea that sepa rated Bathu rst 
Is land into two islands (Blake, 1974 ). It is not possib le to 
see evidence of this glaciation or of the more extensive 
for mer seas on the Landsat images. 

Four unsuccessful oil wells have been dr illed in 
the area (3, 4, 7, and 8) . No ev idence of t hem is visib le on 
the image. Two lead-zinc occur rences a re within the a rea 
(K err, 1975). At Truro Island (9) the re is a showing, but 
litt le work has been done; however, at Polaris (10 ) t here has 
bee n some undergrou nd mi ning. Nei ther site is vis ible on 
the images. 
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1. Hecla Bay Formation 
2. Bel che r Channel Formation 
3. Vanier Island well 
4. Young Inlet well 
5. Left latera l fault 

6 . Po lar Bear Pass 
7. Ca ledonian River well 
8. Alli son River well 
9. Truro Is land Pb-Zn showing 
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4.2 BRODEUR PENINSULA, BAFFIN ISLAND 

R.G. Blackadar 

Brodeur Peninsula is primarily underlain by Ordovic ian-
S ilu r ian carbonate rocks . However fau Its have exposed 
Precambrian granitic gneisses in places. 

Two physiog raphic divisions occu r: Lancaster Plateau 
to the north and Boothia Plain to the south . Elevat ions in the 
plain do not exceed 500 feet whe reas the plateau su rf ace is 
cha racter ized by steep , near ve rt ical c li ffs t hat r ise 
1000 feet or more above the sea . Above these c liffs the 
topography rises more gradua lly to reach maximum 
elevations of just under 1700 feet . 

The well -developed drainage is dend ri tic in cha racter . 
Rivers are deeply incised except at their headwat e rs. 
Westward draining rivers head within 15 mi les of t he east 
coast. The lake-studded a rea in the south indicates the 
presence of thick ground moraine . Veget ation is sparse and 
the undulating land surface has a ba rr en, desolate 
appearance. 
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4.3 BYLOTISLAND, N.W.T. 

G.D. Jac kson 

The avy-Boa rd Inlet - Eclipse Sound region, which is 
shown in this image, is dominated by the snow and ice ­
covered Byam Ma rtin Mountains (Fig. 4.3) that rise ab ruptly 
out of the sea to a maximum e levation of over 6000 fee t 
(1900 m). These mountains a re the accumulation centre for 
innumerable classic va lley glaciers, complete with associated 
moraines, that flow outward toward the c oast. Some of these 
glaciers have coalesced near the base of the mountains to 
fo r m piedmont glaciers. Elevations in excess of 4500 fee t 
(1400 m) are attained east of Pond Inlet and over 3000 feet 
(900 m) along the White Bay Fau lt Zone. The c loud cover 
show n is character is tic for this region in the port-breakup 
season when fog and clouds persist out to sea, stream a round 
northern Bylot Is la nd and dissipate in Navy Board Inlet and 
the vic ini ty of Mt. Herodier so that sunny weather persists in 
Ec lipse Sound a nd the town of Pond Inlet . 

Geologically , the a rea is part of the Chu rc hi ll 
Structural Provi nce and the most rugged terrain is underlain 
by unit s I and 2 (Fig. 4.3A). Much of the a rea is underlain by 
a meta morphic complex of Archean and Aphebian 
gneisses (1), most of which is layered migmatite of variou s 
types. Bodies of metased iments, metavolcanics, foliated and 
ne bulitic g ra nitoid rocks, a nd ultrabasic roc ks occur within 
the complex . Pegmatites and gra nitoid dyk es intrude all the 
rocks within the complex. 

The Bylot Batholith (2) is most ly feld sparphyric mon­
zocharnocki te (hypersthene-bearing qua rtz monzonite) with 
mi nor associated anorthosite, mangerite -jotunite, and 
foliated granodior ite. 

A profound unconformity separate s units l and 2 from 
overlying sedimentary g roups of severa l ages. Gently folded 

eohelikian strata (3) occup y fairly rugged areas of inter ­
mediate relief a nd occur mostly south of the White Bay Fault 
Zone, and in re la tively low flat to hilly ridge and valley 
terrain on northwestern a nd northe rn By lot Island. Tota l 
thick ne ss of these stra ta, wh ic h inc lude so me basalt near the 
base, may be in excess of 6000 m. 

Hadrynian tholeiitic dykes (4), intrud e all of the othe r 
Precambr ian rocks in the region . Most of the dykes trend 
northwest, but several, pa rt icu la rly west of Navy Board Inlet 
trend north by west . It is not ye t known whe ther or not the 
two trends rep resent dyke swarms of two differe nt ages. 

A s light angular unconformity separates lower 
Pa leozoic strata (5) from the eohelikian stra t a . Except fo r 
a sma ll area of sha le and li mestone of dubious age on 
northern Bylot Is land all of the Paleozoic stra ta lie west of 
Navy Board Inlet. 

Cre taceous-Eocene st ra ta (6) are flat to gent ly dipping, 
poorly conso lidated, and poorly exposed . They under li e 
relatively low- lying flat to hill y a reas and are best displayed 
on southwest Bylot Island. A thin veneer of these strata may 
underlie some of the drift-covered area (7) south of Pond 
Inle t . 

Steep, northwest-trending fau lting initiated in Helikian 
tim e (mid-P rote rozoic) a nd continuing up to recent time, has 
divided Bylot and northern Baffin is lands into a lte rnating 
horsts and grabens (North Baffin Rift Zone) . In addi tion to 
the faults shown, the contact between Cre taceous-Eocene 
strata and the basement gne isses on southwest Bylot Is land is 
probably a fau lt scarp or a fault-line sca rp. The 700 Ma old 
F ra nklin dykes were e mplaced a long and parallel to these 
fau lts. 
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4.4 FROBISHER BAY, SOUTH BAFFIN ISLAND 

W.W. Heywood 

This image (Fig. 4.4, 4.4A) is composed mainly of 
Preca mbrian metamorph ic rocks belongi ng to the Churchi ll 
Structural Prov ince. 

A series of northwest - t re nding fau lts c ross Baffin 
Island . The blocks of land sepa rated by these faults a re 
tilted to the southwest . Thus t he south shore of the bay has 
steep cliffs rising more than 300 m 1000 fee t above sea level, 
and the north shore is relatively low . 

Southwest of the fau lt- line, the metamorphic rocks are 
var ied and have a complex structure. This is well displayed 
around Markham Bay, a n a rea composed of schistose, ru sty 
paragne iss, well-foliated garnet-biotite -quartz - fe ldspar 
gneiss a nd migmatite. 

The pond-dotted area east of Amad juak Lake is under­
la in by a highly fractu red, massive, redd ish biotite g ranite . 
East of this (in higher te rrain) hypersthene granite with 
Ii ttle lineation or fo liation, predominates. 

The light co loured patches extending east from 
Amad juak Lake reflec t thin Paleozoic limestone outcrop but 
the similar light toned patch to the northeast is glacial drif t 
which marks the southeastern margin of a moraine system 
that can be traced at least 525 km from Hudson Strait . The 
linear textures seen he re reflect ice movement from 
northwest t o southeast. 

Frobis he r Bay airst rip is clearly visib le at the head of 
the bay. 
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5.1 DOLPHIN AND UNION STRAIT 

R.J. Fulton 

This image (Fig. 5.1) is of particular interest because it 
represents an a rea that probably was not covered by the last 
Wisconsin ice advance. Many of the features seen on 
conventional air photos are visible here. 

The area in the central part of the image (mainly 
terrain type II) appears to have stood out as a nunatak above 
the ice flows that passed from east to west along Dolphin and 
Union Strait, and northwards from the Great Bear Lake Basin 
(Fig. 5.l A). Drumlins and drumlinoid ridges are plainly 
visible paralleling Dolphin and Union Strait. Morainal ridges 
are known from aerial photographs to flank most of the 
central upland area . Some of these ridges a re visible on the 
image and the presence of others can be infe rred from the 
pattern of melt water channels. 

Nine major terrain types can be recognized, sufficient 
to make a pre li minary classification. 

Type VI 

Type VII 

Type VIII 

Type IX 
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consists mainly of bare rock with a local 
colluvial or felsenmeer cover giving a distinctive 
light tone to the image. 

is thought to consist mainly of rock with a 
vegetated, colluvial - residual mantle. Outcrops 
are limited to steep valley walls. 

areas are largely under lain by ti ll which probably 
varies in thickness. Small lakes and linear, 
hummocky features that appear to be of glacial 
or igin a re typical of this terrain . 

is thought to be predominant ly thick till with low 
relief hummocky moraine interspersed with 
numerous lakes. 

is cha racterized by re lative ly thi n till containing 
few lakes but with striking linear features 
resulting from ice movement. 

consists la rgely of thick till marked by linear and 
hummocky features a nd many small lakes a nd 
abandoned channe ls. 

terrain is probably underlain by thick till which 
has been molded into roughly parallel dru mlinoid 
ridges and includes numerous small lakes. 

a reas are vegetated floodplain, terrace, de lta or 
fan deposit . 

areas are thought to be unvegetated (possibly 
deflated) fan terrace and floodplain deposits 
occurring at the mouths of or a long streams. 

\ 
\ 

Figure 5.1 

Direction of ice flow ........ . 
Ma jor rrorainal ridge .. . .. ... .. ~ 
Underfit, abandoned cha nnel 
or me ltwater chan nel .......... ~ 
Terra in type ..................... I-IX 
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5.2 FORT PROVIDENCE, N.W.T. 

The image (Fig. 5.2) includes the southern 
margin of the Horn Plateau, a section of the 
Mackenzie River, and the northern part of the 
Redknife Hills. The upland areas consist of Lower 
Cretaceous shale whereas the Mackenzie River 
valley is underlain by Upper Devonian carbonate 
and shale (Fig . 5.2A). The flutings and drumlinoid 
features, flowing in southwesterly direction, are 
clearly visible on parts of the image. These 
represent the last continental ice sheet which 
covered the entire area . During deglaciation, the 
ice retreated toward the northeast leaving a 
blanket of till and associated deposits on, and 
about the upland areas. Hummocky moraine, a 
result of stagnant ice, can be recognized by 
hundreds of small lakes in the summit a rea of the 
Horn plateau and east of the Redknife Hill s. Till, 
with less local reli ef, forms a moraine plain south 
of the Mackenzie River. In the south west part of 
the area there is ridged moraine, consis ting 
mainly of till with parallel flutings a nd drum­
Jinoid features. Abandoned meltwater chan nels 
that developed near the ice front as deglaciation 
took place are clearly visible, as are 'swarms' or 
parallel se ries of less extensive channels . 

Towards the final stages of deglaciation, 
Glacial Lake McConnell formed in the lower pa rt 
of the Mackenzie River valley. The presence of 
the former lake is suggested by a number of 
parallel beach ridges both north and south of the 
Mackenz ie River . The highest beaches, about 
850 feet in elevation, are in the vicinity of the 
Mackenzie Highway and mark the southern limit 
of the lake. On the north side of the river, 
beaches are less distinct, but the general 
configu ration of the former Jake can be detected 
by beaches that stri ke parallel to the river and 
then shift northward . In addition, the distribution 
of beaches at various elevations suggest that lake 
levels fluctuated . Deposits located in the area of 
beaches include beach gravel and sand, Jacustrine 
si 1 t and sand, and til I. 

A number of permanently froze n peat bogs 
are indicated by the light tones of Cladonia moss . 
Post-glacial a lluvium can also be recognized near 
the Horn plateau by its drainage patterns . A fire 
in the summer of 1972 produced the dark toned 
a reas north of Mackenzie River (F). 
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5.3 MACKENZIE DELTA 

V. Rampton 1 

The Mackenzie Delta, the northe rn e nd of the 
Richardson Mountains, west of the Mackenzie River, the 
Caribou Hills east of the Mackenzie River, and the 
Pleistocene Coastal Plain consist ing of Richa rd s Island and 
Tuktoyaktuk Peninsula are the outstanding physiog raphic 
features of this mosaic (Fig. 5.3). The very different 
morphologies of these units are quite obvious: sharp c rested 
ridges and mountains in the Richardson Mou ntains; smooth 
slopes of the Caribou Hills; the channel and lake covered 
surface of the Mackenzie Delta; and the P leistocene Coastal 
Plain with its large number of lakes, many of which a re 
oriented. 

This imagery presents a pleasant overview of the 
physiog raphic units, but adds nothing that cannot be obtained 
from a study of conventional airphoto mosaics or topographic 
maps. 

The clear outline of the Mackenzie River sediment 
plume in Mackenzie Bay, and the striking difference in the 
zone of sediment-laden wate r flowing through the Mackenzie 
De lta and of water in lakes and c hanne ls having no in-flow 
are obvious on the mosaic and indicates the usefulness of 
Landsat image ry for studies of modern hydrology a nd 
sed imentary processes in the fluvial de ltaic, ma rine, and 
lacustrine environments. With Landsat, compari sons of the 
Mackenzie River sediment plu me can be made both at 
diffe rent times throughout the year and from year to year 
and the nu mber of lakes subjected to in-flow on the delta can 
be compared over the years. The image is also of some va lue 
in tracing breakup and freeze-over of different water bodies. 
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5.4 MEDICINE HAT 

D.A. St. Onge 1 

This image (Fig. 5.4) is a typical example of the semi­
arid Interior Plain of central Canada. The area rep resented 
by the image is under lain by gently dipping sandstone, c lay 
and shale of Cretaceous age. The wooded Cypress Hills 
which barely extend into the southeastern quadrant of the 
image, are composed of Quaternary sands and gravels, and 
rise 500 m above the general level of the plain. Two major 
rivers cross the plain: in the northwest, the Red Deer River, 
and in the centre of the image, the South Saskatchewan River 
(Fig. 5.4A). The many pale blue lakes, often with white 
fringes, are salt encrusted alkali flats. 

Two types of land use dominate the region . Ranching is 
the major activity in the light soils along the South 
Saskatchewan River north of Medicine Hat, in areas of thin 
drift and in areas of pronounced morainic topography around 
the Cypress Hills. Most of the rest of the region is a classic 
example of strip farming with north -south elongated f ie lds. 
Wheat is the main crop usually alternating with periods of 
fallow, which explains the cont rasting tones within the field 
pattern. In the upper centre of the image the Suffield 
military training camp introduces a land use type quite 
unrelated to the rest of the region. 

Hummocky mo raine is a typical feature of the 
landscape that does not stand out on the image, presumably 
because of its moderate (20-40 m) relief, and the relatively 
high (35°) sun angle. 

Red 

-. ;f 

Figure 5.4 
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5.5 NEEPAWA, MANITOBA 

R. W. Klassen 

The image (Fig. 5.5) covers part of the Manitoba Plain 
(area l) and the Saskatchewan Plain (areas 2 to 5, Fig. 5.5A). 
These a re major physiographic divisions within the southern 
Interior Plains Region . The boundary between these 
divisions, marked by the Manitoba Esca rpment, is coincident 
in part with an abandoned beach. 

Area l is a low reli ef, wate r-eroded plain consisting of 
thin till over carbonate bedrock. Northwest-southeast­
trending broad glacial grooves characterize most of the area . 
Much of the northeastern part is poorly drained . Organic 
deposits are represented by ve ry dark grey to black elongated 
pat ches. The light toned areas separating these patches 
repre sent better drained till ridges. The cultivation 
pattern (la) is a free-draining veneer of clay and sand 
over till. 

Area 2 inc ludes extensive, low relief till plains with a 
distinctive cultivation pattern. The prominent drainage 
network consists mainly of trench-shaped valleys that formed 
as glacial lake spillways and meltwater channels. 

Area 3 is an upland characte rized by widespread, 
uniformly textu red, light grey to grey tones and num erous, 
small, irregular lakes in the southern part. Except for the 
southern margin , the area is cu ltivated and covered by a 
mixed wood forest . The surficial deposits are mainly thick 
till with extensive patches and belts of clay, silt , sand, and 
gravel. The under lying shale bedrock is frequently exposed 
a long the escarpment. In the southern half of the area, the 
ter rain is hummocky and lakes occupy the depressions. 

Area 4, an ancient delta of the Assiniboine River, is 
roughly outlined on this image by mottled light grey tones 
representing the combined effects of vegetation (mainly a 
park land type tree cover) and surfi cial deposits (silt and 
sand) . A cultivation pattern is lack ing. Glac ia l Lake 
Agassiz, in which the delta formed, also left numerous 
beaches along the delta front and beyond it. 

Area 5 is Lake Sour is, a glacial lake basin, that can be 
identified on the basis of the same c r iteria as a rea 4. Small 
light- toned patches with subdued cultivation patterns a re 
areas of water-eroded till (5a) and outwash sand and 
gravel (5b). 
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5.6 WEKUSKO LAKE 

R. W. Klassen 

The image area is located at the northern end of Lake 
Winnipeg, Manitoba (Fig. 5.6). The edge of the Precambrian 
Shield crosses the cent re of the image. The junction of the 
Churchill and Superior structural provinces also lies in this 
a rea although it is obscured by surficial material. The region 
can be separated into four areas that reflect the geology, 
physiology and vegetation (F ig. 5.6A). 

In Area 1, Precambrian Shield rocks of the Churchill 
Structural Province form knolls, ridges and depressions with 
some 50 feet or less local relief. The structural trend of the 
rocks is strongly marked by numerous parallel linears and by 
the elongate form of the many lakes. Drift (c lay and till) is 
thin and patchy and mainly restricted to depressions. Dark 
patches on the image indicate a c losed tree cover and the 
lighter tones a sea ttered tree cover on knolls and ridges or 
grassy fens in the depressions. 

Area 2, in the northeastern part of the image, is 
underlain by Precambrian rocks of the Superior Struc tural 
Province. The drift cover of lacustrine clay with some till 
and sand is thicker and more extensive than in area l. Knolls 
and ridges of bedrock occur but the rock surfaces are not as 
extensively exposed and the local relief is somewhat lower. 
Linear features are very sparse except at the margins 
of lakes. 

Area 3 is flat to rolling countryside underlain by 
carbonate rocks of Paleozoic age. The carbonate rocks have 
a thin cover of rubble, clay and till. The dark toned areas in 
the southern part of area 3 indicate a heavy tree cover. The 
mosaic of light and dark tones in the northwestern part of 
area 3 shows that the tree cover here is broken, possib ly 
because the topography fo rms an irregular series of broad 
ridges. The carbona te roc k terrane terminates in 
discontinuous low bluffs along its eastern boundary. Morainic 
ridges oriented in a northeast-southwest direction are faintly 
discernible in the northern portion of area 3. 

Area 4 represents a zone of lacustrine clay - evidently 
a former ex tension of Lake Winnipeg - overlain by bog 
(dark tones) a nd fen (light tones). Abandoned beaches 
associated with local sandy areas appear as dark lines in the 
southeast nea r Lake Winnipeg. 

Lighter toned areas (a-e), commonly with flame-like 
boundaries c rossing regional structures, are the re sult of 
forest fires . The most recent of these is area 'a' located on 
the low relief ca rbonate terrain. 

Most minor landforms of glacial origin that are readily 
identified on photomosaics (I :125 OOO) do not appear on 
this image. 
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6. 1 FORT ST. JOHN 

G.C. Taylor 

This remarkable image (Fig. 6.1) spans th e complete 
width of the Roc ky Mountains and Foothills at the narrowest 
point of that le ngthy mountain syst em. The prominent 
Mu rray fau lt is c lea rly visible separating the Main Ra nges 
from Front Ranges (Fig. 6.l A). Underlying structu ra l cont rol 
of the topography is obvious. The prominent scarp bounding 
the Foothills and Great Plains is an expression of the uppe r 
Cretaceous sandstone of the Smoky Group. 

Muc h of the fine st ruc tural detail is identifiable to the 
geologist exper ienced in the a rea, a lt hough little is 
immediate ly obvious to the casual or unin fo r med observer . 
The eye may catch a pec uliar c rude ly c ircu la r drainage 
pattern in the south-southwest port ion of the image nea r the 
Footh ills - Front Ranges boundary. This appears to be a n 
accident of drainage as the local geology has no spec ific 
exp ression reflec ting the c ircu lar pattern . 

Two cu ltura l fea tures are evident on the west side of 
the image : Wollaston Lake fo rmed behind the Bennett Dam, 
and the t ransmiss ion power-line right-of-way extending from 
the dam-site through the Pine Pass en route t o Va ncouve r. 

References 

Muller, J.E . 
196 1: Pine Pass, British Columbia; Geological Su rvey of 

Canada, Map 11-1961. 

Stott, D. F. 

88 

1968: Lower Cretaceous Bullhead a nd Fort St . John 
Groups, between Smoky and Peace Rivers, Rocky 
Mountain Foothills, Alberta and British Columbia; 
Geological Survey of Canada, Bulletin l 52, 279 p. 

Figure 6.1 



11 'LIN E L '-I H. I "">t- I "t- 5885 P-1-H-P- ! L CCRS E- 1422- 18395-' 

NOl PR~Cl~ION PROCE~SED 

POSITION ERROR lb- OOt-.M 2 1SEP73 

SCALE 1:1 OOO OOO 

Figure 6.lA 

89 



6.2 KLUANELAKE, YUKON 

R.B. Campbell 

Kluane Lake, prominent in the centre of the image, lies 
partly in a segment of the Shakwak Trench (Fig. 6.2). This 
northwesterly trending trench separates the Saint Elias 
Mountains with its great ice fields and distributary glaciers 
to the southwest, from the more topographically subdued a nd 
partly unglaciated, dissected Yukon Plateau to the northeast. 
Ice of the last Pleistocene glaciation flowed out of the main 
valley of the mountains into the trench but did not reach far 
into the pla teau. The glacial limit is not readily apparent in 
the image. 

Northwest from the southern end of Kluane Lake the 
trench marks the site of the Shakwak Fault, a segment of the 
Denali fault system (Fig. 6.2A). South of the lake, the fault 
diverges from the trench and can be traced for about l 00 km 
to the southeast through the Saint Elias Mountains, where it 
is called the Da lton Faul t . The trace of the Dalton Fault is 
not obvious on this or other images, a lthough it is marked 
locally by short, str aight valleys. Equa lly obscure is the 
trace of the Duke River Fault in the mountains between 
Kluane Lake and Donjek River. 

Prominently layered , flat lying, tertiary volcanic rocks 
(Tv) cannot be distinguished from older sedimentary, volcanic 
and plutonic rocks in the Saint Elias Mountains or from 
metamorphic a nd plutonic rocks in the Yukon Plateau. 

The Alaska Highway is barely visible in a few places in 
the Shakwak Trench. 
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6.3 LYTTON 

J .W.H. Monge r 

The image spans two of the major geological 
and physiographic features of the Canadian Cordillera 
(Fig . 6.3, 6.3A). The southwestern half is under lain by the 
rugged terrain of the predominant ly granitic and high -grade 
metamorphic Coast and Cascade Mountains, whereas the 
more subdued topography of the Interior Plateau in the 
northeastern half is underlain by Mesozoic and lower Tertiary 
volcanic and sedimentary rocks cut by granitic plutons. 

A major feature is the largely fault-controlled Fraser 
River valley, that runs north -northeaste rl y across the image. 
In the north, this featu re forms the geological and physio­
graphic boundary between the Coast Mountains and the 
Interior Plateau . South of the confluence of the Thompson 
and Fraser rivers, it is the somewhat arbitrary boundary 
between Coast and Cascade mountains . The fault -l ines of 
the Fraser fault system are visib le on both sides of the vall ey 
near the southern ma rgin of the image. 

In the Coast Mountains the deep glacially formed 
valleys are apparent. Most of these seem to show little 
relationship to bed rock, the exceptions being t he north­
westerly trending valley containing Harrison Lake, which is a 
fault zone, and possib ly the subparallel valley branching 
north -northwest from Ha r rison Lake, to Duffy Lake t hat is 
approximately on trend with the fault zone passing th rough 
Bralorne gold camp. 

Little bedrock control is apparent in the Interior 
Plateau . An exception is the northerly to north-nor theaster ly 
trending grain south of Ni cola Lake produced by part ly 
fau lted, Lower Te rtiary sedimenta ry basins on Upper Tr iassic 
volcanic rocks. 

Traces of several important open-pit copper mines can 
be seen in the Highland Valley, located north west of Nicola 
Lake. 
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6.4 PART OF NORTHERN MACKENZIE AND FRANKLIN MOUNTAINS, 
DISTRICT OF MACKENZIE, NORTHWEST TERRITORIES 

D.G. Cook 

This image (Fig. 6.4) shows part of the northern 
Mackenzie Mountains and a large part of the northern 
Franklin Mountains . The an notated reduced image will aid in 
locating features discussed below. 

The most striking geologic feature identifiable is a 
sharp contact between Proterozoic quartzite (which appears 
black on band 7) and Paleozoic ca rbonate and shale 
(which appear light grey). This excel lent structu ral marker 
outlines the broad an ticlines and re latively tight synclines 
characteristic of the northern Mackenzie Mountains 
(Aitken and Cook, 1974). Aitken and Cook (ibid.) have 
mapped, in part of the a rea shown, seven subdivisions of the 
Proterozoic rocks a nd sixteen subdivisions of Paleozoic and 
Mesozoic rocks. Although upper units in the Proterozoic 
rocks can locally be seen, no meaningful subdivision can be 
made on the La ndsat image. Similarly, no differentiation of 
Paleozoic or Mesozoic units is possible on the Landsat image. 

Other prominent features identifiable on the photo are 
the Mackenzie Mountain Front, and struc tural trends in the 
Franklin Mountains . Identifiable steep escarpments reveal 
the monocl inal nature of most ridges in the Franklins. 

A small doubly plunging syncline is detectable just 
north of the Mackenzie Mountain Front whereas, surp risingly, 
a larger adjacent structure, Imperial Anticline has virtually 
no expression . 

Reference 

Aitken, J.D. and Cook, D.G. 

94 

1974: Geology, Carcajou Canyon, District of Mackenzie; 
Geological Survey of Canada, Map l 390A. 

Figure 6.4 

Geologica l boundary ........... . ---
Ant i c l i ne ................... ... ---'!:....__ __ 
Syncline ............. . ... . .. . . . ---+-
Structural trend .......... ... . ·--- -



Z9JUN73 C N65 - 17/W126-40 N N65 - 18 W1 Z6 40 MSS- 6 -D SUN EL47 A2159 202-4756-P-2-A-P- ll CCRS 

NOT PRECISION PROCESSED 
POSITION ERROR 10.00 M 

120-11611. 
DATA CREATED 

SCALE l :l OOO OOO 

Figure 6.4A 

95 



6.5 OGILVIE RIVER 

D.K. Norris 

This image (Fig . 6.5) covers part of the Cordilleran 
Orogenic System between Yukon Territory a nd Alaska . 
Within it are two principal subdivisions of the Columbian 
Orogen, separated by the Tintina Trench (Fig. 6.5A) . 
Northeast of the Trench is part of the Northern Yukon 
Tec tonic Complex, a miogeoc1ina1, layered sedimenta ry 
sequence at the headwaters of the Ogi lvie River . Southwest 
of the Trench is the Yukon Crystalline Platform . 

The orthern Yukon Tectonic Complex contains four 
elements; Eagle Depression, Taiga-Nahoni Fold Belt, Ogilvie 
Fold Belt, and Kandi k Basin. The st ructural grain of the 
orogenic system changes ab ruptly from west to north a round 
the re-entrant called the Ogilvie Deflec tion. Eagle 
Depression lies at the nose of the deflection and is 
characteri zed by north-trending folds in the Uppe r 
Cretaceous e lastic rocks . Flanking it on both sides is the 
Taiga-Nahoni Fold Belt comp rising Proterozoic through 
Lower Cretaceous elastics and carbonates . The left-hand 
en echelon fo ld system plunging westward into the axis of the 
Ogilvie Deflection is revealed by resistant Middle Devonian 
limestone of the Taiga Ranges. This west-trending structura l 
grain persists in the e lastics and carbonates of the Ogilvie 
Fold Belt but, like the arcuate grain of the Lower Cretaceous 
a nd older rocks of the Kandik Basin, it is truncated against 
the Tintina Trench. 

The Trench marks a major, northwest-trending fau lt 
zone, intermittently active a t least since Ea rly Pa leozoic 
time and with a net right-lateral displacement estimated to 
be between 220 and 260 mi les. Southwest of it a re the 
metamorphic a nd igneous roc ks of the Yukon Crysta!Jine 
Platform in the core of the Columbian Orogen . 
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6.6 PRINCE RUPERT-TERRACE 

J.A. Roddick 

The image (Fig. 6.6) spans practically the entire width 
of the Coast Mountains in the region of latitude 55°N. The 
broad valley extending north from Kitimat at the upper end 
of Douglas Channel to beyond KitsumkaJum Lake contains 
Pleistocene marine c la ys which show that it was formerly an 
extension of Douglas Channel (Fig. 6.6A). This deeply 
penetrating fio rd was probably intersected by another which 
occupied the present valley of Skeena River, and thus formed 
a large triangular island bounded on the southwest by 
Grenville Channe l or possibly by another fiord a long the line 
of Ecstall River. 

Shearing along Grenville and Work channels indicates 
that they mark the loci of major faults . Hummocky lowland 
on the coast south of Port Simpson, on Digby, McCauley and 
Banks islands forms part of an old erosion surface, possibly 
wave-cut, whic h appears in many places a long the Insular 
Trough (the 'Inland Passage' route of coastal freighters) . 

The lower part of Nass River Valley is flooded with 
basalt Java flows only a few hundred years old, which account 
for the subdued topography there. Between Nass River a nd 
Portland Canal, the terr ain exhibits a strong northeast 
regional trend . The present erosional level does not expose 
geological structures concordant with this trend. The grain 
was appare ntly superposed from overlying strata which have 
since been removed by erosion . The northeast trend has been 
emphasized by the sculpt ing of southwest-moving glaciers. 

References 

Duffe ll, S. and Souther, J.G. 
1964: Geology of Te rrace map-area, British Columbia; 

Geological Survey of Canada, Memoir 329, 117 p. 

Hutc hison, W.W. 
1970: Metamorphic framework a nd pJutonic sty les in the 

Prince Rupe rt region of the central Coast 
Mountains; Canadian Journal of Earth Sciences, 
v. 7, p. 376- 405. 

Roddick, J.A . 

98 

1970: Douglas Channel - Hecate 
British Columbia; Geological 
Paper 70-41. 

Strait map-area, 
Survey of Canada, 

Figure 6.6 



160CT7Z C H54-09/ W129-14 H H54-14/ W129-00 MSS-6 -D SUH ELZS A2160 198-1186-P-Z-A-P-lL CCRS E-1085-19101-6 

POSITION ERROR 10.00KM 

SCALE l:l OOO OOO 

Figure 6.6A 

HOT PRECISION PROCESSED TRACK 

8-1161iGE 
11D re ~7ZZ HTS • 31 
DATA CREATED Z0DEC73 

99 



6.7 QUESNEL LAKE 

R.B . Campbell 

The image (Fig . 6.7, 6.7 A) clea rly shows the major 
physiographic divisions of the east-central Canadian 
Cordillera. The northern end of the southern Rocky Mountain 
Trench separates the Rocky Mountains from the Cariboo 
Mountains and clearly me rges with the Interio r Plateau . 
Although the boundaries between mountains, highland and 
plateau are not obvious in all places, each division displays 
distinctive c haracte risti cs. The mountains rise we ll a bove 
timber l ine and are light coloured in the image. The most 
visible sma ll - scale featu res are avala nche chutes . The lowe r, 
high ly-dissected highland is mai nly t imbered , but has 
substant ial relief whereas little re lief is apparent in the 
Fraser Plateau . Patterns resulting from cu ltivat ion a nd from 
logging are most obvious in the pla t eau a nd tre nc h. 
Highways, power-l ine and pipeline rights-of-way and othe r 
cultu ral fea tures are barely visible or can not be detec ted. 

The Frase r Plateau exhibits prominent glacial flow 
features which are not vis ible in the image. 
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