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GEOS is ten yea rs o ld ! Started in Summer 1972 to foster an awareness of 
the ea rth sc iences, it originall y w as mailed to a readership of 5 000, 
mostl y in industry, governments, and universities. Now it goes to 
15 000, inc luding many members of the general publi c who want to 
know more about the geosc iences . Along the way, GEOS has won 30 
awards, for des ign, for spec ific arti cles, and for the journal itse lf. With 
thi s issue, GEOS enters its second decade, ready to answer the challenge 
of evoluti on on two leve ls: in reportin g on the fast changing sc iences as 
practi sed and appli ed at EMR, and to a publi c w hich is dail y demanding 
more informati on, and more sophisti cated informati on, about th ose 
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La revue GEO S ex iste depui s d ix ans . Fondée à l 'été 1972 pour susc iter 
de l ' intérêt dans les sc iences de la terre, la revue ne comptait au départ 
que 5 000 lecteurs, la plupart rattachés aux secteurs industriel, gouver
nemental et uni versitaire. Les li stes d'envo is comptent maintenant 
15 000 personnes. Plusieurs d'entre ell es font parti e du grand publi c; 
elles veulent en savo ir davantage des sc iences de la terre. Au cours de 
ces dix ans, Geos a obtenu di x pri x pour sa conception, pour des ar
ti c les qu 'e lle a publi és et pour la tenue générale de la revue. Avec la 
présente édition, Geos entreprend sa deuxième décennie, prête à relever 
un double défi : rendre compte de l'évolution rapide des sc iences dont 
nous traitons, témo igner de leur appli ca tion à ÉMR et satisfa ire un publi c 
qui ex ige une info rm ati on toujours plus complète et détaillée à propos 
des sc iences auxquelles nous nous intéresson s. 



A less stressful 
form of life ■ ■ ■ 

Ray Thorsteinsson has been traversing the 
Arctic Archipelago for 32 years, since as a 
young geologist he joined the first team of 
the Geological Survey of Canadà-the first 
trained geologists to go to the area. Since 
then he has mapped more than 200 000 
square miles, worked on every island in the 
archipelago except Baffin and King William 
Islands, and in 1981 was given the Massey 
Medal, the highest Canadian award for in
dividual achievement in geography and 
related fields . Other medals recognizing his 
contribution have corne from the Royal 

Society of Canada, the United Kingdom 
Royal Geographical Society, the Geological 
Association of Canada, and the Canadian 
Society of Petroleum Geologists. 

More important to Thorsteinsson, who at 
61 is head of the GSC Arctic Islands Sec
tion at EMR's lnstitute of Sedimentary and 
Petroleum Geology, is the record of his 
work from 1950, in nearly 30 reports, for 
the GSC and scientific journals. The latest, 
a memoir on Devon Island, is in press now. 
They include the first official identification 

of the Arctic as a major oil province. Many 
were written with other pioneer Arctic 
geologists: Yves Fortier, R.J.W. Douglas, 
D.K. Norris, R.L. Christie, J.W. Kerr 
.... His most frequent partner was E.T. 
Tozer, now at GSC in Ottawa. 

Thorsteinsson recalled the changes he wit
nessed in 28 Arctic summers in taped in
terviews with GEOS editor Constance 
Mungall this spring. This is an edited ver
sion of his conversation. 
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RAY THORSTEINSSON: 

The joint Canadian-American weather sta
tions built by the Americans, mainly in the 
late 1940s, were essential to the opening 
up of the Queen Elizabeth Islands. Reso lute 
and Eureka were set up in 1947, followed 
by Mould Bay and lsachsen in 1948. A lert 
was estab li shed in 1950, the first year 1 
went to the Arctic. Each of the stat ions had 
an airstrip. Before the establishment of 
these stations there were no permanent set
tl ements in the Queen Elizabeth Islands. 

Once the weather stations were established , 
the Geological Survey began making plans 
to study thi s remote part of the archipelago. 
Resolute , on Cornwallis Island, was the 
principal weather station in the Queen El i
zabeth group, and they decided to corn-

mence work on Cornwa lli s Island. The Sur
vey knew that the island included Paleozoic 
rocks and therefore that a stratigraphic
paleontologist would be required for the 
planned field project. When they asked me 
if I wanted to participate, 1 accepted. At 
that time - 1949 - 1 was attending the 
University of Kansas , and had comp leted 
five summers as a fie ld ass istant with the 
Survey. 

The party that set off to Resolute in 1950 
consisted of Y.O. Fortier as party chief, Tre
vor Harwood of the Defence Research 
Board, and me. Harwood had spent two 
years - 1935-37 - with the Hudson's Bay 
Company at Dundas Harbour on neigh
bouring Devon Island. We were flown by 
the RCAF from Edmonton to Resolute in a 
Lancaster Bomber, w ith our 22-foot freight
er canoe in the bomb bay. Unfortunately, 
the canoe was too large for the bomb bay 
doors to be fully closed, and Fortier, Har
wood and I had a miserably co ld ride to 
Reso lute . 

We arrived at Reso lute on June 1 st, and we 
had to wait for about a month at the weath
er station before the ice in the chan nels 
around Cornwa lli s Island had melted, and 
we cou ld set off in our canoe. During this 
delay we carr ied out geolog ica l stud ies 
around the weather station, and we were 
fascinated to find a thick succession of 
much deformed Ordovician and Silurian 
sed iments. 

ln ear ly July the three of us set off in our 
canoe. We planned to circumnavigate 
Cornwal li s Island, which we did . We car
ried with us ail our food , equ ipment and 
fue l for the trip . The fuel was stored in jerry 
cans. Our canoe was powered by a 
5-horsepower motor of which we had on ly 

one. Th is was a chancey affair, because if 
the motor broke down we might have been 
stranded and forced to walk overland to 
Resolute. After that, 1 always had two 
motors with me, one as a spare. 

We had a two-watt receiver/transmitter with 
which we hoped to keep in con tact with 
the weather station at Reso lute. lt proved to 
be next to useless; we were ab le to contact 
Resolute only once. 1 carr ied this radio with 
me during the next six field seasons, and 
only on one other occasion was I ab le to 
contact a weather station. 1 can't forget ai l 
of the wasted effort in carrying this radio 
around w ith me. 

The circumnavigat ion of Cornwa lli s Island 
took about two months. During this time 
we travelled about 300 miles, as we were 
keeping close to the coast line, and travel
ling in and out of virtuall y every bay. Our 
method for gatherin g geo log ical information 
was to travel until we came upon good ex
posures of rocks, where we would stop and 
camp for two or three days, measure and 
study the exposure, and then go on. Severa! 
times we were prevented from canoeing be
cause high winds or ice conditions kept us 
from moving on. 

The on ly maps available to us were the old 
British Adm iralty charts, w hich were not 
espec ial ly accurate . One of these charts 
showed a sma ll island lying off the north
east coast of Cornwallis Island. As we pas
sed through this area, a careful search 
showed that the island did not exist! 

If aerial photographs had been avai lable, 
we cou ld have picked the best localities for 
conducti ng geological studies in advance of 
field work, and would have been ab le to 
operate much more efficient ly. But not hav-

Field party in Canon Fjord, Ellesmere Island, April 1957 Équ ipe cha rgée de travaux sur le terrain, au fjord Canon, dans l 'île Ellesmere, en avril 1957 



ing photographs or good topographie maps, 
w e were forced to operate in much the 
same way as members of Geolog ical Sur
vey, l ike R.G. M cConnell, J.B. Tyrell and 
G .M . Dawson, had conducted their studi es 
in the last century. 

As far as the old explorers were concerned, 
the most useful observation s were made by 
the Frank l in searchers, people like M 'C lin
tock who were fi eld naturali sts, and others 
who were trained in natural history. They 
had ga thered foss i ls and recogn ized I ime
stone and dolomite c liffs, fo r instance. And 
on the basis of those observation s one was 
ab le to make a rough geo logica l map of the 
A rcti c Islands. 

Back in 1850-5 1, a Briti sh squadron had 
wintered quite c lose to Reso lute Bay. 
M 'Cli ntock w as on that expedition, and so 
numerou s foss i ls were co l lected on Griffi th 
Island , a small island just off the south 
coast - w hi ch to ld us we were going to 
find Silurian rocks in parti cular. 

But w e were the first trained geologists, and 
don' t forget that geology had advanced 
tremendously in the 100 years from the 
days of the ea rl y explorers . Unfo rtunately, 
some expl orers made prec ious I ittle in the 
way of geologica l observa ti ons. Stefa nsson 
w as one. If one reads all his reports, one 
could not rea l ly in fer anything of the geolo
gy of the islands he di scovered and ex
plored. 

1 w as one of the first persans to trave l wide
ly in these islands since the earl y explorers, 
and so we came across many of their ca irns 
and caches . O ne could very often deter
mine where one could expect a ca irn by 
reading their accounts, because all these 
Arcti c explorers left pub lished accounts of 
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Not oil and gas territory? 
. . . Unthinkable! 

Thorsteinsson: One of the reasons for 
the Survey launching a continuing pro
gram of geological work in the Arctic 
Islands was the very fact that the geolo
gy was virtually unknown . 

Mungall : And then fairly earl y, between 
1950 and 1955, you realized that it was 
potential oil country? 

Thorsteinsson: We began to unravel the 
geology and real ized that we were deal
ing with lands that had the essentia l 
characteri st ics of oil and gas territory: 
thick mar ine sequences, t im e of 
phanerozoic age, not tao deformed, 
rocks not altered, metamorphosed ... lt 
was simply unthinkable that this coun
try was nota potential oi l and gas pro
vince. 

their exp lorati ons, and I usual ly took the 
time to sort through them. 

At the same time the Briti sh Admiralty ex
pedition was w intering close to Gri ffith Is
land - Sir John Ross w as wintering on the 
south coast of Corn wa lli s Island about 30 or 
40 miles aw ay to the east of Ass istance 
Bay. 

ln 195 1, on Ju ly 17, 1 found a note that had 
been left by Sir John Ross describing hi s 
w interin g, and left there on August 12, 
1851, a few days short of 100 years. lt was 
a particul ar th ril l to di scover thi s note -
wr itten in bea utiful ca ll igraphy. 

Mungall: Were you the first to recog
nize that? 

Thorsteinsson: 1 think I am correct in 
say ing that the firs t publi shed accou nt 
painting out the petroleum prospects at 
the archipelago was a paper by Y.O. 
Fortier, A:H . McNair and me. lt was 
pub l ished in the bul letin of the Amer
ican Association of Petroleum Geolog
ists in 1954. 

l t wasn' t until 1960 that the big leasing 
play developed in the Arctic islands. 1 
think the first inquiry that I had from 
people interested in the geology of the 
Arctic islands was in 1959. They had 
read the reports of people that had been 
work ing up there, and they decided to 
look into the matter further . 

We continued to use the fre ighter ca noe as 
a means of transportati on throughout much 
of the f ifties, supplementing it w ith dog 
sledging. The use of the sledge mea nt that 
we could commence field work in April , 
M ay and June, long before the stra its and 
channels had opened . A sledging party 
usuall y consisted of two dog teams, two 
Eskimo dog drivers and two geolog ists. 
Each tea m inc luded anywhere from 11 to 
14 dogs. The sledges were sturdil y built and 
des igned to haul about a ton of men and 
materials. O ur journeys, whi ch were made 
out of the wea ther stati ons, genera lly lasted 
fo r peri ods of about 30 to 60 days. O n one 
such tri p my party trave lled about 700 

Breaking camp after brea kfast in Eureka Sound, 1957 Levée du ca mp après le déjeuner, dans le détro it d 'Eureka, en 1957 



4 

miles. On these journeys we never 
bothered to carry a two-way radio. 

Our method of cond ucting geolog ical inves
tigations on sledg ing journeys followed 
much the same pattern as our canoe ing par
ties. We searched for criti ca l outcrops, and 
when we found them , set up ou r camp, 
and stopped over a day or more to study 
the rocks. 

We wou ld stop, put up our she lter - igloos 
or double-walled tents depend ing upon the 
temperature - and make our evening 
meal , and that wou ld take two hours. We 
did all the cook ing whi le the Eskimos han
dled the dogs, cutting up seals and feeding 
the dogs and tying them on a long chain to 
keep them from fighting and eat ing their 
harness at night. By the time those chores 
were done, we'd be through w ith our cook
ing. Then we'd discuss geology in our quar
ters. 

On the average one wou ld on ly get six or 
seven days a year when one could sit out
side the tent and cook and bask in the sun. 
The temperatures are hovering around 40°, 
45°F. One wou ld be moving dur ing the day 
wear ing a parka or a good jacket, warm 
clothing, and one cou ld sit down and make 
a pot of tea and eat one's lunch, but one 
was not going to l ie around and rest too 
much. 

Spring break genera ll y commences in late 
June or ear ly Jul y in these islands, and puts 
an end to the sledg ing season. Between the 
end of sledge travel and the beginning of 
the canoeing season there are two to three 
weeks when the only practical means of 
trave lli ng is by foot and carry ing a pack. 
From about the middle of Jul y until the end 
of August, with the onset of winter, we 
travelled by canoe. 

During breakup we'd corne across cracks in 
the ice that were say six or eight feet w ide, 
and we'd push our 20-foot sleigh across the 
crack . We had one sleigh go in , but that 
was by design , not by accident. The Eski
mos pushed it in . The crack wasn't too 
w ide, probab ly four or five feet. lnstead of 
the Eskimo running beh ind and keep ing the 
sleigh at right ang les to the crack, he gave 
it too hard a push and it just dropped cross
wise into the crack instead of go ing across. 

1 guess they thought if things got wet we 
wou ld decide to quit and go home, be
cause it was late in the season , in July. Tim 
and I were wanting to make one last jour
ney down to some outcrops of special in
terest to us. They wanted to go home; the 
dog's feet were getting eut on the ice and 
they were having trouble keeping shoes on 
them. 

One of the most serious limitations in con
ducting geologica l investigations by means 
of dog teams and canoes is that observa-

tions are limited to fjord wa ll s and 
shore lines. We se ldom made protracted 
journeys w ith our dog teams because of the 
danger of damaging the sledge runners on 
projecting rocks. But th is was back in days 
when any geo logica l in format ion about an 
area cou ld be very important, and we did 
proceed a long way toward elucidating the 
geo logical history of the Arct ic Islands by 
usi ng these methods of transportation. 

The big change in field transportation in 
these far is lands took place in the late fifties 
with the advent of light fixed-wing aircraft 
such as the Otter and Piper Super Cub that 
were equipped w ith overs ized bal loon tires 
that permitted land ings on unprepared ter
rain. This nove/ means of transportation had 
been initiated by the U.S. Army operating 
on the tundra of northern Alaska , but the 
idea was turned into a commercial enter
prise by a remarkable man named W. W. 
Phipps, of Brad ley Air Services Ltd . Later he 
headed his own compan y under the name 
of At las Aviation Ltd. The Otter ai.craft, 
which coul d ca rry about a ton , was used 
mainly for transporting equipment and other 
supplies, but the Piper Super Cub was used 
in much the same manner as a heli copter. 
ln the hands of such excel lent pilots as 
Phi pps himself, and R.M. deBlicquy, these 
little aircraft could be landed almost any
w here, even on mountain tops, hillsides 
and creek bottoms. We used the Piper Su
per Cub ai rcraft throughout the sixties, but 
by the ear ly seventies the Cub was over
taken and then rep laced entire ly by the 
hel icopter. 

The late fifties also brought a major change 
in fie ld communications with excellent re
ceiver/transmitter radios. This has permitted 
us to maintain radio contact at al l times be
tween base camp, travers ing parties and air
craft. 

One sti/I sees lots of wi ld life. ln the early 
part of my work in the Arctic , we were 
often in areas that hadn ' t been vis ited by 
zoo logists, and these observations were im
portant. When the Canadian Wild life Ser
vice began working up there - 1 th ink it 
was in the ear ly sixties - it no longer be
came important to try and report what life 
one had seen. 

There were no Eskimos when I first got 
there , and then they brought two bands of 
people into the far islands, one at Resolute 
and one at Grise Fjord , and they' re sti/I 
there . On Cornwallis Island, before the 
Eskimos were brought in there in 1953 , po
lar bear were very common - one could 
see polar bear virtual ly every day of the 
week . After they got there, they began 
shooting polar bear for their furs and they 
reduced the popul ation enormously, but 
never to the extent of exterminating them, 
which would have been impossible, be
cause these Eskimos covered only a very 
sma ll part of the Queen Eli zabeth Islands. 

ln the '50s and '60s we relied heav il y on 
dried foods, dr ied prunes, dried potatoes, 
dr ied pea soup, dr ied everyth ing. And we'd 
also take up some canned bacon , things 
like that. But once we began using hel icop
ters and fixed -wing aircraft, we would fly 
back into Reso lute and pick up food orders . 
And nowadays, with the big helicopter op
erations and the camps we have, we eat 
much the same foods that we eat down 
here, if not better . .. bakery bread, jams, 
fresh potatoes, ce lery, lettuce, steaks, and 
so forth. 

There were advantages in using dog teams 
and canoes to conduct geolog ica l stud ies. 
Then one was se/dom stopped by mecha
nical failures. Today a heli copter may break 
down and be out of service for as much as 
a week waiting for spare parts to be brought 
in from the south . Moreover, dog teams 
and canoes encouraged a more relaxing 
and less complicated way of carry ing out 
field work than aircraft. The advantage of 
the aircraft is , of course, the fact that much 
more territory can be studied in the course 
of a fie ld season, and stud ied more thor
oughly . But thi s makes for a more intense 
li fe sty le. In format ion is being gathered at a 
much more rapid rate. To operate efficient
ly, a geologist must spend a good portion of 
each eveni ng assimi lating th is information 
in order to plan the next day's work. To be 
forced to repeat a bad ly planned traverse by 
helicopter might easi ly involve an extra cost 
of one or two thousand dollars to a fie ld 
project . ln contrast, the total cost of our 
field projects involv ing dog teams and 
canoes for the entire season was about 
$5000. On the other hand , it cou ld take ten 
years to study the geo logy of an area that 
you could cover in about two years of in
tensive work with aircraft. 

Ray Thorsteinsson est actuellement le chef 
de la Section des î les de l'Arctique de 
l ' Institut de géologie sédimentai re et pétro
lière de Calga ry. L' Institut re lève de la 
Commi ss ion géo logique du Canada 
(C.G.C. ) qui fa it partie du mini stère de 
l ' Énergie, des Mines et des Ressources . 
M embre de la première équ ipe de géolo
gues expérimentés qui a explo ré l'archipel 
de l 'Arctique, il y a passé 28 étés après 
son premier voyage dans ce territoi re en 
1950 . Il a été l' un des auteurs du rapport 
qui , de tou s ceux publiés pour le compte 
de la C.G.C. , a, le premier, reconnu la 
présence de gisements d 'hydroca rbures 
dans l'Arctique. 

Le printemps derni er, il s'est entretenu, à 
son bureau de Ca lgary, avec Mme 
Constance M unga l l, rédactrice en chef de 
la revue GEOS, au sujet des change
ments dont il a été témo in dans l 'Arctique. 

Cet article est dispon ible en français 



Offshore Eastern 
Canada: 

From Plate Tectonics To 
Petroleum 

By Charlotte Keen 

Geophysical models help us understand the evolution of the con
tinental margins and predict petroleum potential . ... 

The continental margins off Eastern Canada 
are often cal led pass ive, but they have not 
always been so . ln fact, they have been the 
scene of rift ing, shearin g, thi nn ing, co l
lapse, hea ting and fin all y coo ling. If geolo
gic time were speeded up, their evo lution 
would look l ike a Cec i l B. DeMi l le film of 
the creation of the earth. 

lt was these events that produced the ri ch 
o il and gas deposits ly ing offshore of Nova 
Scoti a and Newfoundland. And understand
ing the events is important, because it can 
help in the identification of source rocks 
and in estimat ing their petroleum potenti al. 

The geological lifespan of the continenta l 
marg ins began about 200 million years aga, 
when the supercontinent of Pangea frag-

Figure 7. 

mented to open the At lantic Ocean Basin 
and its northern extensions into the Arctic. 
This brea k-up was the beginning of com
p lex rifting events which lasted for about 
120 million yea rs and produced the mar
gins of Eastern Canada (Fig. 1 ). First, about 
200 million yea rs (Ma) ago, the Africa
North Amer ica plates moved and bega n to 
create the con tinental margins off Nova 
Scotia and south of the Grand Banks. Then 
about 1 20 Ma ago, lberia separa ted from 
the eastern Grand Banks. And fi nally, 80 
Ma ago, the reg ion west of the U. K. rifted 
away from the north east ewfoundland 
shelf and Green land separated from Labra
dor and Baffin Island. 

These riftin g ep isodes produced pro
gressively younger margins to the north , 

Charlotte Keen has been marine geophysicist at 
EMR's At lant ic Geoscience Centre, the Geologic
al Survey of Canada's arm at the Bedford lnstitute 
of Oceanograph y in Dartmouth , for 12 years, 
since her post graduate work in marine geophy
sics at Dalhousie and Cambridge universities. 
She is acti ve nationally and international ly as 
cha irman of the Canad ian Lithosphere Commit
tee, a Fell ow of the Royal Society of Canada, 
member of the Commi ss ion on Marine Geology, 
and a member of the international Deep Sea 
Drilling Project Passive Margin panel. Her work 
has been recogni zed by the Young Scientist 
Award from the Assoc iation of At lantic Provinces 
lnterunivers ity Comm ittee on the Sciences, and 
the Past President 's Meda l from the Geologica l 
Assoc iation of Canada. Her current interests in
c lude the geodynam ics of sedimentary basins, 
deep seismic structure of conti nenta l n1argins, 
and properti es of the sub-crusta l lithosphere. 

PLATE MOTIONS PRODUCING THE CONTINENTAL MARGINS OF EASTERN CANADA 
.. : .. ·. 
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6 

and created rather different structural styles 
for the various margin segments. Sorne of 
these differences appear to depend on the 
sense of relative motion between the separ
at ing continents, on the fabric of the crust 
being rifted, and on the length of time re
quired to achieve complete continental 
separation. For example, off Nova Scotia, 
plate mot ions were roughly perpendicular 
to the margin, rifting it. By compar ison, 
south of the Grand Banks, the continents 
slid past each other, shearing the margin. 

To understand margin evolut ion , we need 
to know the pl ate tectonic motions which 
produced them. However, thi s is on ly part 
of the story; knowing the motions that cre
ated the margin s does not exp lain the 
phys ical processes active during their crea
ti on. We need more c lues. 

The quantity, quality, and divers ity of data 
ava ilable for the margins of Eastern Ca nada 
is among the best in the world . Samples 
from deep exp loratory we l ls i nd icate strati g
raph ic and geochemica l properties of the 
sed iment. Sei smi c refl ection data delineate 
the thi ckn esses and structural characteri sti cs 
of the sedimentary strata on a reg iona l 
sca le. We also have se ismic measurements 
of the deep cru stal structure of the margi n, 
gravity anomal y measurements, and magne
ti c anomal y observat ions. Given thi s unique 
data set, the chai lenge is to use it we l I to 
determine the processes occurring dur ing 
rifting and the subsequent marg in evo lution . 

O ne way is to construct theoret ica l models 
which ca n be described mathemat ica ll y and 
predict a number of parameters to compare 
directly with the observations. If the predic
tions and observations do not match we ll , 
the model must be modified or discarded. 
This is the kind of model which Chris 
Bea umont of Dalhousie Un ivers ity and 1 
have been deve lop ing. O thers in the U.K., 
France and the U.S.A. have been working 
on similar studies. 

The models which best sa ti sfy the observa
ti ons are conceptua ll y simple. They assume 
that the lithosphere extends during rift ing 
(Fig. 2). The extens ion causes the lithos
phere to thin and hot materi al from the 
asthenosphere rises beneath the thinned re
gion and produces high temperatu res in the 
lithosphere. The combination of thermal ex 
pansion of the lithosphere, and the rep lace
ment of the light thinned crustal materia l by 
more dense mant le materia l, changes base
ment eleva tion . These changes may take 
the fo rm of upl ift, or of subs idence, de
pending on the details of the stretch ing pro
cess (Fig . 2a and b). As the separa ti on of 
the continents is completed, ex tens ion 
stops. The lithosphere coo ls and thickens 
towards its eq uili br ium thermal state. Ther
mal contracti on causes the margin to sub
side, which creates a depression where 
sediments accumulate. The we ight of sed i
men ts produces further subsidence depend-

EXTENSION PROCESSES 
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STRETCHED REGION 
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------ \ 13, ABOVE d ----._.._ 
~~~ ~~~ 

t t - UPLIFT 

Tigure 2. Extension Processes 
a. The whole /ithosphere is extended and thinned by an amount 13. This gives subsidence shown by 
arrows. 

b. Lower lithosphere extended by ô, upper lithosphere by 13. 
This gives uplift of rift shou lders as shown by arrows 

Processus d 'a llongment. 
a. Toute la lithosphère s'allonge et s'amenuise d 'un facteur 13. Ce/a produit la subsidence que mon
trent /es flèches . 

b. La lithosphère inférieure s'allonge du facleur ô, la lithosphère supérieure, de 13. Il en résu lte un 
soulèvement des épau/emenrs du fossé tectonique te/ que /e montrent /es flèches 

ing on the mechanical strength or rigi dity of 
the lithosphere (Fig. 3) . The rigidity changes 
with time as the marg in coo ls; a young, hot 
margin is less rigid than an o ld , co ld one. 

ln making the mathematica l model describ
ing the evo lution of the marg in , we in
corporate all of these factors. We need two 
inputs: the amount of extension during rift-



CONTINENTAL MARGIN AFTER RIFTING the sediments and their th ickn esses, shown 
by biostra t igraphi c studi es of sediments 
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ing, and the sediment infl ux versus time. 
W e determin e the amount of extension 
from the thi ckness of cryslalline crusta l 
rocks w hi ch were thin ned by extension du r
ing riftin g (Fig. 3) and now under lie the 

sediments. W e measure cru stal thi cknesses 
in c ru stal se ismi c refracti on experim ents. ln 
genera l, extension va ri es across the margin 
and increases towa rd the ocean basi n. We 
determin e sediment influx from the ages of 

seismi c re fl ection measurements. W e then 
compute the coo ling of the lithosphere and 
the subsidence due to coo l ing and to sedi 
ment loading, and trace the evo lution of the 
marg in from the time of rift ing to the pre
sent. 

Us ing these models, we can compute how 
far the margin has subsided, at w hat rates, 
the shape of the marginal sedimentary 
bas in , the grav ity anomal ies across the mar
gin , and the paleotemperatures in the sedi 
ments and basement rocks. W e can test the 
va lidity of the model by d irect observa ti on 
for all but the last characteri sti c. These 
pa leotempera tu res are very important, be
ca use temperature and time determ ine the 
therm al matu ra tion of organic matter, and 
can be used to estimate the petro leum 
potenti al of the sed iments as source rocks. 

W hy is this kind of mode lli ng part icul arly 
usefu l in studying ma rgin evo luti on? Fi rst, it 
allows us to integrate all kin ds of da ta in 
o ne model, in stead of studying one or two 
parameters on ly, apart from others w hi ch 
cou ld infl uence the fin al interpreta ti on. 
Second , the models are pred icti ve in the 
sense that, if we know some character isti cs, 
a model can describe other properti es of 
the margin 's history . Sorne of these, like 
paleotemperature, would otherw ise be dif
fi cult to determine. Third, the models are 
quantitati ve . They allow a degree of prec i
sion in describing margin evo luti on un
attai nab le except in a mathemat ical 
framework. A li these attri butes are ex treme
ly useful in tes ting hypoth ese aga inst 
observat ions. 

Geologica l ev idence strongly favours exten
sional models. O n margins w here the base
ment rocks are not deeply bu ried by sedi
ments, li stric norm al fa ul ts have been map
ped. The geometry of these faults ind ica tes 
th at ex tension by fac tors of 1. 5 to 3 has 
occurred . O n the Labrador shelf we can see 
the upper surface of norm al fau lts in se is
mic re fl ection data, and on the Grand 
Banks the presence of north east trending 
grabens such as the Jea n d 'Arc Subbas in 
probably resul ts from extensional fo rces 
during rifting. A lso, the cru st benea th the 
sediments thins toward the ocean bas in 
(F ig. 3, 4) from typica l continental thi ckn es
sess of 35 km to about 15 km benea th the 
ax is of the margin al sedimenta ry bas ins. 
Thi s thinning by fac tors of 2 to 3 is difficult 
lo exp lain except by ex tension. 

Finall y, the models are consistent with the 
deve lopment of thi ck sedimentary bas ins on 
the margins and w ith the stra ti graphy of 
th ese bas ins. The timing of the onset of 
sea fl oor spreadin g is rou ghly cons istent w ith 
the age of the o ldest marine sediments on 
the Labrador and Nova Scoti an margins, as 
predi cted by the model. 



8 

The models also indicate that the rate of 
subsidence decreases w ith ti me after rift ing. 
Therefore, the depression avai lable for sedi
ment deposition wou ld be greatest early in 
the history of the margin. Observations 
confirm thi s. On the Nova Scotian margin, 
a large thickness of Jurass ic sediments (180-
135 M a) w ith progressive ly thinner layers of 
younger sediments occupy the basin (Fig. 4). 

W e have appl ied the model successfull y to 
the rifted margins of Eastern Canada, as 
well as to other areas. Figure 4 compares 
observations and model resul ts for the Nova 
Scotia marg in. Si x we lls have been pro
jected onto the cross section and were used 
to determine the strati graphy. The thi ckness 
and age of the deeper sediments on the out
er shelf 200 km from shore, and furth er sea
w ard , w as inferred from se ismic data. The 
thinning of the crysta l line cru st was deter
m ined from deep se ismic experiments. Sa lt 
di apirs are plentifu l in th is region , (Fi g. 4) 
but for simplicity were not inc luded .in the 
model. 

The model describes a sed imentary bas in 
remarkably simil ar in shape and strati graph y 
to rea l ity. lt is important to remember th at 
th is w as in no w ay f ixed beforehand . ln cal
culating the model, w e determ ined the 
amount of subsidence from the amount of 
extension, estimated from measurements of 
c ru stal thi ckness. If the model was in
appropriate, the ca lcu lated depress ion cre
ated by subsidence would not satisfy 
observati ons of sed iment thi ckn ess and wa
ter depth . The good agreement, as w ell as a 
good match w ith observed grav ity anoma
lies, compellingly supports the model. lt 
also c learl y demonstrates a fundamental re
lati onship between sedimentary bas in and 
deep crusta l structure. Thi s is an important 
advance in understanding geology in three 
d imensions. 

Paleotemperatures within the sediments, de
scribed by the model, are important for 
practica l reasons. Because the ca lculati ons 
trace the coo ling hi story of the lithosphere 
since the time of rifting, the temperatures at 
any time and depth can be found. Data 
from the Triumph wel l on the outer Nova 
Scoti an shelf near Sable Island illustra tes the 
potenti al signi fi cance of thi s aspect of the 
mode! results (Fig. 5) . The Sable Island re
gion is underl ain by the Verril l Canyon 
Form ati on of Earl y Cretaceous-Late Jurass ic 
age (125 M a and a ider), w hich has tenta
tive ly been identified as the source rock for 
gas discovered in the reg ion (GEOS, Fall 
198 1). The subsidence histo ri es for stra ta of 
va ri ous ages are shown in Fi gure 5. Super
imposed on the subsidence curves are the 
isotherm s, the depths of w hi ch are com
puted as pa rt of the modelling procedure. 
These two sets of curves give the entire 
depth-t ime-temperature for the we ll. 

The therm al maturation of the sediments is 
a fun ction of the cumu lati ve temperature-

TIME- DEPTH-TEMPERATURE CURVES , 
TRIUMPH WELL 
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time histo ry and can be computed from the 
model led paleotemperatures . The therm al 
maturity of the sediments is a guide to 
whether they have experi enced a therm al 
history favourable for the generation of pet
ro leu m. The Time-Temperature Index of 
Lopatin (TTI) is one measure of therm al 
matu rity w hi ch is eas il y computed from the 
predi cted temperatures (Fig. 6). Thermal 
matu rity increases w ith time since depos i
ti on, as the sed iments experience higher 
temperatu res and longer cooking times . TTI 
is computed from the length of time the 
sediments spend in each 10°C temperatu re 
range . The approx imate va lue of 15 TTI un
its corresponds to the onset of o il genera
ti on. If sed iments reach va lues of thermal 
maturity above thi s line, their thermal hi s
tory has been favourable for petro leum gen
era ti on. A t the Triumph we ll therefore, the 
results suggest that Jurass ic sed iments 
(135 M a and a ider) w ill be therm ally ma
ture. Early Cretaceous and younger sed i
ments w ill be immature. 

The curves show n in Figure 6 are also use
fui in determinin g how long petro leum gen
erati on takes and therefo re prov ides esti 
mates of the ear liest time that petro leum 
could mi grate from source rock to reservo ir. 
For example, 160 M a o ld sediments 
attained therm al matu rity 75 Ma ago and 
migrati on could not have begun before that 
time. 

The mode ls thus give us a potentially 
powerful petro leum exp lorat ion too l w hi ch 
has not been fu l ly exploited . However, 
many defic ienc ies still ex ist. W e need 
measurements of therm al conducti v ity and 
radiogenic hea t product ion for the sedi
ments in order to compute pa leotempera
tu res accurately. Bottom ho le temperatu res 
in the we lls must be ca refull y logged so 
they can be co rrected to equi l ibrium 

Figure 6. 
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va lues. These temperatu res are important in 
estimating present heat flow and in va l idat
in g the model results. The re lati onship be
tween geochemica l models of petro leum 
generati on and of therm al hi story needs to 
be c lari f ied so that the predicti ve capabili 
ti es of both are strengthened . 

W e look fo rward to th e integrati on of 
geochemi stry, geology, and geophys ics in 
predicti ve models for petro leum occurences 
in future exploration. lt's up to the exp lora
ti o n div isions of the petro leum companies 
to recognize the va lue of th e models and 
use them. 

Les modèles géoph ys iques peuvent inté
grer plusieurs fac teurs dans un cadre 
mathématique. li s nous aident à 
comprendre l 'évo lulion des marges conti 
nentales, et constituent, pour lrouver du 
pétrol e, un out il potentiell ement très 
eff icace, dont on n 'a pas encore h é plei
nement parti . Les modèles qui suggèrent 
que la lilhosphère s'a llonge au cours de la 
création des fossés d'effondrement sont 
actuell ement vérifi ables au moyen d'ob
serva tions, dans la région de l 'îl e de 
Sab le, sur le plateau conli nental de la No
ve ll e-Écosse. 

Cet arti cle est di sponibl e en frança is. 



A new 
kind 
of map 
By John H. Baines 

Digital mapping forces us to reexamine our ideas. 
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stimulating changes in perception of the earth and its population 

Visualize inspect ing selected hiking or 
canoe routes through the Canad ian w ilder
ness before going near it - not on a map, 
but on a TV screen, and w ith a choice of 
perspectives, including aircraft approaches 
and takeoff. 

Or cons ider the potentia l of fast routine up
to-date analyses of sc ientific, financial or 
eco logica l stati stics assoc iated w ith any ter
rain-related subject, from prospecti ve en
gineering construction to the natura l re
sources of all of Canada - analyses based 
not on laborious spec ific surveys, but com
puted from comprehens ive precise data 
transm itted from the same genera l reference 
system th at showed you the hiking route. 

These possibilities wou ld once have seemed 
like science fict ion, but today they are im
minent. Using spectacular deve lopments in 
computer techno logy, including graph ies , a 
basic topograph ical information processi ng 
system is already installed at EMR. lt needs 
only further technica l refinements and 
wider coverage to become this comprehen
sive. 

'Only money, not technology, is ho lding us 
back,' says Dr. J.M . Zarzycki, Direc tor of 
the Topographical Survey Di vision of EMR's 
Surveys and Mapping Branch . 'Deve lop
ment started here in the late l 960 's,' he 
cont inues . 'Then the limitation was technol
ogy . Thal is no longer true.' 

Aerial photography ca n di sti ngui sh detail 
smaller than human beings, and thi s resolv
ing power is improving rapidl y. For up-to
date arch ives, analysis and display of our 
changing geographic informati on, the on ly 
methods w ith the necessary speed and 
qual ity transform panoram ic images into the 
strings of pulses of a digital electronic code. 

About 40 techni c ians in the Topographi e 
Survey Division are evolving and operating 

the national arch ives and the 'di ct ionary' 
for this digital electronic language. This sys
tem is known as the National Digital 
Topographie Data Base, or NDTDB. lt wi ll 
do for users of topograph ie information 
w hat financial data bases do fo r banks, but 
w ith more divers ity in the way il can be 
accessed . A va ri ety of distant customers wil l 
eventuall y be in rap id te lecommun ication 
with il and w ith each other. They wil l in 
c lude prov inc ial government agencies, pet
roleum compa nies, construct ion conglomer
ates, pipeline bui lders, universi ty resear
chers, ... anyone needing information ab
out the earth 's surface or resources. 

An engineer building a dam wi ll be able to 
quickly ca lcul ate the land area to be 
flooded . 

A conservation officer w ill judge the nest ing 
potential of an iso lated swa mp for migrating 
fow l. 

An epidemio logist wi ll predict incidence of 
nutritional deficienc ies based on soi l and 
water chemicals. 

The implications of NDTDB's potenti al are 
so radical that the very word 'map' w ill 
soon mean something quite di fferent. 
A lready, the group working on the system 
refers to 'graphie maps,' or less apt ly, 'c las
sic maps' when they mea n the traditional 
drafted or printed ve rsions. They predict 
that we will have to extend our mean ing to 
inc lude the record of electroni c pul ses that 
describe a map segment. These electronic 
codes themse lves represent al l the informa
tion , and more, that a ski lled map reader 
can derive from a printed map. But they are 
stored on dises or magneti c tapes, instead 
of on paper, and they may never be printed 
as a graphi e map. The information is more 
complete and al the sa me time more pre
c ise than could ever be cra mmed onto a 
traditional map. 

'The impact of digital mapping is forcing 
the photogrammetrist as we l I as the cartog
rapher to re-examine the entire concept of 
co llecting, editing, d issem inating, d isp lay
ing and storing terrain information,' sa id 
Dr. Zarzycki at an international congress in 
Montreux, Switzer land last year. 

So far , NDTDB ca n produce maps w ith 
different sca les, co lours and perspectives, 
automati ca ll y drawn on either EMR's or the 
customer' s own digitized equipment. But 
video disp lays, wh ich could be nationall y 
distributed , could have simi lar va ri ety. 
Animation and compatibility wi th v ideo re
ference systems such as Tel idon are a lso in 
the books. An animated presentat ion cou ld, 
as in the scene imagined at the beginning 
of this articl e, show you a se lection of mov
ing perspectives of a route, from on or 
above the land surface . 

As the coverage of the system increases, 
more sc ientific and lega l reference data for 
the customer's own choice of analys is and 
mathemati ca l modelling will be supplied. 
Utilities need thi s geographic referencing to 
assess prospective hydro, ra i I or road 
routes. Exploration companies can correlate 
precise ly surface conditions like minerais 
and water movement. Agri cultural agencies 
can ca lculate the eros ion of arab le land . 
Provinc ial and municipal governments will 
exchange detai ls about lega l boundaries. 

Vis itors from many countries are coming to 
EMR to investigate the data base, but the 
wide appl ication of the ex isting service is 
sti ll in the future, according to Dr. Zar
zycki , leader of the group developing the 
system. Data from New Brunswick was 

With a background in electronics, John Baines is 
an Ottawa consu ltant interested in the rela
tionship between linguisti cs and recent advances 
in sc ience. 
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Photogrammetric Digital Data Acquisition Sys
tem. Television-like terminais display digitized 
terrain features extracted by the technic ian from a 
pair of aerial photographs viewed through 
binoculars of the 8-8 stereoplotter 

Système de saisie de données photogrammétri 
ques numériques. Des terminaux à écran af
fichent des éléments de terrain convertis en nu
mériques, que le technicien a extraits d 'une 
couple de photographies aériennes observées à 
travers le binocu laire du stéréorestituteur 8-8 

used as a pilot project in 1979, and data 
from parts of Ontario and the Arctic islands 
have been co llected in the NDTDB. 
Moreover, most customers do not yet have 
their own DTDB-fed eq uipment for map 
drawing or video disp lay. Therefore, si nce 
non-graphi e reports are alone an inadeq u
ate genera l substitute for panoramic percep
tion , the latest form s of printed maps are 
sti ll the largest end product requirement 
from EMR. 

Let' s follow the creation at EMR of this new 
kind of digital map, from input to output. 

Quantifiable terrai n data like lakes, hill s, 
swamps, rai lway lines and buildings are 
obtained by airborn e stereo-photography, 
with resolution down to about one metre. 
The images may also corne from a satel lite, 
but in that case reso lu tion is more limited, 
because electronic imaging systems have 
not yet matched the resolv ing power of 
high prec ision aerial cameras. Or the ori
ginal input may be digitized from ex isting 
graphies . 

A Canadian invention ca lled a Gestalt 
photo mapper automati ca l ly generate a ter
rain eleva tion mode!. Elevation contours are 
derived from that data by means of a com
puter program . 

ln stereo-plott ing centres, ovèrlappi ng aerial 
photographs are interpreted and measured 
by a skilled technician. The geographic 
pos ition of al I detai ls is registered on a 
magneti c dise, w hich is then checked and 
edited . Features that cannot be easi ly seen 
on photographs, like boundary monumen ts, 
naviga ti on markers, oi I wel ls, geodetic sur
vey contra is, and parks, are ail incorpo
rated from other maps or from documents 
that give their geographi ca l pos ition. 

Operators at interacti ve graphie contrai 
conso ls at th ese centres can view the digi-

ti zed features at any sca le, and tie in ad ja
cent map segments. They make changes to 
the digital data that they would normally 
make on a pencil manuscript. Geographic 
data in a photograph may be hidden by a 
shadow, for exa mple. ln that case, the mis
sing information ca n be transferred from an 
overl apping adjacent ste reo photograph. 

Another source of digiti zed data - Raster 
scann ing of graphie manuscripts - is ana
logous to a TV camera 's seq uential line 
scanning. lt is being investigated as an 
alternati ve to cu mbersome manual digitiz
ing of ex isting traditional maps. 

Storing 

Il is impossible to fo resee ail feasi ble ap
plications of data at the lime il is d igiti zed , 
so the map segments must be class ified and 
stored for easy retrieva l. The Topographical 
Di v ision uses two basic types of storage 
f il es, and they are more eas il y and quickly 
updated than files of graphie maps . The first 
is the Position fi le, known as POP. Thi s file 
con tains a record of ail topographical fea
tures in the correct locat ion on the ea rth 's 
surface. lts in format ion cornes from aeria l 
photography, large scale plans or from 
ground surveys. 

The second is the Represen tat ion file, 
know n as REP, and is created from POP to 
meet the specifi ca ti ons of the map. A car
tographer displaces or deletes features, 
selects symbo l , and orders the au tomatic 
drafting of co lour separa ti on negatives for 
printing. Cartographers make the modifica
tions , since not ail the sk ill s needed for 
advanc ing map requirements can be pro
grammed into electronic data processors -
human judgement is still required. 

Drafting 

The digitall y dri ven automated map drafting 
machine used by the Topographi ca l Survey 

Division is the Kongsberg flatbed plotter. lt 
can symbol ize map features, and offer a 
cho ice of sca le, contour generati on and 
co lou r cod ing, but it has a limited capac ity 
to print text. 

There are severa l advantages to record ing 
topographi e data in digital as well as in 
graphie form . lt increases content and 
accuracy. No fea tures are lost because they 
are so c lose together that they can't be 
shown on a piece of paper. The accuracy 
of topographie data compi led on a graphi e 
manuscript is limited by its complila ti on 
sca le, and the accu racy of data digitized 
from it is also limited by thi s factor . This is 
not the case w hen information is digitized 
directly from aerial photographs; then the 
major limitat ions are only the scale of the 
photography and the sk i li of the operator. 

Distribution 

The National Digital Topographi e Data 
Base has been designed for telecommunica
tion links with data bases across the coun
try, to be used with phone I ines , but at pre
sent the tapes must be mailed or delivered 
by hand. 

Commercia l equipment is now avai lab le for 
digitizing ail these stages of geograph ic in
formation process ing, but at present such a 
complete mapping system ca nnot be bought 
in one package. The development of such a 
system from commerc ial components would 
take abou t a year, Dr. Zarzyck i estima tes . 

'To take full advantage of the power of 
digital technology , an agency plugging into 
NDTDB must focus on the spec ial poten
tials of the new system, rather than on 
trying to em ul ate cu rrent manual prac ti ces,' 
he adds. 

Pil ot production and staff training could 
take another six months. 
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Several demonstration pro1ects are under
way now in the Topographical Survey Divi
sion to demonstrate NDTDB's potential. 
One at the Geologica l Survey of Canada in
tegrates topographie and geolog ical in
formation. The digital data is used to rectify 
gravity measurements for EMR's Earth Phy
sics Branch , and sate ll ite imagery for Cana
da Centre for Remote Sensing. The Dept. of 
Public Works uses it in drafting zoning 
plans around airports. And it provides the 
structure for Statistics Canada's area master 
file of census data. 

y 

Digital terrain mode/ 

Standardization 

ldeally, a topographical feature: road, 
house, property boundary or telephone 
li ne, wil l be digitized only once, and then 
supplied to other users through the system. 
However, digital mapping technology has 
evo lved so quickly, and so much digital 
data has been col lected by different users, 
that not much thought has been given to a 
common standard to facilitate data ex
change. 

Image plastique numérique 
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Close-up of an automated drafting table scribing 
a topographical map 

Cros plan d 'une table de dessin automatique tra
çant à la pointe une carte topographique 

At the request of the Canadian Counci l of 
Surveys and Mapping, EMR's Topographie 
Survey Division has organized technical 
committees to tackle the prob lem of stan
dardization . They have prepared a draft of 
national sta ndards for digita l data exchange, 
which are being distributed now. A secre
tariat has been estabished to receive feed
back and update standards. 

The expertise and innovation behind this 
who le enterprise can be appreciated on 
severa l different leve ls. The improving 
topographie equipment that incorporates 
thi s digital electronic language, and innova
tive users of the equipment, are at the same 
time mutually st imulating an acce lerating 
advance in perception of the earth and its 
population. The equipment, its origins in 
and its effect on human thought, are al 1 

ana logs of the fertile conjunction of panor
amic perception and linguistic rotes. 
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en pla(t' et élargi t son ch,1mp ci 'appli(a
tIon . Appelé 8,1,p nationalP de données 
topogr,1phiques 11u 111(>rique,, ce wsté111e 
sera pour IPs ut il isateurs dPs 1nlor111,1tio11s 
topographiques CP q uP les basps ciP clon
nees tinam iéres sont pour IPs b,rnques , 
111,1is a\el un accès à l ' informa ti on plus 
diwrsifié . Il Jl(' Ut produ ire• ci(•s graphiqups 
qui sont autom,1t Iqu('llle11t tracés sur pa
pier ou ,1IIÏ( lws sur écran \ idèo. Il pPul 
,1ussi ,111,1 lvser et sort ir 1 1nfor111a l1 on sous 
forme numc\rique; 011 s'attend cl ' ail leurs 
quP (Plie applications , qui oflrp l ' ,1\,rnlage 
d 'un contPnu plus no111 lm.'u, el p lus prÉ' -
( 1, prendra dP plus Pll p lus d ' i111port,111ce. 

Cet article est disponible en français 
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L'ARCTIQUE CANADIEN 
SOUS UN CLIMAT , 

EQUATORIAL? 
Par Pierre Lapointe et Peter Dankers 

Par une étude paléomagnétique des sédiments du Dévonien on a pu 
déterminer que, dans le passé, l'Arctique se trouvait sous des latitudes 

plus clémentes. 

Suivant le princ ipe d' une 
boussole , les minéraux 
magné tiques (magnétite, 
hématite) s'or ientent ve rs 
le pôle magnétique qui pré
vaut lors de la format ion de 
la roche. Ainsi , lors du dépôt 
d ' une roche séd imentaire 
ou du refroidissement d ' une 
roche ignée, les grains 
magnétiques s'alignent dans 
la direction du champ ma
gnétique terrestre de l'époque. 
L'étude de cet emprison
nement magnétique sert à 
localiser le pôle magnétique 
de l'époque, et cette étude 
porte le nom de paléo
magnétisme. 

On retrouve dans les îles 
de l'Arctique canadien une 
succession imposante de 
formations sédimentaires 
qui représentent une section 
d 'au moins 1 000 millions 
d 'années de l'évolution 
géo logique de la terre. 
L'étude paléomagnétique 
des séquences de sédiments 
rouges de la période 
dévonienne permet de 
déterminer la latitude sous 
laque lle ces sédiments se 
sont déposés . De plus , en 
étud iant des sections strati
graph iques géographique-
ment distantes on peut établir 

Une section strat igraph ique type de la formation de Snow Blind Bay sur la côte 
est de l'île de Cornwa llis. On peut y voir l'alternance des congloméra ts et des 
pé lites 

Typical geologic section from SnO\v Blind Bav formation on the east coast of 
Cormvallis Island, ,h01ving alternating conglomerate and pelite 

Un échantillonnage type dans une section sédimen taire. Chaque horizon 
propice est foré latéralement et verticalemen t 

Typical sampling in a sedimentary section. Each suitable horizon is dril/ed 
lateral/y and vertica l/y 

rentes sections strati graph
iques qui ont été échan
til lonnées apparaissent dans 
la figure 1. À chaque 
localité, une sect ion 
stratigraphique d ' au moins 
100 m a été forée, soit 
environ 200 carottes par 
section chaque carotte 
mesure 2,5 cm de dia-
mètre, et environ 12 cm de 
longueur. L'échanti ll onage se 
fa it dans les horizons propices 
tout le long de la section 
stratigraphique. 

Les troi s sect ions étud iées 
se situent dans l' île de 
Somerset, dans l' île Prince
de-Gal les et dans l' î le 
Cornwallis (F ig. 1). D ans 
chaque cas, la section 
strat igraph ique représente 
un intervalle de temps entre 
le Silurien supérieur et le 
Dévonien inférieur (405-
385 Ma, Fig. 2). La section 
de l' île Somerset se com
pose de la formation de 
Somerset, sur laquelle re
posent les membres inférieur 
et supérieur de la formation 
de Peel Sound. Cette succes
sion se compose d ' une alter
nance de carbonate, de pél ite 
et de grès déposés dans un 
environ nement alluvionnaire. 

si ell es sont équiva lentes en temps ou 
non. Étant donné que la région étudiée de 
l 'Arctique canad ien est considérée tectoni
quement stab le, les pôles provenant de 
cette région peuvent servir de pô les re-

pères pour définir tout déplacement dans 
des zones qui ont subi des mouvements 
tectoniques depuis le Dévonien. 

Les différen tes zones géologiques des îles 
de l'Arctique sont schématisées et les diffé-

La deuxième section dans l' î le Prince-de
Gal les contient principalement les deux 
membres de la format ion de Peel Sound , et 
se compose d'une alternance de cong lomé
rat , de grès et de ca lcaire. La troi sième sec-

• 
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tion dans l'île Cornwallis est différente, 
bien que du même âge (Fig. 2). La forma
tion de Snow Blind Bay est composée 
d' une alternance de conglomérat et de pé
lite . Ces trois sections représentent donc 
un interva lle r:le temps identique et un 
environnement de déposition très si
milaire. 

Quel les sont donc les étapes qui nous per
mettent de définir la latitude sous laque lle 
ces roches se sont formée s? 

Lorsque l'on mesure l'aimantation d'une 
roche à l'aide d'un magnétomètre, on ob
t ient un vecteur composé de l'a imantation 
de chaque minéral magnétique; cette ai
mantation s'appel le l'a imantation réma
nente naturelle (ARN). La figure 2 permet 
de visualiser la direction et l' inclinaison du 
champ magnétique mesurées dans les diffé
rents échantillons provenant d'un même 
site. Il est à noter que l' intensité du vecteur 
mesuré n'est pas représentée dans ce genre 
de diagramme. Deux points importants so nt 
à noter; le premier est qu 'en montant la co
lonne stratigraphique (Fig. 2) on s'aperçoit 
que le groupement des directions d'a iman
tation est meilleur. Le deuxième est la pré
sence de deux directions distinctes; une 
dans le cad ran sud-est, l'autre dans le ca
ç!ran nord-ouest. La di rection sud-est se re
trouve principalement dans la format ion de 
Somerset. La direction nord-ouest se re
trouve généra lement dans la section du 
membre supérieur de Peel Sound et de son 
équivalent dans la formation de Snow BI ind 
Bay (Fig. 2) . De plus ces deux directions 
sont inversées l'une par rapport à l'a utre. 
Ce phénomène est interprété comme étant 
la signature d'un renversement du champ 
magnétiq ue. Par conséquent, la formation 
de Peel Sound ou son équivalent pourrait 
éventuel lement, être utilisée comme hori
zon repère. 

Comment peut-on prouver ou tout au 
moins vérifier ces conc lusions? La 
deuxième étape d'une étude paléomagnéti
que, la désaimantation, apportera une ré
ponse à cette question. 

Troi s types de désaimantation sont possi
bles; la désaimantation par champ alterna
tif, celle par traitement thermique et celle 
par traitement chimique. Quel est le prin
cipe de la désaimantation et à quoi nous 
sert-elle? La désaimantation est l'a nnulation 
par étape de l'a imantation rémanente, ce 
qui a pour but de vérifier la présence ou 
l'absence d'une autre aimantation et, ce qui 
est tout aussi important, de définir la stabi
lité de celle(s) présente(s) . La stabil ité est 
une mesure de résistance aux différents trai
tements app liqués. 

Cette stabilité est reliée à la composition 
chimique des minéraux magnétiques, à la 
grosseur des cristaux et à leur origine (c'es.t
à-dire quel type d'aimantation? détritique, 

Par exemple, une roche ignée dans laquelle 
on retrouve une aimantation portée par la 
magnétite, peut résister à des traitements 
thermiques jusqu'à 570°C (point de Curie 
de la magnétite, température au-dessus de 
laquelle le minéral est magnét iquement 
v ierge) ou à des traitements par champ al
ternatif jusqu 'à 100 millitesla (un ité du 
champ alternatif app liqué). Il est à noter 
qu'une roche peut contenir plus d'une ai
mantation. Ainsi plusieurs phénomènes 
géologiques peuvent affecter la roche et les 
minéraux magnétiques, de façon telle que 
le champ magnétique existant lors de ce 
changement sera enregistré, en plus de l'ai
mantation originale. La désaimantation per
met souvent de définir chacune de ces ai
mantations. Les trois traitements de désai-
mantation sont fa its par pa liers successifs; 
le traitement thermique de 20° à 700°( par 
étape de 100°C et par plus petites étapes 
près des points de Curie; le traitement par 
champ alternatif de O à 300 millitesla , habi
tuellement par étapes de 10 millitesla et le 
traitement chimique en les immergeant 
dans l' acide chlorhydrique pour 
un certain nombre d'heures 
afin de fa ire disparaître l'ai- 105° 
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et près de 10 000 traitements divers). 
Afin de démontrer la stabilité de l'ai
mantation des séd iments étudiés, quelques 
exemples de désaimantation (therm ique et 
par champ alternatif) sont montrés (Fig. 3). 
Chaque symbole représente le vecteur 
résu ltant, mesuré après une étape de 
désaimantation. En comparant ces deux 
échantillons, on peut trouver pl usieurs 
caractéristiques précises permettant dans les 
deux cas de déterminer la nature et l'ori
gine des aimantations. La stab ilité des 
aimantations définies est excellente: en effet 
les aimantations résistent à des traitements 
de plus de 600°C et à près de 200 mil
litesla . On peu t vo ir aussi que la différence 

Pierre Lapointe œuvre dans le domaine de la 
géophys ique à la Direction de la phys ique du 
globe à ÉMR. Il a effectué des travaux sur le ter
rain surtout dans les Appalaches et dans I' Arcti
que. Peter Dankers détient un Doctorat en phys i
que des roches de l 'uni versité d' Utrecht. Il tra
va ille au service géologique de Petro-Canada . 

100° 95° 90° 
mantation portée par les grains ~--...-----._---,1-::::;.....---,,--r--~-----7 

de cou leurs rouge et de 
déterminer la composante o 
détritique de l'a imantation. 
Après chaque traitement, 
le vecteur résultant est 
mesuré de nouveau 
et l'ana lyse vectorie lle 
de l'a imantation 
résultante est possib le. 

Il est impossible de 
démontrer ici , d'une 
façon convaincante, 
la validité et la 
totalité des résultats 
(p rès de 1 500 
spécimens 

□ Miogéosynclinol 
Fronklinien 

□ Plotforme de 
l'Arctique 

IOOOM D Bouclier 
a Précambrien 

- - - Soulèvement 
de Bootllio 

thermique, ch imique ou visq ueuse, etc.) . Figure 1. 10 0 • Site d'échantillonnage 
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des directions d'aimantations, 
soit sud-est et nord -ouest 
(Fig. 2) se trouve confirmée, 
étant donnée que chacune 
d'elles est stable et bien 
définie, après désaimantation. 
On peut remarquer aussi la 
différence dans le niveau 
d'intensité d'aimantation entre 
les deux types de roches , soit 
faib le pour la dolomie, 

FORMATION 
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\ . ·-• 
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FORMATION ,10-3 

et forte pour la pél ite. Un 
autre phénomène fort in
téressant apparaît dans la 
courbe d'intensité versus le 
Ira itement thermique, c'est 

SOMERSET m 1l liompère / mètre 
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+ 1 + 

+ 

THERMIQUE + + 

(CALCAIRE ) +POSITIVE +--... +._. 
180° a NEGATIVE 
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la présence de deux plateaux 
(Fig. 3) , l 'un entre 20°-550°C 
(magnétite) et l'autre de 550°-
6700C (hématite) . Le fa it que 
ces deux minéraux ont 
enreg istré la même direction 
d'a imantation implique que 
l'aimantation a été acquise 
rapidement lors du dépôt 

Figure 2 Coupe stratigraphique schématisée des trois sections étudiées. Les hachures diagonales représentent une 
discordance angulaire et les verticales une discordance d 'érosion. De plus on peut associer la variation des 
aimantations rémanentes naturelles de la section de l 'île Somerset 

de la roche. La magnétite est 
reliée à une aimantation d'ori
gine détritique, lors du dépôt, 
et l' hématite est reliée à une 
aimantation d'origine chimi
que sous la forme de la 
pigmentation rouge de la 

Ceologic section of the three sections studied . The diagonal fin es represent an angular unconformity; the vertical, an 
eros ional unconformit y. The va riation in the natural remanent magnetiza tion of the Somerset Island section can 
be assoc iated 
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roche acquise lors de la 
d iagénèse. Toutes ces 
caractéristiques nous per
mettent de conclure que ces 
aimantations sont une repré
sentation fidèle du champ et 
du pô le magnétique lors de la 
déposition de ces sédiments . 
Quoique les deux aimantations 
présentes soient anti
parallèles, elles conduisent à 
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Le paléopôle d'une formation Figure 3 
est obtenu en faisant la 
moyenne de tous les échantillons traités 
présentant une aimantation stable. La diffé
rence entre les pôles de chaque formation 
n'étant pas statistiquement significative on a 
donc fa it la moyenne des trois pôles. 

Ainsi par une relation simple de trigonomé
trie sphér ique (la tangente de la paléo lati
tude est éga le à la tangente de l'inc linaison 
de l'aimantation divisée par deux), on a pu 
calculer la paléolatitude de cette région. 
Cette paléolatitude est la latitude du site 
lors de la formation de la roche. Il faut 
ajouter à ce stade que l' hypothèse de base 
du pa léomagnétisme est que les pôles géo
graphique et magnétique coïncident tout au 
long des différentes époques géologiques. 
Les paléolatitudes ont été transposées sur 
une carte géo logique où l'on retrouve les 
différents lithofac ies du Dévonien (Fig. 4). 

Cette carte nous permet donc d' imaginer le 
continent nord-américain au Dévonien. 
L'équateur coupait la partie supérieure des 
îles Arctiques. La presque totalité du so l ca
nadien se trouvait donc sous un c limat 
beaucoup plus tempéré qu 'aujourd'hui! On 
peut ainsi assoc ier les bassins sédimentaires 
et leurs formations respectives avec le cl i
mat dérivé de cette carte de paléolatitude. 
De même peut-on associer les différentes 
flores et faunes et éventuellement en dé
duire leurs environnements de vie. Dans le 
cas présent une évaluation sommaire des 
types de roches et des évidences fossi li sées 
de la faune et de la flore dévoniennes trou
vées dans ces sédiments a permis de corro
borer un climat équatori al lors de leur for
mation. 
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De telles déterminations permettront à l'a
venir de mieux connaître l'environnement 
de formation des différents fac iès géo logi
ques de l'Arctique et d'en maximiser l'ex
ploitation. 

Paleo111agnet1 , m ca n be used to determine 
the paleolatitude of an area at the lime of 
formation of a rock type. A w ide sa mpling 
program of Siluro-Devonian sedimentary 
sec tions from the Arctic Archipelago has 
been appl ving th is technique for the last 
three vears. A li the sections shO\\ a field 
rever,a l , whi ch can be used as a hori zon 
marker for strati graphi e correlati ons. The 
results indi ca te that in Devonian time 
these rocks were deposited in an equato
rial climate. 

This arti c le is also ava il ab le in English . 



Figure 4 

i:. SITES ETUDIES 

DOLOMIE 

CALCAIRE 

EVAPORITE 

GRES 

15 

SCHISTES ARGILEUX 

CHERT 

,,~ CORAUX 

Source des lithofac ies: Stratigraphie At las of North and Central America (Shell Oil Company, 1975) 
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How much coal 
in Canada? 
by A.R. Cameron, D.W. Gibson and J.D. Hughes 

Studies of coal geology and composition help 
evaluate the resource. Computer methodologies 
make the data accessible. Result: better scientific 
understanding and reduced exploration costs. 
Coa l, Canada's most abundant fossil energy 
source, w ill play a much larger role in fu 
ture energy scenarios. To define the size of 
that role, EMR's Geolog ica l Survey of Cana
da (GSC) is compi ling a national coa l in
ventory, in co llaboration with other govern
ment departments and industry. This is not 
merely a matter of tota lling up numbers of 
coa l seams and ca lculat ing tonnages. Reli
ab le ca lcu lations depend on a detailed 
study of the geo logy of coa l bearing forma
ti ons and the quality, or compos ition, of the 
coa l. 

Sorne of Canada 's coal basins already have 
a we ll-docu mented geologica l and quality 
data base, but most do not. Far-fl ung, they 
range from Newfound land to Vancouver Is
land and from the U.S. border to northern 
Ellesmere Island , but more than 90 percent 
of the identified resources lie within the 
th ree western provinces, Saskatchewan , 
A lberta and Brit ish Columbia. They inc lude 

structural ly complex deposits in the Rocky 
Mountains and Foothills , relativel y fi at lying 
strata of the prairies, and the off-shore fields 
of ova Scotia , each with special geolog ic
al problems for eva luation. -Many occur
rences shown in Figure 1 are not economi
ca ll y attract ive at present, partly because 
they are far from transportation corridors 
and markets, and we have concentrated on 
more accessi ble major fields. 

Sedimento logical processes fo rm coa l beds, 
and determine the ir size and shape, as we ll 
as their quality. Many coals were formed in 
deltas near the sea, others in al luvial plains 
bes ide lakes and rivers far away from a 
coastl i ne. Sti 11 others formed in i ntermon
tane basins completely removed from major 
all uv ial plains and deltas. Such diverse en
vironments often occu r at the same time 
and in adjacent places, as in the lower part 
of the Mississippi Ri ver. The schemati c 
paleogeographic map of an ancient coal-

1 @ 1 ANTHRACITIC 

rn LOW & MEDIUM 
VOLATILE BITUMINOUS 

: Prince Edward Island 
: New Brunswick 

Figure 1: Occurrences of coal in Canada by rank. (from Report ER 79-9) 
Venues de charbon au Canada par rang. (du rapport ER 79-9) 

forming environment in southeastern B.C.'s 
Crowsnest Pass area (Fig. 2) shows how this 
cou ld happen . Peat, coal's parent materi al, 
accumulates in the swamp-marsh areas. 

Variat ions in such environments affect the 
thickness, distribution, and quality of coa l. 
They also affect the type and distribution of 
the enc losing rocks: strength , water ho lding 
capac ity and permeabi lity of the roof and 
fl oor strata. These in turn in fl uence practi c
al mining problems such as roof con trai 
and slope stab ili ty. 

The geolog ica l cross section in Figure 3 
shows complex ly folded and fau lted coa l 
seams in an area of the Rocky M ountain 
Foothill s of Alberta's Crowsnest Pass . Clear
ly, a thorough assessment of the stru ctu ral 
complex ity of a coal -bearing area must pre
cede resource ca lculations and mine plan
ning. 

Microscopie exami nation shows that coa l is 
not a homogeneous substance and is com
posed of both organic and inorgan ic matter. 
Figure 4 il lu strates var ious composi tional 
entiti es of bitum inous coal. Vitrinite and in
ertinite are mainly deri ved from wood, but 
the latter is subjected to more severe cond i
ti ons of chem ica l degradation. Liptin ite is 
derived from hydrogen-rich plant consti
tuents such as spore and po llen coats, leaf 
cuticles and resins. Coa l seams differ in 
composition , depending on orig inal en
vironments of accumulation and subsequent 
geological history . M inerai matter and trace 
element content in coa l is being examined 
on one current GSC project. 

Figure 5 represents a co lumnar section con
taining a number of coa l seams. Coals from 
these seams were stud ied microscopica ll y 
for the distribution of vitri nite, w hich is not 
random; the seams near the bottom of the 
section have signi f icant ly lower v itrinite 
contents than those in the upper part. lt is 
interesting to compare Figures 2 and 5, 
which are both related to the Crowsnest 
Pass area in sou theastern B.C. , for they 
illustrate the inter-relationsh ips of compos i
tiona l character ist ics and depos itional en 
vironments. The environment in Figure 2 is 
a prograd ing alluv ial deltaic complex, 
w hich produced a wedge of sed iment that 
with time built itse lf out into the Fernie Sea. 
As the shoreline advanced seaward , peat, 
which yields a low vitrinite content, 
accumulated at or near the shore line. Coal 

Cameron , G ibson and Hughes are members of 
the Coa l Geo logy Subdivision of EMR's lnstitute 
of Sed imentary and Petroleum Geo logy, in Cal
ga ry, part of the Geological Survey of Canada. 
They are, respect ive ly, heads of the Coa l Tech
nology, Geology, and Resource Evaluation sec
tions. This group under Dr. D.K. orris, and 
along w ith some personnel at EMR's At lanti c 
Geoscience Centre, is responsible for Canada's 
coa l in ventory. 
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seams with higher vitrinite contents formed 
later, and probab ly farther away from 
shore. The cause and effect re lationships 
are not clear eut, but we can speculate that 
conditions were more favourable for the de
velopment of forested bogs inland from the 
shoreline, preservation of plant material 
was better and the resu lting coa ls had high
er v itrinite contents. 

Rank is another importan t compositional 
parameter of coa l. lt defines the stage of 
maturity in ca rbon aceous mater ials and 
ranges from immature peat to hi ghly meta
morphosed graphite. 

Rank can be measured both chem ica ll y and 
microscopica ll y (reflectance). ln Figure 5 it 
is expressed as reflectance. As rank in
creases, so does refl ectance. ln a structural
ly undi sturbed section , rank increases w ith 
depth as shown in Fi gu re 5, because more 
deeply buried coals are subject to higher 
tempera tures. 

Ali available geo log ical data must be in
corporated into an estimate of the quant ity 
and quality of coa l present in Canada . 
These data inc lude subsurface information 
from boreholes and underground mine 
workings, and surface informati on col lected 
from outcrops and trenches. M ost of the 

Figure 2: Environments of deposition for coal 
and associated sediments. 

Milieux dans lesquels se déposent le charbon et 
des sédiments associés. 

Figure 3: Ceological cross-section of deformed 
coal seams. 

Coupe transversale géologique de veinses défor
mées de charbon. 

Figure 4: Microscopie view of bituminous coal in 
reflected light, oil immersion. 

Vues au microscope de charbon gras et flamban t 
dans la lumière réfléchie (im mersion dans l'huile) 
V = vitrinite; I = inertinite; L = liptini te 

Figure 5: Compositional variation in a western 
Canadian coal-bearing section. 

Varia tion de la composition d'une coupe conte
nant du charbon de l'Ouest canadien. 

Figure 5 
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basic geological data corne from industry or 
provincial agencies, and are then inter
preted and stored in a computer data base. 
Once in this form , the data can be manipu
lated and displayed in a var iety of ways to 
illustrate the depositional and structu ral set
ting of a coal deposit, as well as the dis
tribution and quantity of the resources. 

Experts then class ify coa l resources accord
ing to their variabi lity in depth , the spacing 
of data points used to define them , the pro
bable extraction method needed to mine 
them, and end use. 

Computer programs are availab le for the 
stat ist ica l treatment, tabulation and graphie 
representation of ail sorts of related data, 
inc luding area l var iation in coal seam thi ck
ness, interseam lithologie trends and pat
terns of quality var iation. These may be 
represented in the form of contour maps, 
three dimensional diagrams, cross sections, 
etc. Figures 6 and 7 are both computer
generated from many data points. Figure 6 
shows variat ions in lithology and coal thick
ness in a central A lberta coa lfield . The re
latively uncompactible nature of the thi ck 
fluvial chan nel sa ndstone unit in the lower 
part has thickened the interval in whi ch it is 
contai ned and resulted in the thinning of 
the overlying interva ls. Figure 7, based on 
data from over 600 drill holes, is a three
dimensional d iagram of thi ckness variat ions 
in the rock interval between two coa l seams 
in the Alberta plains. 

Geological and resource studies on coal 
have both sc ientifi c and industria l sign i
ficance. Sc ien tifi ca ll y, they help us to 
understand how coa l forms and the causes 
of quality and seam geometry variation. ln
dustrially, it is practical: the greater the 
geological resource information avai lable 
for an area, the simpler and less expens ive 
the exp lorat ion. ln the longer term , deci
sions on our nation's future coal po li cy wi ll 
depend heavily on the reliability of our coal 
resource estimates. 

La (ommis,ion géologique clu Canada, 
qui relève d'LMR, prépare actuellement un 
inventaire national des ressourtPs houil
lère, iondé sur dt', étude, de la géologiP 
et de la compcislllon du charbon. Elle met 
,iu point de, méthodes ,n(ormat11ées pour 
traiter la ma,w c/p données disponibles sur 
/e, charbom c/u Canada et pour /es rendre 
plus acce1.11b/e1 et les faire mieux 
comprendre. Les tra1·aux sont rxécutés à 
/'/mtitut dP géologie ,éc/imenta1re et pétro
lière de Ca/gan ,11·ec la col/aborauon du 
Centre géosuentilique de l'Atlantique c/e 
Dartmouth 1/\.. - f. ). 

Cet article est disponible en fran çais 
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Limite des forêts dans 
le nord du Québec 
et du Labrador 

La limite actuelle des forêts dans le Nord du Québec et du Labrador est en 
équilibre avec les conditions climatiques. Le couvert forestier qui accompagne cette 
limite des forêts a subi d'importants changements depuis la fin du siècle dernier. 

Sub(ossile de mélèze datant de 1 500 ans BP, près de la limite des forêts de la région de la Rivière aux Feuilles . Le milieu où le climat s'es t refroidi 
entretemps est occupé par la toundra 

1500-year-old larch subfossil, near the fo rest lim it in the Rivière aux Feuilles region. The centre where the c/imate cooled down is now tundra 

Par Serge Payette 

Le vaste déploiement que s'offre la grande 
forêt boréale aux latitudes canadiennes n'a 
pas d'équivalent chez les autres biomes 
d'Amérique du Nord. Cette distribution 
transcontinentale qui résulte d' une histoire 
quaternaire complexe n'a cependant pas 
conduit à un régionalisme poussé de la fo
rêt, car du M ackenzie à Terre-Neuve ce 
sont les mêmes espèces arborescentes, à 
quelques exceptions près, qui se partagent 
un espace relativement varié au point de 
vue c l imatique et édaphique . À l'est des 
Rocheuses, la flore canadienne est peu di
versifiée et plusieurs espèces à large distri-

bution sont génétiquement appauvries . 
Cette situation prévaut encore davantage 
aux confins nordiques de la forêt boréale, 
où les conditions éco logiques sont parti cu
lièrement con traignantes pour la croissance 
des espèces ligneuses et lai ssent peu de 
place et de temps à la diversification des 
processus évolutifs . 

Pour des rai sons climatiques, la forêt bo
réa le s'ouvre, s'étio le et enfin disparaît à 
mesure que l'on progresse vers les hautes 
latitudes; son remplacement par la toundra 
arctique n'est pas aussi rapide qu 'on le croit 

Monsieur Serge Payette est directeur du Centre 
d'études nordiques à l' Université Lava l, à Qué
bec. Il possède une vaste formation académique; 
il a obtenu entre autres une maîtrise ès science 
(éco logie végéta le) et un doctorat d' État 
(sciences : économ ie végéta le). Professeur agrégé 
de l' Université Laval, il travaille dans le Nord 
québécois chaque année depuis 14 ans. Il effec
tue des travaux de rec herche multidisciplinaires 
touchant à la botanique, à la pédo logie, à la 
géomorphologie et à la c limatologie. 
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généra lement et s'opère le long d'une 
bande latitudinale de largeur variable selon 
les régions; cette bande de terrain faisant la 
transition entre la forêt boréale et la toundra 
arctique s'appelle la toundra forestière, ex
pression peu judicieuse mais le plus sou
vent employée, soulignant à tort dans cer
taines situations que l'on est en présence 
d'une juxtaposition de milieux de toundra 
arctique et de forêt boréale. Le contact géo
graphique et écologique de la toundra fo
restière et de la toundra arctique corres
pond à la limite des forêts et, bien sûr, à la 
limite des arbres. 

Il existe encore une certaine confusion 
quant à la définition que l'on donne de la 
limite des forêts. Les écologistes du Québec 
et d'Europe (surtout de Finlande) entendent 
comme limite des forêts la ligne joignant les 
petits massifs arborescents ou bosquets 
(composés d'individus des espèces arbores
centes qui présentent à la fois la forme et la 
taille des arbres; un arbre doit avoir une 
hauteur minimale de 5 mètres) situés dans 
les sites les plus septentrionaux; ces bos
quets renferment généralement quelques di
zaines à quelques centaines d'arbres et leur 
coexistence favorise le maintien d'une flore 
«forestière». Par ailleurs, les chercheurs an
glophones, surtout américains, définissent 
la limite des forêts comme la ligne où les 
forêts occupent 50 % de la surface du so l; 
cette ligne correspond en réal ité au passage 
de la forêt boréale proprement dite à la sec
tion méridionale de la toundra forestière . 
Ces différences de définition ont évidem
ment des conséquences importantes sur 
l' interprétation éco log ique que l'on donne 
au statut actuel des forêts nordiques et à ses 
déplacements éventue ls suscités par les 
changements climatiques au cours de !'Ho
locène (période post-glaciaire correspon
dant aux derniers 10 000 ans AA: années 
exprimées en âge radiocarbone, l'année de 
référence étant 1950). La limite des arbres 
est la I igne joignant les sites où les arbres 
atteignent leur distribution la plus septen
trionale; cette I igne se situe généralement à 
proximité de la limite des forêts, parfois à 
quelques kilomètres au nord de cette der
nière. 

La carte de la I imite septentrionale des fo
rêts dans la péninsule du Québec-Labrador 
montre que les forêts atteignent le 56°20' N 
du côté de la baie d' Hudson , dépassent le 
58°N dans la péninsule d'Ungava, montent 
le plus au nord, soit vers le 59°1 0'N , du 
côté est de la baie d' Ungava et se situent 
vers le 5 7°55' N dans la baie de Napaktok 
le long de la côte du Labrador. La limite 
des forêts est généralement plus haute en 
latitude en milieu continental qu 'en milieu 
maritime; cette situation est reliée à l' in
fluence réfrigérante des mers bordières, no
tamment le long de la baie d'Hudson où le 
phénomène est particulièrement bien ex
primé. 

Quatre espèces arborescentes se retrouvent 
à la limite des forêts au Québec-Labrador. 
Dans les secteurs maritimes de la baie 
d'Hudson, de la baie d'Ungava et de la 
côte du Labrador, l'épinette blanche (Picea 
glauca (Moench)Voss) est l'espèce qui se 
rencontre dans les forêts les pl us septentrio
nales; le peuplier baumier (Populus balsa
mifera L.) apparaît sporadiquement dans ces 
régions sous forme de petits groupements 
arborescents ou arbustifs. Dans les secteurs 
continentaux, l 'épinette noire (Picea maria
na (Mill .) BSP.) et le mélèze laric in (Larix 
laricina (DuRoi) K.Koch) dominent en ex
clusivité les massifs les plus nordiques. À 
l'est du 74e méridien ouest, le mélèze lari
cin est généralement plus abondant à la li
mite des forêts que l 'épinette noire; les 
mélèzaies occupent les sites les plus nordi
ques, les plus froids et les p lus exposés, par 
rapport aux pessières arborescentes à épi
nette noire. À cet égard, les paysages de la 
lim ite des forêts le long de la Rivière aux 
Feuilles, d'une section importante de la par
tie méridionale de la baie d' Ungava et du 
cours supérieur du fleuve Koroc présentent 
des massifs de mélèze laricin faisant penser 
aux paysages sibériens, à l'est de l'Oura l. 
Là où l'épinette noire forme les dernières 
forêts, surtout le long du versant oriental de 
la baie d' Hudson, à l' intérieur des terres, le 
paysage végétal est particulier avec ses 
teintes sombres, qui résultent de la grande 
abondance de l 'espèce dans ces milieux. 

La limite des forêts dans la région de la Rivière 
aux Feuilles. Les forêts de mélèze sont confinées 
dans le bas des vallées, protégées des vents et 
bien alimentées en eau 

Forest limit in the Rivière aux Feuilles region. 
Larch forests are confined in valley bottoms, pro
tected from wind and well supplied with water 

Ce n'est pas sans dommage que les espèces 
arborescentes se maintiennent dans ces mi
lieux froids, au seuil de leur limite de tolé
rance physique et physiologique. En fonc
tion des contraintes liées à la forte expos i
tion aux vents, à la déflation nivale et aux 
basses températures hivernales, ces espèces 
adoptent des formes de croissance variées, 
allant de la forme arborescente plus ou 
moins normale à la forme prostrée, rédui
sant notamment les épinettes à la taille de 
petits arbustes comme les éricacées et les 
saules. Il existe ainsi tout un grad ient de 
formes de croissance exprimant les diverses 
conditions écologiques qui prévalent à la li
mite des forêts et à la limite des arbres. 
C'est dans la toundra forestière principale
ment que ces formes de croissance 
commencent à apparaître et annoncent la 
proximité de la toundra arctique. Il est inté
ressant de noter qu 'au delà de la limite des 
arbres, dans la toundra arctique, on re
trouve de grandes formations arbustives 
composées essentie llement d'une espèce ar
borescente, l'épinette noire. Ces formations 
sont communément appelées krummholz , 
terme allemand se référant au bois tortueux 
de ces arbustes. Leur présence de part et 
d' autre de la limite des forêts paraît pro
blématique. On se demande, par exemple, 
qu 'el le est l'origine des krummholz d'épi
nette noire dans la toundra arctique? On 
admet généralement que les épinettes de 
ces formations se reproduisent presqu 'ex
clusivement par voie végétative, par mar-

L'épinette blanche représente la limite des arbres 
le long de la baie d 'Hudson et de la baie d 'Un
gava. Cette épinette blanche est âgée d 'environ 
50 ans et est apparue à la suite du réchauffement 
climatique du xxe siècle 

White pine marks the tree limit along Hudson 
Bay and Ungava Bay. This one is about 50 years 
old and follows the rewarming of the climate in 
the 20th century 



cottage. Ces formations pourraient être les 
reliques d'anciennes forêts qui poussa ient 
sur ces sites lors de périodes cl imatiques 
plus clémentes que l' actuelle. Ces forma
tions prov iendraient ainsi d'individus qui se 
seraient install és dans ces milieux par 
graines. Les données disponib les permettent 
de penser qu ' une te lle hypothèse est vrai
semblable, même si les preuves forme lles 
n'ont pas encore été apportées. 

En y regardant de plus près, on constate 
que la limite des forê ts et la limi te des 
arbres sont bordées au nord par une impor
tante ce inture de krummholz d'ép inette 
no ire appartenant au biome de la toundra 
arctique. Nous avons reporté sur la carte de 
la limite des forêts l 'extension des krumm
ho lz de la toundra arctique, de la baie 
d' Hudson à la mer du Labrador. La largeur 
de cette ce inture varie dans l'ensemble de 
la péninsule; par exemple, elle occupe 
0°45' de largeur dans la région de la baie 
d' Hudson , alors qu'elle n'est que de 0°15' 
dans les régions de la baie d' Ungava et de 
la côte du Labrador. Si ces format ions de
va ient donc correspondre à d' anciennes fo 
rêts d'épinette noire, la limite des forêts au
rait fluctué de moins d'un degré de latitude 
au cours de !' Holocène; cette valeur reste 
tout de même minimale, car on ne tient pas 
com pte d'anciennes formations plus au 
nord et maintenant disparues. 

Les recherches en cours au Québec nord i
que et au Labrador suggèren t que la limite 
actuelle des forêts est en équ ili bre avec les 
conditions cl imatiques. Le long de la baie 
d' Hudson, on note que la limite des forêts, 
et surtout le couvert forestier qui l'accom
pagne, ont subi des changements d' impor
tance depuis la fin du XIXe siècle. Il 
semble, en effet, que l'ép inette blanche de 
cette rég ion a entrepris une expans ion signi
ficat ive depu is cette époq ue, en réponse au 
réchauffemen t c limatique qui s'est fa it sentir 
à partir de 1870-1880 . Il est possible que 
ce changement des cond itions du cl imat ait 
eu une influence directe sur l' augmentation 
considérab le du couvert forestier le long de 
la côte, entre le vi ll age de Kuujjuarapik 
(anc. Poste-de-la-Baleine) et le golfe de 
Ri chmond où se situe la l imi te moderne des 
forêts; ce réchauffement du c limat aurait 
alors eu des effets sur un grand territoire, 
large d'environ un degré de latitude. Par 
ailleurs, à l ' intérieur des terres, la limi te des 
forêts ne semble pas avo ir été fortement af
fectée par ces conditions, si l'on en juge 
par les âges des derniers arbres et des forêts 
les plus septentriona les . On retrouve cepen
dant dans ces mil ieux une grande abon
dance de plantules et de gau lis (individus 
d'espèces arborescentes issus de graines) 
apparus entre 1920 et 1 960. Cette situation 
reflète cependant une densification du cou
vert arborescent au cou rs de cette période. 

L'étude de la limite des forêts et de la limite 
des arbres présente un grand intérêt sc ienti
fique. En plus de connaître le degré de tolé-
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Les deux personnes tiennent dans leurs mains une épinette noire âgée d 'au moins 150 ans; elle pro
vient de la toundra arbustive du long de la baie d 'Hudson. Ces épinettes croissent dans un milieu très 
exposé et peu enneigé et forment un Krummholz 

Black pine about 150 years old, from the tundra along Hudson Ba y. These shrubs eut across a very 
exposed and snow-free centre, and form a region of stunted trees 

rance et d'adaptation des espèces arbores
centes à leur limite ultime de distribution, 
la lim ite des fo rêts et la limite des arbres 
peuvent servir d' ind icateurs paléoclimati
ques lorsqu ' il s'agit de reconstituer les fluc
tuations du c l imat et des biomes au cours 
de l'Holocène. Les travaux en cours au 
Nord québécois montrent, qu'à cet effet, les 
fo rêts occupaient une position légèrement 
pl us septen tri onale dans le passé, il y a en
viron 3 000 ans. Les déplacements de la li
mite des forêts n'ont pas été très importants 
au Nord québécois au cours de !'Holocène. 
Dans les Territo ires du Nord-Ouest (Keewa
tin) , d'autres chercheurs aura ient trouvé les 
preuves de déplacements spectacula ires de 
la limite des forêts, de l'ordre de 300 à 400 
kilomètres. Il semble rester beaucoup de 
travail de terrain à fa ire avant que ces esti
mations so ient fondées . Dans ce con texte, 
on observe dans l'ensemble du territoire ca
nad ien, incluant la péninsule du Québec
Labrador, que les feux de forêts et de toun
dras ont joué (et jouent encore) un rôle très 
important dans les fluctuations de la limite 
des forêts, en fa isant disparaître en peu de 
temps, en période froide, le couvert fores
tier. Sachant que ces milieux se situent bien 
au delà de la lim ite des forêts commerciales 
où la régénération forestière est assurée sur 
une base an nuelle, le passage des feux sous 
climat fro id peut lim iter ou inhiber la régé
nérati on des espèces arborescentes. 

La limite des forêts est sûrement un des pro
blèmes écologiques les p lus importants au 
Québec-Labrador septentrional. 
Comprendre les mécanismes à l'origine de 
la dynamique particu l ière de cette limite 
peut contribuer à une meilleure conna is
sance de la structure et du fonctionnement 
des principaux écosystèmes nordiques . 
Dans cette perspective, le comportement du 
couvert forest ier des régions nordiques peut 
serv ir d' ind icateur éco logique au moment 
où ces territoires limitrophes sont appelés à 
être développés et fréquentés de plus en 
plus. 

Utilité pour EMR 
Le texte de M. Payette démontre la 
sensib ili té des limites de la forêt et de 
la toundra face aux changements de 
climat intervenus dans le passé. Au 
cours des périodes con nues de migra
tions de l'épinette vers le nord préva
laient des conditions c limatiques fa
vorables en certa ines parties nordi
ques du Canada. Par la suite, des 
conditions moins favorables se sont 
présentées et· elles ont entraîné une 
extension de la toundra vers le sud . 
Les données sur les déplacements de 
latitude des limites de la forêt et de la 
toundra et, en conséquence, les posi
tions nord-sud du front arct ique au 
cours de la fin du Quarternaire sont 
de la plus grande util ité pour les re
cherches actue lles d'ÉMR. Ce lles-c i 
portent sur les phénomènes de mo
dèles de terrain, la so lifluction , le till , 
la géochim ie des séd iments de lacs et 
de marais, de même que la mensura
tion des paramètres de la calotte gla
ciaire . 

The fores! limit in Northern Quebec and 
Labrador is 1n a fragil e equilibri um w ith 
the present climate; some pa rts of it ex
tended northwa rd du ri ng the 20th century. 
Du ring the Ho locene per iod, the fores! 
l im1t had minor shifts. For example around 
lOOO BP, the c li mate was warmer, and 
the presence of stunted trees beyond the 
present limit, in the shrub tundra, may in
di ca te tormer fo rests during this wa rm 
period . Natura l fires occu rred during the 
Holocene, and their influence on the 
fo res! CO\ er is parti cularl v significant. Dur
ing cold periods , tree regenerati on is 
generall y inhib 1ted, and fo llowing fires , 
fo rests are repl aced by tundra co111111un1-
ti es . The fo res! l ine is a natural phe
nomenon very well su 1ted to eco logica l 
and paeoc limatologica l stud ies . 

This artic le also ava il able in English. 
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