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Ceo/ogical cross section of the Scott ln/et 
trough, based on seismic ref/ection d ata . Oil 
has several times been seen bubbling to the 
surface at about 25 km , where the Precambrian 
rocks corne to the surface as a s tructural high 

Coupe géologique transversa le du pli synclina l 
de Scott ln/et; cette coupe est dessinée d'après 
les renseignements fourn is par la réflexion 
sismique . On a pu à plusieurs reprises observer 
le pétrole bouillonnant à la surface aux en
virons du 25 km , à l'endroit où les roches pré
cambriennes affleurent 

Traces of oil picked up by polystyrene blacks 
towed on the surface alongside the CSS 
Hudson 

Traces de pé trole recueillies par des panneaux 
de polystyrène remorqués en surface le long 
du CSS Hudson 

.,, 
"O 
C 
0 

a3 .4 .,, 

1.4 

0 5 

74° 

0 25 

KILOMETRES 

74° 

10 

73° 

50 

73• 

15 20 
KILOMETRES 

72° 71° 

71° 

OIL 

~ UNCONSOUDATED SEDIMENTS 
L__J (QUATERNARY) 

SEDI MENTARY ROCKS 
(TERTIARY, PRE -TERTIARY) 

Ill METAMORPHIC ROCKS 
(PRECAM BRIAN) 

25 30 

69° 

B 
EAST 

50" 



By Constance Mungall 

ln August 1976, crew and sc ientists en 
gaged in making se ismic measurements 
from the Bedford lnstitute of O ceanog
raphy (BIO) ship Hudson sighted an oil 
sli ck in Baffin Bay. They were intent on 
finishing their se ismic line, but the sl ick 
was significant enou gh to make them re
trace their course du ring the night for a 
second look. They found it agai n at 3:00 
a.m. lt was easy to see the iridescent 
sheen of the sli ck in the Arctic twilight. 

" Slowly, wisps of oil appeared on the 
water," rem embers Robin Falconer, ch ief 
scient ist on the cruise and head of the 
Easte rn Arctic Offshore group at EMR's 
Atlantic Geoscience Centre, part of the 
BIO in Dartmouth. " As we went, the 
traces thickened, the ice was brown a long 
the edges, and the oil flattened the sea. 
Globs of oi l rose to the surface." 

The scientists were excited and cu ri ous. 
They specu lated that the sli ck had not 
been seen before because it was in an area 
that was usually ice-choked, and there
fore out of the regular shipping channel , 
on the Baffin Shelf, 40 km northeast of 
Scott lnlet on Baffin Island . 

Before leaving, they took samples of the 
sea floor sediment, water from several 
depths, and a smear of the light brown 
su rface oil on a bunch of kleenex on a 

Constance Munga/1 is th e Editor of CEOS. 

string, for chem ical testing in the BIO 
laborato ri es back in Dartmouth. 

The sl ick was st ill there on Hudson's 
return trip to St. John 's Newfoundland 25 
days later. The area of the sli ck was about 
a kilometre wide. Since currents conti
nually flow sou th (icebergs travel so uth at 
a rate of about 25 km a day) , a stat ionary 
source seemed to be indicated. 

Other natural subma rine hydrocarbon 
seeps have been discovered - in the Gulf 
of Mexico, off California in the Santa Bar
bara channel, and sou th of Nome, Alaska. 
Th e first two are now active o il drilling 
areas. Invest igations near Nome bring up 
not oil, but gas. 

There are other seeps that are not com
mercially profitable. For instance, seeps 
have been known along the west coast of 
Newfoundland and although oil has been 
produced, production has been minimal. 

The AGC sc ientists considered three pos
sible sources for their find. lt cou ld be 
natural crude, as in the other known 
seeps; it cou ld be animal oil, perhaps from 
a decaying wha le; it cou Id be refined oil 
leak in g from a su nken boat, a crashed 
plane, or even a snowmobi le lost through 
the ice. The size of the slick seemed to 
argue against the last two so urces, and 
enquiri es to the RCMP, other agencies and 
people in the area revealed no report of 
any crash or sin king. 

If the seep was natural , it cou Id be a sign
post for oil - in which case more in-

formation was needed about the source, 
the geology of the area, the chemical 
composition of the oil. Other sc ientific 
disciplines and other agencies would 
be interested. 

The slick would also provide a natural 
Arctic laboratory for the study of the 
effects of oil on marine life, and for Can
ada's program for the detection and 
tracking of oil spi li s in ice-filled waters, 
conducted by the Canada Centre for 
Remote Se nsing. Environmental au thori
ties rest ri ct deliberate oil spi li s. Therefore 
eve ry opportunity to develop under
sta nding and sk ills for handling the con
sequences is exp loited . 

Further examination of the slick area with 
a wide variety of techn iques was included 
in the cruise program of CSS Hudson in 
1977 and 1978. From the accumulation of 
evidence, a mode! of the geology of the 
area was constructed that expla ined the 
natural seep. 
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" The structure of the sea floor in the area 
is probably the key," says Dr. Falconer. 
" The continental shelf alon g most of the 
easte rn side of Baffin Island is abo ut 50 
km wide and 150 m deep. However at 
Scott lnlet, glaciers have eut a 20 km-wide 
channel throu gh the shelf to a depth of 
700 m." 

Shallow moraines have been left on either 
side of the cha n ne!, and dozens of ice
bergs ground on them . The scenery is 
spectacu lar. 
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If it were on land, thi s deep channe l 
wou ld be l ike a sheer mountain cl iff ex
posing the sed im entary layers which form 
most of th e shelf. AGC scientists led by 
geologist Brian M aclea n in 1977 and 1978 
have been ab le to take sa mpl es of the 
deeper sec tions of th e shelf by dredging 
and dri lli ng the w all s of the trou gh. Pal e
onto logica l studi es of the sa mpl es show 
that some sed im ents in the trough wa ll s 
are of late Eocene age (40-45 million 
years). Older sed im ents are probably 
present. 

At first the sc ienti sts thou ght that the oi l 
was seeping from the exposed ends of 
beds trunca ted by the trough, the oil hav
in g mi gra ted up from deeper reservo ir 
beds. Geophysical work in 1974 and earlier 
had shown a deep sedimenta ry bas in in 
th e area . Further resea rch showed the 
answe r was more complex. 

" We now know that th ere is a basement 
rid ge which st rikes across the so uth w all of 
the trough near its outer end," says Brian 
Maclean. " The only p lace that we saw 
o il coming to the surface in 1976, and 
aga in in 1978, w as ve ry close to thi s ridge." 

The scienti sts specu late th at the oil does 
not corne from the basem ent ridge itse l f, 
whi ch th ey believe to be Preca mbri an, 
too o ld for o il. They reason that the oi l 
probably originates in the strata fl anking 
the rid ge, mi gratin g to the su rface up the 
bedd ing pl anes or along the basement 
contac t. 

ln the 1977 invest iga tion s, the oil sli ck was 
not as co nfin ed as in 1976, but was seen 
over hundreds of sq uare kilom etres. Thi s 
sugges ted either more than one source, o r 
com plex current flows. 

" They seem too comp lex for one source 
to be like ly," says Falconer. " There must 
be current studi es done of the area in 
future years." 

During the 1978 season, the Hudson spent 
almost four w ee ks in the area, with geo
logists, geophysic ists, chem ists and biol
ogists ail making their own studi es. As 
in the first 1976 sightings, the oil sli ck was 
confined to a few sq uare kilometres. 

" However I think it's purely a question of 
w ea ther and li ght enabling us to see the 
sli cks rather than their actua l ex tent," says 
Dr. Falconer. 

Another poss ible source is ano ther trough 
eut by glaciers com ing out of Buchan 
lnl et, across th e shelf 100 km no rth of 
Sco tt lnlet. Geophysical and chem ical 
studi es of that area in 1978 revea led no 
slicks, but did show some hi gher than 
background concentrations of methane 
and oi l in th e water. Sediments cored 
from the floor of the trough are of late 
Cretaceous age (80-85 million years), a 
good age for o il so urces. 

Ana lysis of the chemical oceanographers' 
sa mp les showed the Scott ln let oil to be a 
weathered crude oi l. When the surface 
sli cks are sa mpl ed w ith w ire screens, th e 
concentrati on of o il is very va ri ab le, but 
frequently several hundred times that of 
the background level of cl ea n eastern 
Arct ic water. Sa mp les of the wate r column 
at variou s depths usually con tain very low 
concentratio ns o f oil , but an occas ion al 
sa mple wil l hit high oi l concentrations. 

" This is what one m ight expect if oil was 
sporadica ll y esca pin g from the sea floor 
and be in g car ri ed along by currents at the 
sam e time as it was ri sing to the su rface," 
poi nts out BIO chemist Eric Levy. 

The bio log ica l studies showed littl e effect 
on wi ldlife although a measurable red uc
tion in feedin g by A rct ic zoopl ankton was 
obse rved, says Dr. Levy. 

Other EMR branches, in cludin g Earth 
Physics and CC RS, made th eir own studi es. 

Earthquakes are frequent in the Sco tt lnl et 
area, and if comm ercia l deve lopment was 
contemplated, an understa nding of the 
se ismi c act iv ity would be vita l in the de
sign of subsea equ ipment such as well 
heads and pipelines. ln 1978, Earth Physics 
se ismologists insta ll ed in struments at the 
Petro-Canada ca mp nea r Scot t ln let, at 
Pond lnl et and at Clyde River. AGC men 
on the Hudson put se ismi c instruments on 
the sea floor off the coas t fo r 10 days. Nu
merous small earthquakes were detected 
in th e reg ion between Scott lnl et and 
Pond lnl et. Three o r four bigger events, 
one magnitude 3.0, occu rred near th e 
coas t. 

Last summer, CC RS fl ew their DC3 and 
their Co nva ir 580 over the area from Clyde 
River and from Thul e, Green land respec
ti ve ly. Both w ere eq uipped w ith sophis
ti cated sensing eq ui pment. The DC3 labo
ratory in cluded a lase r fl uorosensor which 
ca n identify o il and which CCRS hopes 
will soon be ready for comme rcial produc
tion. The mapping of th e o il sli ck was 
done by co nventi onal ca meras, low li ght 
leve l televi sion came ras, and a multi spec
tra l sca nner. The Conva ir 580 ca rri ed a 
dua l frequency synthetic ape rtu re radar 
fl own w ith ass ista nce from the interde
partmental Sursat proj ec t. 

"Afte r several passes, we found the oi l 
slick close to the bubblin g site," says Dr. 
Robert O 'Neil , CCRS project director. 
" The presence of ice, fresh wa ter from ice
bergs, and compl ex current patterns fre
quently produ ces an effec t on the sea sur
face that loo ks li ke o il , but the instru
ments do a good job in sort ing these out. 

" ln my opinion, it's going to be difficu l t 
to see o il on water with 100 percent ice 
cover. But we want to determine w hat the 
limits of our senso rs are. W e' II try to see 

at what leve l we ca n detec t oi l through 
cracks between ice fl oes, and the way 
sensors respond to different ice types." 

As a final indica ti on o f the signifi ca nce of 
the oi l seep - there has been renewed 
interest in the o il potential of Baffin Bay. 
Imperia! Oil and Aq uitaine Co. of Canada 
w ill dril l in Dav is Strait furth er south in 
1979 . Norlands Petrol eum Ltd . and Petro
Ca nada are expec ted to drill in Lancas ter 
So und to the north, pendin g approval 
of environmental studies, perh aps in 
1980. D 

En 1976, des sc ientifiques qui effec
tuaient des mes ures sism iques à bo rd 
du nav ire CSS Hudson de l' Institut 
d 'océa nograph ie de Bedfo rd ont remar
qué la présence d 'une nappe de pétro le 
sur l 'ea u, à 40 km au nord-es t de Scott 
lnlet clans l' i le Baff in. Les observations 
effectuées pl us lard au cours de l'année 
el des deux été suiva nts ont confirmé 
que la nappe était créée par un suinte
ment naturel de pétro le. Les scientifi 
q ues en son t arri vés à la conjectu re que 
le pétro le provenait de strates disposées 
à cô té d 'un soubassement élevé situé 
sous la paro i sud d'un p l i syncl inal pro
fo nd creusé pa r le déplacement des 
glaciers sur le pl ateau continental à Scott 
lnlet. On connaî t l 'ex istence, un peu 
partou t clans le monde, de quelques 
autres sui ntements natu rels de pétro le 
sou s la mer. Certains se trouvent ac
tu ell ement dans des régions de forage 
et peuvent indiquer la présence de pé
tro le en quanti té commerciale. N' igno
ra nt pas l' importance poss ib le du 
suintement, les géo logues, les géophysi
ciens, les ch im istes et les bi o logistes 
à l'emplo i d u gouvern ement ont jo int 
leurs effo rts pour étu d ier la rég ion. Le 
Centre ca nadien de télédétection s'est 
éga lemen t se rvi des li eux com me labo ra
toi re naturel, af in d 'exécuter son pro
gramme de détection et d'analyse des 
suintements de pétrol e dans les eaux 
recouvertes de glaces. Quant aux socié
tés pétro li ères, el les font preuve d 'un 
intérêt renou velé pour toute la rég ion de 
la baie de Ba ff in . 

Cet article est disponible en français 



New opportunities for synergy 
between man and machine 

By Kathryn D. Sullivan 

The space shutt le of the U.S. Nationa l 
Aeronauti cs and Space Administration is 
scheduled for first launch in November, 
1979. 

The va lue to ea rth sc ienti sts of the syn
opti c v iew and repeti tive coverage ava i I
ab le from orb it ing spacecraft has already 
been demonstrated over the past ten 
yea rs. A wide var iety of sa tellite sys tems -
LANDSAT, TIROS, N IMBUS, to name but a 
few - have provided us with voluminous 
data on the nature and dynami cs of the 
sol id earth, th e oceans and the atmo
sphere. Rece nt rapid advances in com
pute r process ing of remote sensing data 
are now opening the way for many new 
app l ications of these sys tems. 

The goa l of the space shuttle program is 
ro utin e manned operations in low ea rth 
o rb it, much l ike today's commercia l 
airli ne trave l (Fig. 1). Thi s mea ns more 
frequent flights (as many as 40-60 per 

year are forecast), larger pay loads (a 
max imum of 65 ,000 lbs) and lower launch 
costs (throu gh re-use of veh icl e com
ponents) than have been ava il ab le with 
the expendab le launch ve hicl es used so 
fa r. 

Severa l aspects of the shuttl e program are 
part icul arly interest in g to ea rth scientists. 
They in clude many more opportun iti es to 
conduct v isual obse rvations of the earth; 
deve lopment of a group of astronauts with 
sk ill s in orbital observations; opportunity 
for non-ast ronauts to fly as payload spe
ciali sts to condu ct ve ry spec iali zed 
projects; a flexibl e mi ss ion profi le, i .e., the 
abi lity to va ry o rb ital inclination s and 
alt i tudes between so rti es of four to seven 
day du ration. Th ese and other facto rs 
co mbin e to make the shutt le an observa
tional pl at form of great potenti al ut il i ty to 
ail earth sc ientists. 

What will a typica l shuttle m iss ion be like? 
Media cove rage of last year's landin g tests 
in Californi a lef t many peop le with the 

Fi gure 1 A Space Shuule Orbiter approaches a landing field at NASA's Kennedy Space Cen ler, 
Floricla, fo llowing a flight in space. The Orbiter will be able lO land on a conventional runway 
similar lo that used by present day jet aircrafl 
Fi gu re 1 A la fin d'un vol clans l'espace, la navette spatiale Orbiter s'approche du terrain 
d'atterrissage de la NASA au Centre spatial Kennedy, en Floride. L'Orbiter pourra atterrir sur une 
piste ordinaire, semblable à celles qui sont utilisées par les réactés modernes 
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Dr. Kathryn D. Sullivan 

impress ion that the shuttle orb iter, a del ta
winged spacecra ft about the size of a 
DC-9 jetli ner, w ill be laun ched from a 747. 
Actual ly, the orbiter wi ll be launched l ike 
a rocket from either Florida (for orbital 
in cli nations 1 = 39° - 57°) or Cal i fornia 
(1=57° - 104°) (Fig. 2). 

l n the launch configuration, the orb iter is 
attached to a large liqu id-propell ant tank 
and two so l id propel lant booste rs. Both 
so l id boosters and the three orb i ter main 
engines are fired at laun ch, providi ng 
about 6.8 x 106 lbs of thrust to li ft the 
4.5 x 106 lbs of laun ch veh icl e. The so l id 
booste rs expend their propell ant in about 
two minutes and are jetti soned, fa l l ing 
back to ea rth at a pre-se lected area in the 
ocean for recove ry and refurbi shment. 
Th e orb i ter main engines co ntin ue to 
burn, drawing propellant from the liquid 
propel lant tank, for about another seven 
m inutes. At th is t ime, th e orb iter is at an 
alt i tude of about 380 000 feet , trave ll ing 
at nea rly orbita l ve loc ity. Th e main en
gines are shut down, and th e propell an t 
tank is separated from the orb iter and 
all owed to fa ll back into a remote pa rt of 
the ln di an or Pac ifie Ocean. This part of 
th e launch vehicle is not recovered . 

Propell ant from onboard tanks is then 
supp li ed to two smal ler orbital maneuver
ing sys tem engines, w hich provide the 
fi nal increment of veloc ity req uired 
to maintain th e desired orb it. The shuttle 
w il l norma ll y operate at an alti tude of 
approx imate ly 200 nm and wi ll stay on 
orbit for four to seven days . The ma in 
li m itation to both m iss ion du ration and 
al titude is the amount of prope l lant re
qui red by the orb ita l maneuvering en
gines for on-orbit att i tude contro l and the 
de-orbit burn. Temporary propell ant tanks 
can be install ed in the payload bay to 
meet specific mi ss ion req ui rements for 
stay times up to 30 days and alt i tudes up 



Fi gure 2 Artist's concept of a Space Shuttle Orbiter lifting off the launch pad with al/ engines 
burn ing in parai/el. Sol id fuel rocket boosters (on either sicle of the large externat tank) develop 
11 210 000 newtons of th rust as they help push the orbiter into space. Following burnout at 
about 43.4 kilometres the dep/eted boosters parachute back to a predetermined site in the 
ocean, for recovery and use on other missions 
Figure 2 Conception de l'artiste d'une navette spatiale Orbiter qui quitte la rampe de lancement, 
après la mise à leu de ses moteurs parallèles. Ses propulseurs d'appoint à carburant solide, 
(de chaque côté du grand réservoir externe) d'une force d'accélération de 11210000 newtons, 
propulsent la navette dans l'espace. A 43,4 kilomètres de la terre, les propulseurs d'appoint 
totalement vidés de leur carburant tombent dans l'océan, à un endroit prédéterminé, pour y 
être récupérés et servir de nouveau lors d'autres missions 

Fi gure 3 Th is artist's concept shows the size of the payload bay, 18 metres long. The lnterim 
Uppe r Stage is being deployed /rom the Shuttle Orbiter payload bay. The JUS would be used to 
place a payload /rom low earth orbit into geosynchronous orbit, el/iptic or planetary orbits 
Fi gure 3 L'artiste représente ici la dimension de la soute de 18 mètres de long. L'étage supérieur 
provisoire est déployé à partir de la soute de la navette Orbiter. Cet étage servirait à placer, 
d'une orbite terrestre basse à une orbite géostationnaire, elliptique ou planétaire, une charge 
utile quelconque 

Artist ' s concepts courtesy NASA/Idées de l'artiste 
avec la permission de la NASA 

to 600 nm (wi th redu ced pay load 
w eights). 

Current models fo r th e developm ent of 
the p rogra m show th e shuttl e carry in g a 
w ide va ri ety o f pay loads to orbit in the 
60-foo t long pay load bay (a Greyhound 
bus could be acco mm odated, w ith room 
to spa re) . Poss ib le pay loads are o f two 
general types: free-flye rs and attach ed 
pay loads. Bo th ca tego ri es offe r interestin g 
prospects fo r earth obse rva tions. 

Free-fl y ing sate lli tes w ill be deployed 
from the pay load bay (Fi g. 3) usin g the 

KATHRYN D. SULLIVA N 
Kathryn Sullivan is a geologist who 
w as chosen fast year as one o f 35 
people in th e first se lection o f new 
astro nau ts m ade by the U.S. Na tional 
Aeronau lics and Space Adm in istration 
in about a decade . She was th e on/y 
earth scientist chosen, and one o f six 
women. 

O f special interest to Ca nadian readers 
is th e fact that Kathryn Sullivan, 27, 
took her PhD in geology at Dalhousie 
Unive rsity in Halifax, and worked at 
th e Atlantic Ceoscience Centre, CSC, in 
Dartmouth , as a research student on 
problem s connec ted with th e evo lu
tio n o f the Newfo un dland Basin . She 
sailed on the HU DSON and MARTIN 
KARLSEN under ACC chie f scientists. 

A U. S. citizen, Dr. Sulliva n received 
her Bachelor of Science degree fro m 
the University o f California in San ta 
Cruz . She did part o f her studies as an 
exchange student at the University of 
Bergen , No rway. During her doc toral 
studies al Dalh ousie from -1973 to 
1978, she look part in oceanographic 
expedilions w ith the U.S. Ceo /ogical 
Su rvey and Woods Hale Oceano
graphic lns ti tu te, as we /1 as the Bed
fo rd /ns li tute in Dartm outh . She did 
research on th e mid-Atlantic ridge, 
Newfoundla nd Basin , and the offshore 
extent o f So uthern Ca lifornia fau lts. He~ 
doc toral th es is was on th e stru cture 
and evo lulion o f th e continental 
margin and deep seafloor east o f the 
Grand Banks o f Newfound /and. 

Dr. Su lliva n answered an ad in the 
jo urnal, Scien ce, to apply to train as an 
astrona ut, and was chosen from 8 079 
applican ls. Dr. Robert Frosch, chie f o f 
NASA , said th ose chosen were judged 
on/y on profess ional qualifica tions, 
ph ysica / conditio n, and past records. 
He ca lled them " th e m ost competent, 
ta/en ted and experienced people 
avai/able Lo us today ." 

Dr. Sulliva n began her two-year train
ing and eva luation program in July 
7978. She will fl y as a mission specia/ist, 
comparable to chie f scientist on EMR 
research expeditions. □ 



50-foot long mechanica l arm, cal led the 
Remote Manipu lator System, be ing built 
by Spar Aerospace in Toronto. Sate llites 
that require high orbita l altitudes (geo
synchronous or su n-synchronous) and 
in terp lanetary probes wi ll be boosted from 
the low altitude shuttle orbit by one of 
severa l propulsion stages current ly under 
development. The first such "extra boost" 
mission will be an ea rth sc ience pay load : 
the GOES-D satell ite (Geosynchronous 
Orbiting Environm ental Sate llite) is 
schedu led for launch on the fourth 
shutt le flight . These upper stage boosters 
can also be programmed to bring the 
satellite back to a low orbit so that the 
shuttle can retrieve or repair it if neces
sa ry; the advantages of lengthening sate l
lite li fetimes in this manner are obviou s. 

Most of the free-flying sate ll ites in the 
presen t mi ss ion schedu les are commercia l 
satellites, mainly from the communica
t ions industry. However, there is one 
very exc i ti ng sc ientific pay load on the 
schedule which wi ll take advantage of the 
shuttle's sate llite retr ieva l capab iliti es and 
w i ll open excit in g new vistas for astron
omers. This is the Space Tel escope. After 
deployment from the shuttle, the te le
scope w il l be operated real-time (as the 
obse rvat ions are actual ly occu rrin g, as if 
the operator was present) from contra i 
statio ns on earth . l ts positi on above the 
earth's atmosphere w il l all ow astronomers 
to view a volume of space 350 times 
greater than is po ss ibl e from earth-based 
fac iliti es and to conduct studi es in several 
wave length region s that are blocked by 
the atmosphere. The shu tt le w ill rendez
vous w ith the space telescope period-

ica ll y, to all ow as tronauts on EVA (ex tra
veh icul ar activ i ty) to repair or check out 
te lescope systems. 

Attached payloads are car ri ed in the bay 
on spec ial equipment pa l lets or, in the 
case of some Spacelab Experiments, inside 
a p ressur ized laborato ry modu le (F ig. 4). 
Th is all ows scient ific research pay loads to 
be assemb led in bu i lding-blgck fashio n, 
w ith a set of standa rd orbiter-pay load 
interfaces. An examp le of an attached 
pay load slated for an ear ly shuttle fli ght 
is the OSTA-1 pa ll et . Thi s is an ea rth 
obse rvat ions payload w hi ch incl udes 
an L-band imaging radar, an ocean-co lou r 
scan ner, an infrared rad iometer, an 
atmosp heric pol lutant meas uring device 
and seve ral other experi men ts. The sys
tems on this pa l let are desig ned to 
be alm ost comp lete ly automat ic; the crew 
only has to switch on the power at the 
appropriate time. Fu ll payload automation 
was req ui red for this fl ight beca use the 
crew wi ll be pr im ar il y occup ied w ith test
ing orbiter systems and operations on the 
first few flights. 

As a minimum, the shutt le w ill ca rry three 
astronauts: two pi lo ts (des ignated pi lot 
and commander) and one sc ientist o r 
engineer (the m ission spec iali st). The 
p il ots are responsible for the safety of the 
flight, for co nd uct of the launch and re
entry phases of the mission and fo r atti
tude contrai and rendezvous wh il e on 
orbit. The mission specia list, genera ll y a 
PhD level sc ien ti st or eng ineer as we ll 
as a fully trained astronaut, funct ions as a 
ch ief sc ient ist on orb it. 1 w ill be a mi ss ion 
spec ialist. My duties will in clu de: (a) to 
ass ist in the monitoring and ope rat ion of 

Figure 4 A major plannecl payloacl for Space Shuttle wi/1 be Spacelab. Artist shows it tuckecl in 
the Space Shuttle Orbiter's payloacl bay. lt wi/1 make it possible for scientists ta go into space ta 
perform experimenls and stuclies 
Fi gure 4 Un des emplois principaux prévus pour la navette sera le laborato ire spatial Spacelab. 
L'artiste nous le montre clans la sou le de la navette spatiale Orbiter. Les scienti fiques pourront 
ainsi aller clans l'espace pour effectuer des expériences et des recherches 
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va riou s orbiter sys tems; (b) to act as 
li aison between th e ship 's crew and the 
onboard and grou nd-based inves ti gato rs; 
(c) to coord inate and conduct pay load 
operations, such as deployment, retri eva l 
and experi men t operation; (d) to co nduct 
EVA so rti es as required by payload design 
or co ntin gency situat ions. 

Depending on the mi ss ion, there may be 
as many as four add itional peop le aboard 
the orbiter. These payload spec iali sts wi ll 
be respon sib le fo r the ope ration of a sin gle 
set of expe ri ment systems. 1 n many cases, 
the payload spec ialist wil l be a mi ssio n 
spec ialist as tron aut w ho has been chosen 
by NASA an d the investigato r invo lved. 
ln cases w here no qualified mi ss ion spe
cial ist is ava il ab le, or w here very hi ghly 
specialized sk i li s are req uired to conduct 
an exper im ent, 11 0 11-astronauts wi ll be 
ass igned as payload spec ialists. Th e qu ali
f icatio ns for this pos ition are nomination 
by the pri ncipa l invest igator in charge of 
the project, extensive trainin g on the 
experiment systems to be flown, good 
hea lth (subject to NASA Class I m edical 
sta ndards) and comp letion of a few 
mo nths of o rbiter systems and operat ions 
tra ining. 

W hat kind of instrum entation shou ld be 
onboa rd fo r ea rth sc ience miss ions? 
Im agin e yo urse lf as the payload speciali st 
on a fl ight. Your equipment coul d ran ge 
from a hand-h eld came ra to a full payload 
of senso rs and a p ressu ri zed, shirt-sleeve 
enviro nm ent laboratory. Obvious ly, yo u 
want to obta in as mu ch hi gh quality, 
relevant data as poss ible in the allotted 
t ime. ln many cases, the subj ect you are 
investi ga ting wi ll be too poo rly unde r
stood to pred ict the correct observat ion 
targe ts or the con ditions th at wi ll ex ist 
w hen you are observ ing. How do yo u 
design yo ur operation to maximi ze the 
data return ? 

The expe rien ce of the Sky lab astro nauts 
provid es some va lu ab le insight on th is 
top ic. Du ring the 84-day Sky lab IV mis
sion in 1973, ast ron auts Ed Gibso n, Jer ry 
Carr, and Bi ll Pogue observed both the 
earth and the sun, obtain in g useful and 
uniqu e data in both cases. Ed Gibson sub
sequ ently wrote a mon ograp h entit led 
"Manned Earth Sc ience Observatio ns," 
in which he proposes that fo ur thi ngs are 
required to re ali ze the potent ial ava il
ab le in o rbital geo logy. 

First, a fl ex ibl e ini tia l pl an, based on 
thorou gh cons iderat ion o f the sc ienti f ic 
objectives and the strengths and weak
nesses of the ex isti ng data. Second, the 
availab ili ty of new and co mprehensive 
data in rea l-time (whil e the observations 
are be ing made) as a bas is fo r modifyi ng 
the in it ial p lan. Third, rap id and accurate 
assessment of the rea l-time data. (Thi s 
w ill obvious ly be a function of the ob
se rver's background and preflight training, 
the types of equipment ava ilabl e to 
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support him, etc.) Fourth, response by the 
observer with the co rrec t data acqui sition 
in st ruments to reco rd the data that have 
been se lected as most signifi cant. 

On Skylab, the sol ar observa tions program 
approximated thi s format, but the two 
earth-oriented programs fe ll far short. 
The automated mu lti spectra l sensors on 
boa rd almos t left man out of the p icture; 
the crew simp ly switched the senso rs on 
and o ff at pre-schedu led times in the 
miss ion . As w ell , th e mann ed observa
tions program was a rud imentary, last
minute effor t th at prov ided o nly 20 hours 
of pre-fl ight crew traini ng and used only 
hand-held ca meras. The fact that ex treme
ly va luabl e da ta were obtained in spi te 
o f th ese li m itati ons is a testimony to the 
pow er and fl ex ibility o f th e human · 
intell ect. 

The Sky lab exa mp le proves my point that 
the bes t app roach to take in p lannin g 
o rbi ta l earth sc ience miss ions fo r the next 
decade is one that combines the uni que 
human ab il i ties for comprehension, 
integra tion , discrim inati on and interpre
tati on w ith the capabi li ti es of elec tron ic 
sen so rs. 

l t is imposs ib le to foresee circum stances 
and results in such a new area wh il e o n 
the ground, befo re the fli ght, and a reac
ti on after the sh ip return s may be too 
late to be effec ti ve. 

W e mu st move aw ay from th e o ld stereo
types, in w hich man in space is seen as 
a to urist w ith a simple camera and mo re 
sophi stica ted instrumentat ion is always 
full y-automated. Th e frequ ent fli ghts and 
fl ex ib le pay load capabiliti es of the space 
shuttl e offer us new oppo rtuniti es to 
design orbi ta l ea rth observa ti on labo ra
to ri es wh ich make top use o f the synergy 
between th e man and the machine. D 

Le premier vol de la nave tte spati ale de 
la NASA (U.S. National Ae ron auti cs and 
Space Administrati on) es t prévu pour 
novembre 1979. La mission de l'équi
pa ge de ce t appareil es t d 'exécuter des 
manœuvres en orbite ter res tre basse 
manœuvres fo rt semblables à ce ll es de 
l'av iati on comm erciale modern e. Plu
sieurs aspects du prog ramm e de la 
navette spa t iale intéressent pa rti culi ère
ment les spéc iali stes des sc iences de la 
terre. L'auteur a obtenu un doctorat en 
géologie de l 'uni ve rsité de D alhousie, 
à Halifax, et a trava ill é au Centre géo
scientifique de l'A tl antique, C.G.C.; ell e 
subit présentem ent, à la NASA, un 
entraînement comme spéc iali ste de la 
mi ss ion orbitale, au co urs de laquell e 
elle occupera le pos te de sc ientifique en 
ch ef. Ell e décr it une mi ss io n typique de 
la nave tte, le personnel qui l 'habite et 
les aspects que les spéciali stes des 
sc iences de la terre ju gent impo rtants. 

Cet article est d isponib le en frança is 

IS GEOLOGY FROM SPACE USEFUL? 

Comment by L. W. Morlex, Director-General 
Canada Centre for Remote Sensing 

For the past seven yea rs Ca nada, under 
an agreement with NASA, has been 
receiving, process ing and di sse minati ng 
sate l lite images of Ca nad ian ter rai n to 
a large number of reso urce managers. 
Applications vary from crop and forest 
mapping to minerai and petroleum 
exp loration, and the data beco mes 
more usefu I as resou rce managers 
become more fam iliar with methods 
of analys is. 

For geo log ica l app licat ions, data co l
lected from space supp lements other 
in fo rm ati on w hi ch helps an expe ri 
enced exp loratio n geologist discover 
new deposits. W e have yet to see 
howeve r if a geo logist ca n improve hi s 
effectiveness by actu ally goi ng into 
space. 

As a co n tri butor to geo logica l knowl
edge in Canada, Landsat, the NASA 
sa tellite from w hich CCRS receives 
data, has been disappointing. Land sat's 
M ul tispectral Sca nn er cannot penetrate 
vegetation and glacia l deposits w hi ch 
hid e bedrock geology, and it adds 
li ttle to the geo logical in format ion 
Canada already has in maps and aerial 
photos. l t has been useful in arid , 
littl e vegetated areas w ith no glacia l 
deposits and w here geo logy is not 
well mapped, as in the M iddl e East 
and the Sahara. 

W e have not yet had sufficient expe ri
ence with the Synthetic Ape rture Rada r 
used in Seasat, wh ich was laun ched 
by NASA in June and fe ll si lent pre
matu rely in O ctober 1978. The co ncept 
was proven - Synthetic Aperture 
Radar does produce a good useable 
image from space - but the re is a 
bott leneck in getting the data out. Of 
4 000 scenes recorded in Canada, we 
have managed to see on ly three so fa r. 
Only when we ca n get those images 
into the hands of crews on the ground 
can we tell i f th ey are useful. 

As fo r the va lu e to geologists of 
manned space fli ght, 1 agree w ith Dr. 
Sulli va n th at th e bi g adva ntage is in 
the op portu ni ty for rea l-time decision 
making. Howeve r, that capab ili ty is 
largely in the area of instrument test
ing. An unman ned automatic sate lli te 
needs a five-year lead tim e to o rbi t 
instruments and systems, compa red to 
a year to put an unproven senso r in to 
a man ned Spacelab whe re, i f some-

thing goes wrong, you ca n repair or 
modi fy it on the spot. 

The Seasat case is the perfect exa mple. 
Becau se the radar fai led, the satel lite's 
usefulness ended after fou r months 
and there w ill now be no radar in ' 
space befo re 1984. If Seasat had carr ied 
a man, he wo uld have had it f ixed in 
a few hours, and back into effective 
use fo r the next four years or so. 

Th at is a great advantage, but this rea l
time capab ility relates large ly to tech
ni cal decisions regard in g instruments, 
not to scienti f ic decisions or inter
pretation, which stil l have to be made 
o n the ground. Take two exa mp les. 
A sc ientist can do airborne geophysica l 
work, but he stil l ca n' t make rea l-time 
decisions about, fo r instance, where 
to drill fo r oil or minerais. The data 
mu st be reco rd ed, comp il ed, analyzed, 
interpreted and compared with other 
data before decisions can be made a 
matter of month s o r even years. ' 

Another example is in flood manage
ment. Th e mi ss ion speciali st in the 
Spacelab makes observat ions, but again 
he o r she cannot interpret and get fu ll 
value from the data. Th e flood man
ager on the grou nd has to receive the 
in fo rmation and make the deci sions. 

ln terms of tim e alone, th ere will be 
li tt le opportun ity for rea l-time scie n
t if ic deci sion s. Suppose the shuttl e is 
up one month, with a staff o f four 
or five. lt will brin g back hundreds of 
tapes of data, which will then take 
a team of 200 sc ientists one to three 
years to analyze. Look at Sky lab. They 
haven't comp letely ana lyzed data 
from that, and it went up six years ago! 

1 see the shuttle program as a test plat
form for instruments that will later go 
into automati c sate llites. An end 
objective of scientists in space is not 
in itse lf legitimate. W e must be carefu l 
not to oversel l the concept of the 
geologist in space in the same way that 
enthusiasts overso ld remote sens ing in 
the begi nning, or indeed in the way 
that geophysical exp loration was 
overso ld 30 years ago. D 
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Depuis 6 000 ans, le glaciel moule le réseau hydrographique 

Par Camille Laverdière 
et Pierre Guimont 

Long de 900 km so it depuis sa tête au 
cœur du Nouvea u-Québec ju squ 'à son 
embouchure dans la ba ie d'Ungava, le 
Caniapiscau présente deux phys ionomies 
très distinctes. A utant su r les hautes-ter res 
du lac Dupl ante r qui ondul en t mo ll ement, 
prend-il la forme d'un e success ion de 
grands lacs à hiéra rchi e touj ours indécise, 
autan t est-il confiné par la suite au centre 
d' une longue et large va ll ée qu i le mène 
au Kuujjuak, so n es tu aire. Ces deux vas tes 
ensem bl es très d i ffé rents l ' un de l'au tre 
trouvent auss i leurs équivalen ts dans les 
activ i tés glac ielles du cours d 'eau, qui son t 
fa ibl es à sa tête, au cont raire excessives 
à l'ava l. Rappelons-le: le glac iel concerne 
toutes les manifestations, et leurs résul
ta ts, li ées à l 'action géologique des glaces 
fl o ttantes. 

Le bassin du Ca ni ap iscau est d'abo rd un 
vaste domaine lacus tre où la débâcle 
s'exp rim e par une glace ma l en traînée qu i 
pourrit souvent su r pl ace, de la fin de mai 
au début de juin , dans un dédale d'î les 
inn om brab les; c'est ensu ite un domaine 
fluvia l où la ri vière (devenue en eau 
cou ran te), augmente continuell ement so n 
débit dans un li t où la décliv ité se trad uit 
dans de nom breuses et importa ntes rup
tures de pente. l i en résul te au printemps 
une activ ité glac iell e portée au paroxysme, 
ent re autres dans la const ru ct ion de 
hautes levées ca ill outeuses riveraines . En 
réalité, le glaciel traduit sa présence de 
l 'enge l au dégel; c'est néanmoins au 
pr in temps, par l' in termédi aire d'une glace 
en débâcle, qu ' il devient le plus specta 
culaire. 

A l'empl acement même où la ca lo tte 
glac iai re de Scheffe r (g lac ier du Nouveau
Québec) fondait sur p lace entre il y a 
1 000 et 6 500 ans, le résea u hydrogra
phique d'un e imm ense surface plus ou 
moins pl ane ne pouva it s'organ iser qu e 
par l ' interm édia ire d'une multi tude de 
lacs mal reli és entre eux; ces derni ers 
épousa ient étro itement un e topograp hi e 
tant d'érosion que d'accumu lation riche 
de formes à la fo is orientées et in décises. 
Il en est rés ulté un pays autant lacust re 
qu e terrestre où le glac iel devenait fonc
t ion d 'un te l décor fermé. Autrement dit, 
des eaux à pe ine co urantes ne po uvaient 
permettre, par l' in termédia ire de leur 
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glace fl otta nte, l'a ttaque des be rges ou de 
leur lit. 

Au co ntraire, les composa ntes d 'un milieu 
flu vial fro id l ibèrent à un moment de 
l 'ann ée le p lus fo rt de leu rs énergies, et 
ne peuvent que permettre au phénom ène 
de la débâcle ses act ions les plus signifi
ca ti ves. Des ea ux et des glaces abo ndantes, 
en rétention tempo raire et céda nt subite
ment sous les co ntrai ntes accumul ées, 
vont par exempl e effectuer de pui ssants 
râclages jusqu'au haut des berges, et 
édi f ier ainsi des di gues constituées des 
m até ri aux les plus gross iers. Ce sont les 
résultats de ces manifestations qu i de
m eurent les plus impressionnants, alors 
que les formes d 'érosion ne se traduisent 
très souvent que par un lit récu ré à la 
roche. 

7r:f' 
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A l'ava l du lac Dupl anter, les rap ides qu i 
marq uent le co urs supérieur du Ca ni a
pi sca u, su rtout à la go rge d'En-Haut, ont 
p rodu it au cours de l 'auto mn e et de 
l ' hive r d ' importa ntes quant ités de fraz il , 
si bien que le lit peut être comp lètement 
obstrué par l 'agg lutination de ce type de 
glace; les eaux de la ri viè re, à leu r plus 
fa ibl e déb it à ce moment de l 'année, ne 
s'éco ul ent que par un étro it chena l so us 
la glace de fraz il. Cette dern ière est 
const ituée d'une multitude d ' infimes 
cristaux produ its par une ea u en surfusion 
venue au contact d'un air très froid , 
comme au droit de rap id es; ces cr ista ux 
ad hére ront fo rtement entre eux comme à 
tout objet dans leu r parcou rs. 

Nombreuses sont les rivières qu i tout au 
cou rs de l' hiver produi se nt une glace de 
fraz il au se in de leurs sectio ns en rap ides; 
les cr istaux vienn ent alors s'acco ler en 
ava l so us la glace de surface, à l'empl ace
ment des zones de ca lme ou à l' intérieur 
de bass ins plus ou mo ins profonds. A la 
fi n de l' hiver, le couvert de glace ains i 
constitué attein t parfois quelques d izai nes 
de mètres d'épa is, et s'étend sur p lusieu rs 
kil omètres. 

9 

Plus enco re, les glaces qu i co mbl ent ainsi 
ces bassins rédu isent co nsidérab lement la 
sect ion mouill ée qui se t ransfo rm e en une 
véritable condu ite forcée, ob li geant alors 
la masse de glace à se sou lever; la croi s
sance du haut ve rs le bas de ces ponts 
flo tta nts au ra donc coi ncé des ea ux de 
pl us en plu s rap ides à l ' in tér ieu r de min ces 
chena ux, malgré des déb its hivernaux de 
pl us en plu s fa ib les. So us ces obstructions, 
les niveaux d'ea u les plu s élevés sont alo rs 
atte ints en mars, dépassant même ce lui 
des crues moyennes . Les glaces se 
haussent le long de fractures ri ve raines 
en même temps que les eaux en su r
gissent, accro issant ainsi l 'épa isseu r d' un 
pi ed de glace bien accroché aux rives; les 
poussées glac iel les se font toujours peu 
sen tir. 

C'est au printem ps ou à la fonte niva le, 
qu and les déb its se gon fl ent cons idé rab le
ment, que les crues de débâc le, fo rtes et 
sub ites, font éclater l 'ensembl e et contri 
buent à la transformat ion pa rti cul ière des 
berges. Les glaces qui se rompent partent 
à la dérive et créent des embâcles à 
l 'amont de to ut rétréc issem ent du lit où 
les ea ux vives ont so uvent été les pre
mi ères dég lacées. Pressées les unes contre 
les au tres, elles exercent alors su r les ri ves 
de fo rtes poussées qui so nt à l'o ri gin e de 
ces imposants bourrelets de ca ill oux et de 
b locs perchés au-dess us des ea ux de la 
riviè re. Elles s'offrent ain si de façon p res-
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que ininter rompue du lac Dup lanter au 
ca nyon Eaton. 

La glace à la surface du co urs d 'eau, avant 
la débâcle, n'est qu 'une mosaïque consti
tuée de milliers de glaço ns de toutes 
form es, acco lés lors de l 'engel. Des bras
sages d'automne su r une glace en forma
tion expliquent ce casse- tête de géant 
dont les teintes passent par tous les 
blancs, tous les gris et tous les b leus. 
M ais l'onde de crue du printemps ne 
lai sse pas cette surface intacte ; des amon
cel lements de glace, hauts de plusieurs 
mètres, du s aux poussées le long de cas
sures ou à l 'avant des rives, des glaçons 
redressés à la vert ica le ou empi lés les 
uns su r les autres contr ibu ent à une cer
taine allure chaotique du milieu. 

A l 'endroit des berges, au cours d 'un pro
cessus répétit i f et ponctuel, la pression 
des glaces rajeunit cette form e glaciell e 
maj eu re qu 'est le bourrelet para ll èle au 
rivage, lon g de plu sieurs kilomètres et 
haut parfois de d ix mètres; il peut co nsti 
tuer des fl èches lorsqu ' il se détache des 
rives jusqu 'à leur conférer un profil en 
crête de coq. Les glaces ag issent en 
même temps par à-coups, par touches 
successives et finisse nt après des dizaines 
d'années, voire que lques centa ines, par 
conférer aux ri ves de la rivière un carac
tère glaciel continu. Pour impression
nantes en hauteur que soient les levées 
glacielles au-dessus des eaux d' un Cania 
pi scau de f in d'été, il ne faut pas oublier 
que ces construct ions ont été mi ses en 
place en fonction de plans d'eau de crue 
(ou) fort élevés. 

Le Can iap iscau occupe au printemps tous 
les bras qui lui donnent accès au canyon 
Eaton, l ' un des grands accidents fluviati les 
du Québec; les eaux se préc ipitent alors 
dans la gorge longue d'un kilomètre, par 
troi s ou quatre chutes hautes de plus de 
trente mètres dont la principale demeure 
impress ionnante. Toutes les eaux ra ssem
bl ées rugissent ensu ite au fond d' un cou
loir large de 50 mètres de toute la b lan
cheur de leurs remous et de leur écume. 
Les glaço ns, déj à démante lés, sont rédu its 
sans doute enco re plus après leur bras
sage sur quelques ki lomètres dan s des 
ea ux déchaînées, sa ns parler de l 'accé lé
ration de leur fu sion entre autres par 
libération d 'énergie d' une masse en furie 
qui tombe de plus ieurs diza ines de mètres. 

De p lus, sur toutes les î les du Caniapiscau , 
dont ce lles précédant le lac Camb ri en, la 
pou ssée des glaces est tell e qu 'à leur face 
amont s'éri gent des levées glacielles 
arquées qui comptent parmi les plus im
pressio nn antes du cours d'ea u, du moins 
par leur hauteu r; el les perdent rap idement 
de la taill e sur les fl ancs de ces îles, et en 
so nt absentes à la partie ava l. Des glaçons 
épais de plus d' un mètre montent à leu r 
assaut en utili sa nt la plage comme rampe 
d'accès, s'attaquent au front raide et vont 
même ju sq u'à débouler le reve rs des 

levées et remettre en équilibre instable 
toute une tranche de matériaux sur les
quels il s fo ndent lentement au so leil. 

Le Cani ap iscau s'élargi t ensuite pour 
donner naissance au lac Cambrien, long 
de 52 km et large de 2,5 km, et s' inscrit 
vertica lement au contact d' un massif 
appa rtenant à la fosse du Labrador. Les 
so mmets vo isins font, de part et d 'autre 
de la nappe d 'eau, p rofonde de plus de 
120 m, jusqu 'à 617 m. Partout les glaces 
tiennent bon jusqu 'à pourrir su r place 
sous forme d 'a iguill es, mais le tracé la
custre en baïonnette crée rap idement un 
ét ran glement centra l en eau libre. 

De la chute du Schiste à ce ll e du Calcaire, 
malgré que le Can iap iscau perde de plus 
en p lus d 'a lti tude et gagne en latitude, le 
cours ét roit et rapide du t ronçon fluvial 
est le premier à se débarrasse r de ses 
glaces; et ce ll es -ci partent à la dérive sans 
trop créer d 'embâcles. C'est finalement 
l 'es tuaire qui est atte int par le Kuujjuak 
où le brassage de la marée ne peut qu e 
contribuer à accé lérer la désagrégation du 
couvert glacie l. 

Né de précip itat ions qui totalisent annuel
lement 700 mm d'eau au droit du lac 
Caniapi scau, mais 525 seulement au lac 
Cambrien, le Can iap iscau répond aussi et 
davantage, dans son compo rtement sa i
son nier, aux profonds co ntrastes qui 
s'étab li ssent surtout lors du passage de 
l ' hiver à l 'é té. C'est alors qu 'outillé d 'une 
glace en rupture pouvant se déplacer et 
surtout former des embâcles, il se donne 
des moyens à nul s autres pareils pour éd i
fier, hors de so n lit mineur, de pui ssa ntes 
levées glaciel les qu i const ituent l ' un de 
ses aspects riverains les plus excep
tionnels . D 

Th e Ca n iap iscau Rive r fo rms a moderate 
glacial envi ronment in th e Dup lanter 
Lake area . Downstream th e river fl ows 
into a va lley w hose banks bear the 
marks of except ional ice acti v i ty. Dur ing 
the w in ter, th e rap ids secti ons are fi ll ed 
w ith b roken ice. ln sp ring, th e swcl l ing 
current raises th ese sheets and pu shes 
th em against the ri ve rbank s, creat ing 
ri dges and sp i ts as wel l as bow -shaped 
bul ges o n th e ups trca m side o f islands. 
Jams occur in th e narrows, and ove r 
tim e th e ri ve r arca attai ns glJcial 
fea turcs . A ltho ugh Cambrien Lake 
reta ins icc shec ts that ro t th ere, else
w here, from Eaton Ca nyo n down stream, 
the ice drif t is fas ter and only all ows fo r 
scattered areas of glac ial characteri st ics. 

This article is also available in English 

1 Apri.·s un cours re.1.1erré et marqué c/c nom
breux rapiclcs ,1 la gorge c/'En-Haut, le Cania
piscau retrouve un large couloir tenu par 
/'embâcle en amont c/u Bras-c/c-Fer 

Aftcr (/owing through narrow lianks and 
forming many rapic/s al the En -Haut gorge, 
the Caniapiscau River cncounlers a widc 
corric/or hlockec/ by the icc jam upslream from 
Bras-de-Fer 

2 01's pousséc•s g/acielle.1 C'n milieu c/'C'mbâcle 
pr•rrnc•llenl c/c telles conslruclions temporaires 
où les pii.·ces glacil'ilcs cil;p/acent sans peine 
les /J/ocs rocheux les plus grossiers; rive c/roile 
c/u Caniapiscau ,1 /'.i/Jlonl c/u Bras-c/e-Fer 

Even the biggcsl houle/ers arc pu.,hcc/ a.sicle /1y 
the icc; right liank of the Cmiapiscau, up

_1 /ream irom Bras-clc-Fcr 

3 La canyon E.rton, Pn C',ll/ vive m{•/llc en hiver, 
rugit en périoc/c prinlariii.•rc de taules ses eaux 
en crues cl voil le Caniapiscau se précipiter 
au fond de sa gorge élroilc par plus c/'une 
chute spectaculaire 

ln the Eaton canyon, the Crniapisc,w RivC'r 
(lows frccly cvc•n in winter. ln springtime, it 
swclls up, hcco/Jlcs tu/Jlulluous anc/ p/unges 
to the bollom of the narrow gorge lhrough 
many spC'ctacular falls 

4 Les mouvcmcnl.1 c/C' la n.ipJie c/c glace expli
quent la comtruction c/C' /)()urre/ets c/C' cailloux 
et c/e blocs et leur rajeuni.sscmc·nt annuel. Le 
volume' des glacons en mouvc/JJL'lll est sans 
l'<1uivor1ue à la /JJC.IUH' c/c.1 /Jlatéri,wx glacicls 
clép/acés 

/cc shcC'l /JJOVC/Jlents explain the formation of 
pdiblc anc/ rock bu/gcs. The moving blacks 
of ice arc big cnough to disp/acc large 
volumes of malcrial 

5 Dans le lit c/u Caniapisc,w, pri.·s du Pons, îlot 
ceinturé au trois quarts par une· levée clc· cri/
Joux et de blocs sur lar1udl1' sont venues 
s'appu)·er les glaces printanières 

On the beef of the Crniapisc,w, nc'.Jr the Pon.1, 
islet almost comp/eteli· _1urrounclec/ by a 
peblilc anc/ rock ric/gC' SU/Jporting spring ice 

6 L'ampleur de la fomH' construite comnH' .1011 
imbrication avec /{'_1 pit•cc•.1 c/t' glace ,llnon
ce/écs, tL•moignt'nt c/1' /'importance c/e /'acti
vité glacielle JJrintanii.•re 

The extenl of the formation as we/1 a, its 
imbrication wilh ice hlocks shows the im
portance of sp.ringlimc icc activily 
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Les surfaces couve rtes de dunes repré
sentent 0.3 pour cent de la supe rfi cie 
du Canada. On les t rouve d 'un océan à 
l 'aut re. La p lu par t des dunes sont 
stabil isées par la végétatio n ; une excep
ti on impor tan te es t ce lle de la région 
du Lac 1\thabasca où de gra ndes supcr
ficr cs de sa bl e sont exposées a l 'ac ti vi té 
éolienne. Les du nes, act ives ou stabi
l isées, sont presque toutes de type para 
bo lique; des dunes transversa les sont 
observées, mai s à un seul endroi t, clans 
la parti e nord de !'Al berta. La fo rme 
parabo lique d es dunes es t due au co n
tex te dans leque l elles se sont devc
loppées, c'es t-à-dire en m ili eu non 
descr t1que. L'évol uti on des dunes para
bo l iques a mené, par end ro i t, au 
dé, eloppemcnt de longues crê tes de 
dunes qui à l 'occas ion ont été co nfon
dues avec des du nes lo ngiiudina lcs de 
type «sc if» de mil ieu dése rt ique, des 
lllOraincs mineures ou lll êlllC des cskc rs. 
Il fau t no ter éga lelll en t qu e des dunes 
parabo li ques ont déjà été identifi ées 
co 111111 c étant des barkhanes; en vé rité, 
i l n'y a aucun exemple de barkhan es au 
Canada . 

Cet article es t disp onible en français 

By Peter David 

Few laymen think o f sand dun es in Ca n
ada, and ye t th ey cave r abou t 26 000 km2 

of the land surface, a littl e less tha n 0.3 
percent of the to tal. M oreover, they are 
w idely d ispersed from coast to coast -
found in every p rov ince and territory of 
the co untry. 

Sa nd dunes have been neglected, possibly 
because most o f them are far from the 
major population centres, poss ib ly be
ca use at p resen t they offer no com mercial 
potenti al, except as touri st attraction s and 
as ranch land. Neve rth eless, to a duno l
og ist, they are bea uti ful , they are interest
ing, and they are one of th e most sensi tive 
b iop hys ica l un its, often in dange r of be ing 
tramp led o ut of existence. Moreover, they 
conta in the records of local vari at io ns in 
temperature, hu mi dity, wi nd ve locity and 
d irec ti o n sin ce the last cont in ental ice 
sheet receded 5 000 to 15 000 years ago. 

ln Canada, co ntiguo us d une occur rences 
range in size from a few te ns of square 
k il ometres to over 1 200 km2. Th e two 
largest areas are located alo ng the sou th 
side of Lake A th abasca . Whil e the 
sand in mos t dune areas is stabi l ized by 
vegetat ion today, th ere are sti ll large 
barren surfaces w here the wi nd can shift 
th e sand . The Lake A th abasca regio n 
also has the largest such active sand sur
faces, wh ich ex tend ove r an area of 
385 km2. 

D r. Peter Dav id is prof esso r o f Quatern ary 
geo logy at the Departm ent of Ceo logy, Un ive r
sit é de Mon tréal. H is dune stud ies have been 
spo nso red b y NRC and EMR. 

IN CANADA 
Definition . Sa nd d un es are mounds or 
rid ges of sa nd pil ed up by the w ind into a 
va ri ety of form s. They may ei ther be bare 
or covered to va rious deg rees by vege ta
tio n. Act ive sa nd dunes are th ose which 
still move free ly. Wh en they beco me 
stab ili zed by vege tation they cease to 
move (Fig. 2). Either ex tern al morpho
logica l o r in tern ai structu ral characteri st ics 
w i/1 show how they deve loped. 

Regional distribution . A lberta has nea rl y 
ha lf the dune area in Canada. lt also has 
the largest single dune occurrence, the 
Ri chardson Ri ve r Sa nd Hi li s, o ne o f the 
fou r in the Lake A thabasca area . Saskatch
ewa n and M anitoba have 36 perce nt 
and 10 percent respec tive /y. A l i th e oth er 
prov inces also have sand dunes, includ ing 
many associated w i th the bea ut i fu l M ari
ti me beaches (Fig. 1). 

Th e author arbi t raril y selec ted 25 km 2 as 
the m ini mum sur face area fo r incl us io n 
in a recentl y comp leted stud y, because of 
the large number o f small er dune occur
rences. On ly the three M aritim e prov inces 
do not have dune areas that large. 

Formation o f dunes. Dun es fo rm where a 
sandy source depos it, either new or re
cently stri pped of protect ive vege tation , 
beco mes exposed to w in d . Th e wi nd 
transpor ts and p il es the sa nd into low 
mou nds. O nce a mound is fo rmed i t 
serves as a trap fo r fu rth er sand movement 
and buil ds up to a crit ica l heigh t. l t then 
develops a steep f ro n tal slope ca lled the 
slipface (Fi g. 3J. W ith the appea rance of 
the slip face a du ne is form ed and begins 
to mi grate downw ind . Du rin g its m igra
tion, reverse and crosswi nds wi ll sli ghtly 
mod ify i ts appearance though it alw ays 
tends to retain its o ri ginal shape. 

Dune types. Th ere are many d ifferent 
types of d unes, bu t they all class i fy into 
two ca tegor ies : parabo l ic and desert. Para-

bo li c o r w et sa nd d unes (Fi g. 3) have a 
fronta l base l ine w hi ch is co nvex down
w ind and a base lin e at the back whi ch is 
us uall y also convex . Sa nd rid ges are o ne 
subtype o f pa rabo li c dunes . Dese rt, o r dry 
sa nd dun es include amon g th ei r subtypes 
transve rse, barchans and longitud inal 
dun es. Transve rse dunes are se t across, o r 
at r ight angles, to the prevai li ng w ind 
d i rec tio n. Barchans are in reverse to para
bo li c dun es, w ith head downw ind, and 
horns pai n ting downwind (Fi g. 3) . Long
i tud inal dunes are elo ngate ri dges fo rm ed 
pa rall el w ith the d irec ti o n o f th e w ind . 
The autho r maintains that th ere are no 
ba rchans no r longi tud inal dun es in Can
ada. M in iatu re ba rchans whi ch fo rm o n 
loose sa nd today d isappea r in less than 
a day. 

Canadi an dun es were or iginal /y ei ther 
parabo li c o r transve rse. ln today's grass
land and park land reg io ns the initi al dun e 
for ms were mostly transverse, but else
w here they we re mostl y paraboli c. W e 
know of o nly one reg ion in Canada, in 
no rth central A lberta, w here there sti/1 
are a few occurrences o f stab ili zed trans
ve rse dunes, and thi s is the onl y reg io n 
with d i rec t evi dence that the p ri mary 
dun e form s were transve rse. 

Eolian environ ments. The types of ini ti al 
dun e fo rms and th ei r evolut ion depend 
on the charac ter and stabi li ty of the p re
vai l in g eo lian (wi nd produ ced) env i ron
ment. Canad ian eo l ian environm ents, and 
th erefo re dune types, va ry from reg ion 
to region. 

Fortunate ly, we ca n exa mine th e mo rp ho
logy and stru cture of sand dunes of a 
parti cular regio n and dedu ce th e ini tial 
env ironm ent and its changes. Th is ca n 
most eas il y be done in th e present fo rest 
zo nes, w here the sim pl icity of du ne fo rm s 
and stru ctures ind icate o nly o ne sho rt 



A Dune occurrences 

peri od of act iv ity, followed by rap id stab i
li za ti on. Any spo rad ic recurrences of 
activity are on/y loca l. 

Unraveling the past eo lian env ironments 
becomes more compl ex ou tside the 
fores t reg ions. A lso, while in the south 
the primary climatic fac tor favouring 
eo li an activity is low prec ip itation 
(Fi g. 4), in the north it is low temperature 
(F ig. 5). Th ere fo re, thou gh sim ilar eo li an 
phenom ena may occur in both regions, 
they may be due to d ive rse comb inations 
of different environmenta l factors. 

Groundwater is the principal environ
mental factor determinin g dune type, and 
that is a function of the local climate. 
On/ y under truly dese rt env ironments w i/1 
the sed im ents involved in eo li an activity 
be d ry and remain dry, otherwise ground-

0 500 km 

wate r w i/1 be present in some form. Th e 
effect of grou ndwate r on dun e develop
ment may be summarized as foll ows: 

A- Dry so urce deposits. A/1 - Dry dun e 
sands . If the source deposit is dry, sm a/1 
transverse rid ges develop first as a result 
of w ind actio n. Th ese ridges w i/1 grow 
into larger dunes o n/y if th ey themse lves 
are also dry and if th e sou rce deposit is 
thi ck. If the deposit is th in, the non -sa ndy 
substratum becomes exposed between the 
tran sverse dunes, and the latte r w i/1 
break up into indivi du al barchan dunes. 
The same phenomenon w i/1 occur if the 
transverse dun es m igrate ove r a non-sandy 
substratu m. There is no evidence that thi s 
process ever occurred in Canad ian dune 
areas. Whe re barchan-like structu res 
do fo rm , as in Saskatchewan, they dis-

Figure 2 Sequentia/ aerial photographs of a "dune blanket", a coherent group of dunes advancing 
over former /y stab ilized dunes , in th e process of stabilization. Brandon Sand Hi lis area , Manitoba , 
left: 1928; centre: 1969 (Nationa l Air Photo Library); right: oblique air photo of th e same du ne 
in 1967 

Photos aériennes en série d'une «couverture de dunes»; il s'agit d'un groupe cohérent de d un es 
avançant sur des dunes déjà stabilisées; ce groupe est déjà lui-même en voie de stabilisa tion. 
La région de Brandon Sand Hills, au Manitoba, à gauche : 1928; au centre: 1969 (Phototh èque 
Natio nale de l'air) à droite: photo aérienn e obliq ue de la même dun e en 1967 
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Fi gure 1 Sane/ d une occurrences in Canada. 
Map in clue/es some areas smaller than 25 km2 

Les dunes au Canada. La ca rt e représen te 
certa ines régions de dunes d'une superficie 
inférieure à 25 km2 

appear w i thi n a few days (Fig. 6). How
ever, we can look at prese nt day examples 
in the White Sands Nationa l Monument, 
New Mexico . 

A/2 - W et dune sands. If the sand in the 
transve rse dunes becom es mo ist, the 
rid ges wi /1 break up into parabolic dunes 
rather than barchans (Fi g. 3). This process 
must have been quite common in th e 
grass land reg ions of Canada. If moi sture 
arri ves on/y after the barchans have al
ready formed, their growth wi /1 be slowed 
down or arrested by the mois tu re, they 
wi/1 be join ed by other barchans, and wi/1 
eventually give way to parabolic dunes. 
Thi s may have occurred in Canada but 
sin ce there are no stab ilized barchans 
today, there is no proof. The reverse 
process ca n also occu r; moist para bol ic 
du nes grad uall y /ose th eir moi sture con
ten t and become barchan s, as in the 
Moses Lake reg ion of Washington . This 
process probably neve r occurred in 
Canada. 

B - M o ist source deposits. If th e source 
deposits are moist du rin g dun e develop
ment, wind has to dry them before the 
sand ca n be moved. Consequ ently, littl e 
loose sa nd is ava ilabl e for wind action, 
and the sa nd accumulates in the form of 
sma/1 spo radi c mounds instead of trans
verse rid ges. If these mounds become 
stab ili zed before any further develop
ment occurs, th ey wi /1 be prese rved in 
their origina l shapes, and wi/1 have no 
sl ip face . Mounds li ke these are co mmon 
in Canada. If, however, the mounds grow 
in size and acqui re slipfaces, the ir further 
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a) Barchan b) Parabolic dune 

Figure 3 Comparison of barchan and parabolic dunes. Barchan develops from dry sand; 'horns' 
point downwincl; steep slope is always c/ownwinc/, on the concave sicle. Parabolic dune c/evelops 
/rom moist sanc/; 'wings' point upwinc/; steep slope is on the convex sicle . Internai structure of 
bath may be same if parabolic dune has aclvancecl far enough 
Comparaison entre les barkhanes et les dunes en parabole. Les barkhanes sont faites de sable 
sec; les <<cornes» pointent vers l'aval; la pente raide est située sur la face concave. Les dunes en 
parabole sont faites de sable humide; la pente raide est située sur la lace convexe. La structure 
interne des deux types de dunes peut être la même si la dune en parabole a avancé suHisamment 
lo in 

develop ment depends on w hether th e 
sand in th em remain s d ry o r becomes 
we t. If the sand remai ns dry the mounds 
deve lop into barchans (Fi g. 6) . If it be
co rn es we t they give way to parabo li c 
dunes. Thi s is one way the haphaza rdl y 
occu rri ng paraboli c dun es of the grass
land regio ns mu st have formed . 

Th ere is one more way by w hi ch parabo li c 
dun es may fo rm. If vege tation cove r be
co rn es di sturbed on a sa ndy depos it, the 
w ind ca n defl ate the sa nd from the ex
posed depos it and accumul ate it alon g 
the edge of the b rea k on the vege tation 
cove r. Th e resulting dune form is neces
sa ril y parabo li c. A lthough thi s is th e mos t 
co mmonly menti oned paraboli c dune 
deve lopm ent, it ca nnot account for mo re 
than a frac tion o f th e to tal. 

W h y are d unes pa rabolic? Th e paraboli c 
dune form develops in response to th e 
presence of_ moisture in the sa nd. Wh ile 
d ry sa nd ca n be free ly m oved around by 
th e w ind, in moi st sa nd the grains sti ck to 
on e another as in a sa nd cas tl e. The sa nd 
must be dri ed befo re th e w ind can m ove 
th e grains. Sa nd is dri ed fast and in grea t 
qu antiti es w here th e speed of th e w ind is 
hi ghes t, w here it is fu nnell ed onto the 
convergin g arm s of th e dune. From these 
depress ions th e wind removes the dri ed 
sa nd and d rops it ove r the slip face just in 
front of th e depress ion, providing the 
res t of the sli p fa ce with little or no sa nd . 
As th e si ipface in front of the depress ion 

rece ives mo re and more sa nd, i t beco mes 
projec ted furth er and fur ther ahead in a 
curved shape, p rod ucin g th e paraboli c 
form. 

This hypoth es is destroys so me popul ar 
thin kin g that Ca nada's dunes ind ica te we 
at one tim e had local Sahara- like dese rts. 
Ra th er, the parabo li c shape of th e dunes 
shows that moi sture was a fac to r in their 
evolution . 

Dunes o r not du nes? Parabo lic o r no t 
pa rabo lic? ln any of the dune occurrences 
in Ca nada, all the sa nd dun es, w i th the 
exceptio n of th e transve rse dun es in north 
ce ntral A lberta, have or have had at so me 
tim e th e bas ic paraboli c form (F ig. 3). 

So me of the du nes obse rved today have 
evo lved to such an ex tent that the 
origin al para bo li c form is no longe r ev i
dent, and it may be di fficul t to co rrectl y 
identify them. Fo r insta nce, dun e rid ges 
evo lved fro m o rdin ary paraboli c dun es 
th ro ugh a process o f dun e elonga tion may 
resul t in leng ths o f as mu ch as eight kilo
metres. So rn e of these have been va riou s
ly, and erron eo usly, interpreted as ice
crack mo rain es in northern Sas katchewan, 
and marine crevasse fillin gs in th e St. 
Lawrence Low lands of Qu ebec. Oth er 
groups of defo rm ed parabo li c dunes have 
been mi staken fo r longitudinal se if dunes 
of the dese rt types, or even fo r eskers. 
Only w ith furth er study w ill our under
sta ndin g of these fasc inatin g geologica l 
phenom ena improve. D 

Fi gure 4 Southern active dune environment: 
active sand dunes near Brandon, Man itoba . 
Mo isture is jus t suf/icien t to allow growth of 
vegeta tion behind advancing dunes at th e 
same rate as dunes advance 
Un milieu actif de dunes, dans le Sud: dunes 
de sable actives près de Brandon, au Mani
toba. L'h umidité est juste suHisante pour per
mettre la croissance de la végé tation de rrière 
les dunes en mouvement au même rythme 
d'avance des dunes 

Fi gure 5 Northern active dune environmen t: 
active dune area sou th of Lake Athabasca, 
looking south . Ali the dunes are parabolic 
c/espite lack of vegetation . Large active areas 
develop because the short growing season 
impedes rapid vegetation growth 
Un milieu acti f de dunes, dans le Nord: cette 
région est située au sud du lac Athabasca, 
regardan t vers le sud. Toutes les dunes sont 
paraboliques, en dép it de l'absence de végéta
tion . De vastes régions de dunes se créent 
parce que la courte saison entrave une crois
sance rapide de la végé tation 

Fi gure 6 Small barchan forme d of dry sand on 
top o f moist dune which provided the "hard" 
floor. Due to ils size and the cha nging wind 
directions, this form c/isappears in a c/ay or 
two. Background: righ t, mound with incipient 
slip/ace; left, mound with transverse slip/ace 
becoming barchan-like . Everywhere, the loose 
sanc/ is rippled 
Une petite barkhane formée de sable sec au 
sommet d'une dune humide qui a formé le 
plancher «dur». A cause de sa taille et du 
changement de di rection du vent, ce tte fo rme 
disparaît au bout d'un jour ou deux. Arrière
/and: à dro ite, mon ticule avec une pente 
fron tale en tra in de se développer; à gauche, 
monticule avec un e pente frontale transversale 
ressemblant à une barkh ane. Partou t, des rie/es 
couvren t le sable meuble 

• 

• 



What happens w hen a large fo res ted 
area is flooded after a dam is bui lt? 
Stud ies carr ied ou t in several areas in 
the province of Quebec conclude that 
na ture adap ts itse lf rapidly to re
establish a good environmental balance. 
Actions of ice, waves and other natural 
agents promote the rap id remova l and 
decomposi tion of trees and vegetation. 

This article is also available in English. 

Par Hubert Marcotte 
et Alain Soucy 

Lors de la création de réservoirs, de 
grandes zones fo restières sont soumises 
à /'ennoyage, souvent sans avoir pu être 
déboisées; qu'advient-il de cette forêt? 

Des observations effectuées su r ce rtai ns 
réservoirs ont permis de cerner des phé
nom ènes naturels modifiant la végé tat ion 
forest ière ennoyée lors du remp lissage des 
réservoirs, ains i que les conditions du 
milieu dans lesquelles ces agents sont 
actifs. 

Les agents naturels reconnus efficaces 
pou r le déboisement des réservai rs sont, 
premièrement, la glace et, plus parti
cul ièrement, l 'act ion comb inée du poids 
du couve rt de la glace et du mouvement 
vert ica l du plan d 'eau sur les arb res. Il 
semble que le déplacement latéral du 
couvert de glace sous la force du vent 
peut avoir un effet sur le renve rsement des 
arb res mai s cette action ne compte pas 
co mme un impact majeur. Deuxième
ment, l'action des vagues sur le litto ral 
boisé aboutit à une érosion permettant le 
déracinement des arb res . L' importance de 
cette action des vagues est reli ée à l'éner
gie de ce ll es-c i et au type de rivage. 
Troi sièmement, les sols, sa turés d 'ea u 
après inondation , deviennen t instables et 
par conséq uent sujets à des mouvements 
de masse ou des gli ssements. En dernier 
lieu, l 'ac ti on de la glace et des vagues 
devient p lus efficace avec le pourri sse
ment des arbres partiellement submergés. 
Le pourr issement des arbres réduit la 
rés istance des troncs et rend donc les 
arbres plus vu lnérables à l'act ion des 
autres agents naturel s. 

LA GLACE 

Les observations effectuées dans les rése r
vo i rs visités ont permis de reconnaître que 
la glace est l 'agent naturel qu i produit le 
plus grand impact su r les peuplements 
fo rest iers inondés. 

De façon générale, l 'ea u accumulée dans 
les réservoirs durant l'été est utilisée 
l ' hive r suivant pour la production d'é lec
tricité. Le niveau d'eau s'aba isse alors 
graduell ement durant l ' hi ve r ju squ 'à la 
fonte des neiges (des fluctua tions ex istent 
nécessa irement dans le temps et entre les 
réservoi rs) . De p lus, une couche de glace 
recouvre les lacs et, de la même façon, les 

M. Marcoue est géographe-géomorphologue 
pour la firme S.A.G .E. Limitée. M. Soucy est chef 
du Service Environnement de la Société cl'Energie 
de la Baie James. 

réservo irs. Avec le temps et le froid per
sista nt, cette couche de glace s'épaiss it 
de plus en plus. 
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Généralement au début de l' hi ver, le p lan 
d'eau du réservo ir est à son niveau max i
mum et les arb res sont partiellement sub
mergés. La co uche de glace qui se fo rm e 
gradue ll ement se soude alo rs aux troncs. 

Lo rsque le niveau d'eau s'aba isse, les 
arbres réagissen t comme des piliers d'éd i
fice; i ls peuvent alors suppo rter la couche 
de glace ou éventu ell ement casser sous 
la pression exercée par le poids de cette 
dernière. 

Le poids du co uve rt de glace est fonction 
de son épa isseur, laque ll e est reli ée direc
tement à la température de l'a ir ambian t 
et aux cond iti ons hydrologiques. 

Lo rsq ue le ni veau d'ea u s'aba isse, la 
co uche de glace flottante s'aba isse para l
lèlement. Comme cette couche est soudée 
aux troncs des arb res, la glace exerce alors 
une press ion sur les tiges. Si le couvert de 
glace est suffisam ment épa is, les arbres se 
br isent; dans le cas contraire, le couvert 
de glace se morcelle et les blocs flo ttent 
séparément. Si les peup lements forest iers 
so nt assez denses, il ar ri ve que les arbres 
supportent des portions du couvert de 
glace. 

La résistance des arbres es t fonction de 
leu r esse nce, du diamètre des t iges et de 
la densité (nombre de tiges à l' unité de 
su rface) de la végé tation . Pour les ti ges 
de diamètre inféri eur à 22 cm, la densité 
est un facteu r critique. 

Lorsque les arb res atteignen t 22 cm et 
plus en diamètre, le critère de densité 
n'est p lu s signi ficatif; la di stance du cou
vert de glace au so l devient le facteur cri
tique pour briser les tiges par flambage. 

En même temps que ba isse en hiver le 
niveau d'eau dans les réservoirs, la couche 
de glace descend avant d 'a tte indre son 
épa isseur maximum. La pression vert ica le 
est donc réduite au déb ut et s'accentue 
avec la cro issance du couvert de glace. 
Ce la signi fie que seulement les arbres de 
petits diamètres seront cassés au début 
de la baisse et que généra lement, l'ac tion 
de la glace s'amp li f iera jusqu'à la fi n de 
l ' hive r. 

VAGUE 

L'é tude des modifications dans les lacs 
nature ls est basée sur des principes géo
morphologiques et hydro log iques . Le 
concept de base repose sur le fait qu'u n 
lac à so n état na ture l évo lu e de faço n co n
tinue par une érosion des berges et une 
séd im entation dans le bassi n. 
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Ainsi, dans les réservoirs et dans les bi efs 
d'amon t, les vagu es, par leur acti on sur les 
berges, produiront un déboisem ent des 
forêts littorales inondées. 

L'effi cac ité des vagues est direc tement 
fon cti on de leur énergie, du type et de la 
form e des berges, ainsi que de l'épaisse ur 
de la nappe d 'eau. L'énerg ie de la vagu e 
est foncti on de la vi tesse du vent, de sa 
direc ti on et de l 'em pri se sur le pl an d'eau. 
Les be rges co nstituées de maté ri aux non 
conso li dés sero nt pl us sujettes à l 'é rosion 
que ce ll es constitu ées de matéri el agglo
méré. En fin, la pente de la berge pe r
mettra à l 'énergie des vagues d'ê tre 
co ncentrée en un poin t et d 'avo ir un plus 
grand impac t sur les pentes fo rtes, alo rs 
qu e ce tte énergie sera di str ibuée sur un e 
plus grande surface dans les pentes faib les . 

DECOMPOSITION DU BOI S 

Les arbres parti ellemen t exposés aux 
agents atmosphéri ques et affectés par le 
pourri ssement, vo ient leur rés istance à 
l'action de la glace et aux autres agents 
fo rtement réduite. De plu s, ce phénomène 
s'effectue sur un e courte période de 
temps, voire en 2 ou 3 années. 

Il semb le poss ible d'éva lu er l' impact de 
l ' inondat ion sur les d iverses espèces 
d'a rbres d 'un rése rvoir. Notons cependant 
qu e le taux de pourrissemen t, dans les 
rése rvo irs inondés, est en général rapide 
pour tou tes les espèces (c'es t-à-dire dans 
les deux premi ères années d' inondation) 
de sorte que les va ri ations entre espèces 
n'apparaissent pas signifi ca ti ves . La mo rt 
des arbres ava nt in ondati on, tout au moins 
ce ll e rés ul ta nt du feu ne paraî t pas avo ir 
d ' in flu ence sur la v itesse de pourri ssement 
après l ' inondation. Les obse rva tions lais
sent p lutô t prévoir l ' inverse. 

La décompos ition partie ll e du système 
radi cul aire ava nt inondati on réduit la ré
sistance des arbres au ren ve rsement, les 
rendant ainsi plus sensibl es à l 'ac tion du 
vent, de la glace et des au tres agents. 

PHASES NATURELLES 
DE DEBOISEMENT 

Les observa tions effectuées dans les réser
vai rs recoupent celles d'autres chercheurs: 
les arbres parti ell ement submergés ont 
été, dans la plupart des cas, cassés ou 
broyés au sol. 

Le co uvert de glace n'é tait pas assez épais po ur briser cet arbre. Réservoir Man ic-5, m ars 1976 

Th e ice caver was not thick eno ugh to break th is tree trunk. Manic-5 rese rvoir, March 1976 

Erosion des berges par les vagues et accumulation de débris. Réservoir O utardes -4, ju ille t 1976 

Sho reline erosion and debris accumulation in Outardes-4 reservoir, July 1976 



Stab ilisa tion à long term e des berges. Réservoir Gouin, mai 1976 
Long term slope stabilization in Gouin reservoir. May 1976 

Au printemps, d es radea ux de gla ce peuvent ê tre poussés sur les berges . Réservoir Manic-5, 
juin 1976 
ln Spring, ice rafts are pushed ashore b y winds. Manic-5 reservoir, June 1976 

Les processus de débo isement par les 
agents naturels pren nent place en deux 
phases qu i se dist in guent par le type 
d 'agents act i fs et par l' in tensité des 
processus. 
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La prem ière phase, appelée phase initi ale, 
est ca ractérisée par l'action optim ale pro
du ite pa r la glace dans la zo ne de mar
nage. 

Cette action commence dès la première 
an née, au cours de laq uell e le nivea u 
d'eau attei nt son élévatio n maximum au 
début de l' hiver, et se poursuit pendant 
une période d'environ deux années au 
cours desquelles la majeure partie du 
déboi sement par la glace est comp létée. 
li es t év ident que l 'action des vagues lors 
de tempêtes peut auss i crée r un certa in 
impact durant cette période . 

La phase d'aj ustement se caracté ri se par 
l ' interaction des agents autres que la 
glace : so it les vagues, les ea ux so uter
rain es, les cou rants et les agents biolo
giqu es te ls le pou rri ssement des arbres. La 
végétat ion et les berges sont les éléments 
les plus affectés par ces agents. Ces p ro
cessus peuvent être actifs sur un e période 
de 5 à 30 ans. 

L' in teract ion de ces agents durant cet te 
phase produit une modification tota le de 
l'environn ement suite à l'action combinée 
des vagues sur le so l, et de l ' impact de la 
glace sur les arbres . D 
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Le développement du minerai de fe r est 
un facte ur clé de la pl anifi ca tion de la 
Républ ique popu lai re de Chine pour 
doubler sa producti on d'ac ier d ' ic i 1986 
et pour crée r une nati on industri el le 
modern e ava nt la f in de ce siècle. Les 
Chino is se sont adressés aux pays occ i
dentaux pour obtenir leur appui sc ien
t ifique et technique ainsi que de 
l 'équipement industriel. 

Une impo rtan te dé légat ion de géologues 
et d ' ingénieurs chinoi s a v isité le Canada 
en 1977 et l 'année su iva nte, une dé lé
ga tion cana di enne de quatre geo logues, 
prés idée par l 'auteur de ce t ar ti cle, a 
rendu ce tte v isite. Cet échange a ouvert 
de pl us larges perspecti ves à la rec her
che ca nadienne et a constitu é un po int 
de depa rt pour les échanges scienti 
fiqu es, le tra nsfer t de techno logie ainsi 
que pour l ' intensi fi ca tion du commerce 
des ressources. L'au teur décri t ic i les 
régions v isi tées par la miss ion cana
dienne, a1ns1 que les di scussio ns ent re
p rises avec les au torités chi noises. 

Cet article es t disponible en français 

1 Canadian iron ore mission with Chinese 
colleagues on the Great Wall. I. Lor. Jacques 
Cauvin, Min istère des Richesses Naturelles de 
Quebec; Hsia Hsien-Min, Nationa l Bureau of 
Ceology; J.A. Donaldson, Carle ton University, 
Ottawa; H.E. Neal, consulting engineer, 
Toronto; Shih Ming-hao, Na tiona l Bureau of 
Ceology; Cordon A. Cross, hea d of miss ion 

La miss ion canadienne sur le minerai de fer 
avec des collègues chinois sur la Grande 
Muraille. De ga uche à droite, Jacques Cauvin, 
Min istère d es Rich esses Naturelles du Québec; 
Hsia-Hsien -Min , Bureau national de Géologie; 
J. A. Donalclson, Université de Carleton , Ot ta
wa; H. E. Neal, ingén ieur consultant, Toronto ; 
Shih Ming-hao, Bureau national de Géologie; 
Cordon A. Cross, chef de m iss ion 

2 Granite intrusions in the magnetite orebocly at 
Pingyung in Kwanglung Province 

tn;ection de gran it clans le minera i de magné
tite à Pingyung, clans la province de Kwanglung 

3 Typical magnetite iron-lormation at Takushan 
mine, Anshan area 

Une formation typique de magnétite ferreuse 
clans la min e de Takushan, dans la région 
d'Anshan 

4 Tayeh iron mines. Deposils are geological/y 
similar Lo many in southeastern Ontario and 
Quebec and on Canada's west coas t 

Les mines de fer de Ta yeh. Les dépôts y sont 
géologiquement semblables à ceux qu'on 
trouve clans le sud-est de /'On tario, au Québec 
et sur la côte ouest du Canada 

5 Ferry crossing near Kweilin , with striking karst 
topography of Kwangsi Province beyoncl 

Le ferry traversa nt près de Kweilin; on peut 
voir nettem ent la topographie karst de la pro
vince de Kwangsi au fond 

6 Part of Anshan iron ridge, where th e largesl 
iron and steel inclustry in China is located. 
Agricu/tural village in /oreground 

Une partie de la crête cl' Anshan, où se trouve 
la plus importan te industrie de fer et d'ac ier 
en Chine. A l ' arrière-plan, un village agricole 

7 Beclclecl manganese al Laipin Mine, Kwangsi 
Province 

D épôts de manganèse clans la mine Laipin, 
clans la prov in ce de Kwangsi 

CHINA/ 
EXCH 

broa horizons for both 
Enlarging our scientific data base 

benefits Canada directly . .. 



By Gordon A. Gross 

Iron ore deve lopment is a key facto r in 
the plan of the People' s Republic of China 
to double stee l production by 1985 and 
to create a modern industrial nation before 
the end of this century. The Chinese have 
therefore turned to western countr ies for 
sc ientific and technical adv ice and indu s
tria l equipment needed for rapid devel 
opment and renovation of th eir resource 
industries. 

Their petroleum industry is expand in g, 
and extens ive resources of cok in g coa l 
have been proven. Th e locat ion and de
ve lopment of good qua li ty iron ore re
sources therefore remains cr iti ca l. Most of 
the iron ore reserves in China are low 
grade and consist of metamorphosed iron
formations, as in Ca nada. The Chinese 
recogn ize Ca nada 's adva nced minerai 
exp lorat ion methods, major diversified 
minerai industry, and sim il ar minerai 
bear in g terrain . They have studied GSC's 

Or. Cross is senior resource geologisl , CSC, and 
an in le malional aulhorily on iron ore resources. 
He is preparing a technica/ report on this visit. 

Economie Geo logy ser ies, used as text 
books in many cou ntri es, and translated 
large portions of the w riter's three volu
mes on the geology of iron deposits. 

ln 1977 a party of nin e senior geè) logists 
and engin eers from the National Bureau 
of Geology in Peking, Th e China Geo
log ica l Exploration Company, and the 
Bureau of Geology in two provi nces, 
Anhwei and Honan , came to Ca nada for 
a month to study the geology, exploration 
methods and technology used for con 
cen trat in g and processing various kinds 
of sedimentary iro n ores. ln return, a 
Canadian party of four geologists and an 
interpreter, led by the author, v isited some 
of the main iron mining areas in China in 
May and June, 1978, to identify principal 
kinds of iron resources ava il ab le to in
dustry and to discuss iron ore exp loration 
and eva luation methods. 

For the Chinese, the mine visits and in
dustrial and professional contacts have 
helped eva lu ate the status and efficiency 
o f the ir own industry and identify and 
locate new technology and indust rial 

know-how to renovate and expa nd their 
i ron ore and steel i ndustry. 
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On the other hand, the Ca nadian mission 
to China opened a broader dimension for 
our own research by providing access to 
the geo logica l experience and knowledge 
o f a continent, and a multitude of minerai 
deposit case histories. Enlarging our 
sc ientific data base benefits Canada 
directly. l t improves our techniques of 
guiding minerai exploration and appra is
in g minerai resources, especia ll y where 
different kinds of ore deposits can be 
examined. They may not have been rec
ogn ized in this cou ntry previously or avail
ab le to us for research. The immediate 
value of the visit to Canada was in the 
initi al steps made toward sc ientifi c ex
change, technology transfer, and com
merce in the resource industry, and to 
eva lu ate China 's industrial and trade 
capabil i ties. Canadian industrialists are 
now following with engineering services, 
equipment sales, and consu ltation. 

On arri va i in Peking we were given a 
general briefing on the different kinds of 
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iron resources found in China and the 
geological factors that control their dis
tribution. Exploration and proving of 
minerai resources in Ch ina is carried out 
by the Geo logica l Exploration Company, 
a branch of the Nat ional General Bureau 
of Geology (NGBG) and by the Bureaux 
of Mines and Geology in a number of the 
provinces. The Canadian Mi ss ion gave 
lectures and seminar sessions at the 
Academy of Geology of the NGBG in 
Peking and fo r each of the mining groups 
visited in other pa rts of the country. 
Exploration, mining and ore process ing 
methods used in Canada were described 
and the geology of deposits comparable 
to those being min ed in China was 
discussed in detail. 

The Metals Socie ty of Ch in a in Pek in g is 
composed of represe ntatives from ail 
enginee rin g and sc ientific di sc iplin es re
lated to the min era i industry and provides 
high leve l policy recommendations to the 
gove rnment. Th ey discussed their devel
opment problems and iron ore requ ire
ments and en quired abo ut Canad ian 
methods of sa mplin g; drilling and o re 
tes ting in proving iron ore reserves, where 
such work was carr ied out and who per
formed it. Th ey asked if we considered 
geological co nditions in China favourab le 
for natural high grade iron ore and how 
it might be found , poi ntin g out that other 
countries, lndia and the Soviet Union, 
adjacent to China, possess such ore wh il e 
rel at ive ly little has been found in China . 
M embers expressed a keen interest in 
participation of Canad ian geo logists and 
eng ineers in the exploration , development 
and rebuildin g stages of their i ron ore 
in dustry. 

The largest iron and steel in dust ry is 
located at Anshan in Li ao ning province in 
northeast China. Metamorphosed magne
tite and hemati te iron-form ations con
tainin g about 30 percent iron are mined 
in three large open pits and the ore is 
concentrated and sintered to provide 
abo ut six million tons of processed ore 
annu all y for the Anshan bl ast furnaces. 
Basic engineering methods and eq uipment 
from the Soviet Union advanced the 
Chinese iron an d stee l industries after the 
Revo lution, and further modifi ca tions and 
improvements have been made recentl y. 
However, the Chin ese recognize an urgent 
need to upgrade sta ndards and operat in g 
efficiency. Con tracts are currently being 
given to orth American , Japanese and 
European engineers to renovate and 
moderni ze their mines and stee l plants. 

Canadian Iron Ore Ceology Miss ion led by 
C.A. Cross, Ma y to June 1978, to the People's 
Republic of China 

La miss ion géologique canadienne sur le mine
rai de fer, qui v isita cle mai à juin 1978 la 
République populaire de Chine sous la direc
tion de C. A. Cross 

Highly metamorphosed sed imentary iron
formations comparab le to iron deposits in 
northern Ontario and the Wabush Lake 
area of Lab rador are dist ributed in a broad 
belt of Precambrian rocks that extends 
a cross I nner Mongol ia and northeas t 
China. We visited ano ther deposit near 
Peking w hich is srn all er but simil ar in type 
to those min ed in Anshan. Important sed i
menta ry o res with more comp lex m ineral
ogy are mined near Poa tow in lnn er 
Mongol ia. 

Iron depos its v isited at Tayeh in Hupeh 
province su pply magnetite ore con
centrate to th e steel pl ants at Wuhan on 
th e Yangtze River. Th ese iron deposits are 
geolog ical ly sirnilar to many that occur in 
so utheastern Ontario and Quebec and 
along th e west coas t of Canada and are 
typ ica l of deposits di stributed throughout 
the eastern and southern part of China. 
Small amounts of cop per are recovered 
from the Tayeh iron ore wh il e depos its 
visited on the northwest part of Kwang
tung province contain appreciab le 
amounts o f tin which may be recovered 
in th e processin g of thi s ore. The complex 
geo logy and min era logy of the iron de
posits in this part of China crea tes difficult 
conditions for mining and processing and 
ore reserves are not defined accurately. 

The manga nese mines at Laip in in Kwangsi 
Prov ince in the so uth ern part of the 
cou ntry are located in the midst of a 
world famo us belt of karst topography. 
The landscape presents a jagged array of 
pinnacles, domes, sugar loaf hills and 
tufted ridges sculptured through the ages 
by grou nd w ater slowly dissolving the less 
resistant carbona te rocks. A cruise on the 
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river at Kweilin provided a spectacul ar 
view of thi s ru gged scenery that has 
insp ired China 's arti sts for mill enia and 
offered a bold demonstration of the 
processes that forrned the Laipin man
ga nese o re. Although the quality and size 
of the manga nese ore beds w as not im
press ive, these deposits are of spec ial 
signifi ca nce in contribut ing to China's self 
suff iciency in manganese ore, essential fo r 
its stee l indust ry. 

The Chinese were among the first in an
cient times to produce iron tools and 
irnpl ements, and loca l primitive forges 
st ill provide about 15 percent of the iron 
used. Large r stee l plants producin g up to 
one half million tons of stee l an nually are 
operated at the provinc ial leve l and about 
70 percent of the iron and stee l is pro
du ced from the major national enter
prises such as the pl ants vis ited at Anshan 
and Wuhan. Iron o re deposits are widely 
distributed throughout China and the 
larger industri es are located close to the 
majo r i ron ore deposits. Reso urce distribu
tion will be a controlling factor in the 
location of futu re industrial areas, to avo id 
long distance haulage of ore by rail. 

Important new discoveries of iron ore 
have been repo rted in central and western 
China as a result of intensive exploration 
effo rts in recent yea rs. Geological condi
tions are considered favou rable for the 
discovery of new sources of iron ore, 
particularly in the less deve loped parts of 
the co un try . By rev isin g geo logica l con
cepts, gu idelin es and approaches in 
exploration , the Ch inese hope to estab lish 
an indi genou s supply of raw materials for 
future indu stri al expansion. D 



The o bjeclive o f the Oepa rlment o f En ergy, Min es and Reso urces (EMR ) is la enhance 
the d iscovery, d evelopm en l and use o f th e coun lry's minerai and energy resourceç 
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