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"Houston ... , we 
seem to have found 
shocked rock 
formations here on 
the moon that are 
very similar to 
those we examined 
during our training 
in Sudbury" 

This cryptic statement was transmitted to 
the U.5. National Aeronautics and Space 
Admin istrat ion (NASA) headquarters during 
the first moonwalk. 1 n the ea rl y 1970s, 
Sudbury had made news headlines as the 
trai ning grounds for Apollo 16 and 17 
crews. The staries made even harder the 
city' s attempts to live down its reputation 
as a bleak and barren terrain , the closest 
thing on earth to a moonscape. The fact 
is, astronauts did not go to Sudbury to 
get their legs accustomed to clambering 
over masses of moonrocks. Rather, they 
were looking for geologica l evidence of an 
ancient meteorite impact. So they were 
out scou ring the outcrops, often with nases 
inches above the rock. 

Only a few yea rs ea rli er, the geologica l 
commun ity had genera lly accepted the 
theory that the Sudbu ry Basin and its 
tremendous minerai wealth were created 
through vo lcan ic acti vity . Fissures in the 
ea rth 's c ru st brought nickel- ri ch magma to 
the surface, and exp los ive 
activity c reated Sudbury breccia , wh ich 
co nsists of fragments of rock set in a 
pulverized materia l. 

Then in 1964, U.S. marine geologist 
Robert S. Dietz made a trip to Sudbu ry 
and identified striated fracture ca nes that 
cha llenged that theory . A shatter cone is a 
co nical fragment of rock with stri at ions 
rad iat ing from an apex. lt may be from a 
few cent imet res to more than a metre in 
size . lt is formed by high shock pressure. 
Dietz went to Sudbury to look for shatter 
canes to support his theory that the Sud­
bury Basin is a meteorite impact site. And 
he found them. 

Like Dietz and hundreds of geologists si nce, 
the ast ron au ts went to Sudbury to see 
shatter canes and impact breccia so corn­
mon in the region. Shatter canes te ll the 
story of a meteorite exp lod ing aga in st the 
ea rth 's c ru st, and crack ing it like an egg 
shell , 1.8 bi llion years ago. The meteorite 
mu st have been from one-ha If to 10 km 
wide. Shock waves radi ating out from the 
impact site almost instanta neously melted, 
brecciated, crumpl ed and warped the sur-

Science North, $25 million science centre 
opening in Sudbury June 19, 1984 

Science North, centre scientifique de 25 millions 
de dollars, ouvrant à Sudbury le 19 juin 1984 

rounding country rock into mile-high ridges. 
Spl it seconds later, the pressure of impact 
subsided. The ridges rapidly fla ttened and 
slid back towards the initial excavation . 
Then they rose in the centre as masses of 
melted , broken and fractured rock con­
tinued to be spewed into the stratosphere. 
A crater that may have been up to 70 km 
ac ross was excavated. At the poin t of 
impact, rocks li tera ll y vapo ri zed at tem­
peratures that exceeded 2000°C. Deep 
below, nickel-ri ch magma began to wel l to 
the surface via cracks that had sp lit the 
cru st down to the mantle. 

This tremendous event crea ted thou sa nd s 
of shatter canes now fo und outside the 
rim of the Sudbury Basin as it ex ists today. 
After nearly two billion yea rs of weather­
ing and the erosion of severa l kilometres 
of the ea rth ' s c ru st, Sudbury shatter canes 
still testify to the creation of the Basin 
structu re. To this date, the on ly known 

Cynthia Thompson is media rela tions ass istant at 
Science North in Sudbu ry. 
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Geology of Sudbury Basin 

Géologie du bassin de Sudbury 

natural method of creating shatter canes is 
the impact of a meteorite. 

Sorne geologists suggest that vio lent volcanic 
acti vity cauld conceivably send shock 
waites th rough rock and create the same 
stress fea ture. How ever, as Dr. W alter 
Peredery, Inca Limited resea rch geologist, 
poi nts out, that has not been proven in 
the field . "Shatter cones are not norm ally 
recorded in vo lca nic environments, and 
in cases where shatter-cone-like fea tures 
are record ed, they are very suspect. " Shat­
ter cone fo rm ati on requires shock w ave 
strength of an o rder of magnitude higher 
than that produced in the most vio lent 
vo lca nic ex plosions. They ca n be fo rmed 
by nuclea r explosions. 

O ther shatter-cone- like fea tures have often 
been confused w ith shatter cones in roc ks, 
w hich pa rtly accaunts fo r reported "shat­
te r cones" sightings around vo lca noes. 
O ne such example is ca lled a slickenside, 
a surface, usuall y st ri ated, produced by 
movement along a fa ult or subsidiary frac­
ture. Unlike the shatter cane, it has parai­
le i groovi ng on its surface. The str iated 
surface of a shatter cone radiates from an 
apex in a horse-tail pattern . Generall y the 
ap ica l angle of a single shatter cone sur­
face is less than 90° . Another im portant 
d istincti on is that shatter canes have curved 
faces, unli ke sl ickensides, wh ich are fl atte r. 

Although the mere occurence of shatter 
canes ou tside the Sud bury Bas in provides 
us wi th evidence in support of the impact 
theory, there are questions co ncernin g the 
ori entat ion of shatter cone apices and their 
locati on outside the rim of the crater struc­
tu re. ln theory, the ap ices of shatter cones 
po in t towa rd the centre of the crater, indi ­
cati ng the shock waves originated from 
above. This is observed at several other 
smal ler meteorite impact si tes. ln Sudbury, 
the present ori entat ions do not appea r to 
be toward the centre. However, if the rocks 
are placed in their pre- impact position, 
most shatter canes in Sudbury do fo llow 
the rule. Shatter canes are proba bly pro­
duced ju st as the initial shock pressure 
pul se subsides after the impact of the 
meteo rite, a fracti on of a second before 
the upheava l of rock w ithin the st ructure 
occurs. This upheava l d isori en ts the shatter 
cones. Post- impact mou ntai n bu ild ing activ­
ity, the sa me process that squeezed the 
basin into an ellipti cal shape, has also 
d iso ri ented shatter canes in Sudbury. 

ln smal ler or more recent impact structures, 
shatte r ca nes are located within the rim of 
the crater structure and be low the crater 
fl oor. Why then do Sudbury shatter cones 
occur outside the rim of the basin? W ith 
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Science North 
above and below 
ground 
Canada's newest science centre, 
Science North, will open in Sudbury 
June 19, 1984. A glittering landmark, 
it has been constructed on top of 
and imbedded in a rocky outcrop at 
the edge of the ancient meteorite 
impact site. 

The exhibit program includes themes 
on geology, atmosphere and weather, 
biology, physics and mechanics. 
Visitors wil l be encauraged to became 
act ive participants rather than 
spec ta tors. 

The unique design of the two snow­
flake-shaped buildings represents the 
northern climate and the glacial era 
that ground and sculptured the nor­
thern landscape. As interesting as 
the above-ground construction is the 
massive excavation below grourid . 
Visitors will stroll through an under­
ground tunnel which cannects the 
smaller entrance building to the main 
exhib it building. Along the way, 
shatter cones can be seen in the 
2.5-b illion-year-o ld rock. 

At the end of the tunnel , visitors 
conti nue in to the cavern where rock 

• • • 

Grenville 
Prov i nce 

LEGEND 

Phane rozoi c R ock s 

Sudbury lgneous 
Complex 

Whitewater Seri es 

Sudbury Brecci a 

Shatte r Canes 
(Outer Limit) 

wa lls soar 9.15 m high. The floor is 
one third the size of a football field. 
While the snowflake-shaped bui ld­
ings represent the glaciers and the 
North, the cavern represents the 
Sudbury Basin. The space will be 
used to show a 3-D film on northern 
Ontario' s natural history, flora and 
fauna. 

Leaving the cavern and an environ­
ment enc losed in rock , visi tors enter 
a light, airy space enclosed by glass 
and looking out over Lake Ramsey 
as they follow a winding ramp up to 
the exhibit floors. The Creighton 
Fault is visible in the exposed rock 
floor below. 

The shattered rock along the billion­
year-old fault, long inactive but once 
a massive San And reas-like fracture, 
lay in the path of the ice sheets of 
20 thousand years ago. The irresist­
ible power of the ice gouged and 
splintered the rock and left a four­
metre-deep groove along the dis loca­
tion , which once shook Sudbury with 
earthquakes . 

Science North cast $25 million to 
build. Of that, $5.35 million came 
from the Government of Canada, 
much of it through EMR. EMR also 
donated an operati ng seism ic unit to 
the geosphere exhibit. 



Shatter canes 

Cônes de friction 
Photo EMR 
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Ceology of Sudbu ry area showing outer 
limit of shatter canes around the Sudbury Basin 

Géologie de la région de Sudbu ry montrant la 
limite extérieure des cônes de fric tion autour du 
bassin de Sudbury 
Source: Walter Peredery, Inca 

the erosion of several kilometres of the 
ea rth ' s crust over the two-billion-year his­
tory of the structure, the o ri ginal Sudbury 
Crater Basi n is a shadow of what it once 
was. lnco' s Dr. Peredery estimates that ·the 
o ri gina l roughly ci rcular crater was about 
70 km across. The final crater after its 
subsequent co llapse was more than double 
the original diameter. A distorted 60 km 
by 27 km structure remain s. Because of 
the concave bowl-l ike structure of the 
impact c rater, extensive erosion makes the 
bowl more sha llow while red uci ng the cir­
cumference. (To understand this process, 
visuali ze a melon eut in two, wi th thin 
sections bei ng sl iced from the eut surface. ) 
Within the ci rcumference of the o ri gi nal 
c rater, shatter cones occur well within the 
rim. 

Dissenting opinions keep debate over the 
meteorite impact theory as exp losive as 
the creation of the Basin itself. Sorn e 
geologists feel that such a complicated and 
multidimensiona l structure needs further 
consideration. Dr. Michae l Fleet, of the 
University of Western Ontario geology 
department, has proposed that Sudbury 
shatter co nes are actuall y st ress fo rm ations 
created in the sediments on the south side 
of the Sudbury Basin during the Penokea n 
Orogeny, or mountain bu ilding process. As 
sed iments were deposited at the edge of 
an ancient Precambria n shoreline 2.5 to 
2.3 billion yea rs ago, mass ive sheets of 
sed iments were deformed to produce 
mountain s around 1.9 billion yea rs ago. 
Dr. Fleet believes that when st ress created 
through this process was relaxed, cones 
were produced . H e suggests that con ical 
st ructures at Sudbury " postdate emplace­
ment of the nicke l intru sion ," but if thi s 
were the case it would be possible to find 
shatter cones formed in the intruded rocks. 
This does not appea r to be true. 

Other evidence around the Basin is not 
consistent with thi s theory. First, if shatter 
cones were created by the Penokean 
Orogeny, they should also be fo und in 
other sedi ments towards Sault Ste. Marie 
that underwent the same process. But 
shatter cones occur only around the Sud­
bury Bas in. Second, shatter cones occur in 
granitic rocks north of the Basin w hich 
were affected on ly slight ly by mountain 
building. A lso inconsistent with Dr. Fleet 's 
theory are the occurences of shatter cones 
in rock clasts within the Onaping forma­
tion of the Bas in which predate the moun­
tain building process. 
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Until shatter cones ca n be identified at 
locati o ns w here meteori te im pact has 
definitely not occu rred, proving that they 
were crea ted through other natural tee­
tonie processes, they w il l remain the single 
most visible piece of ev idence in support 
of the theory of meteorite impact at Sud­
bury. 

GEOS 1984/2 

Shatter cane 

Cône de fric tion 
Photo Inca 

Large, well formed shatter canes beside Kelly 
Lake Road, Sudbury. The apex was chipped 
away by souvenir huniers 

Grands cônes de friction bien formés, près de 
la route de Kelly Lake, Sudbury. Le sommet a 
été enlevé par des chasseurs de souvenirs 

Depuis la découverte du bass in de Sud­
bu ry, il y a un sièc le, ce cratère allongé 
a intrigué et dérouté les géo logues du 
monde entier. L'origi ne d'aussi impor­
tantes riches,e, minérales a été disc utée 
et débatt ue pendant de, an nées. Les 
sc1ent1f1que, en on t conclu quP l'activi té 
vo lca nique a\ ai t ri récipité à la ,u rface les 
minéraux riches en nickel et quP les 
bouleversemenh e>.plo, ifs pé riod iques 
avaient ai nsi créé la brèche dt> Sudbury 
et perturbé les lo rmations rocheuses 
loca les. Pu is, Robert 5. D1et7 a découve rt 
des fo rmes co niques stri ées clans les 
roches à l'extérieur de la remontée du 
bassin . La découve rte des cô nes de fri c­
tion a relancé la quest ion de la géologie 
du bassin de 'iudbury mais cettP fois, 
sous un tou t autre aspect. Ac tuellement, 
tout le débat tourne au tou r de l' hypo­
thèse d'un météori te qui au rait pu bom­
barder l'écorce terrestre il y a environ 
deux milli ards d 'années. 

Cet article est disponible en français. 



A multi -million dollar project cal led 
Lithoprobe is being launched this summer 
to investi gate the Earth 's inte ri or. The 
resu lts over the next five yea rs should 
create a new picture of how Canada ' s land 
mass was shaped by plate tectonics, and 
give us our best look yet at the inside of 
the Earth . 

Earth scien ti sts from Ca nad ian universiti es 
and Energy, Mines and Resources will use a 
combination of method s - from newly 
refined se ismic techniques employing 
sound w aves to deep drilling - to 
unscramble a host of geologica l puzzles 
across Ca nada that can not be exp lained by 
surface observat ion. Lithoprobe will pro­
vide a three-dimensiona l look at these 
enigmatic rock structures. 

The focus of the project is the continental 
lithosphere, the zone extending some 70 to 
100 kilometres be low the continents. lt 
consists of the crust and part of the upper 
mantle, and floats on the asthenosphere, a 
more plasti c zone. 

The leader of th is interdisciplinary study is 
Prof. George Ga rland, a University of 
Toronto geophysicist. He replaced Dr. J.O. 
Wheeler of EMR's Geological Survey in 
Va ncouve r in March 1984. 

At this point Lithoprobe is essentia lly pure 
resea rch: What is actua lly down there? But 
it will have economic sp inoffs in the yea rs 

ahead. W e will lea rn more about how 
orebodi es were formed in the Shield and 
how o il and gas were entrapped in 
sedimentary basins . New approac hes to 
petroleum exploration may emerge . 

Yhe most direct way to exp lore the litho­
sphere is to drill holes into it, as if perform ­
ing exploratory surgery on the planet. Drill­
ing has the adva ntage of providing co re 
samples for analys is by geochemists, but 
the find ings can on ly be extrapolated to a 
very small area, ve ry ex pensive ly. 

Soviet sc ientists have reported ly drilled a 
hole 12 kilometres into the continental 
lithosphere. Very little of their data has 
bee n publi shed, except for one report that 
they were stil l encou ntering open fractures 
at a depth of 10 kilometres. This is a 
strange and unexpected finding, consider-
i ng the great pressure on the rocks at that 
depth. 

Oi l exploration companies have drilled 
thousands of ho les in Canada' s sed imentary 
bas ins in the Prairies, the Arctic and the 
East Coast offshore. But there have been 
few holes drilled beyond a depth of one or 
two kilometres into the Shield or the 
western Cordill era. And that is w here many 
of the geological puzz les rem ai n, and 
w here the payoff is likely to be greatest. 

Drilling in the Shield or the Cordillera is 
expensive - a three-kilometre hole ca n 

Vibroseis seismic technique. Ten-ton 
trucks hit the earth simultaneously, creating 
sound waves that produce images of the earth 
structures up to 50 km below 

Technique sismique Vibroseis. Des ca mions de 
10 tonnes frappent simultanément le sol, créant 
des ondes sonores qui reproduisent, en images, 
les structures de la Terre jusqu 'à une profondeur 
de 50 km 

eas ily cost $1 mil lion or more to drill and 
core - so the sites of holes have to be 
chosen with great ca re for maxi mum 
resu lts. 

Lithoprobe wil l probably engage in deep 
drilling in the fifth and final yea r of the pro­
gram. 1 n the first yea rs, however, a subtler 
and chea per method w ill be employed to 
investigate the cru st. Seismologists use 
sound waves crea ted by vibration and 
explosion to produ ce images of st ru ctures 
in the Earth ' s c ru st, ju st as an obstetric ian 
uses ultrasound to make an image and 
check the growth and position of a baby in 
its mother's womb. 

Lithoprobe will begin exploring the Earth ' s 
inner space in June on Vancouver Isla nd . A 
bizarre sight on the logging roads nea r 

lan Darragh is managing editor of Canadian 
Ceographic magazine. 
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Bamfield on the island 's west coast will 
then be four 10-ton trucks bounc ing up 
and down on the road " like huge dancing 
elephants". That is the way Dr. Michae l J. 
Berry desc ribes the seismic technique of 
Vibroseis. He is Earth Phys ics' chief 
seismologist and one of the co-ordinators of 
Lithoprobe. 

The dance of the trucks is carefully 
choreographed. They are lifted by 
hydraulic mec hanisms, which are synchro­
nized so that all four vehicles will ri se and 
fall on the road at the sa me time, sending 
sound waves trave lling down through the 
lithosphere. The refl ection of these sound 
waves is reco rd ed by sensi ti ve micro­
phones, ca lled geophones, which are 
placed in a 10-kilometre long line. 

The speed of sound waves travelling 
through the cru st is gove rn ed by the chang­
i ng densi ty and elasti c properties of the 
rock at each depth . The recordings made 
by the geophones are digitized and 
manipulated to produce a se ismic profile of 
the lithosphere. Thi s chart gives a wealth of 
information about formations and fa ults, 
providing a look at the continental plate in 
the third dimension. 

Vancouver Island has been chose n for 
phase one of Lithoprobe, as a rare oppor­
tunity to test the model of plate tectonics 
developed at EMR's Pacifie Geoscience 
Centre using refra ction seismology, grav ity 
and magnetic studies. According to thi s 
model the ocea nic Juan de Fuca and 
Explorer plates are being pu shed 
underneath Vancouver Isla nd at a rate of 
between two to four centimetres per yea r. 
Vibroseis will give us profiles of geologica l 
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LITHOPROBE 
TRANSECTS 

1 Vancouver Island 
1984 approved 
proposais 

2 Kapuskasing 

3 S.Cordillera 

4 Lithoprobe E. 

5 Abitibi-Grenville 

formations dow n to 50 kilometres. These 
will allow the Lithoprobe team, led by 
geophysicist Ron M. Clowes of the Univer­
sity of British Columbia, to const ru ct more 
accu rate mode ls of this dynamic process . 

Dr. Clowes and his team from Earth Physics 
and the Universi ti es of Ca lgary and Alberta 
will complete a Vibroseis transect of Van­
couver Isla nd from Bamfield inland to Port 
Alberni , and then on to the east coast of 
the island nea r Dunsmuir on Georgia St rait. 

If the current models are co rrect the 
Lithoprobe team's se ismic profiles shou ld 
c lea rly show the ex istence of oceanic 
plates plunging under Vancouver Island . 
Lithoprobe on Vancouver Isla nd may pro­
vide exci ting new insight into how the col­
li sion of plates is shaping the western edge 
of the North American continent. 

The second Lithoprobe site is in northern 
Ontario. A group led by Prof. Gord on F. 
West, a University of Toronto geophys icist, 
hopes to sa lve one of the myste ries of the 
Canadian Shield. Known as the Kapuskas­
ing structural zone, it is a ba nd of high­
grade metamorph ic rock, formed at high 
pressure and temperatures in excess of 
600°C. lt cuts through the Shield for about 
450 kil ometres from Chap leau, Ont. , north­
east to James Bay. 

Because the rocks are dense and ri ch in 
iron oxides, the Kapuskasing uplift shows 
up as a clea rl y defined rid ge on grav ity and 
magnetic maps of the Shield. Geophysicists 
ca ll thi s the Kapuskasing grav ity high. 

Since the 1960s, geologists speculated 
about how thi s structure was fo rm ed. lni ­
tially, it was interpreted as a thinning of the 
cru st, but it has also been ca lled an 

Lithoprobe sites across Canada 
1984 - 1989 

Sites Lithoprobe à travers le Canada 
1984 - 1989 

ancient ri ft va lley, filled in by sediments and 
lava fl ows. Another suggesti on is that it is a 
black thrust up by fa ulting. 

Recentl y two Geological Survey geologists, 
Dr. John A. Percival and Dr. Ken D. Ca rd , 
have suggested that the Kapuskasi ng zone 
is an ancien! piece of the lower c ru st 
which has been pu shed up to the surface 
along a 30-degree thrust fau lt . Lithoprobe 
will be using two se ismic techn iques to 
check this exciti ng theory. 

" W e have a better sample of rocks from 
the moon than we do of rocks from the 
lower crust of the Earth," says Dr. Card . If 
the se ismic work confirms that the Kapus­
kasing stru ctura l zone is indeed a piece of 
the lower A rchean cru st, geologists will 
have a rare opportunity to study an artifact 
of plate tectonics at least 2.8 billion yea rs 
o ld . More work rema ins to date the Kapus­
kas ing rocks more precisely. They could 
turn out to be even aide r. 

This uplift in the Shie ld could become a 
laboratory fo r testing the physica l and 
chemica l properties of lower c ru stal rocks, 
including their rad ioactivity. By studyi ng 
the radioactive minerais in the Kapuskasing 
rocks, we may learn more about heat flow 
from within the lower c ru st, says Dr. Ca rd . 

ln order to test the Percival and Card 
model , the Lithoprobe team will try to 
trace the Kapuskasing structure to depths of 
20 to 30 kilometres . Their mode l suggests 
that a ho le drilled east of where the 
Kapuskasing rocks surface would revea l 
those same rocks at a depth of between 20 
to 30 kilometres. Are they ri gh t? 

Dr. West and his group from the University 
of Toronto together with se ismologists from 
Earth Physics and the Universities of 
Alberta , Calgary, Western Ontario, British 
Colu mbia, Memorial and McGill w ill be 
ca rrying out extens ive refraction studi es 
along the length of the zone between 
Kapuskasing and Chap leau. This involves 
the detonation of exp losives, and the 
recording of the echoes of the sound 
waves. A pilot reflection study, sim ilar to 
the one across Vancouver Island, wil l be 
ca rried out across the Kapuskasing zone 
near the town of Foleyet . 

After Vancouver Island and the Kapuskas­
ing uplift, Li thoprobe w ill investigate other 
regions. An attempt w il l be made to 
unravel the complex geology of New­
foundland and the surrounding continenta l 
shelf. A transect of the southern Cordi llera, 
from Alberta across the Rockies, may con­
tinue across the interior and coastal ranges 
to lin k up with the stud y of Vancouver 
Isla nd, and the mineral-rich Ab it ibi Belt wi/ I 



Magnetic anomaly map. The Kapuskasing 
upli ft runs southwest from James Bay towards 
Wawa on Lake Superior 

Carte d 'a nomalies magnétiques. L'éléva tion de 
Kapuskasing s'étend au sud-ouest de la ba ie 
James jusqu 'à Wawa sur le lac Supérieur 

be probed fro m Val d 'Or, Que. , to Ti m­
mins, Ont . Other poss ibi li ties inc lude the 
Grenvill e Fro nt, the bounda ry between the 
Grenville and Superi o r geologica l prov­
inces, the Sud bury Basin stru cture, and a 
transect across the w estern C hurc hi ll Prov­
ince and along the Dempster Highway 
from Dawson to Ft. M cPherson in the 
Yuko n. 

There are high hopes in the earth sc iences 
community that thi s concent rated effo rt wil l 
yie ld bas ic new k nowledge about p late tec­
toni cs, the fo rm ati o n of our continent and 
th e nature of low er c ru sta l roc ks. 

Un programme scientifique de première 
importance appelé Lithoprobe rassem­
blera les scientifiques de la Terre d' EMR 
et des universités canadiennes pour une 
étude d' une durée de 5 ans, afin de 
résoudre de nombreuses énigmes géologi­
ques, insolubles par observations de la 
surface. Des sondes seront introduites jus­
qu 'à 50 km de profondeur en uti li sa nt des 
techniques de forage profond et de 
séismique, dont une nouvelle méthode 
appelée « vi broseis ». 

Lithoprobe débutera dans l'î le Vancouver 
en testant des modèles de plaques tec­
toniques déjà complètement recensés par 
sismique réfraction et pa r des études 

1500 

1000 
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"' 
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'" 
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magnétiques. Le deuxième site se trouve 
au nord de l'Ontario, dans la zone tecto­
nique de Kapuskasing, soupçonnée être 
une ancienne pa rtie de croûte poussée à 
la surface. Des études seront ensuite 
menées da ns d'autres régions, soit sur le 
plateau conti nental au large de Terre­
Neuve, dans la Cordillère mérid ionale, 
dans la zone d' Abitibi et sur le front de 
Grenvill e. Au plan des débouchés écono­
miques, il sera possible d'être informé sur 
la formati on des gisements minéraliers, 
dans le Bouclier canadien, et de savoir 
comment le pétrole et le gaz ont pu être 
conservés dans les bass ins sédimentaires. 

Cet article est disponible en français 
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Dernier espoir pour 
nos -saumons: 
la télédétection 
Biologistes et géomorphologues travaillent à 
la protection de nos saumons atlantiques 
par Jean-Marie Dubois et Daniel Clavet 

li y a très longtemps, le sa um on at lantique 
remonta it jusqu'aux Grands Lacs, au centre 
du Ca nada . Vo ilà un siècle, on en comp­
tait de bel les pêches dans le Richelieu et, 
même au début des an nées 1900, i l se 
laissa it encore taq uiner dans la Sai nt­
Franço is. Depui s, seul e la région en ava l 
du Saguenay en est la ga rdienne. Mais 
cette derni ère rése rve peut être menacée 
de d ispari tion si des pol itiques efficaces 
d ' aménagement ne sont pas .entreprises. Il 
reste encore au Q uébec 116 ri vières à sau­
mons, mais pour combien de temps? 

L'accélération de l'i nd ustri alisati o n et, par 
vo ie de conséquence, de l' urba nisati on et 

Les auteurs effectuant des travaux sur 
la haute rivière Matamek. Daniel Clavet et Jean­
Ma rie Dubois (à droite) 

Authors during studies on the high Ma tamek 
River: Daniel Clavel and Jean-Marie Dubois 
(right) 

M. Jean-Ma rie Dubois est professeur titulaire au 
Dépa rtement de géographie et directeur de 
l' Inst itut d 'a ménagement de l' Universi té de 
Sherbrooke. Il est spécia lisé en géomorpholo­
gie, en cartographie des dépôts meubles et en 
télédétection. 

M. Daniel Clavel est consultant en géomorpho­
logie, en études biophysiques et environnemen­
tales, et en té lédétection. Il travaille présente­
ment au Laboratoire de télédétection ainsi qu 'à 
l' Institut d 'aménagement de l' Université de 
Sherbrooke. 

Leur trava il en collabora t ion avec la Station de 
reche rche de Matamek est classé sous la con tri ­
bution n° 81. 
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du débo isement des te rres ont rapidement 
mod ifié la répa rti t ion géographique des 
populations de saumons. C'est ainsi que 
p lusieu rs pays d'Europe ont sac ri fié leurs 
dernières réserves de saumons dans leur 
course au mieux-êt re. Q uant à nous, i l 
nous est encore poss ible de les préserver 
et même d'en augmenter le nombre. Nous 
avons mis au poi nt une méthode d' inven­
taire hydromorphologique des rivières à 
saumons, qui s'est imposée d'elle-même 

d'après les considérati ons suivantes. En 
effet, face aux dangers qui menacent quo­
tidi ennement l' hab ita t du sa umo n, il est 
devenu de plus en plus év ident que le tra­
va il d u bio logiste ne suffit pas à lui seu l, à 
assu rer la surv ie de cette espèce. Étud ier 
la stri cte bio log ie du sa um on est une pre­
mière étape, mais il fa ut auss i étudier son 
habitat. C'est pourquoi le travai l du bio lo­
giste doit s'associer à ce lui du géomor­
phologue. 

Plaine alluviale de la rivière Matamek 

Alluvial plain of Ma tamek River 



Grâce à l'appui du W oods Hole O cea­
nographic lnstitute, du min istère du Loisir, 
de la Chasse et de la Pêche du Québec et 
du Bureau de la rec herche de l' Unive rsité 
de Sherbrooke, il nous a été matéri elle­
ment possible de déve lopper notre 
méthode d' inventaire hydromorpho logi­
qu e. La contribution du W oods Hol e 
O ceanographi c ln stitute s'est fa ite pa r le 
truchement de la stat ion de rec herche de 
M atamek. Cette méthode, qui est basée 
sur l' interprétati on de photographies 
aéri ennes panchrom atiques en no ir et 
blanc, à des échelles va ri ant du 1/10 000 
au 1 / 15 840, pri ses par les se rvi ces de 

Seuil de g ravier sur la rivière Saint-
Jea n en Gaspésie, idéal pour une frayère 

C rave/ bed on Saint John River, Gaspé, ideal 
for sa/mon spawning 

levés aéri ens d' Énergie et Ressou rces Q ué­
bec, et que nous avons pu utili se r, perm et 
de: 

• donner aux inventaires d' hab itat une 
dimensio n spati ale à des coûts réduits 
grâce à ces levés aéri ens et à un mini ­
mum de travaux de contrô le au so l; 

• déduire des sites potenti els d' habitat en 
vue d' étab lir la capac ité d' accueil des 
ri vières; 

• éval uer les interrelati ons en tre les di ffé­
rents environnements géomorphologiques 
et le type d' habita t qu ' il s supportent. 

Les travaux ont été exécutés sur les ri vières 
des deux princ ipales rég ion s phys iogra­
phiques du Québec (fi gure 1 ): la ri vière 
Saint-Jean en Gaspés ie, dans les Appa la­
ches, et la ri vière M atamek sur la côte 
nord du Sa int-Laurent, dans le Bouc lier 
canadien. À titre de comparaison, nous 
avons auss i effectué des inventaires pour 
les sa lmo nidés en général dans la ri viè re 
au Saumon dans les Cantons de l' Est et la 
ri vière Papashwasati à la baie James . Les 
biologistes possédaient des données de 
terrain pour chacune de ces ri vières. 

Une bonne rivière à saumons doit présenter 
des fosses à interva lles régu I iers; les fosses 

Saumons sur une frayère 

Salmon on a spawning bed 

servent d'endro its de repos ou de milieu 
de propulsion. Sur so n pa rcours, le sau­
mon ne doit pas renco ntrer d'obstac les 
infranchissables (ba rrage, d igue de castor, 
amas de débri s, chu te). De façon générale, 
une chute de 4 m est la limite acceptable, 
mais, il peut franchir une chute beaucoup 
p lus haute si elle se présente sous fo rme 
de gradins. 

Idéa lement, les frayères devraient être 
encadrées de fosses de repos pou r les 
géniteurs et devraient être sises sur des 
seuils de graviers, de ga lets et de qu elques 
blocs. Les blocs servent d'appui à la femelle 
lo rs du frai et d' abri aux sa umoneaux 
contre les prédateurs, et la fo rce du cou­
rant. Les frayères do ivent être recouvertes 
de 15 à 120 cm d' ea u en temps de frai . Si 
la profon deur de l'eau est moindre, les 
œ ufs peuvent être en danger. 

La séd imento logie et la dynam iq ue des 
berges des rivières sont deux éléments 
importa nts pour notre étude. À pa rt ir de la 
sédim ento logie des berges, il est possible 
dans ce rtain s cas de prédire la séd imento­
logie du lit des ri v ières . À pa rtir de la 
dynamique, il est aussi possible de prédire 
le co lmatage par les silts de certains sites 
de frayè res potentielles sis en ava l de 
zones d'érosion dans ce type de dépôt. 

Lorsque l' on possède une couvertu re de 
photographies aéri ennes adéq uate - c'est­
à-d ire pri se lorsqu e le nivea u d' ea u perm et 
d' apprécier l'emplacement et l'état d'émer­
sion des bancs de grav iers q ui se rvent de 
frayères - les deux problèmes majeurs 
d ' identifi ca tion qui se posent sont l' identi­
fica ti on des fosses et celle de la texture 
des matéri aux d u lit (figure 2) . 

L'emplacement des fosses est fac ile à iden­
ti fier dans la plu pa rt des régions. Cepen­
dant, au -delà de 1,5 à 2 m de pro fondeur, 
ell es ne peuvent être éva luées avec ce r­
t itude. En Gaspésie, le phénomène est 
inverse, puisque la grande transpa rence de 
l'ea u ne perm et de loca li se r avec cert itude 
que les fosses de plu s de 2 m de profon­
deur. 

L' identifica tion de la texture des matériaux, 
surtout des grav iers, est primord iale dans 
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ce genre d' étude. On peut déduire la tex­
ture des berges à partir des ensembles 
géomorph o logiques, à partir de l'a llure de 
la topographie et des talus, ainsi q ue des 
fo rm es d' éros ion ca ractéri stiqu es de cha­
cune de ces textures. Dans le lit des cours 
d'ea u, la texture n' est identi fiable que 
dans les secteurs de rapides et de seuil s, 

avec l'aide d' un binocu la ire 3X. Dans la 
majorité des régions, les secteurs rocheux 
ainsi que les principales catégo ri es de tex­
tures dans les dépôts meubl es sont fac ile­
ment identifiabl es, mais il fa ut sou vent 
pouvo ir compter sur la nature des berges . 

En Gaspésie, l' homogénéité des couleu rs 
des roches et, par le fa it même des maté­
riaux meubles produ its, rend la granulo­
mét ri e des séd iments gross iers diffic ilement 
appréciab le pa rce que l' on n'y tro uve pas, 
contrai rement aux autres régio ns, d 'élé­
ments foncés donnant un bon contraste 
pa rmi des éléments généralement pâ les. 
De la même façon, il est di ffic ile de d istin ­
guer le roc émergé de ces sédiments du 
fa it qu ' il est fo rtement altéré en surface et 
q u' il prod uit des matéri aux meubl es d' une 
même cou leur homogène. Le roc immergé, 
cependant, se d istingue très bien en raison 
de son réseau orth ogonal de fractures. 

À pa rt ir de ces ca ractéri stiqu es hydromor­
pho log iques, nous avons pu évaluer l'apt i­
tude des di fférentes régions physiogra­
phiques et de leu rs enviro nnements géo­
morpho logiques à recevoir les hab itats des 
sa lmonidés. L'environnement flu vial, del­
taïqu e flu vial, le litto ral lacustre et marin 
et le substrat rocheux ne présentent, dans 
aucune région, un potentiel d' accuei I éga l 
pour l' habitat du sa um on. 

Prise individuellement, chaque région 
regroupe une ou plusieurs combinaisons 
d 'environnements offrant des conditions 
propices à l'ex istence de fosses et de 
frayères: le milieu deltaïque proglac iaire 
en Gaspés ie; les milieux glac iaire, lacustre 
et fluvi o-glac iaire dans les Ca ntons de l' Est; 
le mi lieu de traîn ée glac iaire et alluviale 
ainsi qu e flu v io-glac iaire à la baie James; 
et le milieu flu v io-glac iaire sur la côte 
nord. Nous avons pu ain si déduire que 
l'environnement flu v io-glac iaire présente le 
meilleur potentiel d' accueil en raison de la 
texture de ses matériau x, essentiellement 
des graviers et des nombreuses fosses 
situées principalement dans les méandres 
des cours d'eau . 

Cette méthode d' inventaire du milieu aqua­
tique perm et d' identifier et d'évalu er les 
habitats avec un ni veau d'effi cacité éprouvé: 
86 % des fosses et frayères sont détectées, 
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Figure 2 Rivière Saint-Jean, Gaspésie, photo 
aérienne prise au 7 / 7 5 000 par Energie et 
Ressources Québec, avec interprétation des 
auteurs 

St. John River, Gaspé, aerial photo at 7: 7 5 000, 
by Energy and Resources Quebec with inter­
pretation by authors 

en moyenne, su r la côte nord, en Gaspésie, 
à la baie James et dans les Cantons de 
l' Est. 

L' utili sat ion de photographies multi-spec­
trales a été expérimentée sur un segment 
de la ri v ière du Nord dans les Cantons de 
l' Est afin d'optimiser les résultats. Nous 
avons utili sé différentes bandes du spect re 
(panchromatique no ir et blanc, vert et 
rouge, infrarou ge noir et blanc et infra­
rouge couleur) au printemps, à l'été et à 
l'automne. Nous avons compa ré les pho­
tographies obtenues d 'après la bande 
spectral e qui offre la meilleure vis ib ilité, 
c'est-à-dire qui nous permet d ' identifier 
facilement la séd imentologie du lit des 
ri v ières, la nature et la dynamique des 
berges et la végétati on. 

Nous avons ainsi pu conc lure que la pho­
tographi e aér ienne pa nch romat ique noir et 
blanc de printemps donne pour l'ensemble 
des facteurs une v ision optimale compte 
ten u de son coût peu élevé et de la dispo­
nibilité des couvertures. Notre cho ix se 
porte, en deuxième lieu , sur l' infrarouge 
cou leur d'été. 

Cette méthode a subi plusieurs autres 
essa is au Québec, et el le commence à 
êt re utili sée sur une grande échel le. En 
effet, le mini stè re du Loi si r, de la Chasse 
et de la Pêche du Québec ainsi qu'Hydro­
Québec utili sent ce type d'approche afin 
de déterminer la prod uct ivi té des rivières à 
saumons à des fins d ' inventaires, de ges­
tion et d 'études de répercussions sur l'en­
vironnement. En plus de serv ir à détecter 
les hab itats des sa lmonidés, elle peut aussi 
contribu er à éval uer l' uti li té et l'emplace­
ment d ' habi tats art ificie ls accessib les aux 
poissons, tels les passes migratoires et 
même les fosses et les frayères arti fic ielles. 

The authors have init ia ted an eva luation 
of sa lmon ri vers based on the interpreta­
tion of black and white panchromatic 
aerial photographs taken by the ae rial 
survey of Quebec Energy and Resources. 
A study of the hydromorphologica l cha­
racteristics of the St. John River in Gaspé, 
and th e Matamek River on the North 
Coast of the St. Lawrence River, revea led 
that the flu vio-glacia l environment best 
suits the sa lmons. 

Thi s method, bes icl es effi ciently identi fy­
ing and eva luating the natural salmon 
habitats, may also help evaluate the use 
and location of art ificia l habitats. 

This article is also ava il able in English. 
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lce age bones - a clue 
Exotic animais as 
diverse as Africa's 
once roamed 
Canada's great 
plains 
By Archie Stalker 

Dr. Archie Sta lker is a research geologist in the 
Terra in Sciences Division of the Geologica l 
Survey of Canada. He first did fieldwork with the 
Survey in 1945 when he was a graduate student. 
He received his Ph.D. from the Geology Depart­
ment of McGil l University in 1950 and immedi­
ately began his career with the GSC in the 
Pleistocene and Groundwater Section. Dr. 
Sta lker has spent 38 summers in the fie ld study­
ing the stratigraphy and pa leontology of the 
great plains of Canada. The University of Leth­
bridge is awarding him a D.Sc. for this work in 
May 1984. Since 1965 he has worked in asso­
ciation with University of Toronto professor 
Dr. C.S. Churcher, who was born in Kenya and 
has studied African fauna extensively. 

Catastrophes haunted the lce Age in 
Canada. Ti me and t ime again massive ice 
sheets scoured the landscape, disrupt ing 
drainage, fil li ng rive r val leys, sweeping 
away soil, and destroying fauna and flora. 
ln the wake of each slowly retreating ice 
sheet, plants and an imais returned, but 
always with changes, some minor, some 
vast. 

Until recently we knew few details of those 
changes. Vertebrate fossi ls of Quaternary 
age were cons idered rare in Canada. Placer 
gold operations in the Yukon Terr itory had 
yielded a significant number of bones and 
teeth. Extended stud ies of the Toronto Scar­
borough beds, which outcrop along the 
shores of Lake Ontario, had recovered 
other fossils. But Canadian finds, if at times 
spectacu lar, were few, chiefly parts of large 
ani mais such as mammoths and mastodons, 
and mostly from the last part of the Quater­
nary. ln general they added litt le to our 
knowledge of the lce Age. 

About 1960, the d iscovery of many fossil 
bone sites on the southwest Canadian 
Prairies changed that. The finds revea l a 
success ion of we ll adapted faunas as ri ch 
and d iverse as any now found in Africa , 
includ ing camels, lions, zebra and ele­
phants. The foss il beds show how the pop­
ulati ons changed as some species slowly 
evolved into succeeding ones and others 

Dr. Archie Stalker uncovers an elephant vertebra 

M. Archie Stalker découvre une vertèbre 
d 'éléphant 

became extinct. They also indicate when 
new species arrived either from Asia across 
the Bering land bridge that formed as the 
ocean lowered during glaciation, or from 
South America across the lsthmus of 
Panama. 

The fo ldout (Fig. 1 ), which illustrates the rich 
and diverse vertebrate faunas that flour­
ished on the Canadian Prairies between 
glac iations, is taken from a chart first 
pub lished by the Geological Survey of 
Canada in 1982. lt portrays faunal develop­
ment through the lce Age, which lasted 
from about 1.8 mill ion years ago until the 
'great extinction' that followed the last 
continental glaciation. This covers the 
greater part of what is known to geologists 
as the Quaternary Period. 

Most of the chart is based on exposures 
found along the South Saskatchewan River 
from 10 km above to 20 km below the city 
of Med icine Hat, Alberta. Here the 
river cuts across both its preglacial valley 
and several of its interglacial ones. Early 
glaciers blocked these valleys, which subse­
quently fi l led with debris brought by later 
glaciers, lakes, streams and wind. The ex-

posures present sections 30 m to 100 m 
high through a broad range of Quaternary 
deposits. The Wellsch Valley site, along a 
short tributary to the South Saskatchewan 
about 60 km north of Swift Current, 
provided the information for the oldest 
fauna on the chart. 

The Medicine Hat sites are outstanding for 
the number of fossil beds found in individ­
ual sections. Several exposures contain five 
bone beds of different ages. ln other parts 
of the continent sections w ith even three 
fossil levels of Quaternary age are extremely 
rare. We do not know why these concen­
trations of bones exist. Perhaps gentle river 
banks a-long with good fards across the 
rivers enticed migrating grazing an imais 
into the valleys, and abundant shrubs and 
trees along the river provided ample food 
for browsers. Moreover, when these ani ­
mais, breaking through winter ice, caught 
in floods, or prey to predators or disease, 
died in the valley, their bones had a good 
chance of preservation. They were buried 
in river deposits or in the muck of swampy 
parts of the flood plain. But the dominant 
factor in the preservation was a generally 
semiarid climate that retarded decompo­
sition both before and after burial. 

The six ti 11 sheets shown in white on the 
composite section were left by large 
continental glaciers covering the plains. 
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12. l=cureuil de rerre de Meade 

13. Ground squirre! 13. l=cureuil de terre de Richardson 
14. Undescribed pocket gopher 14. Saccophore innominê ~~==~==~~~~~==t::l;;~:=~===t==t=~f:";::j 15. Northern pocket gopher 

15. Saccophore- à poches de Richardson 
16. Canadian beaver 
17 Field vole 

19 Undescribed extinct vole 

16. Castor du Canada 
17. Campagnol des champs 
18. Campagnol pliocène 
19 Campagnol innominé ~~~~~~~~~~~~~~i~~l~~~~~~~~~~~~i~~l~~ 18 Extinctvole 20. Osborn'sextinct t ree vo le 20. Campagnol pliocène d 'Osborn 

21 . Kansassouthern bog lemming 21 . Lemming du Kansas 
x 22. Muskrat 22. Rat musqué 

23. Porcupine 23. Porc-épic 
24. Black•footed ferret 24. Furet à pattes noires 
25. Eastern spotted skunk 25. Mouflette 
26. Redlox 26. Renard roux 

~~~~~~~3~~~Ë~~E~~j~~~~~3~~~~~~~~~~~~ 27. Cope's bone•eating dog 
x 28. Coyote 

29 Graywolf 
30 Di re wolf 

l~-~=1==~;;~~-==~==l~~l==⇒l=:j~;;Î=~l---~7 Dog or wo ll 
Raccoon 

33 Sabre•toothed cat 

27. Chien ostéophage de Cope 
28. Coyote 
29. Loup gris 
30 Loup macabre 
3 1. Loup indéterminé 
32. Raton commun 
33. Gros chat smflodant 

34 Pleistocene Hon 34 Liongéant 
35. Canada lynx 35 Lynx du Canada 
36. Bobcat 

~;;;;t==~==~===~==t==+==~llllllll~~llllllll~==t==1 ~;: ~i::0

~:mmoth 

36. Chat sauvage 
37. Mammouth indéterminé 
38. Mammouth de Cook 
39. Mammouth impérial 
40. Mammouth colombien ~==i==~==~~~~~==~~~~;;~::~E::~~=~=~ 39. Imperia! mammoth 1--- 40. Columbian mammoth 

41. Siberian or no rthern mammoth 41. Mammouth de Sibérie 

~""""+::4;;;;~===t==+==+==⇒==~~==t==+==1 :;: ~~~,~~;;;;~s:ss 
44. Mexicanass 
45 Pacifichorse 
46 Niobrara horse 

--t--+----i 47. Scott's horse 

~==+==~==~~==~==~;;;;t==~llllllll~~==t==t==1 ::: ~~:n;ehno:~~rse 

~~""t==~==~===~==t==+==~==~===;;::=t==1 ;;· ~~ide~~i;~~~~mel 
f---+--+-- t-+---J-ll;--t---t-+---J--j 52 Plains llama 

~;::=+==:î;;;;~;:==~==+==+==~11111111~~==t==+==1 ;:: ~:;:;·::~a~~=i~:~:ma 

jll~~~l~~~~~3E~~~~~i~~~~~~~~~~~~~~~!~§ 55. Carnel 

56. lrvingtonian camel 
57. Western came! 
58. Nearctic deer 
59. White•lailed·deer 
60. Wapiti or elk 
61. Caribou 
62. Small caribou 
63. Moose deer 
64. Four·horned pron ghorn 
65. Unidentified pronghorn 

Pronghorn 
67. Mou ntainsheep 
68. Woodland muskox 

Woodland shrubox 

~==~==~~==t==+==~;;;;~===~==t==+""""~=--; 71. ~::~; long•horned bi son 
>-~- ~~~~-~~-~-~---~- 72. Largeextinct bison 

42. Cheval de l'est 
43. Hémione aux jambes élongées 
44 Hémione du Mexique 
45. Cheval du Pacifique 
46 Cheval de Niobrara 
47. Cheval de Scott 
48. Cheval géant 
49. Cheval néogène indéterminé 
50. Pécari de Cope 
51. Camélidé indéterminé 
52. Lama indéterminé 
53. Lama de Stevens 
54. Lama de Holloman 
55 Chameau indéterminé 
56. Chameau de /ïrvinglonien 
57. Chameaudel'ouest 
58. Chevreuil néarclique 
59. Chevreuil à queue blanche 
60. Cerf du Canada 
61 . Caribou 
62. Petit caribou 
63. 'Ceri' 
64. Antilope d'Amérique à quatre cornes 
65. Cabri indéterminé 
66. Cabri 
67. Mouflon d es rocheuses 
68. Boeuf musqué des bois 
69. Boeuf musqué du sud 
70. Bison américain 
71. Bîsongéant 
72. Bison indéterminé 

CRETACEOUS DINOSAURS FOUND IN THE BEDROCK 73. Spiny-frilled horned dinosaur 73. Dinosaure avec cornes osseuses 
- BENEATH THE ICE AGE DEPOSITS 74. Crestless duck•billed d inosaur 74. Dinosaure à bec de canard sans créte 

DINOSAURES DU CRl:TACÉ TROUVÉS DANS LE 
SOCLE ROCHEUX SOUS LES DÉPÔTS DE L ' l:POOUE 
GLACIAIRE 

75. Albertan carnivorou s d inosaur 75. 
76. 

Dinosaure carnivore de /'Alberta 
Dinosa ure à bec de canard et à crête 76 Crested du ck•billed dinosaur 
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Bones of prehistoric horses 

Os de chevaux préhistoriques 

lake formed when the first glacier blocked 
the river. This whole process probably 
spanned the period 600 000 to 400 000 
years ago. 

The difference between the earl iest 
deposits at the two sites, laid down a 
million years apart, is drastic. A new variety 
of mammoth and different came ls appear. 
Rodents are rare, and a stilt-legged ass and 
a comparatively large horse replaced the 
Pacifie and eastern horses seen at Wellsch 
Va lley. The earlier species did not ail 
become extinct; most still existed else­
where on the continent. The animais either 
disappeared from the local scene, or their 
remains were not preserved and recovered. 

Remnants of stumps and trunks of large 
trees, sma ller branches, vest iges of leaves 
and seeds, pollen, and then peaty bands 
are abundant in the deposits laid down half 
a million years ago. The landscape must 
have resembled the present one, w ith trees 
drooping over the river edge, and trees, 
shrubs and brush occupying damp parts of 
the river floodplain. ln addition to the 
willow, aspen and cottonwood now grow­
ing along the river, the old flora included 
Manitoba maple, ash and spruce, types 
which no longer grow there. The South 
Saskatchewan River, periodically inun­
dating its floodplain, preserved the plant re­
mains in silt and clay. 

The next animais on the chart are 300 000 
years and several glaciations later. They 
belong to the last great interglacial stage of 
the Quaternary Period. Once again the 
bones were in river deposits. We identify 
31 types, more than from any other unit. 
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This is partly the result of intens ive study, 
but the beds nonetheless are highly pro lifi c 
and yield extremely diverse creatures. 

Changes are again remarkable. The fauna 
began to assume its modern aspect, but the 
section still includes many exotic animais 
we tend to associate with Africa: came ls, 
elephants, lions, zebra. Two complete ly 
new species of horse appear: the niobrara 
and thP Neogene with its only Canadian 
occurrence here. Only the white-tai led 
prairie dog, large Columbian mammoth 
and western came! remain from earlier 
beds. The stilt-legged ass has evolved into 
the small Mex ican ass, one of the most pro­
minent equines for the remainder of the 
Quaternary;· a close relative of it is st ill 
found in Siberia. The plains llama, a relative 
of the !lamas of South America, has joined 
the came ls and the first bison - a long­
horned variety - appears, while ground 
sloths and lions are still prominent. Most of 
the other varieties st ill exist today. 

Less drastic changes developed during the 
70 000 years of the last glacial stage. 
Glaciers advanced and retreated; animais 
repopulated the region severa l times. The 
largest array of anima is was found towards 
the middle of that stage - including 
coyote, bison, skunk, rabbit, horse, came! , 
ground sloth and mammoth. Then between 
15 000 and 10 000 years ago came the 
'great extinction'. Mammoths, horses, 
camels, lions, sabre-toothed cats, ground 
sloths and dire wo lves disappeared, leaving 
our present relatively impoverished an imal 
population. We are not sure what role 
man, a ravaging hunter of creatures that 
were probably already the victims of 
increasingly harsh climatic cond itions, may 
have played in this great extinction. People 
were certainly in this area 12 000 years ago 
when the extinction was near its height and 
may have been on the scene much earlier . 

The fossil bed sections tell us little about 
past climates. Till sheets indicate fr igid 
episodes with vast layers of ice. Fossi! beds 
can only poi nt to cond itions prevail ing at 
the times they were deposited; the fact that 
both beds and fossils were preserved may 
indicate those times were abnormal. The 
much longer periods for which no deposits 
were preserved cou ld have been very 
different. 

Most of the animais shown on the chart, 
and particularly the large anima is, could 
tolerate a broad range of conditions. 
However, certain small animais give clues 
- the prair ie dog, not now living this far 
north, indicates Med icine Hat was once 
warmer. On the other hand, the absence of 
certa in smal l animais, such as snakes and 
other reptiles, may testify to colder winters. 
The mixture of warm - and cold - climate 
species of large animais in several of the 
fossil beds probably is not very important. 
lt is likely the result of seasona l migrations, 
with bones from anima is that trave lled 
north in summer and those that migrated 
south in winter intermingled during deposi­
tion and burial. Treeless prairie undoubt­
ed ly dominated, as it does today, but 
shrubs and sma ll trees grew in gull ies and 
near sloughs, with larger trees and thicker 
brush along the river floodplain. Thus the 
needs of both grazers and browsers, of the 
predators that preyed on them, and of 
dryfand prairie and aquatic animais, were 
al l met during the many periods the prolific 
fossil records let us glimpse. 

Les dépôts peu consistants du Quater­
naire, répartis en sections habituellement 
de 30 à 100 m de hauteur le long de la 
vallée de la rivière South Saskatchewan, 
constituent la base de cette carte (fig. 1 ). 
Les sections mentionnent des phéno­
mènes de l'époque glaciaire et les dépôts 
fossiles qui y sont exposés révèlent une 
série de faunes mammifères bien adap­
tées; faunes aussi riches et diverses que 
n'importe quelle faune mammifère que 
l'on trouverait actuellement en Afrique. 

L'accès facile à la rivière, de bons gués 
pour les espèces migratoires et une nour­
riture abondante pour brouter ont peut­
être attiré les animaux dans la vallée et 
expliquent la grande concentration 
d'ossements à Medicine Hat. De rapides 
enfouissements dans l'alluvion des rivières 
expliquent pourquoi ils ont été conservés. 

La plupart des animaux, particulièrement 
ceux de grande taille, pouvaient supporter 
une grande variété de cond itions climati­
ques, ce qu i ne nous donne pas beau­
coup de renseignements sur les climats 
passés. Par contre, la présence de quel­
ques animaux de petite taille indique que 
les cond itions cli matiques étaient plus 
chaudes que maintenant. 

Cet artic le est disponible en français. 
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CESAR cores: geological time capsules 
Cores of sed iment from the seafloor are 
geologica l time capsu les. They ca n help us 
reconstruct the geological evolution and 
the cl imati c history of an area. They can 
be pointers in the sea rch for resou rces and 
in the pred icti on of atmospher ic changes. 

CESAR, EMR's 1983 Canad ian Expedition 
to Study the A lpha Ridge, prod uced 
16 piston cores and 14 gravity cores from 
a 240 km 2 area of the Alpha Ridge and its 
flanking basins. These probes of the Arctic 
Ocean floor were made from a research 
station on the ice 400 km from the North 
Pole (F ig. 1). Studies made in that 60-day 
fo ray are st ill being ana lyzed and 
i nterre lated. 

The inform ation carr ied in the cores is 
helping to delineate the history of the 
Arctic Ocean , crucial fo r globa l paleo­
c limatic modeling and for predicting the 
changes that may hera ld the next ice age 
in Canada. The detailed history of climati c 

By Ru th Jackson and Peta Mudie 

We can now say that 
most CESAR cores 
record a three-million­
year history of sea ice 
growth in the Arctic 
Ocean. And one core 
contains a perf ectly 
preserved record of 
plankton from a warm 
Cretaceous sea 

change in the CESA R cores is being 
unravelled by sc ienti sts at EMR'S Atlantic 
Geoscience Centre (AGC) and Da lhou sie 
and Toronto universi ti es, as well as in 
United States laboratori es. They are study­
ing the oxygen isotope chemist ry of ca l­
ca reous zoop lankton and the composition 
of phytoplankton , pollen and spo res that 
record the temperature, sa linity and pro­
ductivity of water at the co re sites during 
the past fou r to five million yea rs. 
Fi gure 2, sca nning electron micrograph s 
taken by F. E. Co le, AGC, shows some of 
these calca reous foss il s that now live 
under the Arct ic ice, along with a few 
sili ceous organisms such as d iatoms and 
glass sponges. 

Figure 1 Bathymetry of the Arctic Ocean show­
ing loca tion of the CESA R experiment 

Bath ymétrie de l 'océan Arctique montrant 
l 'emplacement de l'expérience CESA R 
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Figure 3 

Piston cores from sites on the Alpha 
Ridge. (a) Basin, CESAR Core 7. (b) 
Ridge, CESA R Core 6 

Carottiers à piston des sites de la dor­
sale Alpha. (a) Bassin, carotte de son­
dage 7, CESA R (b) Dorsale, carotte de 
sondage 6, CESA R 

So far, the co res have yie lded the follow­
ing in formation: 

(1) Abundant, perfect ly preserved diatoms 
in CESAR Core 6 show that the A lpha 
Ridge area of the Arctic Ocean was a 
plankton-rich, product ive warm sea 
unti l about 65 million years ago . 

(2) Catast rophic events subsequ ently 
occurred. These are assoc iated with 
traces of vo lca nic ash in the claystone 
units of Core 6, and may be related to 
vo lca nic clasts dredged from the side 
of the A lpha Ridge during CESAR. 

(3) The Alpha Ridge area has been a co ld , 
low-product ivity marin e environment 
for at least the past four million yea rs. 

The most important sc ientifi c question 
now centres on w hat happened in the 
Arc ti c between the wa rm Cretaceous 
period and the late Terti ary glacial period. 
Did tectoni c events create the Alpha Ridge 
at the end of the Cretaceous period, 
70 million years (Ma) ago? Did they 
change not on ly the Arctic Ocean but also 
the globa l seas by forcing a southward 
flow of low-sa linity water into the Pac ifie 
and At lantic oceans? This would exp lain 
the extincti on of many marin e organ isms 
at the Cretaceous-Tertiary boundary, as 
record ed in most deep-sea sedim ent co res. 
Alte rn at ive ly, was the Alpha Ridge already 
there in Cretaceous tim es and did a huge 
thi ckn ess of ice build up over it in the 
Terti ary when the Anta rct ic ice sheet 
started to form? Stud y of the co res w ill 
he lp us answer these quest ions. 

The number of CESA R cores is sma ll com­
pared w ith the number recovered from 
T-3 , known as Fletcher' s lce lslançl , and 
du rin g the Canadia n LOREX 1979 
(Lomonosov Ridge Experiment). Ameri can 
geologists took 580 cores from T-3 as it 
drifted through the Arcti c Ocean from 
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1963 to 1973. They were an average 
length of 3.5 m. LOREX prod uced 42 short 
cores, each about 2 m . The CESAR piston 
co res had an average length of 4.7 m, and 
some were longer than 5.5 m. This greater 
length means two thin gs: 

• The cores are more likely to contain 
bedrock materi al that could revea l the 
age and origin of the Alpha Ridge. 

• They should contai n more sedi ment of 
Cretaceous to Pleistocene age. Thi s 
would cover the time w hen the climate 
of the Ca nad ian Arct ic Islands reg ion 
changed drast ica ll y. About 100 Ma ago 
it had a wa rm , temperate landscape 

Figure 2 Scanning electron micrographs show 
the most common fossils now found in seabed 
sediments on the Alpha Ridge. Almost ail these 
fossils are the remains of animais with 
calcareous shells (0.5- 7.00 mm) 

Les microscopes électroniques à balayage mon­
trent les fossiles les plus courants don t l'espèce 
existe encore et qui sont enfouis dans les sédi­
ments du fond marin sur la dorsale Alpha. Tous 
ces fossiles sont pratiquement les restes d 'ani­
maux à coquilles calcaires (0,5- 7,0 mm) 



Figure 5 Light microscope photographs of 
microfossils forming the Cretaceous laminated 
sediments in CESAR Core 6 

Photographies au microscope optique de 
microfossiles formant les sédiments feuilletés du 
Crétacé dans la carotte de sondage 6, CESAR. 
(a) 0,08- 0,07 mm, (b) 0, 1 mm 

covered by redwood-fern forests and 
shallow seas inhabited by marine dino­
saurs and sea crocod iles. Ave rage an nual 
temperature was about 14°C. That gave 
way to the present tundra-ice landscape 
inhabi ted by polar bears and sea ls, with 
average annual temperature less than 
- ]60C. 

The T-3 and LOREX cores are too short to 
provide answers to many questions about 
Arctic evo lution, but several of the CESAR 
cores contain long sequences of brown 
mud that we hope can be linked to the 
top of Core 6 and provide the missing 
clues to our understanding of Arctic 
Ocean and climat ic evo lution during the 
past 65 million years. 

The procedu re for obtaining these cores is 
a story in itse lf. Because large aircraft 
could land on the thick sea ice at the 
CESAR site, we could use the heavy and 
bulky eq uipment necessary for piston cor­
ing. A 1500 kg-winch , 600 kg x core 
heads and steel A-frames were landed by 
C-130 Hercules, a signifi ca nt advantage 
over smaller ice stations like LOREX and 
FRAM. 

The ice at CESAR was 1.8 m thick. A hole 
1 .5 m by 1 m had to be eut through it for 
piston coring, to ensure that the fully rigged 
corer could pass freely. First, 2.4 tonnes 
of ice had to be removed. The hole had 
to be covered immediately, to prevent 
refreezi ng, w hich occurs rap idly at 
-40° C. Engineer Dave Heffler and techni­
cia n Fred Jodrey of the AGC constructed a 
building to cover the hydrohole. Both 
st ru cture and coring equipment, which 
they designed and built, had to be capab le 
of safe ly handling the forces exerted when 
a 10-m length of core pipe was pu I led out 
of the bottom sediment. 

Engineer Jay Ardai of Lamont-Doherty Geo­
logical Observatory and AGC chief techni­
cian Mike Gorveatt, later rep laced by PhD 
student Tom Morris of the University of 
Wisconsin , handled the time-consuming 
and labour- intensive job of rigging and 
derigging the core r. They raised 16 cores, 
which had to be kept from freezing during 
storage and shipment home. The Canadian 
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Armed Forces provided warm and careful 
handling of the cores from the ice station 
to Trenton , Ontario, and the co res even­
tually reached the AGC laboratory in excel­
lent condition . 

Meanwhile, back at AGC, excitement grew 
as reports filtered in from CESAR that suc h 
long and potentially revealing cores were 
on their way. 

ln order to date and analyze the sedi ment, 
special preparations were necessa ry for the 
opening and initial inspect ion of the CESAR 
cores. Contamination by dust, metal tool s 
and aeria l exposure could obscure the 
geochemical and microfossil histories of 
the Arctic sediments. So for severa l days 
before the opening of the core boxes, the 
lab floors and walls were swabbed down. 
Cutting tools were sterilized in preparation 
for core spl itting. The work crew, dressed 
in surgica ll y c lean white lab coats, was 
headed by technicians Kim Rideout of Geo­
marine Associates and Flona Cole, AGC 
Environmental Marine Geology. Finally, 
these two workers donned large ear muffs 
to drown the noise of the saw cu tting 
through the thick plastic liner encasing the 
core sed iments. 

They eu t open about 80 m of core liner 
w ith the su rgica l precision needed to pre­
serve the sed iment bedding structures in 
the cores. They then neatly sp lit eac h co re 
into two long halves, photographed them , 
wrapped them in plastic and sealed them 
in permanently labe ll ed plastic tubes for 
shelf storage in the AGC refrigerator. Nor­
mally, thi s operation takes about three 
hours per core, but Kim and Flona man­
aged to complete four cores a day in spi te 
of repeated interrruptions by cu ri ous 
visitors. 

GEOS 1984/2 
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Coring facilities and equipment at 
CESAR ice station. Graphie Ken Hale, AGC 

Installations et équipements de carottage à la 
station CESAR. Graphique Ken Hale, CGA 

What have we learned so far from the 
CESAR time capsu les? The first core we 
opened, CESAR Core 1, was from a deep 
basin (2150 m) northwest of A lpha Ridge. 
lt contained a 4-m-long sequence of brown 
clayey muds w ith va ri ab le amounts of ice­
ra fted sa nd and gravel , altern at ing w ith 
ye llowish brown silty beds (F ig. 3a) , at the 
base of which was about a metre of yel low­
ish brown clayey mud heavily mottled 
with dark brown ferromanganese streaks 
and speckles. 

The sediments in this co re were undis­
turbed and could be matched almost layer 
by layer w ith the T-3 cores described by 
marin e geologist David Clark of the Uni­
versity of Wisconsin and his col leagues in 
the U.S. 

Initial laboratory stud ies of the paleomag­
netic ch ronology, sediment compos ition 
and microfossils in two of the cores con­
firm these si milariti es and we can now say 
that CESAR Core 1 record s a three-million­
year history of sea ice growth in the Arc tic 
Ocea n. 

The next co re we opened, CESAR Core 6, 
was obtained from a ledge near the top of 
the Alpha Ridge, where se ism ic reflection 
profiles show that bedrock lies nea r the 
surface . As show n in Fi gu re 36, 
most of thi s core presented a completely 
different appearance from Core 1. The top 
100 cm is an iron-rich, brown silty mud 
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with occasional ligh ter brown mottles and 
streaks, and with rare diatom and sponge 
fragments. Abruptly below thi s unit is 
about 10 cm of grey sandy c laystone con­
taining hornblende, ga rn et and orthopy­
roxene minerais and some co lourless vo l­
can ic shards. Thi s grey unit unconformably 
overlies abou t 20 cm of redd ish brown 
claystone, heavily mottled with brown 
or yel low ish, iron-stained sandy mud. 
The brown c laystone consists mainly of 
highly weathered clay minerais, iro n­
sta ined feldspar and quartz, with some 
amph iboles and pyroxenes, and brown 
vo lcan ic shards suggesting the inc lu sion of 
some volca nic magma. We found no iden­
tifiable fossils in either the grey or brown 
clayston es. 

Underlying the claystone is 1.75 m of finely 
laminated yel low and brownish yel low 
sedi ment, which has the appeara nce and 
consistency of layered cheesecake. We 
exami ned tin y scrap ings of these layers 
under a microscope. We saw that each 
layer of the sediment is made up of bi llions 
of diatoms, sil icoflage llates and primiti ve 
single-cell orga nisms ca lled archaeomonads 
(F ig. Sa). Fi gu re Sb shows one of the rare 
organic-walled fossi ls obtai ned after chem­
ical treatment to remove the sili ceous 
materi als. X-rays of thi s biogenic sil iceous 
ooze also revealed the presence of fish 
bones, prov iding evidence that sma ll fish 
probably thrived on the microorganisms in 
this plankton-rich pre- lce Age Arctic Ocean . 

Most surprising, however, was the fact that 
the pre-lce Age sili ceous microfossils were 
alm ost prefectly preserved - although 
their shells are composed of delicate glass­
like material , few spec im ens show any 
ev id ence of either physical damage o r 
chem ica l alteration , despite their long 
burial on the A lpha Ridge. This means that 
the fossils have never been deeply bu ri ed 
or greatl y heated. That is, at least some 
parts of the A lpha Ridge have escaped 
deformation by tectonic processes. 

Detailed studi es are under way to deter­
mine the age and origin of this unique 
marin e sed iment deposit, wh ich has no 
close counterpart elsewhere in the global 
sed iment record. Accord ing to U.S. Geo­
logica l Survey diatom speciali st John Barron, 
the diatoms are most simi lar to those found 
in marine deposits of the northern Ural 
Mountains in Siberia, which have been 
designated somewhat uncertainly as late 
Campanian in age, about 75 Ma ago. 
However, the paleomagnetic ch ronology 
of CESAR Core 6 obtained by marin e 
geologist Ali Aksu at Dalhousie University 
does not fit this time period. We know 
there was no magneti c polarity reversai 
between 120 and 85 Ma ago, but our co re 
shows several alternating positive and 
negative magnetic reversa is similar to 
those found in the latest Cretaceous 
period from 65 to 72 Ma ago. 

The dominant silicoflagellates in CESAR 
Core 6 are species of Lyramula and 
Vallacerta wh ich have been found by 
paleonto logist David Bukry, USGS, in Late 
Cretaceous sediments from Californ ia to 
Cornwal l Island in the Canadian Arctic. 
Bukry believes these genera became ext inct 
at or near the Cretaceous-Tert iary bound­
ary, which suggests an upper age limit for 
the sil iceous ooze. This age determination 
is further supported by the presence of 
some well preserved dinoflagellates (Spon­
giodinium delitiense, Paleoperidinium 
pyrophorum and Laciniadinium sp.) which 
were identified by AGC pa leonto logist 
Graham Williams in a sample from the 
base of CESAR Core 6. These dinoflagellate 
species have also been fou nd in Upper 
Cretaceous marine shale on Banks Island. 
Pollen in the CESAR core, however, are 
quite different from the Arctic Island flora 
and suggest a deeper water, more ocean ic 
environment fo r the A lpha Ridge site. 

Further study of the CESAR cores may pro­
v ide some answers to our questions about 
how the Arctic Ocean evolved. This study 
w ill complement ongo ing analyses of geo­
physical records and vo lcani c rocks 
obtai ned from the A lpha Ridge during 
CESAR. 

Les plu s longu es ca rottes de sondage du 
fond marin de l'océan Arctiqu e ont été 
rassemblées lors de l'expédition CESAR. 
Seize pistons et 14 carott iers à gravité 
furent prélevés de la dorsa le Alph a, une 
chaîne de mo'n tagnes sous-marine, pa r le 
personnel tec hnique et scienti fique du 
Centre géosc ientifique de l'Atlantique 
(CGA) et d 'autres groupes. L'étud e de 
ces ca rottes de sondage a montré qu 'elles 
co ntiennent des marques qui témoignent 
de toute la période remontant jusqu 'à il 
y a trois mill ions d'années . Au co urs de 
cet interva ll e, une vase brun e s'est lente­
ment déposée dans l' océa n Arctiq ue 
fro id et couve rt de glace, habité pa r une 
fa une et une flo re épa rses. Entre autres, 
une ca rotte de so ndage contient abon­
damment de plancton fossile datant de 65 
mill ions d'années. À cette époque, il 
ex istait une mer chaude, riche en planc­
ton, dans l'A rctique; les sédiments ont 
parfa itement conservé les marques du 
biote siliceux qui viva it dans cet océa n. 

Cet article est di sponible en françai s 
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Radiographier les roches 
La spectrométrie de fluorescence X 
permet de calculer la concentration des 
éléments de la roche à partir de leur 
intensité 
par Annie Beaudoin 

Lorsqu e les géologues rev iennent du terrain 
avec des centaines d'éc hantillons de roches, 
ils sont immédiatement anxieux de connaî­
tre les éléments qui constituent ces roc hes, 
ou plu s préc isément leur proporti on en 
po ids, appelée conce ntrati on. 

À cette fin , il s ont recours à plusieurs tec h­
niques d'a nalyse quantitati ve des roches, 
dont l' une, la spectrométri e de flu ores­
ce nce X utili se les rayons X. Cette tec hni­
que, relativement réce nte, est l'abouti sse­
ment de longues années de recherche 
théoriqu e et ne peut être sa isie, dans sa 
complex ité, qu 'en retraça nt d'abord son 
élaboration sc ienti fique. 

Depuis la découve rte des rayons X pa r 
Wilhelm Rbntgen en 1895, de grand s noms 
de la Phys ique atomique se sont penchés 
sur l'étude des p ropri étés lum ineuses de 
cette« radiation X » qu ' il s entrevoya ient 
comme une fa ntastique contribution à 
l'avancement de la Science. 

Ainsi, en irrad ia nt un c ri stal, I' A llemand 
Max von Laue put éva luer qu e les rayons X 

nécess itaient des ouvertures très petites 
pour crée r un effet de diffraction . En 1912, 
il découvrait, par pur hasa rd , que l'effet de 
diffracti on pouva it nous renseigner sur la 
nature et le diamètre des atomes consti ­
tuant le cri stal. U n an plus tard , le phys i­
cien anglais Wil liam H. Bragg converti ssai t 
en équations mathématiques les obse rva­
tions de von Laue et en fa isa it l' interpréta­
tion phys ique. 

Mais la découverte la plu s pertinente à la 
spectrométrie de fluoresce nce X revient à 
un autre phys ic ien anglai s, H.G .J. M ose ley, 
en 191 3. Mose ley découvrit que toute subs­
tance irradiée par des rayons X suffisa m­
ment pui ssa nts permet aux atom es qui 
constituent la substance de réémettre 
séparément leur propre rayon X caractéri s­
tique (processus de conse rvati on de l'é ner­
gie) . En d'a utres term es, en ex posa nt une 

Figure 1 Absorption d 'un faisceau incident et 
émission d 'un ra yonnement de fluorescence X 

Incident beam absorption and emission of an 
X-ra y fluorescent radia tion 

rÉCHANTILLON 

fa isceau primaire 
excitateur 

M. Roussea u cha rgeant des échantillons 
dans le spectromètre à ra yons X 

Mr. Rousseau loading sa mples in an X-ray spec­
trometer 

roche aux rayons X, on est capable d' iden­
tifi er les éléments qui la constituent, grâce 
aux rayons X réémi s par ce lle-ci. 

Mose ley posait ainsi une nouve lle « pierre» 
à l'édifice de la connaissa nce et ouvrait la 
voie à des recherches prometteuses. 

Quelques années plu s tard , une deuxième 
p ropriété fut découve rte. La hauteur du 
signal émis par chaque élément pouva it 
nous renseigner sur la teneur de cet 
élément. On entend pa r hauteur du signal, 
le taux de réponse fort ou fa ible dépen­
damment de la teneur de l'é lément dans la 
roche. 

Dès les années 30, toutes les théori es, con ­
cernant l' intensité du rayonnement émis 
par les éléments d'une roche étaient 
découvertes et traduites en équations. Il 
restait à mettre au point l'équipement, ce 
qui prit une vingtaine d'a nnées. Les pre­
miers spectromètres à rayons X, bien que 
très rudim entai res, firent leur apparition à 
partir des années 50 . 

L'a nalyse qu antitat ive par fluoresce nce X 
repose sur le fa it que toute substance irra­
diée par un fa isceau de rayons X suffi sa m­
ment énergétique devie nt la source d'un 
nouvea u rayonnement X dit de « flu ores­
oence ». Les longueurs d' ondes du rayonne­
ment X sont foncti on des éléments de la 
substance (ou matri ce) et les in te nsités du 
rayonnement sont en co rrélati on avec la 
concentrati on des éléments de la substance. 

Généralement, la relation entre intensité et 
concen trati on n'est pas linéa ire dû au fa it 
que la matri ce affecte le fa iscea u incident 
et le rayonnement de fl uorescence X. Cet 
effet est appe lé « effet de matr ice» (figure 1). 

Cependant, comm e le souligne M . Ri chard 
Rousseau, phys icien à la Commi ss ion 
géologique du Ca nada (CGC) et respon-

A nnie Beaudoin est rédactri ce adjointe de GEOS 
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Figure 2 Schéma d 'ensemble d 'un spectromèt re 
de fluorescence X 

Schematic illustration of X-ra y spectrometer 

sable du laboratoire d' analyse des roches 
par fluoresce nce X, un des problèmes 
majeurs en analyse quantitati ve par flu ores­
cence X est la co rrect ion des effets de 
matrice. Seule la méthode de ca librat ion 
peut permettre de rattacher la théori e à la 
pratique. C'est pourqu oi, le travail du 
physicien a porté pendant de longues 
années sur la conversion de l' intensi té en 
concentration , à partir d 'équations mathé­
matiqu es suffisam ment complexes pour 
traduire toutes ces opérations. 

Grâce à l'apparition des ordinateurs, stockant 
en mémoire les équations, il a été possible 
d'adapter ce formali sme théo riqu e à des 
situations pratiqu es. En effet, l'o rdinateur 
traduit les intensités, enregistrées par le 
spectrom ètre, en concentrations dans des 
délais très courts. 

Aujourd ' hui , les géologues dispose nt de 
toutes les techniques et équipements 
nécessaires pour répondre à leurs besoins. 
Le laboratoire d'analyse des roches par 
fluorescence X fait partie intégrante des 
autres unités de la Division des laborato ires 
centraux de la CGC. Les différentes techni­
ques d'a nalyse quantitative qui y sont expé­
rimentées perm ettent, par leur complémen­
tarité, d'atteindre des taux de précision et 
de diversification optimales. 

Première méthode utili sée en analyse quan­
titative des roches, l'a nalyse par vo ie chimi­
que n'en reste pas moins toujours auss i 
présente et importante. Une des approches 
par voie chimique consiste à di luer l'éc han­
tillon dans une solution ac ide qui a pour 
effet de le rendre homogène ava nt de pro­
céder à la filtration de l'é lément à dose r. 

L'absorption atomique permet d' identifier 
certains éléments traces, tels que le plomb, 
le zinc, en excitant la roche aux rayons 
ultra-violets. 
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La spectroscopie d'émission optique con­
siste à brûler l'échantillon et à mesurer les 
radiations spécifiques émises par chaque 
atome. Ces radiati ons sont dans la région 
de lumière visible. 

L'a nalyseu r par infrarouge permet de fa ire 
réagir la roche sous forme de poudre. En 
brûlant cette poudre avec un fondant, 
l' analyseur peut éva luer les gaz (carboni­
que, eau, soufre) qui s'en dégagen t. 

Enfin, l' analyse quantitati ve de fluorescence 
X s'appuie sur la technique de spectromé­
trie de rayons X (à énergie dispersive et à 
longueurs d'onde dispersive), appelée 
également « spectrométri e de fluorescence 
X» . C'est une des techniques les plus pro­
metteuses, ca r elle permet de déterminer 
pratiquement tous les éléments d'une 
roche dans une gamme de conce ntrations 
variant de quelques parties par million à 
100 %. En effet, il lui est possible de 
détecter les éléments atomiques de 
11 à 92, du sod ium à l' uranium. À ce la 
s'ajoute l'ava ntage que l'a nalyse peut être 
effectuée dans des délais relativement 
courts et avec beaucoup de précision. 

En fait , la spect rom étri e de fluorescence X 
a fait l'objet d' un perfectionnement specta­
culaire depuis une vingtaine d'a nnées pui s­
que les appareils tendent de plus en plu s 
ve rs un au tomati sme complet. La figure 2 
illu st re un montage typique d'un spectro­
mètre à flu oresce nce X. 

Lorsq ue les éc hantillons de roches arrivent 
au laboratoire, il s ont auparavant été 
broyés et se présentent sous forme de 
poudre. Les géologu es ont le choix entre 
une analyse par élément et une analyse 
totale. 

L'a nalyse totale consiste à déterminer tous 
les éléments majeurs et mineurs, c'est-à­
dire aya nt une teneur supérieure à 0, 1 %, 
ainsi que quelques traces, inféri eures à 
0,1%. 

L'équipement utili sé au laboratoire 
d'analyse des roches par rayons X consiste 

en un spectromètre à rayons X, relié à l' or­
dinateur central de la CGC, et en un spec­
tromètre à énergie dispersive. 

Le spectromètre à rayons X mesure les in­
tensités émises par chaque élément consti­
tuant la roche et ces données sont emma­
gasinées sur disqu ette. L'appareil est chargé 
toutes les quatre heures de 12 nouveaux 
échantillons et lit 18 éléments, correspon­
dant aux 12 éléments majeurs et à 6 traces , 
dans chaque échantillon . L' ordinateur con­
vertit ensuite les intensités enregistrées en 
concentrations et imprime un rapport où 
figure l'analyse quantitative complète des 
12 échantillons. La proportion en poids de 
chaque élément constituant la roche est 
indiquée en pourcentage . 

Le spectromètre à énergie dispersi.ve est 
plus perfectionné. Il permet d' analyser les 
traces de 24 éc hantillons différents sans in­
tervention humaine. Il enregistre le spectre 
émis par l'échantillon et le reproduit sur un 
écran cathod ique. Cet appareil offre une 
analyse qual itati ve très appréciée par les 
géologues, car ceux-c i peuvent immédiate­
ment vi sualiser qu els éléments sont 
présents dans la roche. Cet appareil peut 
éga lement donner le pourcentage de la 
concentration de ce rtain es traces. 

Comme toute technique, la spectrométrie 
de fluorescence X présente ce rtaines fai­
blesses. Ainsi , il ex iste des éléments dans la 
roche qui échappent à l'a nalyse par rayons 
X, tels les éléments de numéros atomiques 
1 à 10, qui incluent, entre autres, l' oxy­
gène, le ca rbone, le fluore. 

Il est également impossible aux rayon s X de 
départager deux mélanges d'éléments, tels 
l' oxyde de fer ferreux de l'oxyde de fer 
ferrique . 

Certaines améliorations techniques pour­
raient être apportées aux spectromètres 
pour qu ' ils traitent un plus grand nombre 
d'échantillons sa ns l' intervention humaine 
et pour qu ' il s lisent les radiations émises 
par les éléments très légers. Les logic iels 
nécess iteraient aussi ce rtains perfect ion­
nements pour le traitement des données. 

Quantitati ve X-ray fluorescence analys is 
determines the actual weight of each ele­
ment concentrated in a rock. lt is based 
on a technique ca lled X-ray fl uorescence 
spectrometry, which measures radiati on 
i ntensity issued by each element of the 
rock with a device cal led a spectrometer, 
and converts intensities to concentrati ons 
through a computer. 

X-ray flu orescence spectrometry helps 
determine all the elements from sodium 
to uranium, in a concentrati on range 
varying from a few ppm to 100 per cent. 
The technique is especially apprec iated 
by geologists because it is accurate and 
quick. 

This article is also available in Engli sh 
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Canada Helps Map 
the Third World 
EMR's Surveys and Mapping Branch 
has acted as advisor, monitor and 
inspecter for Canadian air survey 
contractors in 20 developing nations 
since 1958 

By Don W. Thom son 

An y histo ri ca l account of Ca nadian parti ci­
pati on in overseas aid involves the sc ience 
of photogrammetry: obtaining reliable, precise 
measurements of terrain by photography. 
Now adays thi s mea ns ae rial photography, 
w hich by a system of technica l proced ures 
is transform ed into maps and charts. 

Deve loping nations need to know the true 
extent of their natural resources of water, 
tim ber and minerais. They also need ind i­
cati ons of the type of land-u se po licies 
suitable fo r their national economies. ln the 
1950s Ca nadian external aid was mai nly 
directed to Cey lon, lndia, Paki stan and 
M alaysia. Resource mapping was an ind is­
pensab le pa rt of these projects. 

As an industria li zed country good at sol ving 
its own surveyi ng and mapping problems 

with photo airc raft , Ca nada was in a good 
pos ition to give adv ice. M oreover, like 
many Third W orld nations, Ca nada is a vast 
land , w ith some regions that are hard to 
reach. 

The Canadian Internati onal Development 
Agency (Cl DA) ea rly approached experts at 
EMR's Surveys and M apping Branch about 
control surveys, mapping and charting on 
land, wa ter and in the ai r. A quarter of a 
century later, the Branch ca n look back to 
service in 20 nati ons, five in Asia, nine in 
Afri ca and six in the Comm onwea lth Ca ri b­
bea n. 

Foreign aid activities by EMR 's Surveys and 
Mapping Branch, 7958 - 1983 

Activités consacrées à l 'aide étrangère, Direction 
des levés et de la cartographie, EMR, 7958 - 1983 

U nder Branch di rectors Dr. S.G. Gambie 
and R.E. M oore, staff members often acted 
as special consultants for pri va te firm s 
operating in aid-rec ipient countries . These 
men fo rm ed an imparti al referee age ncy, 
monito ring and inspecting the w ork and 
maintaining a standard which would refl ect 
favourably on Ca nadian industry and inter­
nati onal reputati o n. They also perfo rm ed a 
va ri ety of functi ons for Canadian contrac­
to rs. For exa mple, they compiled spec ifi ca­
ti ons in adva nce of the type of " surround 
info rm ati on" required: style of p ri nted 
lege nd, sca les and symbols, and spelling of 
place names. These could be different for 
each country. 

Branch officiais also advised about food 
and wa ter, housi ng and transportati o n fo r 
Ca nadian personnel, who had to adju st to 
loca l work habits, purchasing proced ures 
and customs clearances. 

FOREIGN AID ACTIVITIES OF THE SURVEYS AND MAPPING BRANCH 1958-1983 

FOREIGN AID 
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Typical of some of the conditi ons under 
which they worked is this description in a 
memorandum from a representative in 
Africa: " There is one main road through 
the project area and it is unpaved. Roads 
through sma ller villages are not often wide 
enough to take a Land Rover vehicle . 
The only ri ve r in the photo mapping area 
fo rm s the boundary wi th another country. 
ln the dry season the river has little or no 
water in it. An attempt will be made to 
mark the main channel on photographs. 

Trai ls and many of the sma ller villages have 
cha nged loca tions to be near a water 
source. lt is quite common for a vil lage to 
move several miles each year as land 
becomes less productive and water 
resources disappear. " 

Common to all projects was the resource­
fu lness of the professionals in meeting and 
solving formidable difficulties under condi­
tions very st range to them . 

ln Tanzania , for example, they met an 
unexpected haza rd : war. ln the early 1960s 
Tanganyika (renamed Tanzania in 1964) 
requested Canada to provide aeria l photog­
raphy, a profile of the land, and photo­
grammetric compi lat ion. Topographica l 
maps of the area to be covered were to be 
printed at a sca le of 1 : 50 000. The cost of 
these services was estimated by Surveys 
and Mapping expe rts at $1 000 000, spread 
over five years from 1964 to 1968. The con­
tractor, Spartan Air Services of Ottawa, 
brought in helicopters and a DC-3 survey 
airc raft but tensions along the rive r bound­
ary dividing Tanzania from Portuguese 
Mozambique were high. The Portuguese 
were sending fighter ai rcraft along that 
boundary and no one could be sure what 
they might shoot at. They had refused to 
permit overflights of their territory, wh ich 
were vital to completi on of the photo sur­
vey of southern Tanza nia. Spa rtan Air Ser­
vices went ahead anyway and finished its 
coverage, fort unate ly w ithout encoun ters 
w ith fighter aircraft. 

The infrastructu re needed and assumed in 
Ca nada often did not in fact exist. ln 1977 
Nepal awa rd ed an air su rvey contract to 
Capital Air Services of Ottawa through 
CIDA. The fi rm was to mobilize three air­
c raft to complete aerial photography in 
three mon ths. 

The Branch Foreign Aid Coord inator, James 
1. (Bing) Thompson, who had been to 
Nepal previously to study the project 
feas ibility, had wa rn ed Ottawa authoriti es. 

W eather reporting facili ti es were virtuall y 
nonexistent. Even the three ai rcraft were 
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delayed because they happened to arrive 
on a religious holiday with no border offi­
cia is on hand to validate their entry. The 
air base bui lding was incomplete, with 
inadequate electrica l and water facilities. 
Canadians had to construct spec ial filtration 
equipment to enable the project to 
proceed. 

Sometimes the climate was a problem. ln 
March 1962 Canadian Aero Service of 
Ottawa and Pathfinder Engineering of Van­
couver were awa rded a contract with 
Nigeria to map 73 555.66 km 2 for 
$1 300 000. Clear skies are essent ial for 
satisfactory aerial photography but in thi s 
part of Africa clouds often form in the 
morning and persist throughout the day. A 
haze rises when winds carrying fine parti­
c les of sand blow off the Sahara. 

Engineers of the firm , under direction of 
Dr. J.M. Zarzycki , now Director of Surveys 
_and Mapping Development Division, met 
this cha llenge with two approaches. First, 
by aerial triangulation a horizon camera 
determined the tip and tilt of the aeria l 
camera at the moment of exposure. Se-

Canadian Lear Jet 24 on air survey over 
Nepal in 1978. The single-camera pod bears the 
name of the survey company 

Lear Jet-24 de fabrication ca nadienne lors de 
levés aériens au-dessus du Népal, en 1978. Le 
boîtier de la caméra porte le nom de la Société 
d 'a rpentage 

Photo: /DA, Capital Air Surveys 

cond, a camera with a special super-wide 
Jens enabled 1 : 40 000 scale photography 
at 3538 m2 just below the main belt of 
haze. A Doppler instrument in the ai rcraft 
guided it on a predetermi ned flight path 
and measured distances. ln addit ion special 
Kodak infrared aerographic film allowed 
some penetration of the haze, substa ntially 
increasing the number of possible days for 
aeria l photog-raphy. 

Lack of adequate air-condit ioned storage 
for preserving photographie materials was 
often a prob lem in tropical climates. ln one 
instance seven large boxes of priceless 
photo plates were left exposed to heavy 
rainfal l and high humidity. As a result, films 
were flown to Ottawa for su itable storage 



Doppler satellite surveys in northeastern 
Nigeria, 1977. Consortium activity by Photog­
raphie Surveys Inc., by Marshall, Macklin, 
Monaghan, and by Terra Surveys Ltd 

Levés par satellite Doppler au nord-est du 
Nigéria, 1977, par le consortium Photographie 
Surveys Inc., Marshall, Macklin, Monaghan et 
Terra Surveys Ltd. 

even if they were not to be processed here. 
However, one Asian nation for security 
reasons refused to authorize the export of 
aerial film for processing, although they 
had no suitab le photogrammetric equip­
ment of their own. 

Whatever the challe nges, the benefits from 
Canada's fo reign aid work flow to both 
donor and recipient nations. Canad ian 
engineers, surveyors, pilots, aircrew and 
mappers, as well as professo rs and 
teachers, have been se nt abroad. And 
many foreign personnel have been brought 
to Canada for university training and for 
practical experien ce. Third W orld students 
have corne to Canadian universities fo r 
training in su rveying and mapping, under 
the auspices of Cl DA and its predecessors. 
From 1968 to 1972 they were invited to 
attend summer su rvey training sc hools 
staffed and operated by Surveys and Map­
ping Branch. Staff members were invited 
on an exchange basis to developing coun­
tries to share their Canadian knowledge 
and know-how. 

Foreign aid work provides Canadian ai r sur­
vey firms with a chance to keep men and 

ai rcraft, usually inactive during the wi nter, 
in use the year round. They expa nd their 
knowledge and ski ll , espec ially in mapp ing, 
to meet and overcome new chal lenges, 
improving their effectiveness back home. 
And EMR' s Surveys and M apping Branch, 
through its inspection and reporting func­
tions for CIDA, has widened its own per­
spective on the world. 

Ottawa files are filled with communications 
conveyi ng satisfaction with our help in 
so lving surveying and mapping prob lems in 
the Third World. Third World government 
departments refer to the resu lts daily, as 
Canadian airphotos are used not only for 
topographical mapping but also fo r building 
and improving roads, and building dams 
and irrigation systems. Forest inventories, 
minerai and oil exploration, water resource 
assessment and land use programs all 
depend on Canadian ai r surveys. 

Moreover, bonds of friendship ari sing out 
of a spirit of practi ca l partnership are 
bound to promote better international 
understanding and cooperation in a world 
which nowadays despe rately needs both. 
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A quarter-century of Surveys and Mapping 
aid to developing nations was initiated by former 
EMR Assistant Oeputy Minister Or. S.G. Gambie, 
who died in 1977, and R.E. Moore, now 0irec­
tor Genera/ of the Branch 

L'aide de Levés et Cartograph ie aux pa ys en 
développement se poursui t depuis un quart de 
siècle. li s'agit d'une initiative entreprise par 
MM. S. G. Gambie, ancien sous-ministre adjoin t, 
décédé en 7977, et R. E. Moore, directeur généra/ 
actuel de la Direction 

La photogrammétrie représente un a,pect 
vital de la participation canadienne ,1 
l'a ide au Tier, Monde. L'Agence 
canadienne de développement interna­
tional a fait appel à l'expert ise de la 
Directi on des levé, et de la cartographie 
d'EMR, afin de conseiller le, fi rme, cana­
dienne, s'engagea nt par contrat à dfl•c.­
tuer de, le\ é, de photograph iP dé rienne 
et de les utili,er pour dresser de, cartes. 
De pl us , la Di rection e,t devenue unP 
agenn' d'a rbi tra ge impartiale ,uneil l,int 
et inspectant le tra\·ail. Depu is 1958, el le 
a offprt tP serv ice ,1 20 pays en A,ie en 
Atnque et aux Ca ra1bes. Tous ce, proj('h 
ont démontré sa capac ité à ré,oud rP de, 
d1ff1cultés d,m, des situati on, exception­
nel!(,,. 

Cet artic le est disponible en français. 
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Burning the traditionally 
unburnable 
By Joan Beshai 

Fluidized bed combustion cuts coal's 
contribution to acid rain 

Joan Beshai is coa l information officer for 
CANMET's Technology Information Division. She 
was previously a scientific editor and a bench 
chemist in the Energy Research Laboratori es. 
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Fluidized bed technology was developed in 
Germany in the 1920s, but it was not 
applied to combustion until the 1960s, 
when the United Kingdom and China 
pioneered it. This application has now 
become a standard technique for burning 
low-grade fuels with high sulphur or 
nitrogen content and high levels of 
moisture and ash, in an environmental ly 
acceptab le manner. As sulphur dioxide and 
nitrogen oxide emissions are reduced , so is 
their contribution to ac id rain. This tech­
nique is therefore parti cularly important to 
regions that have large resources of coal 
with high sulphur and ash contents. 

Fluidized bed combustors have been used 
commercial ly in Canada as incinerators for 
waste materials such as wood wastes, sew­
age sludge and su lphide liquor. Yet it is 
only in the last decade that Canad ian sup­
pliers have offered fluidized bed boilers 
designed to burn coa l. 

Energy, Mines and Resources recognized 
the technique's potential for utilizing the 

Figure 1 Fluidized bed combustion demonstration 
project at Summerside, P.E.I. 

Projet de démonstration de combustion sur lit 
fluidisé à Summerside, Î.-P.-É. 

Fluidized bed technology is a process in 
which a solid phase behaves as a fluid 
(e.g., liquid, gas). Agas is passed through 
solid particles, creating a fluidlike mix­
ture. The solid particles suspended in the 
gas create the 'fluid ' . The process ca n be 
used in procedures like catalyt ic cracki ng 
and drying operations, as wel l as in com­
bustion . 

high-sulphur, high-ash coals of Atlantic 
Canada, the forest industry's large quan­
tities of wood waste, and western Canada's 
coal wastes and oil sands byproducts, 
which are difficult to burn. 

EMR's technological branch, the Canada 
Centre for Minerai and Energy Technology 
(CANMET) has initiated a comprehens ive 
program to research , develop and demon­
strate this technology in Nova Scotia , 
Prince Edward Island and British Co lum bia. 
Because this technology is potentia ll y so 
im portant in the At lantic provinces, the 
most significant demonstration project now 
under way is at Summerside, P.E.I. (Fig. 1) . 
The p roject, cofunded by the Depa rtment 
of Nationa l Defence, uses high-sulphur coal 
from Cape Breton. 

Fluidized bed combust ion (FBC) brings 
gases and solids into intimate contact, 
c reating a mixture which behaves very 
much like a fluid. Fluidization allows corn-
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bustion at relatively low temperatures -
generally 750°C to 950°C. Sulphur diox ide 
reacts with limestone most effectively 
within this temperature range and calcium 
sulphate can be removed as a dry so lid. 
These low combustion temperatures also 
minimize formation of nitrogen oxides and 
greatly reduce the vaporization of alkali 
salts, so that they remain as solids rather 
than convert to corrosives. A soft ash is 
produced, instead of slag and clinker, 
allowing comparatively trouble-free 
operation. 

There are two main types of fluidized bed 
combustors, classified accord ing to the 
pressure maintained in the freeboard space 
above the bed . They are atmosphe ri c 
(AFBC) and pressurized (PFBC). Atmo­
spheric combusto rs may be subd ivided into 
cooled and uncooled, and bubbling bed 
(Fig. 2) and circulating bed. 

The uncooled, bubbling bed AFBC is the 
simples! form of fluidized bed combustor. 
lt has a refractory-lined combustor and 
freeboard able to resist high and changing 
temperatures, and the action of molten 
metals, slags and hot gases carrying solid 
particles. The heat is carried away by the 
gases released by combustion. Already in 
commercia l u-;e, it burns mainly fuels such 
as wood waste or sewage sludge, wh ich 
have low heating value or high moisture 
content. Heat in the exhaust gases can be 
used directly in drying operations, or heat 
exchangers can be used to generate hot air, 
hot water or steam . 

ln cooled AFBCs, now in commercial use, 
much of the heat in the combustion pro­
ducts is absorbed by in-bed tubes cooled 
by water, air or steam. 

Circulating AFBCs, whether cooled or 
uncooled, are more effic ient than bubbling 
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bed combustors, operating at about three 
times the fluidizing velocity, and recycling 
spent fuel. They are being demonstrated 
commercially, although not yet in Canada. 

Theoretically PFBC systems operating at 
high pressure offer several advantages, 
including high combustion rates and heat 
transfer, fewer nitrogen oxides, lower 
limestone to sulphur ratios. Most important, 
PFBCs can be used in high-effic iency 

Arrangement of Bed Cooling Tubes 
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combined-cycle power generation using gas 
and steam turbines. 

EMR and B.C. Hydra have sponsored long­
term studies for generating 70 MW of elec­
tricity from British Columbia 's low-grade 
Hat Creek coal, using PFBCs. 

CANMET has a pilot-sca le facility in Ottawa 
to evaluate Canadian fuels and limestones 
for use in FBCs. Two AFBC boi lers, each 
capable of produci ng 18 000 kg/h of steam , 
are be ing tested at the Canadian Forces 

Figure 2 Pilot-sca le bubbling bed fluidized bed 
combustor 

Chambre à combustion sur lit fluidisé et sur lit 
de bu//age à l 'échelle-pilo te 

base at Summerside. The boilers will burn 
high-sulphur (5%) Cape Breton coa l, and 
use New Brunswick limestone as a sulphur 
absorbent. The boilers are designed to pro­
vide up to 30 per cent of the heat at the 
base . 

EMR is also sponsoring a joint program 
with Nova Scotia Power Corporation to 
enable utility companies to use AFBCs for 
power generation. A 10 000-hour corrosion 
trial in a 1 m2 pilot-scale AFBC is under 
way. If successful , an AFBC wi ll be used to 
generate 150 MW of electricity with high­
sulphur Nova Scotia coa l. 

The potential contribution of FBC technol­
ogy to Canada' s energy self-reliance 
becomes more apparent as conventional 
fuel supplies diminish and we rely more on 
coal. lt will be an advantage to be able to 
burn coals traditionally considered unsuit­
able for burning. 

CANMET, EMR, met ac tuellement au 
po int et s'apprête à fa ire la démonstrati on 
d'une technologie de combustion sur lit 
fluidi sé à l' îl e-du-Prince-Édouard, en 
Nouvelle-Écosse et en Colombie­
Britannique. Étant donné que cette tech­
nique est très importante da ns les régions 
où l' on retrouve un charbon riche en 
soufre, le projet témoin le plus important 
est en cours à Summerside, Î .-P.-É . et on y 
utilise le charbon du Cap-Breton, N .-É. et 
le ca lca ire du Nouvea u-Brunswick. 

Cet arti c le est aussi disponible en français. 
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Th e objecti1 e a l the Oep artment of Energy, Mines and Resources !EMR! is ta enhance th e 
discovery, deve lopment and use of the counlr\ 's rmneral and energ y resources and 
broaden our knowledge o f Ca nada's landmass /or the bene/Ïl of ail Ca nadians . Ta allain 
this objective the department devises and fosters national po lic ie; based on resea rch and 
data co llection in the ea rth , minerai and metal sc iences, and on soc ial and economic 
analnes. 

Le m inistère de /'En ergie, des Mines el des Ressources !EMR! a comme objec trf la mise en 
1 a leur de la décou1 erte, du développement el de l 'utrlisa tion des ressources min ières et 
énergétiques canadiennes, ainsi que l 'accroissement de n Œ connaissances des rr chesses 
naturelles du Canada , au bénéfice de tous les Canadiem. Pour atteindre cet objectif, le 
Ministère met sur pied et appuie des po litiques nationales de recherches el de compilation 
des données relatives aux sc iences de la Terre, des mines et des métaux, ainsi que des 
résu!tats d 'anal11ses socia les et économiques. 




