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EMPOWERING VULNERABLE GROUPS

Looking at matters through the eyes of an imuk, two ground-swells fill the picture of contemporary
history : the ecological movement and the rise of the 4th world consciousness;

The magnitude of environmental problems world-wide do not go unnoticed in the Arctic. The rainforest
degradation and its influence on the great hvdrological cycles; the desertification, and great droughts said to
be the first signs of the greenhouse effect; the ozon layer problem: the slow but steady rise of ocean levels
predicted by a majority of climatologists; the general toxification of the environment... etc. The fact is there :
we are in the process of undercutting the major life systems of this planet, for all we know the only inhabited
orie in existence.

We are entering an age where the north-south tension, and the east-west conflicts, will be overshadowed
by the one big anxiety besetting more and more people : the dreadful apprehension which arises from an
entirely new kind of uncertainty : is humankind going to survive at all ?

In the Inuit world, this concern is being dealt with in the formal context of the World Conservation
Strategy. National, regional and in the end trans-national conservation strategies are growing out of the tundra
and the fiords these years. The overshadowing question concerning the right balance between development
and conservation is being dealt with through expert analyses and filtered through grass-root evaluation, the
lnst word resting with the latter,

From the point of view of the aboriginal inhabitants of the Arctic, there is no doubt: the concern about
how to save our pristine lands and unpolluted waters, and all that they contain, from industrial abuse ... that
concern overrides everything else. Ruin our land, water and air, and we have nothing left, not even — as seems
to be the case in the great nations of the temperate regions — the illusion of being able to do without.

There exists, in contempomry history, another ground-swell claiming the attention of an inuk, and that
is the 4th world movement. There is a growing awareness umong aboriginal peoples, trapped in power
structures alien to them, that their predicament 15 often both intolerable and — at least in part — unnecessary.
This awareness, originating in the 60%ies as an internationally noticeable phenomenon, and picking up
momenium in the 7 ies, seems to be a logical consequence of the emancipation of the 3rd world, so
characteristic of the post-World War 11 decades. The Indians of the Americas, the Saami of Scandinavia, the
Maori of New Zealand, the Kanaki of New Caledonia ete. ete., all of these peoples have heard of civil rights
campaigns and of the universal declaration on human rigths. Also the Inuit are in this category, and their
basic ambitions are quite clear : they want as much autonomy as possible.

Inuit wani to manage their own affairs, and eventually they will. The 4th world is gaining momentum
on the international scene. Northern natives' organizations like the Inuit Circumpolar Conference (an
UN-NGO) and Indigenous Survival International (will become an UN-NGO shortly) are coming more and
more to the fore such places as in the International Whaling Commission (IWC), the Washington Convention
fior international trade in producits stemming rom endangered species (CITES), the International Union for
the Conservation of Natwre and Natural Resources (IUCN) and United Nations Environmental Programme
(UNEP). Also the Brundtland Commission Report has a chapter on indigenous native peoples (entitled
“Empowering vulnerable groups™). The thinking of the World Commission on Environment and Development
is clearly : time has come 1o lake indigenous people into the political decision process,

There are at least three good reusons for that

Firstly, common decency requires that the rethoric about ending colonialism apply not only outside the
boundaries of the nation-state, but inside as well,

Secondly, politically it doesn’t pay to do otherwise, since the alternative is growing unrest and an
embarrasing attention from the outside; and

Thirdly, because many aboriginal peoples possess a traditional knowledge of nature that is of undeniable
vialue 1o modem-day ecologists, a knowledge which stands to get lost if these people are not empowered
politically.

INTER-NORD n® 19, 1990 g
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Objectively speaking, the first of the two ground-swells of contemporary history described above is clearly
of much greater importance thun the second. Global survival means more than the fate of one sub-species
of humankind. But when it comes to the Arctic, it makes good sense to wiew the two waves as merging into
one. Safeguarding the aboriginal cultures of the Arctic means in actual fact saving the Arctic ecosystem(s).
The greatest of all dangers threatening pristine nature and the wildlife of the Arctic is without a doubt habitat
destruction. But then again, the securest way to keep the Arctic lands the way they are is to support the
stewardship of these lands as it has been exercised for centuries — even millenia — by the inhabitants of
those lands : in other words, bestowing political power upon the aboriginal peoples of the Arctic.

Finn LyNgEo)

(1} Finn Lynge is consultsat for the ministry of foreign affairs in Copenhagen (Denmark),
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METEORITES IN GREENLAND

by Vagn F. BUCHWALD

Department of Metallurgy, Technmical University,
Lynghy., Denmark

ABSTRACT.

- In spite of the very lnrge area of Greenland only two meteorites are known from this vast imland. One i an iron meteorite

from Cape York in the Melville Bay. It comprises af least mine [fagments. totalling 58 tons. The firs, small {ragments were found
by Esliimon long ago. They were beaten into coinaised cutting edges and were for gencrations used o arrow heads, knives and
hiarpoons. Later, other and larger Tragments have been found by systematic searching. and the paper describes ¥ the
expedition work for excavation and removing 0 Denmiark the 2000 fragment, called Agpalilik, found in 1963, The only other
mieteorite from Cireenland s 8 stony meteorite, 8 chondrite of 5.7 kg which was found m 1971 on Ella Islind on the East Coaut.
Finally some thoughts are givon as 10 chances of recovering meieorites from the icecap.

Key-words : Greeniand — bron meteorites — Metoorites — loocap — Ancient Eskimo iron ool — Expedition work on Greenland.

RESUME. — Meeorites an Groesland, Malgnt la vante dtendue du Groenland, deur métdorites seulesment ond é0f reconmies sar ceite le

L'une et pa for mésdorite du cap York dans lo bale de Melville Elfe comprond meuf fragments au moing er jotalise 58 jonnes. Lex
premiers petite éclaty furent souvds par ler Exquimous il y a longtempe. T étaient ofduits par peroussion en morecass coupants de
I taifle d'une pidce: de monnaie @ servirens pendant des edndrations comme e de fldches, couteswe er harpony Plus rard, des
fragmentr plur importants oet éf o lors ene recherche natématique et Vasticle déerll en pariiculier Fexpédition de travail qui
@ exirall ef rransportd vers fe Domemark un fragmenr de 20 v, appelé Agpatifik or rowve en 1963 Lo seple gutre métdoriie grocalondalse
3t en pierre, wiw chondrite de 57 kig, trouvde en [97F sir Flle Ella, odte esi Enfin, on pemse avair la chance de retrouver quelgues

métdorites dens inlgnduis.
Monv-clés : Groenlond — Fer météoritigue — Méwtorine

Greenland is a large island siretching from 609N 1o
§3*N and measuring about 2,2 mio km’ of which only
342 000 ko, un ares very similar to that of Finland, is free
of permanent ice, On these lce-free, but fur From
smow-fres, have been found at various times some iron and
alone Mmagments, which are quite difTerent from the natural
rocks of Greenland and must represent debris from
foreign bodies in our planetary avstem. They apparently
come from small planets, where the concentration of water
und oxygen is very much lower than upon the surface of
the carth, snd they have a composition and structure,
which deviate radically from that of known terresirial
rocks, This means, on the one hand, that it should be
possible to distinguish the material as meteorites even if
they have not been observed falling, on the other hand,

Fig. |, Greenland, a large istand with only S0.000 inhabitants. The
arrow poinia io Lhe Melville Bay, where the ron metgorites are
Tound.

INTER-NORD n= 9. 1990
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Curily en fer des oncions Espuimauy — Expédition au Groenland,

that once (allen they will have a rather shon life-time on
the surface before they disintegrale inlo miserable frag-
ments, hardly recognizable as meteorites. This deteriorn-
tion may require anything from thousand to hundred
housands of years, sccording to the local environment
where no doubl porosity of the soil, and access to water
and sodium chloride are the most important factors

MELVILLE
BUGT

x 10 km »

Fig. 2. Map of the meteorilic strown(lield, showing the places of
find. |. Agpalilik. 2 Ahnighito. 1. Waman. 4. Dog. 5. Savik | 6.
Sawik 1. 7. Quammat.




THE CAPE YORK IRON METEORITES

Meteorites are usually named afler the plice they were
found : a prominent landmark or u nearby town or village.
In the case of the famouas iron meteorites from Northwest
Greenland they huve been named after the peninsula Cape
York which protrudes into the Melville Bay about 50 km
west of the location of the largest meteorite fragment.

There is no other meteorite which has been so impor-
tant (o man gs the Cape York one. We now know that the
shower of iron meteorites which in the distunt past fell
over the Melville Bay is the biggest one on record, and we
suppose that it fell before the arca was invaded [rom
Canada of the Dorset-Thule tribes in the first centurics of
the christian ern. This supposition is based upon the
general siate of preservation of the surface of the meteo-
rites and on the sbience of uny tales on meteorite falls
within the eskimo tradition. The folklore of the Polar
Eskimos has been thoroughly studied by Knud Rosmussen
in the first quarter of this century, and he nowhere reports
any avidence of observed meteorite falls.

THE HISTORY OF THE CAPE YORK
IRON METEORITES

The existence of the Polar Fskimoes was first mentioned
when Captain John Ross in 1818 sailed through the
northern pari of Baffin Bay in order to discover the
Northwest passage. Many names on the map were colned
during this expedition, and a certain promincat cape was

- "-L 1"

named in honour of the Dike of York, becuuse the
expedition passed the promontory on the binthday of the
Duike. When the two ships of the expedition were stopped
by heavy ice near Bushnan Island, the surprised English-
men were visited several times by the Polar Eskimod
Narwhale msks and seal furs were exchanged for mirrors,
textiles and Ironhoops. In addition, the British officers,
Ross and Sabine, acquired a few knives and harpoon.
heads with iron edges. Curlous 1o know the origin of (he
iran, the Englishmen were told that it came from “So-
wallick"', however, due to weather this place could neither
be visited. nor be werified. In the expedition report
Sowallick was translated into The lron Mountain, but, a
close reading of the text shows that the Eskimos rather
intended a place where it was possible to collect pieces of
iron for the production of cutting tools. When the expe-
dition turned back home, the iron was examined by
competent analysis such as Wollaston, who found over 3 %
nickel and correctly concluded that the iron of the Polar
Eskimos was: of meteoritic origin.

In the 19th contury many expeditions went out from
Denmark, Sweden, England and USA with instructions of
charting the northern parts of the Balfin Bay and the
Canitdian archipelago. Usually the ships also carried
subsidiary orders for searching Sowallick, However, apan
from some scant information transmitted by Haves, who
in 1861 acquired a few slivers of iron from Savigsivik, no
real progress took place before Peary entered the scene.

Robert E. Peary began in 1891 his arctic travels with
the purposc of reaching the North Pale. He had to
cooperate with the Polar Eskimos in order 1o reach his
goal; in due time they told him about Sowallick, and he
was led to the place. The Eskimos knew ubout three huge
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Fig. 3. HMS "Isabella™ und "Alexander” secured by ice anchors shout 10 km south of Bushnan Island, when Captuin Jobn Ross in 181§
was stopped by ice. Shirts, necklaces and mirrors are traded for nurwhale tusks and tools with cutting edges of meteoritic iron. The West
Greenland Eskimo Zachasus made the water colour fur the expedition report (Ross 1819),
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Fig. 4. Stamp emission of 1978, celebruting (he cemienary of The

Commission for Scientific Research in Greenland, The ulo, made

from walrus tusk snd meteoritic' iron, is placed on 1op of an

eiched piece of Cape York, displaying Widmanstitten structure
(Buchwald & Mosdal 19551

iron meteorites : “Ahnighitd™ was on an island (later
called Metearite Islund), while “Woman" and " Deg" lay
close together further 10 km north on o peninsula. Peary
reglized that these meteorites were imponant (o science,
and he made great elforts 1o excavite them und bring them
o Mew York in the years 1894.97. When they amived at
the pont of New York they weighed 31,2 and 0,4 tons. No
wonder that the capiain had trouble with his magnetic
compass while navigating the jce-filled waters of Haffin
Bity. The narrative of the discovery of the iron meteorites
is brilliantly tald by Peary himsell in the book “MNorhward
over the Great lee™, 1898,

Later, when Knud Rasmussen fravelled in the same
area, he was led to a fourth iron meteorite, also known by
the local population, but located on a different peninsula
10 km to the easi. This meteorite was in 1925 haoled across
the ice-covered sounds to a safe place for transfering to
4 ship. The haulage was carried out by 175 dogs in a
hazardous experiment that fortunately succeeded, despite
the complications with the numerous dog-dings. When
weighed in Copenhngen the new meteorite, Which was
called Savik, wrned out (o be as massive as 'Woman" and
“Dog” together, 3.4 tons,

THE EXPEDITIONS OF VAGN F. BUCHWALD

During the study of old records and litersture on the

meteorites of the Melville Bay, the author became inte-
rested in the Cape York meteorites. Laborstory work,
comprising analytical and metallographic examinations,
suggested that all four iron meteonies were of the same
kind, that is a so-culled medium octahedrite with about
8% nickel and a beawtiful Widmanstatien pattern which
could be developed when etching u polished surface with
nitric scid diluted by ethylalcohol. However, the major
pant of the fall was in New York and hud never been
adequately studied, so it wad difficull to reach any final
conclusions. It appeared that the four big fragments once
had been punt of the same large body. 1t might then have
split when hammered into the surface of the eanth, or
rather the surface of the glaciers. The distance between the
individual blocks, which was only known in approximate
terms, could then be explained by differential transpan of
the glaciers, that fnally, when the climate improved
slightly, melied and deposited the iron chunks belween the
lnrge gneissic boulders of the area,
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Another possibility was that the meteorite parent body
broke in muny parts in the astmosphere, 56 that individual
fragments landed many kilometers spart. Under this
hypothesis it was expected that the distribution of large
and smull fragments might indicate the trajectory, beciuse
large Mrogments will be decelerated less by the mmosphere
than small ones, and therefore should be found at the head
ol the so-called shower ellipse,

Unfortunately, Peury's book had no precise maps, and
a gearch through the Rusmussen reports fared no better.
#0 it was decided that the best way 1o solve the many
questions would be to make an expedition to the remote
arei. The author knew moreaver from the study of other
meteorite falls, such as Cranboume, Gibeon, Santa Rosa
and Campo del Cielo, that metearite showers sometimes
comprive dozens of fragments, so in optimistic méments
it was deemed possible that another small fragment could
be found and thus help to elucidate the mysienes.

In 1961 the area around Walstenholme Fjord was
thoroughly examined, largely covered on fool, singly or
nccompanied by geologists or soldiers, with visual relay,
Any lron meateorite wus expected to appear rustbrown or
blackish brown and would stand in sharp contrast to the
light-yellow or red gneissic boulders that covered most of
the Cape York area. Of course, a major part of the terrain
was covered by placiers and no aftempl was done in
scarching on permanent ice. While no new material was
recovered | was encoursged when | heard that an
American saldier ot the Thule Air Base o few vears earlier
had found an iron meteorite of about 50 kg Unfortuna-
tely, to the best of my knowledge, it was sliced into many
small segments and given or sold away as curios, and 1
never succeeded in meeting the finder in order o obtain
more precise information.

In 1963 & new atempt was made, By assistance of the
LS Air Force, stntloned ai Thule Air Base, | was moved
by helicopier 10 the remote Savegarfik peainsula where [
estiblished 4 tent camp and searched the ares on (oot (or
8 days. The place, where Knud Rasmussen in 1925 had
found “Savik™, had been marked by a cairn and could
now be platted on a modern acrial photograph, A new,
small meteorite of & kg was found by hunting eckimos. As
it was located only about 1/ km east of Savik, it was
called Savik 11

Other areas were reached by a small motorboat, rented
from the Eskimo settlement Savigsivik. The location of
Ahlnighito on the north side of Meteorite Island was
wisited and plotted on aerial photographs; severnl nails
from Peary's 1896 camp were alio collected. Although
lving close 1o the sca shore for over 60 wyears [ittle
corrosion had waken place. Evidently the corrosion mte is
low so high north because of the arid climate and the low
lemperatures. There are muny summers which are so cold
that the winter snow has only just melted, when the new
SNOW Appears.

Finally, camp was erccled on a peninsula, later called
Agpalilik, which did not appenr at all on the available
maps of the Melville Bay. The reason was apparently that
the mapping had been done by sledging parties, mainly
Lauge Koch in sboul 1916, and poor visibility had
prevented him from seing this part of the land. While the
maps were poor, the modern aerial photographs were of
invalusble help, and the promontory wes crids-crossed
systematically in a grid with & mask-opening of 100-300
m. The positions of “Womun" and “Dog" were found and
the surprising mounts of hammerstones that already Peary




Fig. 3. Around the meteorite “Waman" gn enormous pile. aboot B m |n diameter and counting about |0.000 hammer stones, had grown
during the vishs of countles generstand of Exkimod
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Fig 6. A Tew duys after 1 had discovered the new 20 1ons Agpalilik ron meteorite, 8 small proup of Eskimos visiied the site, The suthor
& sitting fumber three fram the lefi on the meteonte before its excavation Augusi 1963
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had noted were messured and photographed. | estimated
the number of hammerstones 1o be about 10000, Ti
appears that the Eskimos lor countless generitions have
travelled te the plice in order to collect suitable material
for their tools: As the iron meteorites tumed out to be
ductile and tough, but not exceedingly hard, about 250 HV
on the Vickers hardness scale. the Eskimos found that i
was necessary 1o bring plong proper hammer stones, The
gneissic boulders adjacent to the metearite were far too
fragile to be of any help, so Instead they carded 2-10 kg
heavy trap stones, basalt and dighase boulders, from dikes
they passed on their sledge (ravels to the site, Both
“Waman™ and “Dog”, and to a much smaller extent
Ahnighito and Savik, exhibl scarred faces because of the
immense drudgery made by the eskimos, resulting no
doubt in only [ew and insignificamt. coin-sized shivers [or
their cutting edges.

The continued systematic senrch resulted in the disco-
very of & new, large iron meteorile mear & promontory,
where thousands of small auks, nested, Consequently the
place was named Agpalilik, meaning the place rich in
auks. The metearite lay on a slope between lnrge gneissic
boulders, There were no crater and no hammerstones; and
whien | later told the Eskimaos aboul the new iron meéteorile
they were highly surprised, They were ilso very happy,
because | was happy, and they assisied me in performing
the first steps of an excavation. We had, however, to stop
after & few hours' work, because the large stones required
drilling muchines and dynamile and because the gravel
around the meteorite was frozen into a concrete-like mass.
There was no vegetation, not oven lichens, no doubt

because the slope, facing northwest, was covergd by snow
most of the year. This was confirmed later when studying
serics of aeriil photographs of the region.

EXCAVATION AND TRANSPORT OF AGPALILIK.

Funds from the Carlsberg Foundation and from the
Creological Museum in Copenhagen made il possible thil
an earnest attempt of excavation and transporting the
Agpalilik meteorite could be carried out. From the preli-
minary excavation in 1963 [t wis estimated that the mass
could be anything between 15 and 25 tons: gear, Hifting
rigs and ships were therefore caleulated on the nssumption
of a mavimum weight of 25 tons. The head of the
Department of Creenland, Eske Brun, became highly
interested and instructed the Greenland Technical Organi-
zation to nssist. The final plan consisted of 1) clearing/
digging & tench sround the meteorie, 2) lifting the
metcorite Up by heavy jacks, 1) assembling i sledge of
precut fron profites under the jacked-up meteorite, 4)
pulting the meteorite along a timber-railroad down the
slope, towards the beach approximately 600 m away, 5)
transferring the meteorite to 8 LCM, & landing craft of the
type known Trom D-Day, and fnally, 6 Tifting the
meteorite from the LCM fo a ship for the transport to
Copenhagen.

This plin wis set to work in 1964 and o modest group
of people started by ship to Savigsivik. However, the ice
was awkward, our ship froze in, and when finally, set loose

Fig 7. The polar beur did not have m chunce 1o escupe the eager Eskamo huniers, Here it i secired o the dinghy before being pulled
up upan the salid e foo
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by the pssistunce of the US Coastguard ship “Westwind'',
wie realized that nothing could be done this summer, we
turned back home

In 1965, the situation was not much more promising.
The tents und the equipment of the expedition had been
unloaded at: Savigsivik, bur the inner ford system was
icebound and the gear could not be moved to the site of
the Agpalilik meteorite, Thanks to the US Air Force ol
Thule Air Base, it became, however, possthle — just before
we had 1o abandon the plan for the summer — to estubiish
an amitbridge with two helicoplers that {lew between
Savigsivik and the site and moved men and material in the
course of a day. That was August |9 and afier camp had
been established the eight men Immedintely stired work
of clearing and excavation, Since we had 24 hours of day
light the work went on smoathly and according to the
plan. Our small boat, which was expected to come up from
Upermavik with extra provisions and a madio set, finally
found its way through the ice Mloes 1o the camp site,

During the work we had o ruther unpleasant visit of a
large, male polar bear, which had smell the raw meat of
the seals shot by our 5 Eskimo workmen. The Eskimos
loved this opportunity of blg pume hunting, left the
excavation in a hurry and wok their rifles. The bear tried
o swim away and dsappear in the ice pack, but the
Eskimos did not give i1 a chance. Withow the heavy geur
and winches for the meteorite work, however, we would
never have been able to haul the 600 kg dend body up on
the ice. The bear was skinned and cut inlo pieces, and the
Eskimo who first saw the bear had first choice : he

selected the back of the neck where the benr has o
beantiful long and dense fur,

On August I8 we were through, The meteorite had been
hauled to a horizantal part of the slope, where rocks were
expoded, and where we knew it could be lefi safely,
without being covered by wnow or sinking in, until some
future summer 4 LCM and a ship could penetrate the ice
and pick it up. 'We left the site and with our small cutrer
we worked our way south through the new ice, until we
were suddenly and uneapectedly stopped by screw-ice, up
to 50 cm thick. With the rest of our dynimite we hlew our
wuy through, Small dynamite sticks were placed into holes
in the ice and the entire series was blown up by electric
ignition from the ship. Step by step we moved forwird,
again and again laying out o series of dynamite sticks,
untl after § hours we reached ggain open water, In
Savigsivik we celebrated the summer's work, the polar
bear hunt and the narrow  escape with donce and
coflee-milk for severnl doys

In 1966 the weather and the ice situation looked
promising. However, on its way to Savigsivik the LCM met
some rough sea and was damaged at i vital point : the
from-opening could not operate. Before that could be
repaired, the summer wis over. Finally, late in August
1967 Captain Leo Hansen succeeded in penetrating the
icedilled and uncharted waters of the fjords and in a
hectic 48 hours operation managed to hau! the meteonite
sledge the lnst meters (o the “bBeach™, where o deep cut
had been made into the § m thick ice foot, Through this
chiannel the meteorité was hauled onto the landing boat

Fig. 8. With gusoline driven drills und with dynamite sticks & trench wa excavaied sround the Agpalilik méteorite. The jacks cun be
scen under-the meteorite,




and 0 few hours later it was swung over the railing of the
M5 Edith Nielsen. In September the ship amived in
Copenhagen and under the eves of science and press the
meteorite, still on its sledge, was unloaded and weighed.
The mass was 20,1 tons, making it the biggest in Europe,
and between the five largest in the world,

CUTTING A LARGE IRON METEORITE.

A meteorite of this size, 2,1 x 2.0x 1,5 m, had never
been cul before. On the other hand, it might be extremely
imporiant to examine such n large body from interplane-
tary space in detail, so it was decided to study sarnestly
the problem of culting massive iron. As we did not want
to dostroy the structure, any method evolving hoat was
excluded rom the beginming, We would not use a rotating
cutling wheel either, pantly because it was rather expensive
in these sizes, partly because we feared that it might jam
while cutting.

The solution turned out to be the wire-saw, known from
anclent times as a cutting method for marble and granite.
The two sirands of the twisted wire were made of spring
steel of & Vickers hardness of 450. The wire was 100 m
lang, and lor every 25 m its bwisting was reversed. This can
be compared 1o the teeth of & normal saw; they have to
bend alternately to the right and the left, otherwise a
straight cui cannot be produced. The wire does not ot
itself, but bring along the fine carborundum grit that in 8
continuous slurry is led to the cuiting slit. Agpalilik was
in this wiy divided into a 15 t block and numerous slices
and sections which have been used for museum display.
exchanges and scientific smuedy. The largest slice i
180 x 130 x 5 cm and weighs 560 kg It is highly polished
gnd ctched and presently exhibited in the Geological
Muscum, Copenhugen. The average cutting velocity with
the wire saw was aboul L§ em® per minute. The method
has later been applied in cutting large Australian, Brazi-
lian and American iron melconics.

SOME SCIENTIFIC RESULTS.

The chemical investigation of the individual fragments
of the Cape York shower has shown that the average
composition is 8 % nickel, 0,5 % cobalt, 1,3 % sulfisr, 0,2 %
phesphorous and 90,0 % iron. In addition, another twenty
elements of the periodicul system are present, but in small
emounts, cach less than 50 ppm. The siructure as seen on
a polished and ctched section s octahedral; two phases,
a low mickel a-phase and 4 high-nickel y-phase, alternate
regularly and delineate the (111) p}.lnﬂi of a regular
octuhedron, The large cuts have shown that the arentation
18 the same everywhere, and we have thus proved the
existence of a unique, large iron-nickel single crystal,
fﬂmdathghmmp:mnmdwﬁlhn;mthmlﬂ
tons. For comparison, iron-nickel crystals in technological
alloys rarely exceed | mm and a weight of 0,01 g These
tesults suggest that the iron meteorite must once have been
situated ot some depth on a small where the
temperature transiently was 1200-1600=, after which it
decreased very slowly, over millions of years, 10 “room
lemperature’”, Evidently, “the meteorite-to-be” must have
been buried at some depth, so that the thermal insulation
secured a small cooling-rate

An examination and comparison of all known iron
meteorites shows that nickel and cobalt ure always present.
Iron meteorites with less than 5% Ni and 03 % Co are
unknown, snd the average composition is very close to
that of Cape York. We believe that the ratios of iron to
nickel and cobalt reflect conditions in the astrophysical
settings when the heavy elements were credted neons ago.
Somechow the iron meteorites have truly preserved this
"fossil™ record.

Sulfur and phmphma are almost always present in the
iron meteorites. On the big cuts through the Agpalilik
fragment we see n unique picture. Troilite, which is an jron
sulfide, forms large @nd paralle]l inclusions, that arc
unevenly spred over the sections. This phenomenon is
unknown from terresirial rocks and so far rather puzzling,
Our working hypothesis is that the sulfides have been
trapped in the present positions after having moved some
distance fowards the hot end of the materisl. 8 pheno-
menon which has been térmed thermal migration, bul
hitherto has only been deseribed From experimental sys-
tems in the laboratory.

If true, we will have an opportunity o orient our
metearite up-down in s orlpinal location and possibly
gain additlonal information about the cooling-rate and
gravitational forces on the site where it was formed mare
than 4 x 10" years ago.

THE SLEEPING DOG

In September 1984 we reczived in Copenhugen g telex
from the misnager of the small settlement Suvagsivik, which
is Jocated on the southern shore of Meteorile Island. The
telex reported the find by Jeremias Petersen of a new iron
metearite at Tunorput on the norntheastern shoreline. The
meteorite was, in fact, inundated and oaly visible at low
tide. Excited we telexed the question back “How lurge 7
and got the answer “As u slecping dog™ !

When summer arnved i was shipped to Copenhugen
lor cutting and examination: The “Sleeping Dog"” turned
out to mensure 635 x 45 x 30 cm and weigh 235 kg. The
massive iron chunk is presently being cut with the wire
saw technigue, and our preliminary examinations show
that the iron has the samc composition and structure as
the Cape York meteorile and thus is siill another fragment
of the large shower. After cutting and examination, the
metearite will be returned to Greenland, where it no

The Cape York iron meieorite shower

Date of Woight, Distance
Nams fimd | 10 the ses, metery
Ahnighite 1894 3 BRO 1
Woman 1594 3.0 kLY
D 1494 4 40
Suwvik | 1913 Jdn 1000
Akpohion 1915 1.7 ==
ioort bl 1928 a3 -
Sawik 11 1921 T i
Agpalilik 1583 20100 )
Tunorput Tt m i
Tital wesght 54 Lom
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Fig. 9. The sledge of profile irons has been nsembled undef the metcorite, and it s pow being pulled (owards the besch by hand-operated
winches. Augusl [965

Fig. 10. A shoi taken ot midnight when the sun s directly north above the distant glacier, The 15 m lomg “rall-road™ of heavy timbers
wis dissolved when the meteonie hed passed and reconstructed in front of it saving o fol of material
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doubt, will be the pride of the Science exhibit of the new
Museum al Nuuk, Godthdb, This will, we hape, make
good publicity and remind the modern Greenlander of his
own history and of the opportunity of finding more
meteorites in his native country.

THE THULE IRON METEORITE

Only 125 km northwest of the Cape York meteorite
strewnlield, which itsell messures some 20 x 25 km,
another iron meteorite of 49 kg was found in 1955, It has
the size and shape of a goose, with neck and head.
Meteorites can achicve the most curlous shapes while
penctrating the stmosphere where they ablate significantly
and often break up into smaller pleces. This ofie was
discovered on & nunetak by American glaciologists who
were surveying the Moltke Glacier and during their work
used the numatak for their tfangulation base. The Thule
meteorite has & structure and composition thal come so
clise to Cape York ones that they can be confused. It 1s
in fact &n open queston whether the Thule meteorite is
nat just another fagment of the huge Cope York shower,
that landed in the extreme northwestern end. If this. can
be proved, the Cape York shower will be the largest
shower known on earth, with a strewnfield measuring
135 2 25 km and with a total recovered weight of over 53
tons. And as anybody will guess, we have probably only
found a part of all the metearite {ragments. The land is
thoroughly cut by fjords and sounds, and the inland ice
covers mosl of the strewnlield, and we cin be sure that
mainr fragments are still, no doubt, hidden by snow, ice
and sea.

THE STONE METEORITE FROM ELLA ISLAND

The only stone meteorite known from Greenland, was
discovered in 1971 by American geologists on Ella Island
on the cast coast of Greenland. It was first described by
Americans g0 it received the englich name of the small
istand in Kong Oscars Fjord, an island which for 40 years
had been used as a geological base, Tt shows how diflicult
it is 1o recopnire stony mﬂmitﬁ.ThﬂymumuﬂymﬂL
and they mix readily with the rocks of the landscape. 17
picked up, the keen eye may distinguish rust stains on &
broken surface or, perhaps, nole the peculiar structure,
The chondritic stone meteorites often display a number of
mm-sized crystalline globules, thut are embedded in o
much more fine-grained matrix. No doubt, summer after
summer, many expedition members did walk (rom the
nearby camp center across the place and missed the
unusunl stone fragments. But when the first small piece
finally was picked up by a mere coincidence and shown
1o others, a number of searching parties combed the site
and finally found aver ten frugments totalling 5.7 kg. A
close study has shown that all fragmenis belong to the
same stone meicorite, o so-called olivine-hypersthene
chondrite of type L6, and that it landed on snow or ice
centuries ago, and later disintegrated by the action of wind
and shifting ive and thaw. The age is proved by, among
other things, the growth of lichens on several of the
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frapments. The Ella Island metzorite is compased of 85 %
silicate minerals, mainly olivine and hypersthene, 10 %
mickel iron, dispersed into very small grains, and sbout 5 %
iron sullide, the same trailite which we have seen as &
component of the iron meteorites. With this mineralogical
mixture we have an average speciflc gravity of about 3,
whiich is only stightly ahove the specific gravity of many
terrestrinl rocks. In contrast. the iron meteorites have
specific gravities about 7,6 — 7.8, which most people will
perceive as very surprising, so that once picked up an iron
metcorite is certainly recognired and usuully ulso reported
to the local university or musenm. Another very charac-
teristic property of the lron meteorites is the ferromagne-
tism : & common pocket magnet will usually adhere
strangly even to the rowgh, corroded surface of an irpn
meteorite, Alse many stony meteorites can interact with
a pockel magnet, although ln o more fechle way.

THE INLAND ICE

We suppose thal metcoriles fall rmiher evenly all over
the globe, wherefore about 70 % will end their life in the
oceans. On the other hand, Greenland with its large,
ice-vovered surface must also have received ils significunt
share of the metcorntic influx of both stone and iron
meteorites. However, so fur we never had a report of any
meteorite recovered from the inland ice, despite the
interior has been crossed by many expeditons, and
extensive drilling programs have been cimed out both in
the Morth and the Central paris of the ice. We must
thercfore conclude that any fallen meteorite will be rapidly
covered by new or blowing snow and that it becomes an
integral part of the jcc and takes part in the slow
movement towards the edges. We can therefore expect an
accumulation of old meteortes just in front of the lce,
both in front of the landglaciers and ia the Gords. Tt will
probubly be very awkward and expensive 10 search such
wrens, however promising, and so far no systematic seur-

In the Antarctic a lurge number of meteorites have been
found since Japanesc scientists in 1969 by 3 mere coinci-
dence picked up the first few stones on the Blue lee. Every
summer in the following years, small scarch teams huve
been organized and sent out from Japanese and American
base camps on the Antarctic coast. Penetrating by helicop-
ter and molor scooters the so-called Blue lee felds, they
have been able to pick up pieces ranging from nut size to
roughly football size and bring them back for laboratory
exdinination, 1t turns oul thai some of these meteorites are
very old and laid in the ice for hundreds and thousands
af years, We believe that, once landed far inside the
Anturctic continent, they have slowly moved towards the
edge. Simulmmu:ly the sarface of the ice has been
steadily evaporating becuuse of the strong katabatic winds.
S0 in due time, what was once deeply buried will be
disclosed again on the surfuce. The lavourable combina-
tion of climatic conditions and, no doubt, subglacial
topography is restricted to a numbﬂ of areas which have
been called The Blue Ice Fields. Here on snow scooter one
may run from stane to stone and pick them up, since they
stand oiul as easily recognizable, black spots on the
dazzling, bluish-white ice.




It is hardly possible that similar favourable conditions
are to be identified in Greenland. It seems to require i
large continent of the Antarctic type to develop extensive
Blue lce fields, but on the other hand, it can not be ruled
out that there could be found a local Blue lee field in
Greenland with somewhat similar chances of linding
meteorite. Meteorites that, under more humid and warm
climates, will rather rapidly disintegrate, may under
Greenlandic and Antarctic conditions survive much lon-
ger, and they will be intéresting s space probes of long
ago and thus carry information ol the remote past.
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ARCTIC OCEAN CLIMATE : AN ASSESSMENT
OF OUR PRESENT UNDERSTANDING BASED
ON RECENT STUDIES

by Roger G. BARRY
Cooperative Institute for Research in Environmental Sciences and Department of Geography, University of Colorade, Bowlder

ABSTRACT. — The controls on Arctic climate exertad by the annual enespy evele, exchanpes al the ieecovered ocean surface; and by
e lorge-scule nimospheric circulation are exumined in the light of recont data. The elimatic regime and evidence of its variability
are summarzed. :
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RESUME — Le climut de "Océsn Arctique : use prisentution de nos connaisssaces sctuelles d'apris des diudes récentes. Les contriles
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INTRODUCTION

The climate of the north polar region 4 dominated by
the yvear-round presemce of the Arctic pack ice, which
largely insulates the overlying atmosphere from the Amtic
Occun below. In many respects, the surface exchanges ure
more imponant than the seasonal contrast of polar night
and day. The large-scale armospheric cireulation, which s
hisically driven by the equator to pole gradient belween
low latitade heat sources and polar heal sinks, also plays
a significant role in the Arctic climatic regime through its
contribution to the energy balance. This paper examines
the relative role of these three elements — surfuoe exchun-
ges, annual cycle, and large-scale circulation — in shaping
the present climate of the Arctic Ocean.

PHYSICAL CHARACTERISTICS OF THE ARCTIC
OCEAN ICE

The Arctic Ocean and jits bordering seas occupy an ares
of aimost 14 million ko', most of which is covered by
{loating ice for much of the year In late summer the
minimum extent of ice averages about 7 million km'. River
runofl, particularly into the Eurasian shell seas, maintains
a density stratification 1o 200m depth which prevents
convective overtuming and upward heat flux from the
underlying warm Atlantic water (SCOR Working Group,
1979). In addition, the top 30-50m layer has a strong
sulinity stratification in summer as o result of snow and
ice melt

The pack ice is & variable mixture of voung and ald
floes, Over the course of a full winter growth acasan, first
year jice can attain a thickness of about 2 m with a further
40 cm or so of winter snow accumulation on level ice. lee
motion, due to wind and ocean currents, causes ridging
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and fructuring of foes through pile-up, deformation and
shear. In winter, new ice forms rapidly in leads that are
apened up in the ice. From May/June to early September
the ice is subject to surface ablation, although some
botom growth may continue, but floes that survive this
seiason thicken (urther in the followmg winter unless they
are transported out of the Arctic. Annual ice growth in the
Arctic averages zhout 1.1 m, balanced by ablation (0.6 m)
and remaoyal by expor (0.5 m equivalent) from estimates
by Kerner (1973), The mean dralt of the ice [rom
cxtensive sonar data in Aogust 1970 was about 3.0 m with
3-4 percent of the busin having open witer/ice < 30 cm
{MeclLaren, 1986). Most of the mass exchange is handled
by the Fram Strait, east of Gireenland. Sonar studies in this
area indicate that multivear ice has drafis ranging between
4 und 16 m, while the snnual Nux of ice area through the
Siraft is about 0.9 1o 1.3 million km® (Wadhams, 1983}, or
approximately 10 percent of the ice in the basin

The fracticn of open water and newly frozen leads has
been estimated from submarine sonar data to be between
sbout | and 6 percent in winter (Wadhams and Home,
1980). Despite this small area, leads play a significant role
in the winter surface energy balance, ns discussed belaw.
Initial melt cin be detected in the seasonal sen ice rone
{the shelf seas) in April using satellite passive microwave
data (Anderson ef al, 1985). Analysis of visible band
satellite images for the spring-summer transition (see
Flgure |} reveals that during May the melting of the snow
pick on the sea ice extends northward from the Beanfori
and Chukehi seas and castward and northward from the
Barents and Kara seas (Robinson er al, 1986B), The melt
onset and progression uppears to be influenced by sy-
noptic evenis (Crane ef al, 1982). The end of stable snow
cover occurs at the end of May in the East Siberian Sea,
5-15 June in the Laplev Sca, and not until the end of Junc
in the Franz Josel Archipelago and Severnaya Zemlya. In
the central Arctic snow melt begins around 10 June at
latitude B0oN and about 30 Juns pear the Pole, with melt




puddles beginning to form abouwt 10 diys Iater, according
to ‘observations’ af Soviet "Morth Pole' drilting stations
{Yunes, 1966), Meh ponds reach an average maximum: of
25 percent of the area in mid-July ( Nazintseyv, 1964 Barry,
1983} and these data sccord with recent estimates [rom
passive microwave data by Carsey (1985). Chukanin { 1954)
reports that extensive melt ponds 70-80 ¢m deep form on
the surface in mid-July when most of the snow has gone.
By the end of summer, the extent of ppen water in the
ice-covered part of the Arctic Ocean amounts 1o about
25-30 percent of the area (Carsey, 1982). This combination
of open waler and melt ponds significantly lowers the
albedo of the ifce surface, which decredses o o seasonal
minimuim in late July-early Auguet of about 40 peroent, for
the Arctic Basin (Robinson ef al. |986B).

Fig. |. — {u) Defonse Meieoraliogica] Satellite Program high

resolution (0.6 km) visible band image of snow melt progression

i the Bedofort Sed, Ll June 1977 [eomirtewy Matlonal Snow and

lee Datn Center, University of Coloredo,  Boulder) and (b)

mufidally conntrucied surface brightnes chart showlng categories
of snow mel
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ATMOSPHERIC CIRCULATION AND THE POLAR
ENERGY BUDGET

The Arctic atmosphere has an annual deficlt of net
redintion although, remarkably, at the surface the annual
net radiation is clise 1o zero (Bammy and Hare, 1974} The
annuil radistion balance Tor the eanh-atmosphere sysiem
is approximately -120Wm* (equivalent 10 a cooling of
LK day '), with greater/lessor values in winter/summer,
nespectively. This deficit is offset principally by horizontal
Muxes in the atmosphere. Aboul 80 percent of the horizon-
tal transport s in the form of sensible heat on an annual
basis, although in summer molsture transport accounis for
one-third of the total, Most of these horizontnl Muxes nre
caufed by travelling disturbances (cyclonic and wave
syitems), Oceun heat transport plavs & minor role. It
accounts for about § Wm™: over hall af this in the West
Spitsborgen Current (SCOR, 1979) and this calculation is
in reasonable sgreement with the independent estimates
of surface Muxes to the atmosphere (Vowinekel and Orvig,
19700,

Assesements of the surface energy budget sre limited
by the discontinuous nature of the mensurements anc the
problem of spatial representativeness. Most drilting sta-
tions hiave been located on multivear ice (or ice islands in
the case of T-3). Winter values at two Soviet stations

(Tuble 1) show the dominance of the infrared radiation
emission by the surface (Ln). The heat conduction term
(G) includes latent heat of fusion released by freezing of
‘sea water. These results do not indicate the role of
turbulent heat transfer through thin dce. Maykut (197§,
1982} estimates that hall of the annual urbulent heat fux
to the aimosphere in the Beaufor Sea oceurs through ice
20.60 em thick. However, it appears that most of this is
relayed back to the surfige in the immediate downwind
aren by condensation and sensible heat transfer. This
process |s facilitated by the presence of cnhanced surlace
temperalure [nversions in these locations. Figure 2, based
on Maykut's data for the Besufort Sea (Maykut, 1986),
shows that the deficit of net ridiation in winter is offeet
by conductive heal flux from the ocean o the ice surface,
and by dowrward sensible heat transfer, In summer, there
i # large positive excess of net madiation. The maximum
is in July, when the surface albedo is lower due to melt
ponds and leads. The available encrgy goes first ino
snowmelt (about 27 percent of the mell term) und warming
the ice. Almost half of the summer totnl goed into tem-
porary storage in thick jce, the ocean beneath the ice; and
in leads. As figure 2 shows, relatively small amounts of
energy go into turbulent fuxes, Latént heat Mux accounts
for 21 percent of the available energy during May through
Oeiober,
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ATMOSPHERIC CIRCULATION OVER THE ARCTIC

In the middle and wpper troposphere, between about
Zand 10 km, the circulation in high latitudes s dominated
by a circumpolar cyclonic vortex (Barry and Hare, 1974),
The general westerly air circulation around this cold-cored
low pressure arca is a result of the large-scale equator to
pole temperature gradient and the earth's rotation. Even
al sea level, low pressare centers have o grealer than 2 :|
frequency over high cemters, in contrast to the traditional
fden of persistent polar anticyclone. The latter exists as a
climatological lenture with pressures of =~ 1016 mb only
in March-June and in Scptember when high pressure is
ceniered over or west of the Canadian Arctic Archipelugo
(Markham, 1981). Knox and Hay (19%5) identify frequent
blocking in the Arctic from about 90°W westward to 40°E,
The annual mean pressure field for 1979-32, based on
buoy dutn, shows a meian high over the Beaufort Sen
(Colony and Thomdike, 1984) refleting this tendency,
and the dominance of a ridge of high pressure In winter
months between Alaska and Siberin across the Beaufor
and East Siherian seas (Figure 3A). In summer, the mean
pressure gradients are sluck and generally indeterminate
{Figure -3B).

Anulysis of synoplic pressure maps [or Jenuary, April,
July and Oclober 19355-1977 indicates the pccurrence of
approximately one cyclone per 53¢ latitude and | longi-
tude box per month over the Arctic (Whintaker and Hormn,
1984} However, cyclones were pot counted in the same
bax more than once and this survey, therefore, docs not
allow for the persistence tendency of urge-scele pressure
patterns in the Arctic which is especially apparent from
December through May.

LeDrew (1983, |985), in an analysis of Natlonal
Meteorological Center daily height grids at 850 mb for
Janpary-March and June-Angust 1975 and 1976 for the
Asiatic and North American seciors of the Arctic, linds
2.5 rato of ovclones to amticvelome Féatures in the
summer months. Two thirds of the lows were in the Asiatic
sector. Por the winters, lows had a similar high frequency,
with most occurring ugain in the Asistic sector. Interestin.
gly, the lows are deeper in winiter than sammer, but less
intense in terms of calculated vertical velocities st £50 mb,
This resuit contradicts the idea that summer cvclones tend
to be weak, stagnating systems. LeDrew also considered
the role of surfuce diabatic heal sources in cyclonic
activily. Surprisingly, in both winter dand cummer, the
effects of sensible heat flux from oper water arcas were
found to be minor. Instzad, large-scale advection of
vorticity and thickness (1) play the major role in both low
and high pressure systems. Surface friction is an additional
facior, especially i the Beaulon Ses sector and, locally,
orography is also importiant

Various sources show general agreement that the main
zone of sea-level cvelonic activity within the higher latitu-
des in winter (Figure 4A) is in the Norwegian-Barcnts Sea
with s separate center of frequent cyclones in Buffin Bay
{Keegan, 1958; Gaigerov, 1967). Gaigerov indicates thait
in both these areas the systems are also cyclonic at 300 mb,
implving that they are mainly tropospheric cold lows. Low

(1) Thickness refers to the vertical depth of the mmsipheric
layer berwesn two surfaces of constant pressire; it is proporticml
o the mean tempersiure of the layer.
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pressure systems from southwest Greenland often rejuve-
nate and enter the Norwegian Sea, whercas those in the
North Pacific less freqoently enter the Arctic Basin via the
Bering Strail in winter. Typical Arctic cold Jows exhibit
mizch less clond and precipitation in winter than summer
(Reed, 1962), in line with the diagnostic analysis of
LeDrew (1985),

In summer, there ts more divergence between the Saviet
daty and the map of Reed and Kunkel {1960) for summers
of 1952-56. The latter show frequent sea-level cyclones in
the sentral Arctic (80-E52N, 180°W), over the Kara Sea,
gnd in Baffin Bay, whereas Gaigerov (1967) shows
maxima only along the Norwegian copst and in the Bering
Sea. The Kara Sea is shown as being equally anticyclonic
and cydlonic on the sea-level mup of Guigerov. He notes
that in summer 1955, nearly all cyclones (84 peroent) weore
upper level systems and his S-year average July map lor
the 500 mb level shows muximum frequencies of lows
from Ellesmere Island to the pole, over northern Hudson
Bay, and in the Norwegiin Sea.

For August-Oclober 1974-79, LeDrew (1984) traced
major cyclones in the Asiatic omd North Americin
(Bewulort Sea) section of the Arctic Ocean to their entry
points. For 3 systems noted in the Aslatic sector, 50
percent entered [rom the North Atlentic and 40 percent
from the USSR During the same interval, there were 47
systems in the Beaulont Sea sector of which 75 percent
entered via Alaska, 15 percent via the Bering Strait and
10 percent vin eastern Canadn (cf. Figure 4B). The mean
minimum pressure of the Asistic systems was 995 mb,
compared with 1002 mb for (he Beaufort Sea systems.

CLIMATIC CHARACTERISTICS

The climatic character of the Arctic Ocean is shaped
primarily by the pnnunl cyele of solar radiation, on the one
hand, and by the year-round presence of sca ice, on ihe
other. During the polar might, radiative cooling of the
surface forms a persistent surface-based lempérature in-
version, capped by an isothermal layer, with typically &
10=C contrast between the surface and the inversion base,
This 75 located at 2 height of 0.5 to 1.3 km according 1o
Bilello (1966), and Vowinckel and Orvig (1967), although
acoustic radar measurements indicate the inversion base
between L0 and 400 m (Carsey, 1978). The strength of the
inversion varies considerably; it weakens in response 1o
winds in excess of 10-12 ms~' and 1o the radistive effects
af “warm™ medium-level clouds associnted with cyclone
systems from middle latitudes. However. fTontal systems
often move ubove the inversion and surfice lemperature

depend more on cloud cover and associaled
infrared mdiation Muxes than on changes of air mass
Under cloudless skies in January, the net surface IR flux
in the central Arctic Is about —60 W m "', compared with
—32 W m* for actual cloud conditions {Herman, 1980)

Heat flux through the ice prevents the occurrence ol
citreme temperature minima in the Arctic such as those
recorded in Siberia and on the Antarctic Plateaw. Only 5%
of hourly readings in January are below = 400C (Hastings,
1961 )

Daily shon-wave radiation tofals increase rapidly in
spring, especially as cloudiness remains guite low, but the
high surface albedo (0.8-0.9) of the smow-covered ice
permits little absorption. This factor is much more signifi-




Fig 4. = Cyclonic sctivity over the Arctic Ocean (a) Jasuary (b) July isolinei of cyclone frequency (peroont), major trcke. mone (han
Ymonth (solid line), subsidiary tracks, < 2/month (broken lines) (after Gorchkov, 1983),

cant for the delayed temperature rise than the commoniy-
cited effect of the long slant path through the atmosphers
{large optical depth) traversed by the solar beam in high
latitudes. The low atmospheric vapor content, amounting
to only 4 mm of precipitable water in April (Burova,
1981b) further limits the atmospheric absorption of out-
going infrared radiation from the surfuce

The diurnal temperature amplimde is charmsctenstically
small in winter and midsummer, but reaches 3 maximum
in April. This so-called *Fram™ type of scasonal trend of
divmal temperature amplitude is attributable primarily to
the large diumal range of absorbed solar radintion,
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relative to the damping introduced by the turbulent heat
fluxes between surfoce and simasphere (Ohmurn, 1954)
in Aprl only sensible heat flux s involved, whereas in
summer the increased amplitude of absorbed solur radia-
tion is offset in part by increases in the daily range of
rarbulent heat Nuxes related 1o melting. A funther contn-
bution to smaller amplitudes in summer arises through the
(T)™* term in the Stefan-Boltzmann eguation because
mean temperatures (T) are higher,

Cloudiness over the Arctic Ocean increases considera-
bly im May (Huschke, 1969), mainly as & resull of in-
crensed large-scale advection; there is little melt or
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breakup in the central Arctic until late June. The doud
cover counterncts the seasonal increase in incoming solar
madiation to @ high degree. It is a striking fact that the total
elear sky solar radintion as o percent of the extraterrestrial
value 15 nbout the same from May through August at 900N
us at T0°N, whereas the raction actually absorbed at the
surface is substantially smaller at the pole {Doronin, 1970,
p. 29), This absence of a latiludinal gradient of poiential
radiation arses because the day length effect offsets the
solar altitude [actor. At 900N, the caleulated values of
absorbed solur radiation mt the surface remain virtually
constant from May through August as a {raction of
extraterrestrinl radiation.

As moted carlier, significant melting of the snow cover
and the developmem of puddle formation on ice ke
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place in May-June in coastal aréas and in the seasonal sca
ice zone, but oot until early July in the central Arctic. The
increase in swrface cvaporation and torbulent mixing
creates @ surface mixed layer, or isothermal structure,
although a weak elevaied advection ioversion is still
present about 40 percent of the time and surfice inversions
1:;;: 15-20 percent frequency (Vowinckel and Onvig,
1967).

Conventional surface observations indicate that cloud
cover averagss T0-80 percent during  July-August
{Huschke, 1969), but analysis of satelliie imagery for
summers 1977 and 1979 by Robinson ef al (1985) shows
episodes of clear skies over the Arctic In June and less
frequent thick stretus than earlier sources. For the central
Arctic, north of B0eN, thick, multi-layered clood averaged
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36 percent frequency for Junce-mid August, thin cloud 34
percent, very thin cloud 10 percent und clear skies |6
percent, An independent analysin of cloud conditions in
spring months, dlso using estimates of 3-day intervals fram
DMSP satellite images (Barry, ¥t of, 1987), [ndicates
‘general asgreement between climatic averages and the
satellite based studies. Table 2 for the cential Arctic
lustrates this comparison. However, the satellite data
indicale that there are (1) high percentages of optically
thin cloud (2) there is considerable interannual and
regional variubility in cloud éover, largely determined by
synoptic activity (3) the occurrence of middie level cloud
appears to be associated with the surface pressure pattems
- little cloud in antieyclanic areas, large amounts in low
pressure areas (Barry @ al, 1987) The peredominant
summer cloud type is #ratocumulus and stratus. However,
the cloud base is generally below the inversion and
commaonly the cloud is thin: Soviet nircraft studies over the
Kara and Barents scas indicate an average thickness af
about 200400 m with greatest thickness, up to ghout 2 km,
in summer (Crane and Barry, 1984). Over the Beaulor
Sen, single luyer stratiform cloud averages 250-300 m in
thickness, double layers between 100 gnd 700 m for the
lower tayer; 400 and 708 m for the upper layer (Tsay and
Jaywweora, 1984), There appears to be considetable inter-
annual vanahility in Arctic clopdiness in early summer,
particularly in the marginal seds, associated with the
location and frequency of cyclonic systems,

Precipitation amounts in the Arctie are typically low
during the winter hall’ of the year. The precipitation water
contenl in the atmosphere (surface to 5 km) averages less
than 2 mm in February and 10-12 mm in August {Burova,
198 1a). This reflects the low temperatures in winter, which
limit the absolute humidity and saturation mixing ratio,
and also the relatively infrequent advection of moisture by
eyclonic activity. Over the Queen Elisabeth Islunds in
summer, the low rainfall is determined by the few occu-
sions when the lower troposphere is near saturation
{Jacksan, 1961) which in tum depends on the occurrence
of active frontal evclones and associated vertical motion,
A stable snow caver is established by 1115 Sepiember, on
average, m the Franz Josel Archipelago and Severnava
Lemiya, 20-30 September in the Kara Sea, Taimyr penin.
sula, Laptev and East Siberian seas {Dolgin, 1959)

In the Cemiral Arctic, abour 20 cm of snow sccumulates
in:the autemn, followed by o slower increase to 30 ¢m by
February and 40 em by early May (Loshehilov, 19864). On
relutively level ice surfaces in the Kara Sea there is a
snowpack of 30-35 cm by April-May, but smounis dimi-
nish eastwird 1o 14-22 cm in the Laptev-east Siberian seas

(Buznev &f al, 1979), According to these anthors, depths
vary considerably on i locul seule in relation 1o the degree
of hummocking and rdging, and also to the age of the ce
floes, although Hanson (1980) reporied similar mean
depths on 3-month old and 7-month old Moes, as a result
of wind drilting. Mean wind speeds in January arc about
6 ms ' (Burova, 1981a). Speeds are higher in areas where
cyclones are more [requent and the surface inversion is
accordingly less intonse and persistent. Thus, in the
Barents Sea, there is a 40 percent frequency of winds over
1l ms ! in December-February, compared with about 10
percent over the pole (Hastings, 1961). MNewly-fallen snow
begins (o deift with winds of 2.3 ms~ ', and abéove 5-8 ms"
snow is lifted off the ground.

Precipitation in July-August generally falls 45 rain. At
stations nlong the Arctic coasts rainfall represents up to
40-50 percent of measured unnual totals, but over the
Arctic D¢enn a figure of 20-25 percent soems more likely.
Gauge measurements are known (o undereitimate winter
snowfnll by at least 60 percent and summer precipitation
is also onderestimated sbow 10 percent os a result of the
frequent occurrence of “trace’ readings, which are recor-
ded as w zero value (Dingmen o al, 1980), When winter
and summer measurements are adjusted aceardingly,
snawfall accounts for about 65 percent of annual preci-
pitation in eoasstal Alaska

For the central Arctic Ocean, the adjusted annual
precipitition is gboul 20 cm and the evaporation 7 cm
{Bryuaagin, 19765 Khrol, 1976). The corresponding Mgures
for the entire Arctic Deean are 36 cm and 12 cm, res-
pectively (Burova, 198la). Figure § shows the driest urea
1o be west of the Canadinn Arctic Archipelago.

RECENT VARIABILITY ARCTIC CLIMATE

The observational reeard in high northern fatitudes is
very limited although in some locations around the Nonh
Atlantic there are long term proxy records of sen ice and
armospheric parnmelers from lee cores. The instrumental
data from the land areas show a significant warming in
high northern lititudes beiween the 1890s and ca. 1940, of
the order of 2oC for annual temperatures, three times the
hemisphere mean values (Kelly 2r al, 1982) (Figure 6).
Temperatures declined after 1940, up to the 1960s with

‘some subsequent recovery. The 1880s 1o 1930s-40s war-

ming wos greatest { = 2.5°C) in winter and only 1.3%C in
summer. Kelly ¢ al note that the major trends affected
the whole Arctic, but were strongest in northwest Green-
land and the Kara-Barents Sea whereas short-penod
fluctuations were mosi pronounced near major sectors of
sgid-ice growth/decay in the western MNorth American
Arctic, the Siberian Arctic and the Barenis Sea.

Correlation analysis of the August ice aren (Zokharov,
1981) with summer temperatures for 63°-85¢N (Kelly and
Jones, 1981}, where both ienies were smoothed by a 5-year
binomially-weighted moving average, shows an r-value of
= (.81 for 1951-80, but the correlation for the full record,
1924-80, is only —0.13 (Barry, 1983). It s not clear
whether this breakdown of the close inverse association
evident over the last 20 years is solely a result of data
inadequacies pre-1935 or 5 a manifestation of some
independent underlying Mctor such as oceunic changes.
The range in minimuem summer icc extent is about 10 km®
(= 15 percent of the mean value), corresponding ap-
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Fig: 5. — Mean annual precipitation (mm) over the Arctic Ocean (afier Bryariin, 1976, The minimum over the Cansdian Archipelago
& probably too low by 30-100 peroent die to observational hins in gauge measoroments of snowiall

proximately to a 1°C change in summer temperamure,
although temperatures and boe extent in individual vears
show linle correlation. The srongest tendency [or ice
anomalies to respond to stmospheric forcing, with lags of
up to several months, is apparent between late February
and late July (Walsh and Johnson, 1979). Anamalies of ice
Extent in spring appear to be primarily regional in extent
and driven by anomalics in aimospheric circulation. Soviet
workers, for example, hove long recognized i tendency for
antiphase relationships between ice in the Barents-Kara
seas and the Chukchi-East Siberian seas (Barry, 1983),
Long-term records for the Esst Greenland ice off
leeland, originally analyzed by Koch {1945), have been
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re-examined by Ogilvie (1984). She reconstrices the sea-ice
record, sclecting the most reliable historical data from
lecland, and compares decadal ice indices with a winter/
spring thermal index of cold/mild seasons. There was a
mild period between 1640 and 1670, and severe conditions
in the 16305 and 1730s (which were also cold), Also, from
I701-10 there wis heavy ice, although the climate seems
to have been mild. Consequently, severe temperature
conditions do not necessarily appear to indicate the
occurrence of extensive ice. As confirmation of this, Kelly
et al {1986) show by an analysis of the severe und light
ice years versus winter mean sea level pressure values for
1900-1972, that the leelandic jce index is o reasonable
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indicator of winds and ocean transpont north of Iesland
but not of large-schle processes.

CONCLUDING REMARKS

Knowledge of the chmatic conditions over the Arctic
Ocean is sl insulficient to define the overall surface
energy and ice mass budget regimes with necessary
precision. Cloud conditions are poorly known due 1o the
inadequacy of present remofe sensing technigues for
discriminiting clouds over snow or ice, and daw on sea
ice thickness distribution are meagre. Reoently, progress
has been made in determining the timing and spatial
distribution of snow melt. This may become an important
parameier o monitor in future, in lght of the postulated
effects of anthropogenic-induced warming in high latity-
des. This includes not only the widely recognized CO-in-
duced effcets on climare (MacCrucken and Luther, 1985)
and the cryosphere (Barry, 1985), bul also the increasing
levels of serosols over the Arctic Basin, particularly in
spring due to industrial activity in middie latitudes {Barrie,
1986}, Apan from the direct heating effect on the atmo-
sphere resulting from radintive ubsorption, there | the
further contribution to snow mell duc to the reduction of
surface albedo by sool deposition (Clarke and Noone,
1985).
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The possible consequences of these perturbations on
Arctic climate and especially the long-term stability of the
present sea ice cover are poorly defined. There is 4 large
margin of uncertainty in exivting model experiments which
will only be resolved with a higher order of coupled
ive-ocean-atmosphere models and improved input and
vahdation data, In view of the possible consequences of
A more open Arctic Occan on hemisphieric climate, there
is an wrgcncy to finding solutions to the unanswered
gquestions outlined in this overview.
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L’EXPEDITION « LAC BLEU » AU GROENLAND
SUR LES MICROMETEORITES
ET SES PROLONGEMENTS EN ANTARCTIQUE

par Michel MAURETTE
Laboratotre Rend Bernay, Faculté o ' Orsay

et Claus HAMMER

Institut de Géophyvrigwe, Universieg de Copenhagmwe

RESUME, — On doone les principaies motivations qui poussent bes chercheurs 4 recueillic des grains de poustiére cosmique dans Jes
stdiments terrestres. Puls on monire goe les n':dimt:m:nptﬂ:ﬂ.nmlmlht 1984 sur le fond d'un lac = blew » formé sar 1a
2one d'ablation ouest de la culotie glaciaine groenlsndaise, constitvent in mine de mnm extraderrentes In plun riche of 10 mieux
préscrvée conmite o oo jour. Finalement oo présente un projet d'expedition str une 2one de glace bleie ancicnne en Antarctique,
quil devrait permetire de mieus comprendre les Himitations indvitabies de mouvelle collection (rés prometicude de pomsiéne cokmique
grocnlandsise.

Mois-chés ¢ Mlcrométéorites — Poussiére cosmigue — Ablation — Systbme solaire — Sédiments — Glacinlogie,

ABSTRACT. — The “Blee Luke" expedition in Greeniand snd its extension in Amturetien. We divcis the modivadiony wadedayimg the search
for copmic dust groing in tervearial gediments, We show thar the patches of dark sediments collectod in July 1984 on the batromr of
a “blue” luke on the melr zone of the west Greenland ice cup, :um.!ru:.r the richest aud beay preserved mine of comnic durt groins
found an the Earth yer, We finally outline o project of expedizion on an old blu foe fieldin dntarctica, that Is mostly injended 10
check thie lmitations of the véry pramitsing new colleciion of Greemband cosmic dust

Key-wordy : Micrometeoriter =— Copmic duse = Abfation — Solar sooem — Sedimenty — Glaciology — Baoterial mining.

UNE COURSE AUX « GROSSES» POUSSIERES stdiments marins de grande profondeur;, représente a
COSMIQUES priori les risidus plus ou moins brilés de ces déun fimilles
de « corps parents », lorsgu’ils sont capturés par la Terre
en subissant un freinoge brutal dans 'stmosphére. Ce

Les scientifiques se somt miéressés depuis prés d'une freinage augmenie brusquement lenr lempémture ao-des-
cenfaing d'années i Lo poussiére cosmigue capturée par sus des températures de fusion et produit leur « ablation »
la Terre lors de son voyage annuel autour du solcil. Paul plus ou moins superficielle, qui conduit 4 la Tormation des
Hodges o magnifiguement résumé dans un livee [1] celle poussieres cosmiques recombant dans les sédiments Lerres-
tlonoante course @ la poussiére cosmigue ol certains tres, et wu phénoméne d'étoiles filuntes pour les plos
scientiliques sc sont égarés en collectant dans différents grosses d'entre ellec.
sédiments terrestres de ln poussitre « cosmique », qui Les estimations effcctudes sy moyen de détecteurs
n'étail en fail qu'une poussiére tefresire présentant I'ano- automatiques embarqués 4 bord de satellites montrent de
III.HH-E d= manirer ‘ Iﬂ fﬂl! une ful"ml.! d:‘ ’Pm!‘ €l un l““j' m i' misse I.DI-.IE d“ mi:"]mﬂm-il W milﬂu du
caractare magnélique. la Terre est environ | 000 fois plus Slevée que celle des

Le taux d'scorétion de matiére exira-terresire par ls météorites beaucoup plos grosses (cetie estimation est
Terre au cours de son voyage annuel autour du Soleil est uniquement vilable en dehors de périodes catucivsmigues

voisin de 10 (00 tonnes par an pour toute o surface de trés rares, o0 unc météonte péante bombarde fa Terre). On
Ia Terre. Il s'agit li d'one estimution sire, qui a Mé peul done s'altendre o priori 4 ce que ln poussidre

obtenue cn recoupant des mesures s differentes, telles cosmigue recueillic sur Terre soil dominée par le flux de
que celles concernant la contumination du sol lunatre en microméteorites. Il st éonnant de constater gue celle
matitre « extra lonaire v, e les  données recocillics conclusion déduite de cet argument trés simple n'a &ié

automatiquement par les détecteurs de micrométéorites udmise que trés récemment par la majorité des plunéto-
embarqués & bord de satellites depuis une quinzaine logues, qui s'abritaient derriere des modéles théorgues
d'années. Cette mutiére extra-terresire est regroupée dans d'ablation de micrométéarites.

deux familles distinctes compronant les météorites et des Ces modiles, chids encore trds rhoemment dins |n
objets de beaucoup plus petites tailles (quelques mm au linérature, indiquaient que les microméséorites dont les
Plus), qui constituent le flux de micrométéorites. dimensions étaient supérieures & 0,1 mm devaient &tre

La poussiére cosmigque déposée dans des sédimenis o entigrement » détruites lors de leur ablation. Par consé-
terrestres favorables, comme les plices poloires et lex guent, la poussiére cosmigue accrétée par la Terre repré.
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senterail essenticllement les produiis d'ablation des mé-
leorites, bien moins intéressants 4 &mdier que Tes météo-
rites elles-mémes, dont environ 10000 fragments sont
rassemblés dany les collections terrestres. Cependant ces
modéles sont trop simplifiés. lls ne tiennent pis compte
de données récentes montrant en  particulier que les
micromeétéarites sont des objets de faible densité, proba-
blement constitudes o aggrépals poreus bourrés de matidre
organique volatile. 1| semble que le deégarage de tels
aggregats lors de leur capture par la Terre, induit proba-
blement les microexplosions gqui ont 8¢ ohservies récem-
ment e fong des trajectoires d'étoiles Nlamies, sur des
photographies prises au moyen de caméras disposant de
vitesses d'obluration tréy elevées. Ces explosions indui-
raient alors une fragmentation = en vol » plus ou moins
partielle, qui pourralt survenir avant la fusion compléte
des micrométéorites.

Depuis quelques années un heursux concours de
circonstances nous a encourmgés & rechercher fes plus gros
grains de poussitre cosmique dans des glaces polaires de
grunde pureté. On sait tout d'abord bien misux pr&mlr les
difficultés associées il Ia contamination terrestre, qui dilue
considérsblement la poussiére cosmigque piégée dans les
sédiments. De plus, depuis le travail de nos collégues
Ruisbeck et Yiou du laboratoire René Bomas (voir section
#les éléments en (race ») on dispose maintenant de
critéres trés siirs, qui permettent i la fois de démontrer
Parigine extra<errestre o'un gros grain de poussiére (taille
supérieurs & 0,4 mm), &1 de préciser si son w corps parent »
avull des dimensions compatibles avee celles des micro-
météorites (inférieures & | cm), ou celles des météorites
beavcoup plus grosses. Comme nous le verrons plus en
détail dans la section suivante, cette différence de taille
des corps purents a de profondes implications sur ['inlérét
de leur ftude, cur on considére que les grosses micromé-
téorites, gqui seules laissent des rrojecioires visibles dars
Fatmaosphére terrestre (phénomine o étpile fHante) permet
tant de préciver lewr origine, seraient essenticlloment des
débris de cométes plus primitifs que la mati#re constitutive
des météorites. Ensuiic o mécent retour de la cométe de
Halley aprés un voyage de 76 ans nux confins du sysiéme
solaire, et qui a donné lieu & plusicurs missions spatiales,
a révelllt intérdt des scientifiqgues, en les décidant &
consacrer des efTorts prioritiires 4 'Sude des noyaux
cométaires, ef de leurs relations avec |2 matiére constito-
tive des micrométéorites et des météorites.

Nous avons déji résumé dans un amutre aricle de
vulgarisation [2] les elforts que de nombreux scientifiques
avaient effectués depuis unc centaine dannées pour
recueillir In poussitre cosmigue pooréiée par lo Terre
Nous v rappelions que ces efforts ont été dominés depuis
1970 par 1 travail de plonnier de notre collégue DE
Brownlee du Dépanement d'Astronomie de 1"Université
de Washington 4 Seatile [3, 4. Brownlee a collecté & In fois
des petites particules extra-lerrestres dans ln strutosphére
avec des moyens aéroporiés, ef de plus grosses sphérules
cosmiques par dragunge magnétique de sédiments marins
de grande profondeur, au large du Pacifique. Dans cei
article nous nous contenterons donc de décrire notre
propre tentative, en développant tout d'abord les raisons
spécifiques qui nous ont amenés 4 organiser 'expédition
groenlandaise. Puis nous résumerons les principaux résal.
tats obtenus 4 ce jour sur |'Gude du gisement de poussiére
cosmique exirémement riche que nous avons découvert sur
le fond d°un lac bleu de la calotte glaciaire groenlandaise:
Enfin, aprés avolr bridvement présenté certuins avantnges
unigues des glaces polaires considérées comme un gigan-

testue collecteur naturel de poussiére cosmique, nous
décrirons un nouvedu projet de collecte de cette ponssiére,
gue nous espérons réaliser yu cours des deux prochaines
années en Antarctique, e dont ["un des objectifs princi-
paux est de préciser les limitations inévitables de notre
collecte groenlandaise.

DES GLACES COMETAIRES AUX GLACES
POLAIRES

Le succés trés récent des missions spatiales Giotto et
Vega vers la cométe Hallew[5] a permis de confirmer
définitivement le modéle de noyau cométiire proposé par
Whipple |6] et selon lequel ce noyau sefalt constitué pour
I"essentiel par un ngglomémmit de glaces solides (H,0, CO),
duns lesquelles se trouvent piegeés des grains de maftiéne
nan volatile, Une &valuation trés préliminaire du rapport
relatil’ de la masse des poussitres & celle de ces glaces
donne une valeur de 20%. De plus I"émission pareuse
observée au voisinage immédiat du noyau est compatible
avee l'existence de glice de H, O o1 de CO. Les scules
différences notables par rapport au modéle de noyau
comeétaire de Whipple, sont 1a plus faible proportion des
grains de poussiére, qui &ail voisine de 50% dans le
modéle de Whipple, et Mabondance éonnante de matiére
organigue, qui est plus élevée que celle trouvée duns les
méiorites « carbonées » considérées comme les météori-
tes et plus primitives.

Drins ce modéle qui semble ainsi confirmé, les noyaux
cométaires serient les « [ossiles » les plus primitifs du
systéme soluire, puisqu'ils représentent un echantillonage
des poussidres el des gaz présents dans [a nébuleuse
solaire primitive avant la formation des planétes (4 1'ex-
ception des gaz les plus volatils comme "hydrogéne). Les
gruins de matigre non volatile (gue I'on appelle encore
grains & o numérd atomique élevé » pour leés opposer aux
grains de gluce el de matitre organigque constilués d'He.
menis |égers) gqui sont piégés dans le noyou cométaire
seraient done les « brigues » les plus primitives 4 panir
desquelles les phinétes se seraient Formées par 'accrétion
de « planttésimals », qui som probablement des « comété:
simals », Cest-d-dire les noyaux de comdtes cux mémes,
Dans le modéle de noyau cométaire (accrétion « [roide »)
qui sermmble prédominer actueliement, ces groins de pous:
siére représenteraicnt un mélange de grains d'origines
varides, Inillihmuﬂl présents dans le nuage interstellaire
dont la fragmentation a donné naissance ao systéme
salaire et dont lés compositions ne sersient pas homoge-
nes, Dans Fautre modéle concurremt d'accretion
« chaude », qui semble en perte de vitesse actuellement,
ces grains interstellaires n'auraient pas survécus, puisqu'ils
suraient &€ tout d'abord volstilisés au cours de I'évolution
thermique de la nébuleuse solaire résultant de la formation
du soleil; le goz sinsi formé surait alors redonné par
condensation une nouvelle génération de grains plos
récents € de composition beaucoup plus homogéne On
voit ainsi apparaitre lintérét de rechercher ces grains
primitifs, puisque leurs carnctéristiques dépendraient for-
tement des modeles de formation du systéme solaire.

C'est I'intuition, qui & & confirmée récemment par le
travisil de Raisheck et Yiou (voir section « les élémenis en
trace »), que les corps parents de ln majorité des « gros-
§£2 % poussitres cosmiques accretées par a Terre sont des
microméteorites, gui ¢lles mémes représentent des débris
relachés par les noyaux comémires lors de leur passage au
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voisinage do soleil. qui 4 motive en 1983 notre idée
d'expedition au Groenland, Ces poussitres contiendraient
done les graine primitifs que tous les planétologues
recherchent avec passion. En fait Mhypothése que le flux
de microméiéoriies est doming par les débris cométaites
ne peul #re vérilite que pour les plus w grosses » d'entre
elles, dont les dimensions somt supéricures & quelques
diziémes de mm, ot dont on ne peut collecter les débris
que dans les sédiments terrestres, car clles sont beaucoup
trap ares pour ére recueillies sy moven des dispositifs
spatisux actuels, dont les surfaces de collection sont trop
faibles (voir section » Le giganiisme du collecteur nature]
glace polaire »).

En effet. scuies ces grossés micrométéorites Inissent des
trajectojres étudinbles duny I'atmosphére lerrestre, qui
résultent d'une émission de guz plus ow moins jonisé
pendant leur ablation. Celte émission « décore » leurs
trajectoires, qui peuvent alors étre observées soit dans Je
domuine visible (phénoméne d'Mtoiles filantes observé
pour les micrométéorites dont les dimensions sont supé-
riciires 4 | mm) soit an moyen d'échos radar, particuliérs-
ment bien adaptés pour I'étude des trajectoires de plus
petites micrométéorites, jusqu’a des (ailles voisines de 0,1
mm. Elles constituent en fait des « ¢léments d'orbite », 4
partir desquels les scientifiques savent reconstituer Norbite
entiére et done loriging de ces o grosses o particules, dans
les cas pew fréquents ol ces orbites sont déterminées avec
une trés bonne précision.

C'est minsl que Whipple (le pére du modéle de gluce
sale cométaire) a sélectionné parmi les nombreuses trajec-
toires d'éloiles filantes qui svaient &é pholographiées,
celles (environ 400) qui étaient connucs avec la plus
grande précision. 11 o pu ainsi montrer que 90 % d'entre
clles avaient des orbites cométaires [7] qui sont beaucoup
moins circulnires et plus excentriques que celles des
météories.

Lin autre avantage trés important de ces gros groins est
qu'ils contiennent sulfisamment de matibre pour pouvoir
étre analysés au laborutoire par des techniques de spec-
trométrie de masse trés puissantes. Seules de telles ana-
lyses nous donnent 'espoir de progresser nettement diins
notre compréhension de I'origine du' systéme solafre, par
rapport aux conclusions défd déduites de réy nombreuses
eiudes de méréorites. Mous rappelons que ces méthotes de
spectrométrie de masse, parml lesquelles on peut citer
celles développées par nos collégues Raisbeck et Yiou
(laboratoire René Bernas), et C. Birk et G, Manhés
{laboratoire ‘de cosmochimie jsotopique de I'Institut de
Physique du Globe de Paris) donnent les concentrutions
d'isotopes du bore et de I'aluminium, qui permettem de
déduire que les corps parents des poussiéres sont bien des
microméidorites, ninsi que des rapporns isotopiques tels
que ceux de Voxygéne, du magnésium, du titane ot des gaz
rares, dont les valeurs sont trés dépendantes des seénarios
proposts pour 'origine du systéme solaire, Elles permet-
tend également, 4 purtlr d'autres mpports isotopigues, de
determiner divers dges « modéles », & partir desquels on
peul retrucer ['évolution primitive des grains depuis leur
origine. C'est pour cette raison que P'on prévoil dés &
présent une mission spatiale de rendez-vous cométaire uu
xxr sigcle, destinée & ramener sur Terre un petit échan-
tilon de noyau cométaire, que l'on préserverail par
congélation jusqu'au moment de Uanilyse, dé maniére i
éviter Ia pertc des glaces volatiles.

Les anslvses effectuées au moyen d'instruments em-
barqués i bord de satellites sont importanies. Cependant,
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elles ne peuvent concurrencer les analyses de laboratoire.
D'une pan Vinstrumentation embarquée’ est loin d'dtre
aussi performante que les méthodes de spectrométrie de
masse les plus récentes développées pour le laboratoire,
D'autre part, par suite de leurs faibles surfaces de col-
lection, ces instruments ne peuvent recueillir que Jes plus
petites particiles du flux de micrométéorites qui som les
plus wbondantes (voir la section « Le pgigantisme du
collecteur nuturel glace poliire »), mnuis dont les masses
sont alors trés inféricures aux senils de sensibilité des
methodes de lnboratoire.

DES FOURS SOLAIRES POUR SIMULER
L*ABLATION

On pourrait objecter que ces micrométéorites ont été
o brillées » par ablation dans I'atmosphére terrestre en
perdunt dinsi ce carsciére primitil gui en représente
l'intérét essentiel. Mais nous avons découvert une compo-
sante mineure de grains non brillés, qui représente quel-
ques pour centy des poussitres cosmiques groenlanduises,
En effet. ces grains possédent des formes irrégulitres tris
différentes de celles des particules les plus nombreuses qui
ont des formes de spherule fondu, De plus ils contienneni
de Tortes concentrutions d'élements volatils comme e
souffre et le phosphore, qu'on nobserve plus dans les
sphérules. Ces deux observations Indiguent donc que cette
composantc a &té trés peu transformée: par ablation
D'aprés nous ceci résulteralt 4 la fois des trajectoires
d'entrée trés rusantes de leurs comps parents dans I'atmo-
sphére, et de leur structure d'apgrépats poreux gui se
fragmentent en vol. Leury graine minéraux constitutifs sont
sans doote les grains reliques que nous recherchons, qui
ant &te les 1émoins de I'origine du systéme solnire.

De plus, méme pour lex sphérules fondus, |a modification
des corps parents résulte d*on seul processus (I'sblation),
dont on connait la localisation, et qu'on a réussi 4 trés bien
modéliser quand on connait les matériaux de départ. Cette
modélisation permet par exemple de faire rentrer dans
I'atmosphére sans les détruire, des ogives de fusée et ...,
li navette spatiole. Mais beaucoup de progrés restent A
faire dans la modélisation de Fablation des micrométéo-
rites, trés probablement constltuées pour Pessentiel par des
BEEregats poreux, qui se fragmentent en vol, et dont on ne
connail pas les caractéristiques qui interviennent dans les
équations théoriques décrivant le processus d'ablation,

("est pour cette raison que nous avons décidé, grice
i une collaboration avec nos collégues Flamant et Olalde,
de recounr & des expériences de simulation avec les fours
solaires d'Odelllo. Ces Tours délivrent en effer dey im-
pulsions thermigues trés bréves (durées voisines de une
seconde) ¢t trés intenses, qui simulent I'ublation que les
micrométéorites subissent lors de leur entrée dans 'atmo-
sphére. Lés cibles déji choisies comprennent différentes
familles de métdorites, ainsi que des échantillons de glace
sitle, riche en poussiére & en matitre organique. Grice 3
ces simulations, il sera possible d'identifier les carsciéris-
tigues importantes des micrométéorites qui ne sont pas
modidiées au cours de leur ablation, et que 'on peut donc
mesurer directement méme dans les.. sphérules fondus,
ce qui apparaissait trés difficile aw premier abord, Par
conire, dans fe cas des mitdorites qui se sont probable-
ment formées i partir de la méme matiére primitive, on
ne connait ni 'endroit ni la chaine de processus qui ont
régl cette transformation de la matiére primitive. On ne
peut donc rien simuler de manigre valable,




POUR UNE COLLECTE « MECANIQUE »
DE POUSSIERE COSMIQUE

Il existe d'autres collections de « grosses » poussiéres
cosmiques recueillies sur Terre, dont Porigine extra-ternes-
tre ne fait plus de doute, telles que les particules extraites
des stdimonts maring de grande profondeur au moyen
d'un draguage magnétigue par D.E. Brownles[4, 5. Une
raison  essentielle motivant expédition groenlandaise
concerne quelques limitations de ces collectes antérieunes.

Par excmple en 1983 Brownlee nous avail irés généreu-
sement permis d'examiner sa collection « marine b, qui
comple @ c¢ jour prés de |00 000 particules de plus de 0,1
mm, ¢t ol on dénombre plusicurs centaines de particules
de dimensions supérieures 4 04 mm. Ces particules
marines d'origine extra-terrestre comportent deux classes
principales de spherules fondus ; des sphérules pierreux
présentanl une composition chimigque d'éléments non
volatils trés particuliére, dite « chondritique », et que I'on
retrouve 4 la fols pour certaines météoriles carbondes minsi
que pour ['atmosphére du soleil; des sphérules de w [er »,
constitués en réalitd d'un alliage oxyde de fer et de nickel,
€l qui avaicnt déja ¢t observes par Murray et Renan [Eli]
dans les sédimenis marins rTamenés par '=xpédition océa-
nographigue du Challenger en IS']J On sait seulement
depuis. environ deux ans, grice aw travenl trés difficile
qu'ont effectué nos colldgues Raisbeéck ot Yiou du labo.
ritoire René Bernas (voir section « Les &tudes d'éléemetits
en trace »), quc la composition chondritique oo la pré-
sence du nickel associé su fer, constituent de trés bong
criléres pour sélectionner des particules d'origine extra-
terresire.

Dans fa collection manne le mppornt ontre les particules
de = fer » e de « pierre » st trés dloveé (25 % 30 %). Mais
il pourrait résulter du draguage magnétigue des sédiments,
qui augmenterait antificiellement la proportion de particu-
les de fer les plus magnétiques. Nous voulions done nous
affranchir d'une collecte magnetique 2n affectuant une
collecte purement mocunigue, afin d'essaver de déterminer
Iz = vrai » rappont coire les pandcules de fer 2t de pierre
du flux de micrométéorites, Yui en représonte en fait one
caraciéristique irés imponante, susceplible de varior en
fonction du temps. On pourrait donc wtiliser ce rapport
comme un traceur de Uactivité passée du Mux de microme-
Lénrites.

Un wsutre inconvénient do draguage magnétigue
concerne les sphérules chondritiques magnétiques. En fait
leur caractére magnétique résulle de la fusion de leprs
corps parents dans Patmosphére, au cours de laguelle une
partic de leurs atomes constitutifs de ler sont oxydés-en
donnant une précipitation de tris fins cristauy de ma-
gnetite dans les sphérules, qui deviennent alors magneti-
ques. On sélectionne done préférenticllement par draguage
magnétique des particules forement metamorphosées, qui
ant perdu toul caractére primitif. 11 semblait donc intéres-
sant d’essayer o exyraire par des mavens purement mecani-
ques  uRe composanle  non-magréligus, susceplible de
contenir des particules beaucoup plus primitives.

Un asutre svantage de Iz collecte de poussiére groen-
landaise ool que 'on pouvait espérer ¥ réduire d'une pan
la corrosion jpar les esux naturelles, qui est trés marquie
pour les sphérules chondritiques muarines exposées 4 l'eau
de mer, e d'autre part le rdle de I contamination
terrestre. En fadt le matériau constituif du collecteur
principal est de la glace présentant ln grande pureté de
I"eau distillée, ol les particules sont protégées par congéla-
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lion & basse température environ 10 mois par an, &t gue
I'on élimine sans probléme par fusion et fliration. De plus
iz travail sur le glacier s’effectue dans une stmosphere trés
propre, comparable i celle produite dans une hotte de
lnboratoire dite « sans poussiére w, oi "air est (Tliré trés
soigneusement. Ces curactéristiques imponantes résultent
du régime de vents favorables suivant @ 1l existe tout
d'abord wn systéme de vents rtourbillonnants locaux,
chargés en poussiére lerrestre, et qui comtaminent la zone
d'ablation; cependant comme ces vents sont repoussés la
plupart du temps par des vents troposphérigues trés
propees qui soufflent de Pintéreur vers la obie, ils ne
peuvent « lécher » la calofle glaciaire que sur une profon-
deur moyenne de 10 km, La zone d'oblation est ainsi
s Verrouillée » In plupart du temps vis-dovis des vents
chargeés en poussiére terrestre.

LES MILLIARDS DE TONNES D'EAU
DU MECANISME « PLACER »

Il nous restait cependant une formidable dilficulté 3
resoudre, reliée 6 In trés foible concentration de poussidre
cosmique dans la glace groenlandaise, que nos estimations
les plus optimistes fIxaient & environ 20 particules de
tailles supérieures 3 0,1 mm, par Woane de glace, En fait
avint notre travail des chercheurs wvaient déjd déomt
quelques sphérules mugnétiques extraits des glices polai-
res. Ces sphérules avaient probablement une origine
extra-terrestre (voir le livre de Hodge). Mals on pensail
qu'il ne serait pas possible d'en cxtraire des quantités
suflisanies pour des unalyses détaillées, par suite de Jeur
extréme rareté dans la glace

Il nous fallait doanc trouver une idéc originale pour
fondre sur place d'Enormes quantités de gluce ef v extruire
par voic mécamigoe les rares podssifres cosmques qoi
pouvaient y @re contenues. Tlest en examinant des
photographies sléréoscopiques de fa calotie glaciaire
groenlandmise, prives par Baver [9] dans le cadre de I'an-
née géophysique internationale co 1958, que nous vint
lidée du mécantsme o placer » qui [ & la buse du snccks
de notre expédition. Comme nous fe verrons [a validite de
celie idée (01 testée sur la zone d'ablation de la calote
glaciaire groenlandaisc, au voisinage de Sondrestromford,
sur la cite ouest du Groenlund, juste au dessus du cercle
arctique, et & environ 20 km du bord de la calotte,

Ce mécanisme opérerail de Ia maniére suivante ; dans
cetie zone d'ablation la glace fond pendant une bréve
periode (environ du 15 Juin au 15 Aoal) du court &t
arctigue, et alimenie un réseau spectaculaire d'innombra-
bley torrents, qui se déversent dans de petits lacs, dont les
lengueurs peuvent dépasser plusieurs centaings de métres.
Les photos de Bauer révélaient gue ces lucs se forment sur
le fond d'un relief trés margue de vallons® er de
collines de glace. En fait, ce relief reféte d'une maniére
trés « amortic » cclui beaucoup plus marqué du socle
rocheux sur lequel le glacier s'écoule, & une prolondeur
denviron 8 métres of & unme vitesse voisine de | métre
par jour. Par conségquent, les lacs se forment & peu prés
aux mémes endroits lous les ans, duns des vallons qui
correspondent & ceux du socle rocheux.

Le diamétre des bassins de collections de quelques lics,
choisis sur les photographics de Bauer comme site possi-
ble de prélévement, ansignent des valeurs de 5 km
Comme I'épaisseur de glace fondue tous les ans esl
denviron | m, ees lacs drainent annuellement une énorme
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quantité d'ean de fusion de la glace, voising de 100 millions
de Ionnes, gui charrie avec elle-les mares griins de pous-
sitres collectés par la glace. Une fraction inconnue de ces
grains pouvaient alors s"accumuler sur le fond des lacs,
par un mécanisme de sédimentation de particules plus
lourdes que 'ean de type « placer », qui est bien connu.

Mais le fait le plus extraordinaire est que ce Processus
de surconcentration s'est répété d'annde en unnée, sensi-
blement nux mémes endroits {le fond des vallons de glace),
sur une période gui correspond A Pige de la glace qui
afMeure de nos jours en surface. Clest ainsi gue le vallon
de glace ol nous avons effeciud notre prélévement princi-
pal de sédiments, et qui est constitué d'une glace vieille
d'environ 2 (00 Wns, pourrail avoir subj le ruissellement
d'une extraordinaire quantité d'eau de fusion, 2 000 fois
plus grande, voisine de 200 milliards de tonnes. Méme si
wne Mraction trés faible de la poussiére cosmigue contenue
nitialement dans cette montagne de gluce (de 10 km de
base et de | km de hauteur) s¢ trouve concenirée dans les
filons de sédiments noirs observis sur le glacier, il s"agit
A d'un processus tellement exceptionnel, qu'il sera ex-
ploité bien au deli de lo fin de ce siécle, malgrd dex
limisations inévitables que nous signalons dans la section
w Vers une collecte sur une falaise de glace bleue en
Antarctigue w.

En (uit une observation trés soigneuse d'agrandisse
ments des photos de Bauer mantrait clairement existence
de dépdis de sédiments noirs trés localisés sur le fond de
e lacs, gui semblait done conforter notre intuition. Nous
avons alors fait le pard que ocs sédiments pourraiont fire
trés enrichis en poussiére cosmique, pulsquiils se trou-
vaient de surcroit dans une zone gqui devait &ire protégée
de la contamination terrestre par suile du systéme de venis
favorables décrit dans le demier paragraphe de li section
précédente. Nous decidimes dorguniser une expédition
pour les recucillir, puis les analyser au laboratoire, en
collaboration avec ceun de nos collégues qui avaient cru
déy le déepart & ce pari un peu fou.

UNE EXPEDITION « INSU » DE CINGQ PERSONNES

Griice & I'side de I'Institut National des Sciences de
I"'Univers (INSU), de son dction concertée de planétologie,
et de ses administrateurs efficaces comme J. Vassan, nous
avons pu organiser une expédition franco-danocise de 5
personnes qui comportait outre nous mémes, H.H. Thom-
sen ot N. Rech, tous deux du « Greenland Geological
Survey », ¢f K. Rasmussen, qul et rattaché comme
C. Hammer & I'Institut de Géophysique de I'Université de
Copenhague.

Le 9 juillet 1984, nous avons pris Favion de ligne qui
relie directement Copenhague & Sendrestremfjord. En
survolant la zone d'ablation lors de ln descente de 'ap-
pareil vers 1'néroport, nous apergumes nos premiers lncs
blcus dont le fond &ait bien recouvert d'une poussiére
nofre. Le |1 Juillet un gros hélicoptére nous déposa avee
700 kg de matériel 4 environ 20 km du bord du glacier,
ol nous avons campé £ jours. Le camp, comprenant Lrofs
tentes de deux personnes et une tente « cuisine » filt vite
etubli.

La surface de la glace éwit en fait constituée d'une
myriade de trous verticaux, ayant une profondeur voisine
de 20 ¢m, e sur le fond desquels reposait une irés mince
couche de stédimenis noirs. La poussidre noire que nous
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recherchions dtait déjd 1A sous noy pieds. En (it les
explormeurs du Groenland avaient déja décrit detels rous
i w eryoconite w (nom donné aux sédiments noimj, et qul
ont &1é obsenvés plus récemment pour certains gladiers de
I Alaska.

Les deux suisses De Quervain of Mercanton avaient
méme ramené 08 kg de cemte cryoconite noire, gu'ils
gvalent recueillie sur un petit tas de surface, au cours
d'une expidition effectuée en 1914 sur un autre glacier
groenlandais Les résultats [10] qui se limitalent essenticl-
lement A une description « visuelle » trés quulitative des
sidiments, furent seulement publiés en 1925, Avanl notre
départ en expédition nous avieons essaye avec obstination,
mais sans succes, de técupérer un échantillon de cette
poussiére dans les Isboratoires suisses, en particulier ¢n
retrouvant et en discutant avec le fils méme de De
Quervain. Cet échantillon semblalt trés important dans le
cadre de la préparation de notre expédition. car les deux
suisscs y avaient axtrait 8 sphérules magnétiques de plus
de 0,1 mm, ce qui suggtrait déjai Vexistence d&une
concentration en sphérules mu moins 10 fois plus elevée
gue celle cournmment observée dans les sédiments marins
{eaviron | sphérule magnétique par kg de sédiment).
D'aprés nos informations cette poussiére n'a jamais éte
analysée au moyen de méthodes modernes d'analyse au
laboratoire, el on ne connaissalt donc pas si nuture exacte.

Le lendemain nous avons remonté |e glacier, et rencon-
tré ainsi de superbes paysages de glace et d'enu. La
poussiére y Etail omniprésente, el NOUS &Vons en particu-
lier trouvé une couche de cryocanite noire reposant sur la
place méme, ayani une épaisseur de 5 4 10 cm, une
longueur d'environ 25 m et une largeur de 3 & 5 méwes.
Ce dépdt, résultant probablement de asséchement d'une
petite mare, semblait quelque peu similaire (mais beau-
coup plus grand) & celui déji observé par De Quervain et
Mercanton en 1914, T murait & facile d'y prélever avec
une simple pelle plusieurs tonnes de sédiments, mais nous
en avons seulement recueilli quelgues kg, car nous avions
décide de consacrer 'essenticl de nos effons de collecle
A un superhe lac « bleu = qui se trouvait A environ trois
heures de marche de notre camp.

Ce lae (lig. 1). montrait des filons exploitables de
stdiments noirs pres de une de ses rives. 11 était traverse
en son centre par une rividre trks mplde, du type de celles
qui forment des barridres infranchissables sur fe glacier.
Nous avons alors réalisé trés rapidement que ces sédi-
ments fie pouvaient étre recueillis au moyen de dispositifs
classiques, utilisés habituellement pour extraire des sédi-
mentys lacustres, et qui ressemblent 3 des godets lesiés, que
l'an traine sur le fond. En fait méme prés du bord le
courant résiduel gui est &levé (environ 0.5m/s) devrail
entruiner les sédiments. Fort heurcusement le fond du lac
esl trés o rugueas » car il est constitué d'une myriade de
petits trous d'environ | em de profondeur. Les sédiments
tombent dans ces trous, et sont ainsl protégds de action
dentrainement du couranl, mais aussi de oule eniative
de récupération avec un godet lesté qui raclerait le fond
du lac.

Grice & I'mde de M. de Angelis et M. Pourchet, nous
avions pu préparer avint notre dépan sur le glacier toute
une hatteric de dispositifs de dreguage, que nous avions
amenés au Groenlond afin de fuire face & toule éventua-
lite. Nous avons alors sélectionné un dispositil & aspira-
tion de sédimenis, construil avec une pompe de 500 g,
utilisée  habituellement pour vidanger les toileties des
batesux de plaisance et & laquelle nous avions fixé des




Fia. 1. — Vue partielle d'un filon de sédiments noirs déposds sur

le fond du lue blew, situd A envieon 3 heures de morche du camp

de bage, et dont le prélévement 4 constilué 'ohjectifl principal de
Fexpédition.

tuyaux en plastique d'environ 10 cm de diamétre, Aprés
avoir enfilé des combinaisons &anches de pécheurs i la
ligne sur nos combinuisons polaires, nous sommes des-
cendus dans le lac, prudemment encordés bien sir. Nous
uvons alors utilisé la pompe & la munidre d'un aspirateur
avee lequel nous avons nettoyé trés cfffcacement le fond
du lac de sn poussiére noire. Celle-ci érait recucillic sur
un tamis retenant unigoement les panicules de dimensions
supérieures 4 0,1 mm. Cefte opération de filiration avait
pour but d'éliminer en prande partic la comtamination
terresire qui est toujours beaucoup plus importante pour
les grains de plus petite taille, gqui sédimentent lentemeant
dans I'stmosphére, et peuvent par conséguent &tre entrai-
néi sur de longues distances par les venis,

[¥ans cette zome trds inhospitalitre ol nous avions
dtabli notre camp, ces vents pouvalent dtre pour nous un
ennemi redoutable et compromettre nos projets ; ils
shaissent considérablement la température corporelle, et
emportent les tentes méme vissées profondément par des
broches & glace. Nous avons cu |z chance de bénéficier
d'un temps clémemt qui nous & permis d'effectuer tous les

: sur le site de Sondrestromfjord. Nous
aurions voulu faire d'autre prélévements dans des zones
encore moins contaminées @ plus grande distance du bord
du glacier, mais fnous avions épuisé tout le budget de notre
cxpédition (150 000 francs).

Deux jeunes francais, J.M. Gauthier et J M. Loubiére
se trouvaient pendant cetle période au Groenland, pour
participer 4 une campagne publicitaire sur le bord du
giacler de Jakobson, & environ 500 km au Nord de
Sondrestremijord. Séduits par notre recherche, ils nous
onl apporté leur coopération amicale. Leur budget, au
moins 10 fois supérieur i celui de notre expédition, lear
avait permis de disposer d'un buteau et d'un petit hélicop-
tére pendant B jours (nous avions pu nous payer 2 heures
d'hélicoptére en tout). Et ils oni ramené plusieurs kg de
sédiments trés précieus, prélevis sur le fond d'un lac bleu
situz 4 10 km du bord de ce glacier. De plas William

Harrisson (Universite: d'Alaska), et Keith Echelmeyer
{California Institute of Technology) nous ont mmené | kg
de poussiére, au cours d'une expédition de sondage
sismigue effecluée & environ 50 km du bord du méme
glacier, grice & Vintervention amicale de H. Seotl (gui est
le coordinateur des opérations sclemifiques américaines
menées au Groenland pendant I'#té arctigue).

Woire collecte de sédiments ¢tait donc & prior un triple
guccés « technologique », par ln quantité de matidére que
nous ramenions, ln diversité des sites de collection, et le
prix de fevient tellement modeste comparé & celui d'autres
méthodes de récupération de matiére extra-termesiee qu'il
nous faisait penser au systéme « D=, Daillewrs, c'est
petit-ttre la Fucilité apparente de cetle collecte qui Mavail
rendue pew crédible & beaucoup. Il restait & vérifier gue
nolre intuition ne nous avalt pas wompé et que nos kgs
de sédiments contenaient bien une « surconcentration » de
matiére extra-terrestre  par rapport @ la irés faible
concentration wouvés dans les sédiments manns.

LES ETUDES DE MICROSCOPIE ANALYTIQUE

Dés potre retour en Aofitl 1984, nous uilisions un
aimant pour obienir une {raction magnétigue de sediments
groenlandais et la comparer & celle extraite des sédiments
marins, que nouos avions observée chez Brownles en 1951
Nous nous précipitions sur un microscope optique pour
examiner oot extrait magnétique avec la ceritude d'y voir
su moins quelques sphérules cosmiques guelgue peu
similaires 4 coux que nous avions observés avec le méme
instrument chez Brownlee, Commernica alors une séne de
vives inquittudes car au premier coup d'eil aucun sphé-
rule n"apparaissail.

En [t les sédiments étaient constitués de cocons
fibreux, dont ceriains éizient magnétigues, et 4 Uintérieur
desquels se trouvaient piéges les gralns de minéraux. On
essaya nlors de disagréger cos cocons par différentes
méthodes. En particulier ils furent o brovés » enire deux
plaques de caoutchoue, et aprés 4 heurss d'effort on
réussit & obtenir, & partir de 30 g de sédiments, § sphérules
magnétiques, qui semblaient similajres 4 ceux observés
dans la collection marine Ce résultal nous encouragea, car
dans le cas ai des analyses plus approfondies révéleraient
guc lous ¢es sphémules avaien! bien une origine cxtra-
terresire, nous oblenions une concentrulion de sphérules
costnigues dans les sédiments groenlundaiy, voisine de 30D
par kg, qui était déja trés supérieure & celle observée dans
les meilleurs sédiments marins (volsing de un par kg).

Gaby Callot de 'TNRA de Montpellicr, avec 'aide de
A Dubois du département de botanique de I'Université de
Montpellier, montrérent que ces fibres étaient on fuit une
wariéé trés résistante de « sidérobacténes » filamentaires,
capibles de se développer dans des environnements
extrémes. De plus, ‘Claude Lafoix du laboratoire de
sétparation de phuses du BRGM & Orléans, nous proposa

‘d’appliquer 4 un kg de sédiments groenlandais les techni-

ques gu'il avaii développées pour triiter de grandes
quantités de sédiments terrestres plus ordinaires, tels que
ceuy prélevis an fond de laes o d'estuaires de riviére. 11
remargun ainsi que les sédiments groenlandais daiont
beaucoup plus difficiles § désagréger que ces sédiments
ordinaires. Aprés une semiine d'efforts || pul séparer des
sédiments- groentandais une fraction de & prammes de
minéraux de densités supéricures 4 celle du quurte, qui
contenait de trés nombreusés sphérules magnétiques.
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confirmant ainsi 'enmchissement trés margué de ces
partictles dand les sédiments groenlundais,

Les études de microscopie analytique commendcérent
récllement tu mois de sepiembre, Elles énient baséed sur
Putilisation d'un microscope électronique & balayvage
(MEB) squipé dun disposiif de microamalyse par royons
X (EDX) pour analyser des sections polies de grains, Ces
analyses microscopiques permettent de déerminer & ld
fols les principiales caructéristigues texturnles des grains
{existence de précipités, de dendrites; d'inclusions. efc.),
telles que celles visibles sur les figures 3, § et 6, alnsi gue
leurs concentrotions en &lements majeurs, 4 partir de
laquelle on dédeit si un grain donné préscnte bien une
composition chondritigue. Cetle composition 3t caructéri-
sée en pariculier par un rapport entre les concentrations
du magnésium et de Valuminium, gui est beaucoup plus
élovt que dans les poussiéres terrestres, sinsi guc par la
présence simultanée du for et du nickel duns les spectres
de rayons X.

Madame C. Jéhunno du Centre mixte CNRS/CEA des
Faibles Radicactivités du CNRS 4 Gil-sur-Yvette (CEFR),
détermina ainsi gue la vingtaine de sphérules pigmeuyx que
nous avions extruits des sédiments, présentaient bien une
composition chondritique, ce gui donna déja une trés forte
présompiion d'origine extra-terrestre. Nous étlons done
encouragss, mais il restait la difficulte redoutable de
désagréger les sédiments groenlandnis sans casser leurs
graing les plus fragiles.

L'un de nous (MIM.) s¢ rendit alors anx USA en
novernbre 1984, pour elfectuer en collaboration avee D.E.
Brownlee dsns lc lsboratoire spéoalisé de I'Universite
Washington 4 Seaitle (Cosmic Dust Laboratory) une
compariison préliminaire entre les collections de pous-
sitre cosmique marine et groenlandasse, basée sur I'utilisa-
tion de la méme technique de microscopie analytique, On
trouva tout d'sbord une méthode trés simple pour désa-
griger Jeu sediments, qui consiste @ les répandre sur un
tamis en #cer moxydable rerenamt seulement les cocons
de plus de 0,1 mm, puis & les désngréger uvec une brosse
en nylon trés dure sous un fort jer deaw. Aprés 10 minutes
de brossage appuyé les cocons sc désagrégent brusgue.
ment, et libéremt olors une famille de grains ou l'on
observe trés fucilement des sphérules de composition
chondritique. En fait, & Pon prend un tamis d¢ plud
grande ouvertiire, retanant uniquemnm les grains de
dimensions iuph'lluru i 04 mm gui sont environ 104 fois
plus rares que ceux qu'on trouve dans la fraction en aille
comprise entre 0,1 mm e 0,2 mm, on obtient fe résultat
spectaculaire d'observer une surconcentration exirapedi-
nuirement élevde de sphérules cosmiques, muisquiun grain
swr deux g wne composition chisdritigue.

Les presuliats de ces analyses ont été publiés récemment
dans lu revue Science [11]. Tls démontrenl que notre pari
sur les avantages de la collection groenlandaise par
ripport 4 la collection marine (voir section « Pour une
collecie mecanique de poussiére cosmique-au Groen-
lind %), est comblé au deld de nos espérances, En effel;

1} Les sédiments groenlundals constituent la mine de
poussidre cosmigue accrétée par lo Terre | plus riche et
Il migux préservée connue i cc jour]

2) On y trouve une fraction magnétique trés abondante
de sphérules fondus qui sont trée similaires & ceux déji
observes dans les scdiments marins, et qui comprend une
composante majeure de sphérules chondritiques « bar-
rés w, tels que celui représenté sur la fgure 3. Mais nous
¥ Evans aussi découvert ung composanie non-magneétique,
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constituee ewentiellement de superbes billes de verre,
telles que celles reportées dans la Ggure 4. Ces billas ont
toutes une composition cheadritique:

1) Li proportion de sphérules de fer est bien plus petite
st Groenland (voisine de 1 %) que dans les sédiments
marins. {25 % 4 50 %), et elle devrait &tre plus proche de
la valeur caractérisant ke Mux de micrométéorites. Cecl
peut s'expliquer par l'exiraction magnétique préférenticlle
des sphérules de ler lors du draguage magnétique. Cepen-
dant il nous reste & vénfier que le transport des grains par
les eaux de rulsaellement, gui est i la biuse du mécanisme
placer, ne laisse pas en cours de roule les particules les
plus denses comme celles de fer;

4y [l existe probablement dans la collection groenlan-
doise des objets trés primitify (voir section « Des noyaun
cométaires aux Atoiles filantes »), tels que celui repors
dans ln figure 5. La plupart de ces objets ne sont pas
magnétiques ot on pe les ohserve donc pas dans la
collection marine. lls sont carnciérisés par des formes trés
irtégulidres et conticnnent de fortes concentrations en
éléments volatils, ce qui démontre qu'ils ont &é trés peu
chuufféy lors de leur passage dans I'uimosphére terrestre
(cetle phase minérale weés précicuse, qui représente seule-
ment guelques ' des grains de poussiéres cosmiques
groenlandais nécessite donc de grandes surfaces de collec-
tion pour étre recoeillis). Mais il se pout que leur abon-
dance soit méme benucowp plus élevée. Fn fait, le grain
reportt sur la figure 5 cst extrdmement [riable pulsque
nous I'uvons cussé en plusieurs morceaux e le mumipullm
délicatement avec les poils d'un pinceau trés fin. 11 5'agn
d'un o miraculé » de notre technique assex rude de
désagrépation des cocons de sidérobaciéries. 11 est pro-
bable que nous yvons déiruit la plupart des praine similal-
res en les cossani en multiples fragments de tailles infe-
rienres & 0,1 mm, qui sont passés au travers des mailles
du tamis d'acier inoxydable lom du brossage sous jel
d'san.

UNE ARMEE D'INNOMBRABLES
MINEURS/EBOUEURS MICROSCOPIQUES

Des résultats de microscopic analytigue (rés impartants
pour le choix d'un prochain site de collection de sédiments
au Groenlund, et pour une meilleurs comprehension des
limitations éventuelles du mécanisme « placer » viennent
d'éire obtenus rEcemment par Eric Robin.

Les études montrent tout d"sbord gque quel que soit le
site de prélévement sur le glacier de Sondrestromfjord
{fond d'un lac; (68 de surface: rives d'un torrent; trous &
cryoconite) la concentration de poussiére cosmigue de
tallle supéricure & un dixigme de mm semble constanie
dans les sédiments (environ une particule par gramme de
sédiments humides avant désagrégation/filtmtion). Ceci
sugeére forlement gue les poussiéres sont encaprulées trés
ol dans les cocons de sidérobacteries, avant o avoir subi
un entrainement difftrentiel par les caux, qui les appauyri-
rajent probablement en particules denses. Les sidérobacté-
ries agissent done comme des mineurs/éhovsurs micros-
copigues gui nettaieraient le fond de tous les trous de
cryocaonile (qui sont aw dépar du mécanisme placer} de
leurs rures grains de poussiére. Ce travail de ticheron, qui
conduit 4 Tencapsulation des prains dans les cocons,
s'effeciuernit année aprés année pendant le court éé
arciique, jusqu’aus moment o0 ces cocons légers, qui
flottent facilement sont entrainés par une Irnuption accl-




demtelle d'eau courante qui les accumule wlors dans des
zones favorables: La concentration en poussiérs cosmigue
serait donc fixée dans les rous 4 crvoconite de départ, et
par conséquent elle serait indépendante de la zone d'ac-
cumulation ot les sédiments sont finalement recueillis [12],

Un awvire résulion est que la conlamination terresive
ohservée dans |es prélévements effectués sur le glacier de
Jukobson chute d'un facteur | (00, quand on se déplace
de 10 km i 30 km du bord du glacier, confirmant aing sur
une échelle historlque de plusieurs milliers d'apnées
I"existence d'un régime de vemts favorables qul verrouille
la zone d'ablation vis-d-vis de ta contamination terrestre.
Par conséquent, il seralt 1rés intéressant deflectuer un
prélevement de sédiments touwt sw debut de la zome
d'ablation, & environ 100km du bord du placier de
Sendrestromfjord, I o fond seulement la couche de glage
formee I'année précédente. A cet endroil nous prévovons
que la contamination terrestre devrait ére trés faible ot
gue nous deviions par conssguent trouver de la pouUssIETE

cosmique pure dans les cocons de sidérobactéries. De plus
les cocons trés récents formés d ool endroil n'auraient pas
£u le temps de s consolider avec le temps. On devraii
done |es désagréger beaucoup plus fucilement sans trop
détruire les grains les plus fragiles. L'autre avantage serail
que les sidérobactéries auralént cu trop ped de temps
disponible pour corroder nolablement les graims,

Alngi les sidérobactéries agirsient toul d'abord pour
collecter trég eflicacoment les grains de poussidre cosmi-
que injtalement piégés dans la glace, indépendamment de
leur densite. La légéreté de leur cocons, correspondant i
celle d'un bois juste l2sté poor tomber lentement dans
l'eau, purait ensuite permis leur accumulation dans les
filons de sédiments qm corstituent aujourd’hui la mine de
mutiere extralerreésire la plos rnche connue & ce jour, sans
que I'on ait perdu les grains les plus denses en cours de
route. On aurait done 14 une nouvelle variants du
mécanisme placer. qui opérernil en deux etupes disiincies,

Fig 2 — lmuges d'uni section polie d'un type de sphérule chondritigue, gui est trés abondant dens les sédiments maring et groenlandais,

el gui omt éé prises 4 dilférents grossivements par C. Jéhanno, Limage reporée § faible grosssssement en hatit, llusire 1o siruciore

« hurree » de oo spherule, constituse de barres d'alivine {phose claire) sépordes par on verre interstitiel (phase sombre) contenant de

nombreuses inclugiond brillantes de magnélite, responnables do caraciére magnétigue de ce sphérale. Lautre image du bai. prise & plus

for| grossissement, monire de nouveasx microlingots des éléments du groupe du platine (inclusions les plos brillames), dont les dimensioans
sont voirines du milliéme de mm (voir lea barres d'échelle, dont les longueurs sont exprimées en milliemes de mm)




QUELQUES ETUDES PRELIMINAIRES
D'ELEMENTS EN TRACE

En 1985, d'autres groupes furent sssociés § ces études
Nos collégues G. Raisbek et F. Yioo ont réwssi & effectuer
les mesures trés dilficlles des Comcentrations d'isotopes
dits « cosmogéniques » de Maluminium (A1) et du bary-
livm {"Be} dans une famille de 7 particules groenlandnise
de dimensions supérieures & guelques dixiémes de mm
{ces isotopes risultent de iradintion des grains lors de
leur exposition sux rayonnements cosmigues dorigine
solaire et galactique dans le miliceu interplanétaire qui
cafient corains de leurs atomes constitutifs lors de réuc-
tions nucléaires). Ces particules; qui avaient 8té choises au
hasard dans notre collection, comprenatent fon heurcuse-
mienit les principaux types de panticules identifiles 4 ce
jour (2 sphérules chondritigues, 3 sphérules de verre, une
particule chondritique trés vascularisée de forme irmégu-
ligre, et une particule de fer-nickel). Ces mesures démon-
trent que fouies ces paricules somt bien des micromstéo-
rites [12, 13}

Enfin deux techniques trés puissanies ont donné les
concentrations de guelques éléments « en trace » dans les
griins (concentrations inférieures & 0,1 %), dont on connail
limportance cn géochimie ¢t en cosmochimie pour retra-
cer I'histoire de grains de matiére. Ces techniques com-
prennent. l'activation neutronigue, mise en auvie par Ph.

Fia. 3. — Fmage de billes de verre non magnétique de compo-
sithon chondrifique. observées avee un microscope optique, et dont
les dizmétres sont voisins de guelques diziemes de mm:
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Bonié, . Jhanno et E Robin du CEF [14], et Il
technigues dites d’analyses pur Muorescence X excitée par
le rayonnement synchroton d'un accélérateur d'électrons
[15] et qui ont @& développées en France par P. Chevalier
(Laboratoire LURE}, e aux USA par 8. Sutton (Brookhu-
ven National Laboratory), Nous ne pouvons donner dins
cel nriicle desting & des non spécialistes le détail de ces
analyses el de lewrs implications, qui concernent aussi bien
un élément important du groupe du platine, I'iddium, gui
esl environ [0 000 fois plus sbondant dons la matiére
extraterresire gue dans les matérioux géologiques qu
constituent la crodte terrestr's, que des éléments comme le
germanium et le gallium, domt on connait, par ailleurs,
I'imponance dans |'industrie des semiconducteurs.

Les résultues les plus importants de ces analyses
peuvent se résumer de la manidre suivante:

1} s démontrent tout d'ubord d'une maniére définitive
que les gruins de poussidre cosmique collectés sur Terre
dany les sédiments les plus favorables, et qui sont présélec
tibnnés sur lu base d'une mesure simple de composition
« chondritique =, sont bien des débris de micrométéorites.
Par conséquent les plus gros d'enire cux provienneni

Fii 4. — Image obtenue au microscope électronique & bhalsyage
par Suzan Taylor, d'une particule chondritique de forme rrégu-
lere, probphlement trés primitive, e qub Wusire Uexisience de
particules non fondues dans 1o collection de poussiére cosmigoe
groenlandaise. Limage du has edt un sgrandissement de ['image
du bhout. qui montre plus en dftml des cristaux de magnétie
(phase la pluy beillante), qui ressemblent besucoup & Geun
quiavaient déjy observés Jedweb en 1970, dans une métdorite
curbonée de type L qui sont considdrées comme les métdoriien les
plos primitives.




Fro 5, — Images obtenues an microscope dlecironigoe & balayage

par M. Wheelock, de deun sphérules chondritiques groenlandais.

Dums ces sphérules, qui ont résistds § une tenative d'écrasemeant.

on voil trés cliirement Famared d'une Tractumation. qui @ présentc

plutht comme une déchirure empruniant la direction des den-
dritey les plus gromses,

principalement de noyaux cométaires (voir largument sur
la swtistique des trajectoires d'éroiles flantes dans |a
section « Des glaces cométaires nux glaces polafres »).
Dans une &tape ultérneure de nos analyses il nows faudra
vérifier en colluboration avec Ralsbeck et Yiou, que celle
priselection dobjets chondrtigue ne nous fait pas perdre
d'outres familles de graing extratervestres de composition
non chondritique, gu'il serait passionnant de décowvrir,
2} Ces grosses micrométdorites semblent différentes de
In matiére qui constitue les principales classes de météo-
rites connues & ¢¢ jour, I est imporiant de vérifier dune
maniére définitive ln validité de cette conclusion encope
irés prélimingire, et que noos avons publice avec de
grandes précautions de langage, de manigre 4 ne pus
effaroucher nos eallégues planttologues, qui se méfient 4
Juste titre de bouleversements d'idées trop radicaux, Pour
celd il faul analyser un plus grand nombre d'éléments en
trace, et appliquer les techmigues de spectrométrie de
masse les plus puissantes, afin de mesurer des rapports
isotopigues, & pariir desquels on obtient différents dges
o modéles », concernanl Porfgine e '8volution primitive

48

des prains. En eifet, cetie conclusion risque de produlre
une révolution dans le petit monde de In Planétologie, car
il fapdrajt alors comprendre la filiation entre cette matiére
i nouvelle », dorigine probablement cométaire. et les
meéttorites et les planétes:

1) En particulier, il existe dans presque (ouk ceq graing
de nouvenux types de w microfingots », ayant des dimen-
slons volsines de un milligme de min, et 04 les métaux
précieux du groupe du platine sont eissembles (voir ligute
2). Ces microlingots. découverts par C. Jéhanno, griice &
l'utilisation combinée de "activation neutronique el d'un
nouvesy microscope & balayvage plus performant, permat-
tent dés & présent doblenir une classification importanie
des poussidres cosmiques groenlandaises en groupes
distincts, ce gui contribue & les difTérantier des métdorites.

LES AVANTAGES DU GIGANTISME
DU COLLECTEUR GLACE POLAIRE

Ding cette revue nous présentons des eudes ou des
projels {voir section sulvante), bases sur Putillsation des
glaces poloires du Groenland et de I'Antarclique comme
collecteur ultrapropre de débris de micrométéorites, Nous
sommes maintenanl én mesore de présenter guelgues
aventiges uniques de oo collecteur naturel par rapport aux
moyvens sputiaua, qui le feront encare exploiter au xxi
giccle,

Les dispositifs spatiaux les plus perfectionnés e raita-
chent aux trois (vpes suivanta;

1) Les détecteurs tels gue ceux construits par le Mix
Planck Institut de Heidelberg [17], gui fonctionnent
automatiquement & distance & bord de satellites, et domt
les surfaces collectrices sont voisines de guelgues centaines
de em? Ces détecteurs ont fourni depuis une dizaine
d'anntes des donmées irés pricieuses concernant en
particulier la distribution en masse du Mux de micrométéo-
rites, & partir de laquelle on déduit par exemple gue les
petites micrométéorites soni les plus abondantes;

2) Les spectroméires de masse dits « 3 temps de vol 5,
gqui ont éé embarqués pour la premiére fois sur trais
sondes spitiales qui ont rencontré la queue poussiéreuse
de Ia coméie de Halley en murs dernier, et dont les
surfaces collectrices sont trés petites (guelgues dizainer de
enr' ), Ues instruments ont danné pour la premiere {ois des
analyses qualitutives (rés intéressnantes de la composition
des ¢léments majeurs constitutifs des plus fines poussiéres
relachdes par cette cométe (18] (dimensians voisines du
millieme de mmj:

3) les o« impacteurs » mis en orbite autour de la Terre,
qui sont ramenés au labomtoire par les astronautes pour
analyse, et dont les surfuces collectrices dans les meilleurs
cus arteigmenl | mi. Dans ces impacteurs la mictométéoriie
incidente est détruite lots de son impuct avec une plague
métalligue ¢n donnant : un microcradére d'impact; un
micrajet de « vapeur » qui peut #re recucilli sous forme
d'un dépdt mince dans les dispositifs les plus récents: ef
parfois; duns le cas le plus favorable &'impactevrs
 mous = comme F'or et "aluminium, un minuscule résido
de la particule incidente piegeé dans le cratére, L'un des
impacteurs exploités le plus récemment (19, 20] est oot
simplement constitué de plagques d'alominium prélevées
sur les volets de protection thermigues du satellite SMM,
gui ont été exposées pendant 4 ans dans 'espace, puis
remends sur Terre en 1984 L'un des résultats les plus
etonninty de cette étude u &td de montrer 'existence d'une
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trés forte contamination du flux de plus petiles micoo-
météorites par de trés fins débris de satellite orbitant
sutour de la Terre, et qui serajent environ 100 fois plus
sbondants que les micrométéorites dans le domaine de
tailles woisines de quelques milliémes de mm, & une
altitude voisine de 500 kilométres.

Cea collecteurs spatimux, du fait de leurs faiblés qur-
faces, ne peuvent collecter (ou analyser gualitativement)
gue les particules les plus ubondantes du Mux de micramé.
téorites, qui se trouvent éire les particules de plus petites
masses, dont fes dimensions sonl comprises enire un
milliéme et quelques centiémes de millimétre, A panir des
estimations les plus récenles du flux de micrométéoriles
117, 19}, on peut prédire qu'il suffiroit d'exposer [ m* de
collecteur pendant un an dans Pespace pour recueillir
guelgues milliers d'impacts de ces fined micrométéoriles.
O nows ne pouvons actucllement les recoeillic dans les
glaces (o0 clles doivent &re piéptes sans avolr éié « bru-
l#es » notablement par ablation) tant gue nous n'aurons
pas trouve une méthode pour les extraire de "abondante
gontamination terrestre que nous Eliminons & travers un
tamis de 01 mm d'ouverture. A U'inverse, du f=it de [sur
extréme rarele (moins d'un impact par an, pour 10 m? de
surfuce collectrice, pour des tallles supérieures 4 00,4 mm)
les grosses micrometeorites dont les massee sont supériey-
tes au senil de sensibilite des méthodes les plus puissantes
de labarptoire, ne pourront re recueillics un cours des
prochaines décades que dans les glaces polamres.

En effet, 'avanlage le plus excepbonne] des glaces, qui
scrs préserve bien wo delid de 1o MNin de ce sigcle, est relié
a |'association de |a congelation & basse température et de
lewr énorme surface de collection, qui sewle permet de
recueillir et de préserver les débriz de cos grosses microme-
tharites trés rares, dont la (iliatlon avec les poyaus
cometnires peul Elre elablic grice au phénoméne d'étoiles
filantes. Pour chilfrer cet avantage en nous limitont § des
traviuy effectuds au laberatoire René Bomas, il ot
probable gue les place: blenes anciennes gue nous dés-
rons fondre sur place en Antarctigue [voir seclion sui-
vanle), se sant formées & quelques centaines de kilomeétres
de la cdre, dans une zone ou leur vilesse d'accumulation
est vossing de 10 cm paran, La surface effective (en terme
de m® exposés par an) de ces 100 tannes de glace est alors
d'enyiron 1 DO00-m2.

Line telle surface, qui est négligeable par vapport o celle
i bassin de eolfection dex lacy Blews groemfanded, et
cependant environ 5 (00 fiois plus élevée gue celle (0.2 mY)
d'un impacteur/collesteur de vapeur performant, envaye
récemment dans ['espace pendant quelques jours dans: le
cadre du projet fFranco-sovietigoee « COMET » [21], et qui
a & ramené au laboraioire Rzné Bemnas pour analyse en
juiliet 1986 (I'objectil de cette expérience, gui est Irés
important mais trés difficile & réalisor, est de recueillic des
produits d'impact vrniment cxploilables des plus petites
particules d'un essaim cométaire). Quant ay mécanisme
« placer » effectil sur la glace vieille de 2 (WM ans du site
de préfévement de Sendrestromfjord, Bonté et al. * ont
montré gu'il mettrail en jen une surface « equivalenic »
annuelle de collection, telle que les poussitres cosmigues
miégées dans | kg de sédiments correspondent 3 ume
surfuce de collection de | 500 m*. Comme il semble facile
de recucillir avee une simple pelle une tonne de sédiments
sur les tas de surface que nous ovons rencomtrés (voir
section o Les milliards de tonnes denu du mécanisme
placer »), on dispose dés 4 présent d'un collecteur « gigan-
lesque » (surface volsine de | million de mv), qui sera
probablement toujours utilisé au xx1- sidcle.
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Ues deux fypes de collecte trés différents semblent donc
trés complémentaires. Nous pensons qu'll sern nécessalre
d'utiliser simultanément leurs Tésultdts, s 'on veut ca-
ractériser uussi complétement que possible dans un vasie
domaine de masse le o complexe » des micrométéorites.
L'#udde de ce complexe prend de plus en plus d'impor-
tance dans tous les programmes spatinux, car on réalise
progressivemerd gu'il donne un échantillonnage besucoup
plus représentutil de la famille d'objets non volitils qui se
sont [ormés dans le systéme solaire, gue la {amille plos
restreinie des méidorites. Dans ces comparalsons il fuot
également inclure la famille des poussiéres interplanétaires
« Brownlee » trés fines, comportmt actuellement plusieurs
centaines de particules de taille inférieures & 0,1 mm, qui
gont colleciges dans la siratosphére depuis une dizaine
d'années par moyen aéroportés, et qui se présentent sous
|l forme daggrégats de petites particules trés poreus. irés
fragilea et non fondus. Une équipe réunie autour de D.E.
Brownlee, projeite de comstruire un collecteur « geant »
prévi pour recuelllie annuellement dany la stratosphére
des milliers de ces fines particoles ainsi gue guelgues
prosses particules de plus de 0,1 mm.

VERS UNE COLLECTE SUR LINE FALAISE
DE GLACE BLEUE EN ANTARCTIQUE

Alin de bien exploiter 'extraordinaire gisement de
poussiére cosmigue groenlandais résultent de la fusion de
millisrds de tonnes d'cuu, el gui sera certdinement wlilise
par Fautres scientifiques dans Pavenir, il deévient trés
urgent d'en analyser an détail les limimtions svanmelles.
A titre d'sxemple on peut citer deux observations qui
sppgérent 'existence d'une peric préférenticlle de certai-
nes purticoles dans 1§ collecie groenlindaise, Celle-ci
donnerait sins une proportion finssée des différents types
de particules dans le Nua de micrométéorites.

Tout d'abord il existe un fort désaccord entre le rappont
des grains de « fer » et des paims chondritigues d'ongine
extriterrestre dans les sédiments marins on groenlianduis.
Le rapport plus €leve trouve dans les sédiments marins
représenie probablement une exiriction préférentielle des
particules de fer lors du draguage magnétigue. Nous avons
en eflet donng dans la sectlon w Une armée d'innombra-
bles mineurs/éhoueurs microscopigues », les rasons qui
nous font penser que la plus faible proporion de mémes
grains duns la collection groenlandaise n'edl pas die &
I"entramemeni plus dillicile des particules plus dénses de
fer par les esaux de ruissellement. Mais il nous faut
cependant wérifier définitivement la validité de cette
eonclusion importante. Ensuite ls plupart des purticules
cosmigues nouvelles déconvertes au Groenland, gui soni
trés fragiles, ot qui sont susceptibles de contenir la
composante la plus intéressanie de matiére cométaire non
fondue, sonl probablement détruiles en grande partie lors
du brossage sut wolle métalligue. Leur abondance initiale
dans les sédiments pourrait ére beaucoup plus grande que
celle que noud avons observée apres la désagrégation des

Pour mieux cerner ces limitations une équipé compre-
nant T'un d'entre nous (M.M.) et Martine de Angélis et
Michel Pourchet {tous deux du luborstoire de glaciologie
de Cirenoble) projette d'aller fondre sur le termin une
centaing de tonnes de glace, dans des zones de glace bleue
ancienne gqui ulMeurenl sous forme de (hlaises plus ou
moins abrupies, dans la région cotigére de Cap Pradhomme




Fia & Cetie photographie. prise en Jenvier [986 par M. Pourchet

au cours dune reconnaimance préliminaite, meprésmic lo s

prohahle d'une nouvelle expédition destinde 4 fondre une centuine

de tonnes de¢ glace hleue, vers le sommet d'une pente de glace

siser raide gui se trouve au voisinage de Cap Prudhomme en
Antarctique.

(Figure 6), au voisinage de la station francaise de Dumont
d'Urville en Antarctique. Une autre équipe du laboratoire
de glaciologie doit explorer cetie zong dés ceite année.
Nous avons déjh expligué que la surfluce équivalenie de
collecte annuelle de cette masse de glace est d'environ
1 D00 m?. Nouws avons soumis une proposition aux « Terres
Australes et Antarctigues frungaises », pour réaliser nvec
le soutien de ceite sdministration uwne expéditon en
janvier 1988,

Pour cette opémtion nous mefinons en euvre sur le
terrain une chaudiére déliviant un jet de vapeur qui servira
i découper et i fondre la glace. Un svstéme de pompage
produira des jets d'eau et fera creuler 'eay de fusion de
la glace & travers une série de tamis destinés a recueillir
la. poussiére entrainée par ['eav. L'un des schémas de
collecte consiste i creuser un bassin de colleCtion antificiel
d'une dizaine de métres de diamétre sur une pente de glace
asser roide. Puis on entrainera 4 'mide d'un jot d'eau
propre I'eau. de fusion de la glace, vers un puits de
« décantation » de quelques m? qul sern creusé au centre
ce bassin de collection miniature. En fondant une épais-
seur de glace de | métre, nous récupérerions ainsi d'une
maniére trés douce. sans les casser ni modifier leurs
proportions initiakes, les grains de poussiére cosmigue
pitgés dans les 100 tonnes de glace blewe.

Lors du travail sur le termain nous prévoyons: d'utiliser
4 000 litres de carburant, en tenant comple d'une large
marge de sécurité. Le seul probléme majeur. souligné par
B. Meorlet, est l'existence de vents catabatiques trés vie-
lents, qui soufflent en moyenne 10 jours par mois {pendant
la période lu plus faverable de Janvier). Ce venl nous
empecherait tout d'abord de travailler, et « refroidirait »
la glace en augmeniant donc la quantité de carburant
reqjuise. Cependant nous peénsons gque le succés de 1'ex-
pédition serait assuré par la fonte de 20 tonnes de glace
seulement, ce qui semble parfaltement réalisuble, car nous
disposerions alors d'une grosse marge de sécurité dans fa
quantité de carburant. Do plos il esi trés probable que
pendant les jours de beau temps nous puissions bénéficier
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d'un apport dénegrgie solaire non négligeable, en dé-
ployant 4 la surface du bassin de collection un rouleau de
plastigue afin de construire une serre de jardin.

MNous ne pouvons réaliver cette opération au Groen-
land, par saite de taux d'accumiilation de la glace qui sont
5 i 10 fois plus ¢levés qu'en Antarctigue, ce qui entriine
une dilution par les mémes facteors de ln poussiere
cosmigue dans la glace. 1l nous faudrait slom fondoe sur
place une quantité de glace comprige entre 300 e | 000
tonnes pour recueillir le méme nombre de grains, et ceue
opération est impossible avee les moyens 1echnologiques
pctuele

Si I'expédition glace bleue en Antarclique est couron-
née de succes, alors nous pourTons mieux préciser les
limitations de notre collecte groenlnndafse, Nous com-
mencerons egalement avec nos collégues des Etudes
destinges & retracer I'octivité pissée du Mux de micromé-
téorites dans un passé heaucoup pius roculé quian
Croenland (les glnces bleues qui afMeurent en bord de cote
en Antarctigue sont beaucoup plus vieilles gue celles gui
constiment le bord de la calotte glicinire groenlandaise &
la lotitude de Sendrestromijord). L'idée de base de ces
todes est que e flux de micrométéorites est constitng
d'une composante mujeure de débris cométiires, d'une
composante mineure de produits d'ablation de metéorites,
et de grains présents & 1%&al de o traces » et possédunt des
origines plus exotigues. Toute variation marquée de la
composition du lux de micrométéontes refléterait alors
des événements majeurs @ vécus » par le systéme solmire.

Ce travail nous aiderait 2 jalonner de repéres dalés
quelgques &apes de Uhistoire du systéme solaire, oo que ne
petvent donner les méthodes spatiales de coliece de
grains, qui ne vodressent gquiau MNux contemporain de
micrométéorites. 11 semble dopt, que duns un avenir
prache les Mlons de glace blewe ancienne des caloties
polaires soient aux planétologues ce gque sont depuis
longtemps les groties préhistorigues sux anthropalogues :
P'éerin protégé de "histoire d'une dvolution. L'émotion est
In méme sans doute pour ceux gui cherchent @ retracer
"histoire de "homme, e pour nous gui ‘therchons #
pénétrer dans ce gigantesque &crin blew Inhospitalier
qu'est In glace polaire ancienne dans P'espoir dé retracer
notre passé anterieor : |'histoire de |d matiére. Mais pour
exploiter pleinement de telles archives du passé, {l nous
fandra d'une part, trouver une méthode pour extraire de
la glace les plus petites micrométéonites (de quelgques
centiémes de millimétres de dimension), caplurées sans
avoir ét¢ fondues par la Terre, el qui doivent v éire
nbondantes (plus de | 000 particules par tonne de glace),
el d'sutre part, attendre que nos collégues péochimistes
apprennent § micux dater les glaces bleues anciennes.
Mais d'ores et dijd il existe des retombées imprévues de
ces recherches, que nous discutons dans la section sui-
vanbe.

DES RETOMBEES POSSIBLES
EN RECHERCHE APPLIQUEE

Draprés 1D, Hulmann (Déparement de Science des
matériaux du MIT), les: verriers ne savent pas faire les
verres dont les compositions sont similaires 8 celles
{chondritiques) des billes de verre groenlundalses, caracté-
risées par de Irés forfey concentrations en magnésivm. En
{nit, quand on part d'un mélange d'oxydes correspondant
4 cette composition, et que 'on essaye de faire un verre
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gu moyen de procédés clussiques, on oblient une matrioe
cristullisée et non pas amarphe, 1l semble done probable
gue Lo « méallurgie d'ablation's que subissent les corps
parents des hilles de verre groenlandaises, et qui est
caraclérisée par un chauffage trés brel mais trés intense
par « impulsion thermique », puisse conduire & la formn-
tion -de ces verres trés particuliers. Mous envisageons de
les fubriquer en petites quantités en wtilisant les impul-
sions thermiques defivrées par fe four solaire d'Cideillo,
ciar nous prévoyons gu'ils devralent présenter des proprié-
tés intéressantes, telles qu'ume bhonne résistance 3 la
COErosion.

Un autre résultat peut-#tre intéressant de la métnllurgie
dablation est illusteé sur lz: figure 6, od0 nous avons
représentd la famille de sphérules chondritiques la plus
abondante observée & lu fois dans les sédiments marins gt
groenlandais. 115 agit de sphérules constitués d'un assem-
blage de barres d'olivine et (de bames de verre. Des
dentrites trés fines de magnétite, qui appuraissent comme
les zones les plus brillantes, sont ancrées dans e verre.
Nous avons constaté lors d'un broyage qu'il éiait trés
difficile de fructurer £e type de sphiérules

Nous avons moniré au Professeur Lesoull de 'Ecole
des Mines de Nancy, spécialiste des dendrites dans les
aciers, des pholographies de ces sphémules prises apres un
essal fnfructugux pour les lracturer par dcrasement. Sur la
figare & on voit trés clairement V'smorce de cette fraciu-
ration (dans les zones correspondant uniguement aux
dendrites les plus grosses), qui apparail pluldl comme une
déchirore dont la propagation s'srréle trés rapidement
Daprés Lesoult il s'agit 1d d'un phénoméne relié s la tallle
des dendrites, bien connu des mémllurgistes, qui essayent
de le metire § profit pour obtenir des muatériaux plus
resistants & la fracturation. Pour celd ils cherchent &
fabriguer des dendrites auss fines que possible dong les
matérizux. L'observation intéressante déduite-de In figure
6 est que la métallurgle d'ablatlon, que 'on doit pouvoir
simuler au moyen des [ours solaires, produit des dendrites
‘bien plus fines gue celles que 1'on sait produire & o jour,
ef qui devealent par conséquent conduire au développe-
ment de matérinux intéressants, présentant =n particulier
une résistance sccrue vis-i-vis de la fracturation.

Enfin tine demiére implication trés inattendue, résulle
de nos observations @ fort grossissement duo bord des
mémes sphérules chondritigues barrés, Elle concerne le
siocknge des déches radionotifs de houte sctivité produits
par les cemtriles nucléaires. On injecte ces déchets dins
des matrices de verre, que |'on prévoit de stocker défini-
tivement dans des sites géologiques, aprés les avoir
entources de différentes barriéres technologigues. 'Ces
barriéres sont destinées & ralentir le reldchige des léments
rudioaetife dans la- biosphére; dans le-cas ol Ie site de
stockage sernit accidentellement inondé par les eaux
souterraines. Les barriéres technologiques puis le verre
(qui constitwe en it la premiére barrigre de ce congept)
seraient alors soumis 4 la corrosion des eaux souterraines.
De nombreux groupes travaillent depuis une vingtaine
d'années pour évaluer la durnbilité du verre vis-i-vis de
ceite corrosion. Ces études sont hasées sur des expériences
de simulation au luboratoire, qui jusqu'd présent ont 18
elfectudes: au moven d'eaux bodillantes, oa 'activite
biologique ne peut se développer, et o est mise en jeu lu
corrpsion = physice-chimique » de l'can, qui et encore
mal comprise, el selon laguelle un fragment inconnu de
la molécule dcan yéchangerait aver les Eléments alcaling
constitutifs du verre [22]
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L ohservation intéressante du bord des sphérules barrés
irouves dins les sédiments marins et groenlandais est |n
suivante ; dang |es sédiments marins les barres de verre
sont atfaquées beaucoup plus ripidement que les barmes
d'olivine, et ¢2 résuliat est en hon Becord avec les tesis
effeciués dank Jes eaux bouillantes. Par contre dans leg
sédiments groenlandais c'est I'effet inverse qui est abservé,
le verre ne montrunt muintenant plus résistant que Moli-
vine. Linterprétation la plus probable de cette différence
trés marguée entre les deus umilles de sphérules, qui sont

‘exmotement simalaires du point de vue de leur texture et

de leor composition chimigoe, est gue les sphéroles
groenlandais subissent en fall une corrosion microbiologi-
que bu sein de leurs cocons de sidérobactéries.

Dans une expérience récente elfectuée en collaboration
avee le groupe de G. Callot [23]), nous avons (mit pousser
des microcolonies de champignons microscopiques fila-
mantaires, quelque peu similalre mux  sidérobactéries
uroenlandaises, sur de 'oliving et des verres, Ces champi-
gnons reproduisent la biocorresion trés particuligre obser-
vée pour ces sidérobactéries, Or il s pourrait que Pactivité
biologique puisse se développer dans les enux souterraines
susceptibles d'inonder un site glologique de stockage de
déchets radiouctifd, Dans ce cad la corrosion microbiolo.
giqie donnerait une échelle de « durabilite » des mateé-
rivux, qui pourrait &re trés différente de celle deduite de
tests dans les eaux bouillentes. C'est pour cette raison que
nous développons sctuellement avec G. Callot une série
d'expériences destinées @ mieux préciser les différences
enire ces deuy tvpes de carrosion distinete, sur plusicurs
types de matrice de stockage simulée.

UN PEU DE SCIENCE FICTION

Dans un avenir encore plus lointiin ces opérations de
collecte poarraient étre un sousd produit d'une opération
spectuculaire de récupération d'eau douce, gui appartient
encore au domaine de la sclence Metion. Le colt éeve
d'une telle opération, qui a déja été évalué, se compare au
coil globnl de I'une des missions spatiales qui o infercepié
la gquese de la cométe de Halley en mars dermier, Cetie
opération consisterait & préndre en remorquage depuis
I' Arctigue un iceberg géant, qui serait alors fondu dans un
port volsin d'une zone désertique sy moyen de I'bnergie
soplaire. Une trés grande quantité d'eau trés pore sernit
pinsi libérée, en méme temps que quelques grnmmes de
poussitre cosmigque, que I'on recusillerit d'une maniére
trés douce, ¢t qui contiendraient des millions de grains de
toutes failles. Un probléme majeur, qui sera probablement
résolu aw xxr® sidele puisque certains cherchears commen-
cent dés 0 présent & v relléchir, sefu d'apprendre O trier
o sutomatiguement » et trés rapidement les pamicules Jes
plus intéressantes dans ce nombre « infini = de grains,

On peut imaginer, sans vouloir jouer les Jules Vernes,
des condpes de bateauy finaneds par un (ond mondial de
solidarité, remorquant des iceborgs vers les poys déserti-
ques, qui faute d'une énergic bon marché, ne peuvent
désuliniser des quuntités sulliaantes d'eau de mer, Quand
on connait les budgets des. programmes spatiaux, on se
rend bien compie que le réve n'eit plus question d'argent
mais seolement de décision. La o chaine » d'icebergs
purail le mérdie de donner une retombée humpnitaire
immédiate 4 wne recherche jugée souvent inutile par
I'homme de ln me.




CONCLUSIONS

Nous sommes persuadés que V'étude des débris de
micromélénriles extraits des sédimenis termestres nous
apportera de nouvelles informutions &tonnantes sur 'his-
toire primitive du systéme solaire. et permettra de complé-
ter les nombreuses informations déja déduites de I'étude
des météorites. Cependant les instruments de mesures ley
plus performanis nécessaires 4 ces éludes ne pouven!
analyser valablement que Jes « gros » griins de dimen-
sions superienres 4 quelques dixiemes de millimétres. 1] est
donc impératif de sélectionner des meéthodes de collecte
« géante » permettant &'obtenir ces grosses micrometéori-
tes qui soni trés mares, ce qui éllmine tous les moyens
sputisux disponibles actuellement,

Méme si toute la surfoce de la Terre est bombardés
d'une maniére uniforme par ln poussiére cosmique, il
serait vain de la chercher dans les licux pollugs. De plus
quand cette poussiére n'csl pas protégée par congélution
elle est vite corrodée par les eaux naturelles {nous dvons
déjd dit que cet cffel constitue 'une des Imitations de lu
collecte marine), Clest donc lout naturellement dans les
glaces poluires terrestres ultrapropres, of les grains soni
congelés d basse température la plupan du temps, &t qui
se comportent comme de gigsniesque collectewrs, goe
nous cherchons ces grains Qui par uhe curicuse fl.tn_[itf:
vienment de la glace sale cométaire pour retournzr a la
glice. Comine si cette mutiere primitive ne pouvait échap-
per aussi au o fatom » mystérieux du retour  ses origines.

e n'est la qu'une parenthése:amusante, pen scienftifi-
que. Mais cc qui est indiscutable c'est que la nuture nous
apparte & une aide tris précieuse pour nous pérmeilre de
percer le secrel de son origine. 11 semble que jamais les
hommes me pourront égaler m le gigantisme, ol la di-
mension hlstorique, ni le fuible codt de ce collecteur
nuturel, Les aovamiages extryordineires d’un collectour
tellement Impressionnant, nous font penser ge'il sera
toujours utilist sy x¥+ tiecle, méme apris le relour sur
Terre de glaces cométaires; ef gu'i cc momend-14. el poir
longtemps encore, les icebergs seront des archivistes de

nolre passe,
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LA VARIABILITE SPATIO-TEMPORELLE

DE L’ENGLACEMENT

DES MERS ARCTIQUES EUROPEENNES :
UNE APPROCHE QUANTITATIVE

par Claude KERGOMARD

Universind de Liffe 1

RESUME. — En raison de Vimpariance du rble des glices marines dans les dchanges Océan-Atmpsphiee aux hswes latindes, estension

Mois-clés : Mer du Groenland

ABSTRACT. — Spatial und (emporal varlabllity of sea-lee cover b the caropesn msrginal seus of the Arcilc :

el la congentrtion de I'erglicement sont un élément d'imformation indispensable py climatologue qui §'intéresss dux climats politires
de I'hémuphére Nosd ef 4 lewr varahilis,

L'imagerie lournie par les sntellites métdorologiques 4 défilement sur orblie polaire permet & divers contres spécialists de fournir
dey caries périodiques de Penglacement, avec une périadicité varant de quelques jours & un mois. Une analvse exhoustive de
Finformation trés riche contemie dany ces collactions de ¢artes hdccsite le recours i Tinformatigue,

Quelques aspects de Ly varinbilité de 'englscement des mers du Groenland et de Barents, dang sex deux composatiies spatinle of
temparelle, lels quils peuvent &tre mik en &vidence par un fichier Informatisd de |'extenslon des glaces, sont préscsséy dany cel
artiche.

Mer de Burenis — Cilacen de mir Variahilité climatigue.

quantilutive approsch. Sea
fee cover and concemtration ant essential dara for dimarodogical sudivy of polar marine areax. Seceuse of the leading role of vel ice
b Ohcwar-Aimosphere Interictions in high fastudes

The imagery of polar orbitting meteorlogical ssellites Is sew operationnally wied in @ fow specialized services o produce preriedival
fow charis with mormikly to daily periodiciey. Echawssive upliisanion of thils abundins information reguirey o guantiiative approach and
the i of computers

Seene features of the ive cover variability in the Greenland and Bavents seas, in both spatial and teimporal components, as eferred

from a digital data set, are expoundad.

Kep-wonds : Greenland Sea — Barepts Seq — Sed foe — Climatical varighiifiy.

Le lien évident qui unit Jes varialions de Ienglocement
dans les mers périphérigues de I'Arctique et les variations
du climat a trés (6t attiré 'attention des scientifiques. Dés
le debut de motre sitcle, Islandais et Danois se somt
atiachés @ collecter e & wnulyser toutes les données,
historiques et contemporaines, concernant la présence et
lestension des glaces marines sur les chies islandaises e
groenlandaises (Thoroddsen, 1916-17), La longue séric
d'observations ainsi obtenue, revue €t complétée par
L. Koch (1945), a contribué & faire connaitre les chunge-
ments climatiques qui ont affectd les hautes |atitudes
depuis le Moyen-Age et plus particulidrement les deus
phénomeénes majeurs qu'ont & le « Petit Age Glaciaire »
et le réchauTement de la premidee maoltié du xx- sidele,
Parallelement, les travaux de quelques météorologistes
(Wiese, 1924) ont montré que 'extension de la banguise
n'est pas seulement un indicateur qui refléte passivement
Ies variations du climar, mais sussi un ficleur de e
variutions dans In mesure od Pexistence de ln banguise
modifie profondément les échanges thermigues entre
I'Océan et I'Atmosphére.

Depuis moins de vingt ans, une prise de conscience
plus aigué de l'importance des varintions climatigues et
lapparition de la télédétection satellitaire, qui permet un
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suivi extrémement précis de Nextension ot de la conceritra-
tion des glaces: marines, ont totalement remouvelé ce
domuine de ln recherche polaire,

L GLACES MARINES ET CLIMATOLOGIE

I. Les interrelations Climat-Glaces marines :

La connaissance précise de l'extension des glaces
marines dans les mees périphériques de I'Arclique consti-
tue un Elément d'information indispensable au climatolo-
gue gul s'intéresse plus particolitrement wux climats
polaires de I'hémisphére Nord et & leur varisbilite. La
glace de mer est en effel 4 la fois un indicateur et un
facteur trés ymportant des cchanges qui se produisent dans
le systéme  Océan-Atmosphére wux  hawtes  |atitudes.
Multiples et complexes sont les interactions qui se produi-
sent a I'imerface entre 'Océan et I'Atmosphere dans Jes
régions marginales de 'Arctique, celles o 'englucement
varie largemeni d'une salson & Pautre mats aussi d'une




année i@ ["autre. Schémantguement, ces interactions peu-
venl Eire classées en trois grandes catégorics

les phénoménes radiatifs : la glace de mer, couverte
ou non par une couche de neige, se distingue par un
albédo beaucoup plus éleve que celui de la mer libre. En
perinde estivale, une parl frés importante du rayonnement
solasire, absorbé A la surface d'une mer libre, se Lrouve
réfléchi vers Iatmosphére ou 'espace. Inversement, la
banquise généralement plus frolde que 'océan, surtoul
'hiver, émet moins de rmayonnement infm-rouge que
celui-ci en direction de |'atmosphére. C'est donc I'ensem-
ble du bilan radiatif qui se trouve alfecté par "extension
el la concentration (proportion de glace et d'euw libre) des
glaces marines,

les phénoménes thermodynamigues : In glice s
caraciénse par une trés [aible conductivitdé thermigue
L'existence d'une couche de gloce, méme relativement
mince, limite dong dans une trés grande proportion les
échanges thermigues entre 1o mer et 'atmosphére, que oe
soit sous forme de chaleur sensible (cession de chaleur de
I"océan au contact de I'nstmosphére ou inversement) ou de
chaleur latente (consommation ou libération de chaleur
lors de lévaporation ou de la condensation). Le gel
lui-méme ou la fusion de la glace représenie également
une libération ou une Consommation de chaledr latente
L'existence, & U'intérieur des glnces marines, de zones

Fia. 1

-
S
=

restreinies d'van libre, chenoux ou polynies, se traduit au
comtraire, par une intensification des dchanges thermody-
namigues gui donne lieu i des phénoménes spectaculpires
bien vonnus des familiers de Arctigue. L'extension
comme |a concentration de ln banguise, en agissant sur les
échanges thermigues entre 'océan & I'ntmosphére, modi-
fie 'equilibre vertical de cette dernitre (inversions thermi-
gues sur ln glace, instabilite sur la mer), influe sur ln
couverture nuageuse (strutus arctigues) o, 4 Une autre
echelle, sur la répartition des pressions.

— les  phenoménes dynomigues @ la. couveriure: de
gloce des mers polaires est soumise directement 4 o
dynamique de I'atmosphére (gradients de pression et venis
qui en résaltent), qui agit & la fois sur Uextension et la
conceniration des glaces. Inversement, 'existence d'une
couche de glace, dont la rogosité est plus élevée gue celle
de la mer libre, intervient sur les vent observés dans les
bhsses couches de I'umosphére

A ce tableau, obligatoirement incomplet, des interac-
tions Océan-Glace - Atmosphére, il faudrait sjouter les
rapports entre |a dvnamigue horizontale (Coorants, mais
aussi vagues et houle) ou verticale de 'océan et la glace,
qui concernent plus précisément les octunographes. Selon
le' nivean d'gchelle, spatiale ou temporelle, gu'il envisage,
le climatologue des hautes latitodes sern amene & privilé-
gier tel ou tel aspect des interrelations entre climat et

ko

Scene AVHRE Ju satellite NOAA 7 aoguise ke 1™ juillet |984 (13 h) par. s aation de séeeption de Trom (Morvégel Comal

2 (proche nfm-rouge),

La trés fuible nébulosité permet de spivre aves précision la Hmite des gloces en mer de Groenland & autour de Farchipe! du Svelbard
Lo concentration des gluces souligne Mopposition entre la banguise continue du bassin arctigue ¢ les glaces de dérive entralndes dans le
cournni du Giroenlsnd orientsl. Une bande nuagéuse soaligne ie trajet des esux nelativement chaudes do courant de Spiisberg occidenial
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glaces marines, S4ns pour aviant pouvoir ignorer leur
importance, Callecter t tralter 'information concernani
les glaces marines est pour lui aussi legitime que d utiliser
les données classigues (lempéralures; pressions, venls, eic.}
fournies par les stations météorologiques.

2. Les moyens de conmaisssnce :

Depuis les années soixante, la connaissance des glaces
marnes a connu une vértable révolution @ aux observa-
tions ponctuelles, dispersées et difTicilement comparables
entre elles autrefois effeciuées par les bateaux ou Jes
avions, & succédé, grice A la téledétection satellitiire, une
vision d'ensemble de 'emsemble des surfaces mannes
englacées de la planéte. Les satellites méttorologiques ou
octanographiques 4 défilement, sur orbite polaire, survo-
lent plusicurs fois par jour les mers périphériques de
I'Arctique; les capteurs embarqués se perfectionnent sans
césse en offrant de nouvelles possibilités d'btude des
glaces marines :

— les “radiométres @ balayage travaillant dans les
longueurs d'onde de ln lumire visible ou du proche
infra-rouge offrent généralement une bonne ou trés bonne
résolution spatinle mals sont totalement inutilisables
durant la nuit polaire puisquls utilisent le rayonmement
solaire réflechl par la surface; Hs sont en outre génés par
la nébulogité qui masque trés fréquemment Jes mers
polaires.

— la télédétection utilisant le rayonnement infr-rouge
thermique, avec maintenant une résolution comparable 4
celle du visible résoud le probléme de la puit polaire mais
non cclui de la nébulosité,

— lutllisation des micro-ondes passives copstitue un
trés grand progrés pour la télédection des glaces marines :
insensibles 4 la nébulosité, les micro-ondes permetient
d'accéder non seulement i I'extension ou 4 la concentra-
tion des glaces mais également & d'autres caractéristigues
comme | morphologle de surface et permetient de
distinguer la glace polaire ancienne de la glace annuelle.
Les radiométres micro-ondes ont une résolution de 'ordre
de 30 km, trés inférieure @ celle qu'offrent le visible ot
I'infra-rouge mais qui o permis cependant "éablissement
des premiers atlas de Penglacement dans I'Antarctique el
la mise en évidence de macro-phénoménes mal connus
jusquiici comme In polynie récurrente de la Mer de
Weddell.

— & linverse, la télédétection ‘radar (micro-ondes
actives) offre une excellente résolution pour des &tudes de
détail majs 'abondance des données fournies sous forme
numérigue interdit pour l¢ moment une utilisation pour
des études globales.

A partir des données de télédétection mais aussi des
ohservaiions classiques (reconnaissances aériennes, don-
nées fournies par les bateaux ou les stations A terre), divers
centres spécialisés, qui dépendent des services metéorolo-
gigues ou de la marine, élaborent, pour une partie ou
I'ensemble des ockans polaires et svec une périodicité
variable (gquelques jours & un mois) des cartes périodigues
d'englacement (Crane R.G., 1979), plus directement utili-
sables par le climatologue que les données de téledétec-
tion, dont P'mcquisition et le traitement sont souvent
coiiteux, Par rappon 4 l'imagerie satellitaire, les cartes
d'englacement conutituent dijd une interprétation, comme
telle discutable : la comparaison d'une scéne AYHRR du
satellite NOAA-7 couvrant la Mer du Groenland (fig- 1)
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acquise le 1™ juillet 1984, avec les curtes établies pour la
méme région por ['lnstitgt M&téorologique Norvégien
(fig. 2) et 'Office Météorologique britannique (fig. 3}, en
ttmoigne : le tracé de la limite des glaces et surtout la
delimitation des secteurs de concentration différente (pack
dense, liche ou diffus) lnisse § Pinterprétation une large
pluce dont P'utilisateur doit tenir compte.

. UN FICHIER INFORMATISE
DE L'EXTENSION DES GLACES

Une simple analyse visuelle des cartes de glaces
marines peut fournir une information déja lom utile sor
les interrelations chimat-glaces marines, Maijs l'utilisation
exhagstive de V'information portant sar les glaces marines
dans une étude de climatologie, nécessite de Tecourir & une
guantification, qui seule permet de prendne en compte les
deun composantes, spatinle et temporelle, de la variabilive
de I'englacement. 1l est necessaire pour cela de réaliser de
véritables fchiers informatisés de V'extension et de la
répartition des glaces marines. Plusieurs exemples de ces
fichiers existent, dans divers laboratoires de recherche
(Walsh JLE., 1978, Kelly PM., 1979, Haupt L. 1980},
Destinés 4 la réalisation de modéles généraux de la
circulation mmosphérigue ot a4 des ttudes sur les change-
menis globaux du clmat, ils portent généralement sur
I'ensemble d'un hémisphére, avec une périodicitié men-
suelle. La résolution spatiale correspond @ une maille de
surface supérieure 4 10 000 km' (carrés de largeur égale 4
18 de latitude). Cette fuible résolution répond parfois
égnlement i la nécessité d'intégrer des données anciennes,
moins préicises que celles que fournissent aujourd'hui les
sulellites.

1. Le secteur étudié =

Le fichier que nous présentons ici est destine a des
etudes de climatologie & 1'&chelle régionale, et porte sur
un espace qui correspond & ensemble des mers arctiques
européennes (Mers du Groenland ei de Norvége, mer de
Burents), au Nord du 70¢ paralléle. Ce domaine est le
domaine privilégi¢ des échanges océanographiques, mais
aussi utmosphériques, entre les trés hautes latitudes
iOcéan Arctigue) et les latitudes moyennes (Atlintique),
Il se cursciérise par une grande variabilité spisonniére et
interannuelle de I'extension et de la répartition des glaces,
qui refléte ln complexité des intersctions Océan-Gilace-
Atmosphére dans ce secteurclé. Tl n'est d'silieurs pas
homogéne, et juxtapose un bassin octanique profond
{Mers de Norvége et Groenland), traversé par des courants
majeurs (courants du Spitshberg occidental et du Groen-
land oriental), et une mer épicontingntale (Mer de Ba-
rents). 11 était done utile de disposer d’un fichier précis,
tant par la résolution sputiale que par le pas de temps
(répétitivité) choisi.

2, Les sources :

Parmi les divers documents disponibles sur ['englace-
ment de I'Arctique, nous avons reteni plus particuligre-
ment ¢

— les cartes hebdomadaires élaborées par 1'Institut
Météorologique Morvégien & Oslo (Det Morske Meteoro-
logiske Institutt). Ces cartes couvrent trés précisément

—



notre domaine de référence | mers du Groenland e de
Barents, du Groenlund oriental (30¢W) & la Mouvelle-
Zemble (60°E), nu Nord du Cercle Polaire (fig. 2),
L'tchelle ost le |/100 4 60°N, Par leur périodicité et leur
précision (elles utilizent, outre I"imagéric satellitaire, les
données fournies par les slations métdorologigues de
IFArctique norvegien ot celles des nombreux bateaux ot
avions norvégiens sillonnant ln région), ces cartes sont le
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document de base. Nous svens saisi, pour le moment,
I'ensemble des cartes hebdomadnires depuis 1982 le
fichier sera continusllement mis & jour. Ces cirtes sont
désignées par le mois et I'année, suivis du numéro d'ordre
de la semaine dans 'année.

— Les curtes mensuelles du Meteorological Office
britannigue qui cowvrent 'ensemble de I"hémisphére Nord
(fig. 3b U s'agit de compilutions de documents nombreux
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el variés, ¥ compris les carfes &laborées dans d’autres
centres (par exemple pour les mers de I'Arctique soviétl-
que). Editées depuis 1960, pour la fin de chague mols,
elles constituent une période de référence de 25 ans. Phar
contre, leur échelle (1/7°20,5M & 609M) nécessite, pour une
bonne couverture du secteur arctigue curopésn, de re-
courr & un agrandissement, ce gui limite la précalon.

I existe parfois des divergences dans ['extension des
glaces présentée par 1'un el ['autre des documents, surtout
dans le cas des trés faibles concentrations, ui s¢ ren-
contrent plug souvent en période-estivale,

1. La réslisution du fchier :

Chiague curte e¢st codée sous forme d'une mutrice
numerique de 3 lignes el 50 colonnes, & laide d'une grifle
sur transparent. Cette grille peut &tre adaplée facilement
aux diverses échelles. Le codage distingue, outre ln mer
libre el l& terre ferme, trois classes de concentration des
glnces (1 & 3710, 4 4 6710, 7710 et plus), et deuxs tvpes
remarguables de glace (glace cotidre et mouvelle pince). La
simplicité du systeme de suisie permet d'envisnger dinté-
grer au fichier des documents d'arigine diverse, 4 la senle
condition qu'ils utilisent une projection stéréographigue
polaire, ce qui est le cas de la quasi-totalité des cames
couvrunt les régiony de haute latitude. C'est 14 un atout
pour urie extension Fulure du [rchier vers Pamont, de facon
a ¢laborer une senie chronologique longue, Signalons par
exemple que les observations publites par 'Tnstitut
Météorologige Danais pour ce sectaur ocouveeni la
période TRYS5-1956,

La transcription des données d'englacement sous forme
numérigue et le stockage sur suppornt magnétique ouvre la
vipie o un tres large éventail de trailemcnds sor micro-
ordinateur. Le logiciel de saisic ef gestion des données
permel toul d'abord une visualisation carlogruphigue e
P'impression en deuy formats des cartes ablenues ([ig. 4),
La comparaison de situation constitee 1o premigre applica-
tion évidente du fichier : obtenue par une simple compa-
raison deux 4 deux des 1500 donndes numbriques qul
résument unc carc d'englecement, elle permet de visuali-
ser les différences d'exiension et de concentration des
glices (Ag. 5). L'exemple des deux situations des premigrag
semaines de juillet [984 et 1982 {llusire clairement I'am-
plewr de la variabilivk interannuoelle de V'extension des
glaces dans les Mers du Croenland et de Barents: [a
curtogriphie comparative eppose nettement les secteurs de
forte variabilite (Mer de Barents septenirionale, Sud-Cuest
de la mer du Groenland) et le Détroit de Frum entre
Svalbard et Groenland ou le contraste entre le courani
froid du Groenland oriental et le courant « chaud » du
Spitsberg occidental fixe la limite des glaces dans dea
limites &roites.

Il QUELQUES FLEMENTS DE LA VARIABILITE
SPATIO-TEMPORELLE DE L'ENGLACEMENT

1. La variabilite temporelle de 'englacement

La méthode wiilizée pour la saisie et le codage des
curtes d'englacement permet sikns difficulté 1o planimétrie
des surfaces englacées par simple complage des cases de
ln trame présemtant un enplacement de concenlration
supérieure & un seuil donné (fig. 4). La projection sté-

a8

réographique poluire employée par les documenis de base
sl cartes une projection conforme; quj ne conserve pas jes
surfaces et dont I'échelle est variable selon L lutitude, La
surface d'un carré. élémentaire, dans notre grille de
3D = 50, wvare seulement entre 1317 km®, b B3, @
1352 km?, & T0oN; "evreur due 3 cet éoant de moins de 3%
ne justife shns doute pas, comple tenu de i précision du
document original (cane d'englacement) et de lincertitude
supplémentaire introdulte par le codage, lu mise en cuvre
d'une procédure complexe, utilisant la relotion enfre
échelle et latitnde.

Les histogrammes de 'évolution chronologique de
I'englacement obtenus ainsi montrent tout Vintérét de cette
plinimetrie pour une étude de lo variabilité temporelle de
T'englacement (fig. 54 8 :

- #u cours des 22 années gui constitucnt li période
1964-1985 (fig. 6), on distingue ainsi une orgarisation
quasi-evclique ‘des variations de Uextension des glaces
marines. L'englicoment hivernal (observé 4 la fin du mois
de [évrier) montre ainsi I'alternance entre des périodes de
forie ot de Taible extension ded glaces dont la durde st de
Iordre de cing 4 six ans ; les anmées 1965 4 1969 et 1977
i 1982 constituent les périodes fornement englacées, les
gonées 1971 4 1976 ef 1983 & (985 les périodey peu
englacées. Les variations de 'englacement estival ({in du
mois d'Aocidit) n'apparaissent pas exactement en phase avee
celles de 'hiver avec des maxima en 1968, 1977 e 1982,
des minima en 1972, 1978 ot 1984, Cene méthode peul
fournic des sérics de durée moyenne (20 ans) ou longue
(30 ans e plus), susceptibles d'étre comparées i des séries
de rempératures ou de pressions correspondant ap résesy
méttorologique régional ou mondial, dans le cadre o unc
recherche sur les ‘interactions cnive climat et glaces
marines ou fes teléconnexions climatiques.

— wune analyse plus détaillée, au pas de temps mensuel
(fig- 7) ou hebdomadaire (fig. §) permet de préciser les
liens enire (4 variabilité interanouelle et le rythme sii-
sonnier oo fa wvariabilité intra-saisonniére. En sajson
froide, l'enplacement présenie générulement une série
d'nvancées et de reculs ligs a la succession des périodes
de circilation méridienne de Mord oo de Sud (Kergomard
C., 1982); les années de for englacement hivernal se
distinguent genéralement par une succession marguée de
cey Episodes successils avec un muximum tardif de expen-
sion des glices qui tradult plus fa durée de I'hiver gue sa
rigueur (hiver 1969); les hivers peu englicés présentant uu
canlrire un mazimum précoce (décembre ou janvier)
sulvi d'une répression spectaculaire de V'englacement (cf.
hivers 1972-73 et 1973-74). En saison chaude, I¢s annécs
fort englacdes présentent un été cour, avec un minimum
denglacement atteint trés (60 (16 1968 par exemple) et une
rédvancee précoce du pack; les eiés peu glacés montrent
au contraire une régression prolongée et un minimum
tardif atteinl en sepiembre ou octobre (& 1972, 1976 ou
1954),

— ovec le pas de temps hebdomadairs, i1 devient
possible de prendre en compte la concentration des glaces
el non plus seulement ka surface englucée totale (fig. 8).
En hiver comme en été, les glaces de forie concentration
(supéricure ou égale & 7/10) représentent, et de loin, les
surfaces les plus importantes. Les places de faible
concentration caractérisent surtouf, en hiver, les années
d'englacement important ;| ces glaces de faible concentra-
tion marguent la « conguéte » en fin de saison Mroide, de
secieurs rarement englacés tels que le centre de 1a Mer du
Groenland (su nord de Jan Mayen), et de la Mer de
Barenis. En &€ au contruire, 'importance des glaces de
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Fio. 6 — EVOLUTION DE L'ENGLACEMENT DE 1964 A 1985 Fin des mais de févrler e1 aofl, Concentration supdrieure on teale
b 410, En milliers de km?
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7. — EVOLUTION MENSUELLE DE LENGLACEMENT pendant les années 1967 @ 1976 Concentration supérieure ou égale 4
&1, en milliers de km?,

Fici

Fia 8 EVOLUTION HEBDOMADAIRE DE L'ENCGLACEMENT de 1982 &4 1985, Glices de cancentralion superieure ou égale d 710
{cobonnes pleinesy, & 4710 (colonnes vides, @ [/10 {trait fin) En milliers de km®
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Fio 9 — EVOLUTION COMPAREE DE LENGLACEMENT en mer du Groenland {courbe) «f en mer de Barents (histogramme)
Anpées 1967 & 1976 En milliers de km'
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faible concentration souligne un retrait exceptionnel du
pack dans le courant du Groenland oriental (été 1984 par
gxemple).

Lu planimétrie pout &tre e¢ffectuée non senlement pour
I'¢nsemble dés mers arcliques curopéennes mais également
duns le codre de secteurs prénliblement définis, Lo
comparaison des variations de [englacement dans les
différents secteurs permet une premiére approche des
oppositions spatiales dans ln variabilité de "englacement,
entre la Mer du Groenlond et la Mer de Barents par
exemple (fig. 9). En mer du Groenland, Ia limite des gloces
apparait surtout comme le résultat de 'affrontement entre
les eaux polaires du Courant du Groenland oriental et des
eaux atlantiques du Courant du Spitsberg occidental; la
complexité des processus d'échanges atmosphériques el
océnopraphiques gui s’y produisent explique |a complexité
des variatipns interannuelles ef intra-saisonniéres de 1'en-
glacement : Penglacement résultz en grande partie du
transit des glaces issues de I'Ockan Arctique, dont la
circulation est commandée autant par les courants que par
la circulation atmosphérigue. En mer de Barents, la
prepondérunce de' ln glace de formation locale, 'influence
continentale ¢t I"importance mineure des échanges océa-
nographiques rendent complé du rythme saisonnier plus
ample et plus régulier de l'englacement aver un maximuom
de mars-avril et un minimuwm de fin aodr

Friguences d'saglacenent: FEVRIER 43-84 Sewil: 410

T e

Frigeences d'englacement: ADGT S4-32 Seuil: 4710

T —p——

.

2. Les composantes sputiales de la variabilité

Le codage des cartes d'englacement sous forme d'une
matrice numérique permel une approche plus precise de
In réparntition sputizle de 'englacement et de sa variabi-
lité : chacun des &léments de notre matrice de 30 lignes e
30 colonnes devient une unité spatiale caractérisée par la
succession de ses éats denglucement pendant i période
étudice.

La plus &lémentaire des applications du fichier pour
lanalyse spatitle de [a variabilitd’ des glaces marines
correspond nux canes de fréquences de 'englacement. Les
fréquences d'englacement supérieur ou égal au seuil de
concentration de 4/10, pour les (ins de février et aoil
constituent la fgure 10 :

— en fin de saison froide, les fréquences d'englace-
ment supéricures & 50% concement les deux tiers de la
Mer du Groenland avw Nord de l'ile de Jan Maven, ne
lnissant & I"écart que le w golfe » oriental morgué par les
caux tigdes du courant du Spitsherg occidental, Dans les
cis d'éxtension maximale (fréquences inférieures & 20 %),
les glaces peuvent déborder sur cette région orientule et
ay Sud de Jan Maven menagant alors les oites islandaises
(hors des limiles des cartes prisentées), Inverement lors
des années de trés fwible englacement, ln banguise se
limite aux eaux polaires gui creulemt sur le plateay

LEGENDE

MUEMNCES I ENGLHEENEN

Erma lacesant Sk i F=]

May cansT smmait I3

Fio 10 — Cartes des fréguences de Mengiacement de concentration supérieure ou égale & 4710, Fevrier 1965-84 & aodt 196881
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,Anndes 1982 & 985

Indices de vilriabilité de Penglacement en saison frokde (décembre & mur Inchoy | A) et en sison chiude (juillet & septembre

inclus + B Pemode 1982-1983. Voir legende fig 1]

continental esi-groenlandais ct abandonne tout le domaine
central de la mer du Groenland, vaste tourbillon cyclom-
que ol se metangeni les eaux polaires et atlantigues: En
mer de Barents, c'est surioul la réglon orientale qui
connait Tes écarts les plus remarquables emtre T'extension
maximile et minimale des places: | année sur 10 environ,
toute |n moitié de cette mer située 4 I'Est du méridien 25°E
se trouve envahie par la glace; inversement, dans les cas
d'englacement trés faible, loutes led cites occidentales et
méridionales de la Nouvelle-Zemble peuvent rester libres.

— &n apd, le domaine des varintions de l'englacement
parzit plus limité ; il est constifvé surtout par le courant
du Groenland orental et Pextréme Nord de lo mer de
Barents entre les archipels du Svalbard et de Frangois-
Joseph.

Au-dels des caries de fméquences gui ng¢ prennent on
comple la concentration du champ de glaces que sous
forme d'un sewil qui définit la limite entre présence el
ubsence de glaces, il est possible de calculer divers indices
qui expriment des aspects plus particuliers de la réparti-
tion des glaces et sa variabilité, et pondérent 'englacement
en fonction de la concentration (fig. 11 2e 12):

— l'indice total d'englacement, caleulé pour ln période

I962-1985 (fig. 11) synthétise les cartes mensuelles de
lréquences en opposant trés nettement, en particulier en
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mer du Groenland, s zone du courant froid ot les places
persistent durnnt la quasi-totalité de Fannée (indice su-
périenr  0.8) et celle ot 'englacement n'est qu'épisodique
{indice inférigur & 0,4): le domaine de transition csi trés
limite. En mer de Barents, les valeurs de l'indice se
disposent de fagon plus zonale, avee une décroissance plus
réguliére. La cartographic de cet indice fait 2galement
apparaitre cortains traits caractéristiques de la répartition
des glaces tols que les polynies cotiéres récumentes qui
prennent place le long des cbtes groenlandaises ap Sud de
la presqu'ile de Nordostrundingen, ou aux abords de
I'archipel Frangois-loseph, ou la situation particuliére de
la cfte Nord du Svalbard, frégquemment soumise, &l
comme hiver & I'extension du courant relativemnent chaud
qui longe le Spitsberg occidentul.

— les indices de variabifité de 'englacement (fig. 12}
en saisan froide (décembre & mars) ou chaude (juillet &
septembre) soulignent le domaine balayé par les Muctua-
tions de la limite des glaces; ce sont, en hiver, le ceeur de
ls mer du Groenland ef une hande médiane traversant
d'Ouest en Est la mer de Barents eg en &té la zone
compléte entre les archipels du Svalbard et de Frangois-
Joseph.

De tels indices peuvent étre multipliés et combings
pour analyser de fagon détaillée la répartition spatiale de
I'englacement et de sa variabilité,




Les applications  élémentaires présentées. dans cet
article ne constituent en effet qu'une premi¢re phase de
I'utilisation du fichier. La transcription sous forme chiffrée
des cantes de glaces marines est un préalable, une appli-
cation & I"dtude des glaces marines des méthodes de
l'unalyse des données (analyses factorielles, classifica-
tions) qui ont déjd fait leurs preoves dans d'auires
domaines de l4 cdimatologie, étude du champ des pres-
sions par exemple (Petit- Renaud, 1980). Le but est &' ubou-
tir 4 une classification des types de répartition des glaces
el & I'ttude de leur varubilité aux divers pas de temps
{variabilité interannuelle, saisonniére et intra-saisonniére).

Au deld, I'étode de 'extension et de la répartition des
glaces pourra étre menée en pamalléle avec celle des
éléments méttorologiques (pressions et vents, lempératu-
res) ou océanographigues (températures de surface de la
mer et courants), de fagon & approcher empinguement la
complexité des interactions Océan-Glace-Atmonphére.

Un el fichier constitue ¢nfin une base de référence
indispensable pour des analyses plus fines, utilisant
directement 'imagerie satellitaire, et non plus les docu-
ments élaborés que sont les canes périodiques d'englace-
ment.
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TEMPERATURES DE PAROIS ROCHEUSES
MESUREES EN HIVER
DANS L’HIMALAYA DU KHUMBU VERS 6 000 M.

par Bernard FRANCOU
Centre de Géomorphologie du CNRS, Caen

RESUME. — A £ 400 m, le passage de la période de post-mousson @ Ihiver est marqué par une plengée de 6 & 550 des températures.
Seulen fes parois sud continueni & subir des cycles de gal-dégel au moins en surface. Les chuies de’ picrres sonl actives encorg juste
avani le minimum thermigue de janvier, mais elles sonl hmitées aux haotes surfacsy enneigbed. Le ceear de Uhiver en margué
par des venis violenis, un mantcay nekgeus de tnés faible épaisseur qui, avec lo niveay comstumment bas des lemperatures, focilite
Fmsiallation d'un pergélisol en parol enire 3 000 ef & 00 m selon evpasition. Sur la base des moesores of des observaiions of par
extrapolntion, on admet que In gédilroction aiteint son moximom d'efMicacié en période de mousson et de post-mousson, ef 4 partir
de l'altiiude § T00-5 800 m qui semble aveir une valeir de deuil pour l2s versants sud @ et dans ks région,

Mots-chés ¢ Tempéralures — Pareds rocheuses — Huwte montagne — Himaluya — Hiver — Gélifraction.

ABSTRACT — Winter rockwall temperntures at 6 008 m in the Everest region (Khombu Himal, Nepal), Ar 5400 nr, g 6=CHoC drop of
temipenatures marky the (ronsition beiwetn posismonsoon and winter perfode So, andy soutbednd rockfices experienor a freede-thaw
activiry, af least in surfoce. Rockfally are active just before the thernuic mimmum of January, bai are Smiled (o smowy surfices.. Fufl
winter iy marked by very greong winds and a thin snow cover which alfows @ deep froxt penetration gad the mainienanicd of permiofros
in the rockwall berween up to 3 000 and & 000 m, cocording to aspect. On the bass of measures and' obicrvattons and exirapolaning,
we aenirie the mavimum officacy off froaf shatierime oeowrs - during mongoon dnd gos-monman pedods. dad i 1 Hie 5 FOOF K08 miy
limit, whitch booh correspondy jo the fim line of glacters and seems to be a threshold of the broakdown activiry bn the ssiithward amd

L —

eushvrd mekfaces af il neglon

Key-words : Rock temperatures — High moumiain — Himalave — Winter — Frosi-shatterisg

INTRODUCTION

Les régimes thermigues du massif rocheux en haute
montagne sont encore peu connus et ont fait objet
d'érudes rés ponctuelles. [ est pounant de premiere
impartance pour ln géomorphologie périglaciaire de re-
cueillir des données duns ces secteurs par définition peu
accessibles, e cela pour deux raisons :

I. Toumnir des données de base pour éablir des pro-
tocoles expérimentaus reproduisant des conditions de gel
proches de celles observées dins le milieu naturel et fixer
pinsi le cadre d'une &ude en laboratoire de la gélivite de
roches dont on 4 préalablement déterming les caractéristi-
ques physiques:

2. chercher & connalire I'origine des seuils altimétnigues
de fragmentation du matériel rocheux gue I'on peut metine
en évidence en haute montagne en dtudiunt Mactivite des
talus d'éboulis et celle des chules de pierres ‘en paroi.

C'est la seule fagon d'apprécier réellement l'importance
de paramétres tels gue 1o fréguence du gel, som intensite
et la profondeur atteinte par le front de gel, sa durde et
le pdle du gel permanent sur lo vitesse de foumiture du
mitériel rocheux. A condition toutefois que I'etude des
lempératures soit couplée avec celle des conditions d'hu-
mectation du matériau, ce qui suppose des observalions
ot des mesures suivies sur des années entiéres.

Or, jusqu’d présent, les snisies de données en montagne
ont e ponciuclles el limitées & quelgues jours, que ce

INTER-NORD nv 19, J990
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solent celles de Thorn (1979, 1980, 1962) dans les Rocheu-
ses du Colorado vers 3 300 m., de Whalley (1984) dan= le
Karmkorum, de Dronia (1978) dans |'Himalaya oriental.
Dans les Andes du Pérou, une tentative a &t (aite pour
mesurer les lempératures en différentes saisons entre 5 200
m et 5500 m, ce qui a permis de mettre en evidence le
pussage d'un gel pelliculaire 4 un isol entre ces deux
altitudes (Francow, 1988); tandis que dans lex Alpes, des
dispositifs de collectes plus complets ont & mis en place
pour un suivi pluriannuel (Coutard et Francou, sous
pressel.

Pour le secieur de "Everes| (Qomolangma), |'éude du
gel dans les sols a &2 entamée cOté népaluis par Miiller
(1958}, puis poursuivi par les missions japonaises qui oni
situé ln limile altimétrique du pergélisol, mesuré pendant
I'anméc les températures entre 4 400 m &t 5 400 m dans le
sol et commencé 4 inventorier les formes cryogéniques
(Fujii et Higuchi, 1976; lwata, 1976; Iwata, 1978); cité
chinais, I'inventaire des formes périglaciaires en fonction
de I'altitude progresse avec los éudes chinoises (Cui
Zhi-jiu, 1981 et 1982) et allemandes (Kuhle, 1985).

On présenters ici les données que nous avons recucil-
lies dans des parois en hiver au cours d'une tentative
d'ascension de 'Everest par |'aréle Ouest pendant deux
mois, comme contribution i une discussion plus générale
sur I'importance de la gélifraction en haute montagne.



METHODES ET SITES RETENLUS,

Un enregistreur Grans & neul sondes o &é [nstallé au
Camp de base de I'Everest & 5400 m sur le glacier de
Khumbu (fig. 1) & proximité d’un gros bloc erratique de
25 m', Sur ¢e bloc massif, constitudé d'un grinite lescocrate
peu poreux (porosité mesurée sur échantillon dz 0,97 %),
on dispose § sondes, 3 sur la face sud & 150 om du sol
{dont une en surface, deux dans des troos forés & 0,5 cm
el 3.0 ¢m) et 2 sur lu face nord (une en surface, 'autre &
3.0 em de profondeur dans un trou foré) & la méme
hauteur du sol. Le contnet thermique avee le rocher a &1é
assuré grice 4 un mélange de poudre d'aluminiom e deé
graisse et les sondes de surface étnient recouvenss d'une
résine transparente mélangée avec de la poudre de la
roche.

Lregos

St

Fio 1. — Schéma du glacier de Khumbu el du versanl Ouest de
I"Everest. :

Une sonde a £&t& placée dans un abri 8 130 cm du sol,
une autre sous I'mbr au contact du sol (icd 15 em de
cailloux avec un peu de sable recouveant directement une
glace pure), sous un écran.

Les deux derniéres ont éé placées dans un cube de
basalte gris foncé de 7 cm de ofté noyé dans un bloe de
polystyréne de 20 cm X 12 cm, seule face du cube
affleurant ; unc sonde élait en surface du cube, ['autre
dans un trou foré 4 § em de la surface avec des contacts
thermiques toujours Assurds de ja méme maniére.
L'ovantage de ce systéme inspiré de Whalley (1984) est de
présenter un matériau de haute conductivité thermique et
de minimiser I'influence do substrat.

Les températures ont &€ saisies & ralson d'une mesure
toutes les heures du 25 novembre 1984 au 30 janvier 1985
et leur degré de précision est un peu supérieur & 0,5 »C.

Une station mobile constitwée d'un  enregistreur
GRANT de type SQUIRREL & mémoire siatique uvee 2
sondes placées dans un cube de basalte suivant lu méme
disposition que dans le premier blog, et une dans un petit

abri devait enregistrer, selon le méme pas horaire, dés
températures de {agon permanente d'abord ao Lho-La (6
100 m), puis aux camps supérieurs & 7 100 m; malheu-
reusement, une défaillanve de |la mémoire par suile 'une
panne d'alimentation a efTact 2 O données @ seules celles
correspondant dux journtes des 28 ¢ 29 décembre ont pu
éire préservées pour donner une idée trés partielle, des
gradients existant au sol & pareille altitude en hiver.

Dexs observations anmexes portant chaque jour sur la
nébulosité, le venl, les précipitations neigeuses, les chutes
de pierres & 'eblation de |2 neige onl complété les
enregisirements.

Avant de présenter les résultats, il impore de donner
guelgues précisions sur le régime du temps hivernal dans
Ie Khumbii tel qu'on petit le définir & partic des recherches
Jjaponaises régenies.

SINGULARITE DE LA SAISON HIVERNALE
DANS LE KHUMBU

I. Tempérntures et precipitations (g 2)

La station météorologique de Lhajung (27253 N_, 86050
E) & 4 420 m laissc bien appuraitre le caractére contrasté
du climat en deux siisons (Inows, 1976, Yasunari, 1976) .

— i repime de mosssen bl entre juin et septembre
qui concentre 70 4 80 % des précipitations totales (408 mm
en 1973 wombés en 103 jours). Les minimums thermiques
moyens sont alors positifs jusqu'a plus de 5000 m et ce
n'est que vers S700 m que toutes les précipitations
tambent sous forme solide : en pleine période de moukson,
Ia fusion de la neige et des cycles de gel-dégel peuvent se
produite jusqu'd proximité méme du sommet de I'Everesi
comme cefa & éé rapporté par les membres de I'expedition
chinolse de mai 1975 (Cul Zhi-fiv, communication person-
nelle) et par Messner (1983) en aoin 1980,

— um régime de solson sdohe ob la température
moyenne est négative dés 4 400 m. L'hiver arrive vers ln
mi=décembre lorsque le jer siream sub-trapical s'installe sur
le sud de I'Himulava au niveau 500 mb. Les maximums
thermiques moyens sont neégatifs & 4 400 m au ceur de
I'hiver en jonvier et février: plus haut, 4 5400 m, en
extrapolant les données de Lhajung avec un gradient
thermique avalut & 0,650/ 100 m en décembre 4 "air libre
(Yasune et Nakajima, 1978), la mayenne thermigue doit
s¢ situer autour de — 129C pendant les trois mois d'hiver,

Cen basses températures sont dues en partie 4 une
valeur rédulte de Pinsolation (moins de 1.0 ly/min en
janvier contre plus de 1,6 ly/min pour le maximum de
mai), mais clles saccompagnent de fortes amplitades
diumnes, superieures & 12 oC (alors qu'elles atteignent 4 4
6 °C en &té avec la forte nébulosité) : il faut dire que
Ihumidité de ["air est alors le 1/5 de ce gu'elle &5t en
moyenne pendant la mousson (1),

Des précipitations s¢ produisent pendant [a saison
hivernale muis sont de (aible intensité, sufoot & haute
altitude; elles sont lites 4 des dépressions "W dans le jet.
Une fone nébulosité de haute et de basse altitudes
s'installe alors pour plosieurs jours. Lhiver est enfin
margué par des venits de secteur W dominant  assez

{13 | langley {ly) = 1 eal/cm?,
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Fitl 1. — Movennes mensuellen des maximuma et des minimums
thermigues e tomux pluvioméiriques & Lhajung (4 420 m) cn
1973, D'apeés Inous (1976).

constants ot trés violents en altitude (les 200 km/h sont
régulitrement dépassés au-dessus de 6000 m); ils n"om
pas ces caractéres en vallée ol l'on peut guand méme
enfegisirer des bourrasques violentes qui sont les reaalian-
tes des grands vents d'altinde. parfois de dircction
opposée. C'est le vent qui est responsable en hiver (par
déflation et sublimation} de 'ablation de la neige, la limite
des neiges permanentes remontant progressivement vers 3
600/6 000 m vers la fin de hiver. : :
Celle-ci imtervient en mars lorsque le déplocement du
jet vers le nord du Tibet et ln reconstitution de |"enticy-
clone tibétain permettent aux échanges zonaux de s'&a-
blir, situation qui prélude & Parrivée de la mousson.

1. L’engel des sols

En données annuelles, & 4 400 m, le gélisol est présent
120 jours & 20 em., de 55 jours & 100 ¢m (Fujii et Higuehi,
1976), et ce, grilce 4 la constunce du froid hivernal dans
P'air 1 4 la modicité du maniecau neigeux; aussi le
permalrost apparait-il, d e discontinu, A partir de 5 000
m. Il esi aieste par les fores valeurs des gradients
thermigues du sol au dessus de 4 900 'm (0,98C pour 100
m) ¢t I'apparition de formes sctives spécifiques (grands
polygones, glaciers rocheux) (Iwata, 1976). Cente limite
cofncide ici avee [Msotherme — 3¢, Elle est placée par
Kulhe (198%5) 4 5 100 m oot tibétain,

C'est dons ce contexte quiil convient d'anplyser noa
données recucillies en [984-%5.

LES RESULTATS

Pour faciliter I'interprétation des données recueilhies,
on a convenu de conduire Vanulyse & partir de situntions.
Lypes.

Maig pour introduire la durde, on présente en figure 1
I'evolution des températures maximales ef minimales
Journaliéres enregistrées sous abri et d 3 cm de profondeur
pendant 56 jours sur fes deux faces du bloc

Cin observe clairement & partir du 20 décembre /o fin
du rfgime de post-mousson et le début de 'hiver, avec des
températures constamment négatives dans 'air par 1
suite.

On distinguera donc une sitwation [, de beau temps sec
camciénistigue de périnde de post-mouesson, comme la
premiére décade de décembre; une sitwation IT, de beau
temps froid de plein hiver comme autour du 17 janvier &
une sffuation [I] marquée par une trés (orte nébulasite el
des précipitations neigeuses, comme pendant le change-

ment d'année.

1. Les variations anx sondes en fonction des situmtions :

— ¢n périnde de beau temps de post-mousson (le 5-X11,
fig. 4), les muximums positifs sur toutes les sondes
permettent. des amplitudes quotidiennes de plus de 17+C
et de 19=C dans ['adr e sur les faces du bloe, dépassant
méme 27°C sur le basalle en surface (2)

A noter que |es faceties nord « dégélent » encore en
celle période.

— dans les belles périodes de plein hiver (le 17-1, fig. 3),
les températures nocmmes tombeni de 5= & ToC par
rapport aux précédentes. Les amplitudes demeurent im-
portantes sur les parors exposées au soleil (23-260C) mais
s'cifondrent dans Mair et sur les faces nord (mains de 100
i 59); aw nord se maintiennent des maximoms moyens
négatifs (de Mordre de — 52C) gui permettent la pénétra-
tion profonde dans le rocher d'une onde négative.

Par contre, au sud, les parois resient assurées d'un
dégel fréquent, sur une épaisscur difficile 4 déterminer (la

(2) D fait de la gamme de mesures aulorisées pur Tappareil
{— S00Cs + |09C), on n'l pu sur cette thermonencle enregistrer dis
tempeérntures supéricures i 10°C. Beaucoup de maximums sffi-
chint cette valeur donc sous-cstimes.
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sisrees TOERET — Xom s
_ tocheér — 3cm nond

Evolution de I'éu du ciel ;

0 = coover

0.5 — partigllemsni couvarn

I — clawr
® Journées marquées par (ine chute de neige ol camp di base
W Journées ventées su camp do hase s

baisse: des maximums y est de l'ocdre de 139C par
centimétre entre la surface et 3 cm),

— en périnde peruebide. la neige peul tomber vers
& 000 m et au-dessus cela o é1& le cas B jours sur 56, pour

une épaisscur cumulie utteinte de 30 cm (ce qui fait une
moyenne de 4 cm par chute) 4 5400 m.

Pendant ces journtes (fig. 6), les ampliludes sont
reduites, méme en Tuce sud sur le bloc o les températures
restent négatives. Seul, [e basalte continue 4 enregistrer des
températures positives, méme 4 — 5 cm, ce qui le dilféren-

cic bien du granite - 6 fois sur 56 jours la surface du
basalie n'a pas dégelé, tandis que c'est arrivé |2 faik sur
la paroi du granitz la mieux exposée. A parl ces cas peu
fréquents, on peut dire qu'en plein hiver, le gel et le dégel
restent encore la régle en versant sud 4 5400 m,

2. Les cycles de gel-dégel (tableau 1)

L'utilisation de iouies les données des deuxn mots
confirme cette remargue @ en décembre, 90 % des journées

Tasieau 1
Nesmbre de cyeles de gel-dégel aux 9 sondes de la station KH T (5400 m).
Bl Bloe Roc Wi Roc Roe Roe sal
Abri hisalie basulie Suel Sud Sud Mard Monid el
surface — 1 yurfuce = LS em — dem wurfae — dem e
Décembre
=29 18. 27 a7 26 6 0 18 7 0
Fanvier
n=28 i) 25 el n 2 i ) i) (s
Total i 52 3 44 46 a6 1§ ] 17 26
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earegistrent sur le basulic et en face sud un cycle de gel
dégel; le pourcentage tombe 4 60 % sous abri et sur le
rocher au nord {70 % ou sal)

En janvicr, les cycles se mainticnnent & 70% sur ia fice
sud, 90% sur le basalte {en surfuce comme 3 — 5em),
mais deviennent nuls dans "air et au nord oi le gel est
contm.

3. Les durees de gel (tobleau 1)

— en gituation §{4-8 décembre), il peut geler un peu
plus de la moitié du temps en paroi 2u sod, les 374 du
temps duns 'air et au sol, les 9410 du temps au nord. Les
températures négatives (Xg) en paroi ont une valeur
proche de — 5°C (suuf sur le basalte plus froidh Les
gradients: dans Ie rocher au sud entre 0 et 3 cm soni de
l'ordre — 0.5°C/cm (valeurs plus élevies en profondeur)
el de — 0.060C au nord (valeurs un peu plus #levées en
surface).

— en situation 1 (14-18 janvier), les durées de pel les
plus faibles aneignent au sud of sur le basalte les fortes
proportions de 80 % et 73 %, avec les tempémiures négati-
ves moyennes de Pordre de — 80C dans le rocher; un
contraste thermique accru apparait tant en surface qu'a
— 3 cm entre face nord et face sud (140 décarn),
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Tanieau I
Durde de gel owr & sondey de Ta station KH 1 (3 400 m).

e Rac Ric Rioe Roe Hoc Sol
Abri Inszlie S Sl Sud Naord Nord Surt
surface prdace | — 1dpm | —3em wirfnos —Yem s
4K désembre
'l 20 13 15 (L] 14 4 4 . Heures
& 1? 1t 13 12 it 2} H 14
[ 15 14 4 I3 i3 4 il I7
7 [ & i3 12 | 19 o 1K
E 1] le 13 12 2 19 19 I7
Todal K7 ] o &2 1 ({13 103 h1
s - 13 129 -32 — 44 - X8 =52 54 T8 o
15 jamier
| 24 ;- | 4 24 3 24 4 M4 Heures
2 M L] L] X B 24 11 H
i 24 7 18 14 18 14 b | M
4 N 19 u M kL) el 4 M
§ N L 4 M 24 kL 24 24
Teal (1] 1y (1] I (AL 120 126 120
e =1§5 =13 —AR — 84 5.0 — 74 — 0% 15 o
1418 janvier
£ 4 15 T I8 3] 4 L] M Heures
I5 f ) i (] 19 b} 4 M .|
16 4 L] H 24 " § 24 M 24
17 M 1% 14 A i L ] 24
8 14 6 14 I 17 34 e bl ]
Tl 120 1] W a8 i]] 121 120 178
ir 0% 95 . -~ 8.9 —BE == | — 162 . | i af!

Xj = moyeane de lemperalures. negatives

— en situation 11{1-5 junvier), la durée de gel atteint
une vitlewr maximale 4w nord et dans T'air, comme
précédemment, mas le dégel se restreint au sud (10 %) et
sur Ve hasalte (17 %)

Les températures négatives moyennes sont du méme
ordre, mais montrent une différence trés réduite nux deun

expositions,
4. Les vitesses de refroidissement (tableau 111)

On retient le iemps €n heures séparant le dernier
muximum du minimum suivant ¢l on exprime cette vilesse
en perte de degrés par hewre. On sait 'importance que
joue ce paramétre dans la gélifrsction de certaines roches
(Lautridow, 1985).

Le tableau 111 présente les vitesses moyennes sticinles
lors des 3 situntions. On remargue fa grande dispersion des
valeurs relevées : le bloc de basalte refroidit plus de 2 Fois
plus vite que la face nord du bloc de granite. Les valeurs
sont plus basses pendant les belles journées de Ihiver que
pendant celles de post-mousson (saul en face nord et au
sol), mais 12 minimum est attemnl lors dés types de temps
perturbés (rapport de 1 & 3 avee les précédents).

5 L'influence du vent

A partir des observations faites au camp de base, il
n'est pas possible de mettre en évidence une relation entre
fe vent et ln distribution des températures sur les dilfé-
rentes sondes. Cest pourtant un facteur important I'hiver,

TanieEan 11
Taux de refroidisyement en *C/h " aux O sondes de la station KH. L
Bloe Bloe Rox Roe Roc Roc Roc Bl
Abri hasulis hasalic Sud Sod Sud Mord Seord TR
surlace —Lem surface - |.5cm — Yem wurfice — Yim
-2 décembie 13 20+ 1%+ (R LS L% 0.5 0% 09 (L]
1617 janvier 0.7 & | 1.7 1.0 n7 07 0.5 0.5 e
&5 janvier 02 05 03 03 0.2 02 7 0.2 03

i+ signifie que In valeur réelle atteinte s situe au-dewus de celle indiquée.
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surtout i haute altitude : déjh au comp de base, sur 56
jours d'observation, 33 ont &é ventés (avec des bowrras-
gues bousculant les tentes & plusieurs reprises).

6. Les conditions thermiques & hante altitude

La stution d'altitucle n'uyant pas fonctionné, seules
25 heures de mesures, les 28-20 décembre par beau temps
avec venl ont été récupérées au Lho La (6 100 m, au centre
du col, sur neige).

Pendant cette séquence, on o enregistré au camp de
base (KHT) et au Lho la {KH2) les extrémes suivanis |

KH | KH2
Maximums Bloc
Nasatis 4 de 10T —  #30C
Ahbri — L3oC — 1.2=C
minimums Bloc .
Vkialts — (.90 — 24 2=
Abiri — [3.5C — 1§.2=C

Les gradients heure par heure sonl présenlés dans le
tablezu TV, Ils sont en moyenne de 'ordre de 1.59C pour
I00m sur le basalte en surface (avec 4 valeurs sous.
estiméed & KHI) et de 1.19C/ 100 m pour I'abri. [ls varieni
entre le jour et la nuit de 1.99C/100 m & 1.0°C/ 100 m pour
le basalte, et de 1.29C/100 & 0.9+C/ 100 m pour Pabri.

On constate la valeur élevée de ce gradient, plus haute
que celle mesurée en avion en novembre-décembre par
Yasunari (1978), soit 0.652C/100-m; il est vrai que sa
valeur est plus proche de celle de I'mtmosphére libre, ot

Tasresy IV
Gradients thermiguees entre KH [ ef Kh 2 (5 40076 100 m) les
28-29 dépembre (1)

Bloe basalie yupface alrd

B2 5h 119 913
16h 133 BT

17h 109 Kl

I8h 92 76

19h @2 k2

Mh BT 76

FLEC O ) T4

ith R3 7.5

2k 74 Ta

b Ci Mh T8 Tl
0l h A1 7.5

0Zh B0 TA

03k 79 15

Dah 76 69

ik 7.1 10

6 h 66 0

07h 50 1o

0Eh BO LR

09h 142 131

ioh 139 10,0

11h 15+ 1.7

13h 1424 X

14 h/1524 12

12h 18D 22

[+ signifie que cette vitleur o é0é dépassée
{l} gradient thermique calculé selon & = — A/ 107AZ

que I'nuteur observe gue les gradients nugmentent lorsque
son avion survole les hauts massifs englacés. La valeur
minimile mesurée I null du 31-X11 au 1#-1 sous abri au
camp L4 7 10 m., soit — 32*C (avec un vent violent)
donne avec eelle de ln méme nuit au camp de base | 700m
plus bas (— §20C) un gradient comparable & ceux calculés
4 Lho ba & suvoir 1.189C/100 m. Par extrapolation, on
obtiendrait wne température minimale de 'ordre de
— 520C su sommet de "Everest, ce qmi rest= tomt & fait
vraisemblable,

DISCUSSION

On ne peat prétendre ici évaluer les actions morphogs-
nétigues dans 1a hsute montagne himalayenne, comme on
I'a fait dans les haules Andes péruviénnes, en se basant
sur ces données trés partielles, surtout lorsque I'on connait
ici 1a wigueur des contrastes saisonniers, bien plus im-
portants que dans les Andes du Tropique. On peut
néanmoins sur la buse des observations fuites en hiver
tenter d'estimer les types d'activité possibles i ces altitudes
d'une parl, et d'astre pan essayer d'évaluer le role de lu
saisan hivernale dans les dvnamigues périglacinines ren-
contrées & haute altitede.

1) une sctivité sbutenve des chutes de plerres o 1d
observée chague jour sur les versanis sud 4 plus de
6000 m, ou Lingtren (6697 m) & deux km au nord du
camp de base et au Khumbu Tsé (6 640 m) dominant |e
camp 1. Ces chutes sont liges au deneigement des purois
et leur rythme est accéléré par grand vent; <lles ant &1é
relevées jusqu'ao 20 décembre, dale & laquelle 'emplace-
ment du camp éait criblé de fragments jusqu’a fa wmille des
caillous. 11 ¥ a donc des dégels suffisants su-dessus de
6 000 m pour mobiliser des fragments, ce que lalssalent
supposer |es mesures & 5400 m. C'est également jusqu’au
20 décembre que la fusion des pénitents de glace & 5 400 m
alimentait chaque jour des petites mares pendant quelques
hewres. Cest une situation carsctéristique de la période de
post-mouwsson ob la limite de la neige continue i remonter
progressivement depuis |a fin de la mousson vers 6 000 m
en versant sud. En hiver, Mactivité cryoclastique doit étre
ralentie, tant par lu faible valeur atteinte par les maxi-
mumis thermigues gue par la chute des teneun en eau dans
la tranche d'altitude o0 les cvcles de gel-dégel restent
imporiants,

Le passage du régime de dégel de post-mousson i celuj
d'hiver & bien &i& enregisiré par notre thermosonde.

1) e difneigement au coeur de Uhiver se poarsuil sur les
grands sommets non par fusion mais par déflation et
sublimation.

La premidre est Tige & lu violence des vents depuis
I'installation du jet sub-tropical en Himalaya 4 la surface
500mb, La défation agit sur la neige de la derniére
mousson, mais sy ajoute l'effet d'une forte corrosion
griide aux cristaux de glice el aux Trugments rochedx qui
pilonnent fa surface de la neige: on & observé des
purticules rocheuses de la taille des gros graviers (4-5 cm
de dinmétre) entrainés par saltation et remontant les
penies de I"Epaule entre 6 000 et 7 000 m. Sor ces mémes
pentes, les pisux servant d'ancrage aux cordes fixes ont
&té dépagés de la neige de 15 4 25 ¢m en un mois.

Ld seconde eal activeed par lés vents, comme 0N 0 pu en
avoir une confirmation : sur les bords du boitier de




polysiyréne supportant le cobe de basalte gue Pon svair
inserré dins une neige de néve trés dure (1aillée ay pialet),
I'ablation n &té évaluée pendant la 3* semaine de décembre
@ |.Sem par jour en moyenne, ce ' qui n obligé 4 reposition-
ner e boitier; cette mesure o &té faite sur 1o’ partie trés
ventée du Lho La dominant le versant sud rocheus,

Ce déneigement continu pendant la période hivernale,
non compensé par les 'chuoizs 4 o mémez &poque, permiet
I'exposition de grandes surfuces rocheuses nux chocs
thermigues et & la crvoclastio estivale,

3) I est centain que la modicité du mantcae neigeux
el le mulntien de temptratures constamien! négatives
pendant plusicurs mols en exposition nprd, plusieurs
semaines en exposition sud ou-dessus de 6 000 m., doivent
favoriser la pendirarion d'wn gel profond dans les massifs
rocheus. Le pergélizol est attesté, on 1'a vu, days la région
dés SO0 m & Téwr disconting. Dans la Hidden Valley
(Fujil o Higuchi, 1976} le niveay constamment gelé ent
trouvé 4 un pei moins de 2 métrés de profondeur pepdant
I'éte 3 5 400 m.

En parod, on mangue de données concernant le pergéli-
spl ¢ il est probable gu'il existe dés 5400 m en face nord
et & partir de 6 000 m en fice sud. Si el &l le caa, le
gelifruction pourrait agic & deux niveaux |

— un mivegu superficiel, avec les chocs thermigues
quotidiens et des tencurs en eau importantes dans e
réseau microfissurnl; ce pourrail e le cas avec des gels
modérés, de Pordre de — 600/ — 100C possibles pendant
la mousson a 6 000 m.;

— un mveay profond, sur le grand réscau ssacal
cimenté par la glice lors du gel hivernal @ c'est alors la
fusion plus ou moins importante de cette glace pendam
la saison chaude qui favorisernit les chutes de pierres
massives, prenant des allures de petits éboulements.

Duns les deux cas, les chutes de piermes lides & la
gélifruction sont & nttendre surtout pendant Ia période de
mousson ef les premiéres semaines qui ln suivent.

4) Des observations (aites sur les parois sud du cirgue
de Kumbu, en mottant au Lho La, sur la face de Péperon
du sommel non colé séparant le camp de base du cirgue
du Lingtren, puis sur le versant du Pumori au dessus du
Kala Patir, montrent qu'il existe sntre 5 700-5 800 m un
seuil pet (rés constand sur ces versants) au-dessous e
trouvent des éboulis & gros blocs dont les faces sont
recouvertes 4 B0% par une putine biochimique nolre,
formée surtout par un lichen 4 thalles jointifs; les seals
tboulls frals sont des éboulements venant des régions
supérieures. Au-dessus, sur 100 m de dénivelée, on passe
i des éboulis et des parois octives suns patime. Il est
probable que cette limite altimétrique corresponde & un
seuil écologique pour le lichen:; mais il est évidenl aussi
que I'éhoulisation devient active 4 cetie altitude, notam-
ment dans |es secteurs densément diaclasée. En versunt N
i W, cetie limite est oblitérée par la couverure gliciuire
plus basse, On sait d'autre part que cette limite correspond
i peu prés au niveau du point d'equilibre moven du glacier
de Khumbu (5 600 m pour Miller; 1958) et des appareils
de la région (Williams, 1983),

Il nous semble dome gu'il s'ogisse bien b dun seurd
crvoclastigue di 4 la longue persistance de la neige
jusqu’h cette altitude capable de maintenlr dany le massil
rocheux de fortes teneurs en eau, condition indispensable
pour gue la gélifmetion ait lew. Cela se produit en fin de
mousson, dorant la post-mousson ef pendant un partie de
I'hiver. En dessous, le gel n'est pis dsser Intense pendunt

T0

la mousson pour agic sur les fissures des parois of des
blocs déjd dhoulists; et surtout les lensurs en eiu chotent
brutalement juste wvant Carrivée des températures plus
basses de lu post-mousson; ¢'est par cette chute brutale de
I"humidité dans le sol qu'lwata (1978) explique les faibles
mouvements du sol dis au gel qu'il enregistre 4 Lhajung
(4400 m) et & Kongma (5 400).

On a dgalement constaté dans les Andes tropicales
{Francou, 1988) la (aible différence altimétrique qul existe
entre le début d'une cryoclasne efficace mujourd hui el
I'actuelle limite des neiges permanentes (poimt déquilibre
des glaciens).

CONCLUSION

Les enregistrements des tempéritures présentés ne
donnent qu'une image pamnielle des variations thermigues
des roches en haute altitude dans la zone de 'Everest : ils
ne rendent compte que des échanges superficizls, sans gue
'on puisse suivre les fronts en profondeur, et surout ils
ne concerment que I'hiver alors que la haute montagne
sous cette latitude offre ded carnctéristiques saisonniéres
déji trés controstées,

En ce gui concerne l'mctivite cryoclastigoe, nos
conclusions ne peuvent étre également que partielles.

On peut néanmoins affirmer a la suite de cetie étude :

19) que V'activité cryvoclastique peut s¢ poursuivre une

partie de I'hiver sur les faces sud encore enncigéos vers
6 000 m.

20) gue les températures hivernales busses fuvorisent la
pénétration profonde dun front de gel qui alimente un
pergtlisol en paroi doni la présence ne fuit pas de doute
dés 5000-5 400 m en face nord, et vers 6 000 m en face
sud. Ce mécanisme est favorise par le constant déneige-
ment des hautes surfaces depuis la mousson, non inter-
rompu par les chutes de neige hivernales. Cé caractére
distingue cette partic de I"Himalaya 4 1n fois des Alpes (au
long manteau neigeux hivernal) et des Andes mopicales
[sans manteau persistant en dehors des surfaces glaciaires
el sans samon [roide aussi marguee).

39) gue 'sctivité eryocinstique est probablement domii.
ninte pendant la période de mousson et de post-mausson,
au moment ol les conditions hydrigques dans les roches
sont optimules.

47} gue sur les versants bien ensolleillés, il existe vers
5§ Tol-5 800 m un sewil ervoclastique dont Maltitude est &
rapprocher de celle de Ia limite des neiges persistantes
dins la répion.
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Phopto | Station dm camp de Base. svec Tabrier 1a face sud du bloc
ol oftf B8 insiellées los sondes

Photo 2 Les dispositifs servani de support aux blocs do basilie




Photo 3 Dans lo paroi trés frocturde sous le col de LHO LACa
& 1080 m. En bas Je glacier de Khumbu ef le site du camp
de basge

Phote 4 Le glacier de Rongbulk et le Tibet vus de 7200 m le 13
décembre. Faiblense de l'enneigement encore plus pro-
noncés que sur le eité népalais.
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Photo § Bassin supériour du Khumbu et sommet de |"Everest vus
du Kaln Patar début décembre

T

s

i.'-'

Phota & Stutivn KH2 sur le Lho La a 6 100 m ke 27 décembre
Sommet de U'Everes 2 700 m plus haut.

Les photographies sont de 'auteur.
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A REPORT ON PRESENT INVESTIGATIONS
INTO THE LOSS

OF THE THIRD FRANKLIN EXPEDITION
(1845-1848),

EMPHASIZING THE 1984 RESEARCH

ON BEECHEY ISLAND

by Owen B. BEATTIE and Roger AMY

University of Alberta, Edmonton

ABSTRALCT, Simce 1981 a research team from the University of Alberty, Cansds, has been conducting lield nnd laboratory research
into the loss of the third Pranklin Arctic expedition [1845<18). Employing the methods of forensic anthropology, historical
archacology, and medleal pathology, the research has focussed on the humsn remams from e eapedition. Surveys and excavations
have located and examined fragmentary skoletal remaing from ot least six individunls dating 10 1848 and the preserved bodies of
three individusls dating (o carly 1846, During the summer of 1984 the frozen and preserved body of peity officer John Tarnnglon
af HMS Terror wai tomporarily exhumed and a medical autopsy was performed. Subsegueni analysis of the collected tissue samples
provides & prelimmary medical profile for the 20 vears old sailor : possessing anthracotic lungs, he had evidence of i past bistory
ol tuberculosis and emphysema. His emacisted sppenrance, though portly due 0 postmortem dehydration, reflects an individual
whi had been ill for some period of Lime. He likely died of pneumonia. Heavy metal snalysis of collecied bone samples indicules
elevated levels of lend, though the sigmificonce of these Tindings will hinge on subsequent soft tissuc snalyses, It is suggesied that
one mayor source of lead on the expedition was the tinned foods.

Key-words : Northwest passage - Sir John Franklin - Beechey Islund - Foreniic anthropology - Arctlc autopsy - John Torrington - Bone
lead - Tmned foods

RESUME — Eiat actuel des recherches sur 1a disparition de Ja troisiime expédition Franklin el particaliérement la misston de 1984 sur
I"fle Beechey. Depuis 1881, deux chercheurs de 'Universiid d'Alberta powrsuivent des recherches sur le terrain ot en laboratoie sur
la disparition de ks trolsléme expédition arctigue 'de Franklim (184548) Employant des méthodes d'amropologie physique,
d'archiologic historigue et de pathologie. lo recherche porie s lex resten humaing de Uexpédivion, Les plans et lex fouilles ont aihwd
et révElE ded rentes fragmeniaires de squelettes datame du débur de 1835, Pendant Fété 1984, le corps gelé et conversé du sour-officier
John Torringion du Terror a £1¢ temporairernend exhumd of wune aitopsic @ did pratiquée. Lanalyse ddehamillons di tasus a déterming
le profil médical du marin dgd de 20 ams ; sey poumons silicosés oni mis én fvidence som passé de tuberculeur er d'emphysématens
Som apparcnce émacide, bien que partelfement dic & fa déshydeatarion poremortem révéle un individu malade depuds un certaln teimps
I et miort apparemment de pacumonie. |'analvse de métoux loundy comcentrds dans les oF des échantillons indigus wn haut taux
de plomb, maby lo sgnificetion de sa présence dépend des recherches wliéricures sur lea rigaus. On pense que fa principale raison de
la présence de ce plombi ext o nowrriture e conserve.

Moncléy : Proage du Nord-Ouest - St John Franklin - lle Breehey - Anthrapologle physigue - Autopsie aretigus - Joks Torringion - Frévence
de plomb dans les o5 < Alimenty on conserve

{and disasters) of Arctic exploration and the search for a

INTRODUCTION Nothwost y

There can be little argument that the work of lorensic
and physical anthropologists has been invaluable in the
study of prehistory and history. The ability o associate
individual physical charucteristics (representing personal

HISTORICAL BACKGROUND

identification and cultural practices), caunses of death, and
stites of health of peoples of the past and present has
enriched our perspectives on human lifeways and achie-
vements. Forensic anthropology has also provided im-
portant and new medicolegal approaches to human identi-
fication issues. This report describes the justification,
methods, and preliminary results of a forensic anthropaolo-
gical investigation into the lpss of Sir lohn Franklin's
expedition of 1845-48, one of the major historical events

INTER-NORD n= |9, 19%0

Long before 1845, the British realized that the quest for
a2 Northwest Passage would not lead them to a more
economical rowste to the markets of the Pacific. Explora-
tlon in the Arctic had been too difficult, very costly in lives
and resources, and of limited success. However, in May
of 1845 an aggressive und confident British expedition set
sail for the Arctic with the intent of complefting a
Morthwest Passage from east to west. Though scientific
and geographic discovery were imporiant goals of the
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Map. 1! — The Canadian Arciic istands: the numbers mark important locations reluting to the third Frankim expedition
I. Beechey Island, the Franklin winter camp of 184586:

2. Cornwallis Isdand. cireumnavigated by Franklin's ships in the lse aimmer of 1845;

3, The location where Franklin'a ships Eretus and Termar were beset in Sepiember of 1846 and doerted in April of 1848;
4. Sarvstion Cove, the furthest known location reached by members of the Franklin expedition:

5. The mouth of the Bock River, destination of the surviving 108 Franklin expedition crewmembers afier the deseértion of the ships

expedition, national pride played an equally imporiant
rale. The cumulative discoveries ol preceding Arctic
explorers had resulted in the charting of most of the
potential routes for such & Pussage, and in some areas of
the Arctie little more than 100 km remained (o be explored
and mupped. Under the direction of Sir John Franklin, an
experienced and respected Arctic explorer, the two ships
HMS Erebus and HMS Terror sailed across the Atlantic
into the waters of the west coust of Greenland where they
were last seen by whalers in July of 1845, Heading towards
Luncaster Sound, the sccepled castern entrance to the
Passage, this was the last time they would be seen alive
by Eurcpeans. Within five months deaths would occor,
and by the late summer or fall of 1848 all 129 cewmen
had perished (Neatby 1970; Cyriax 1939,

Franklin’s failure to return from the Arctic resulted in
a remarkable period of search and exploration. From 1848
through to 1879 dozens of ship-based and land-based

18

searches for Franklin's fate were responsible for the
opening up und charting of’ vast Arctic areas. During these
searches, signs of Franklin's expedition were found on
three islands in the central and southern archipelago
{Beechey, Devon, and King William) and on part of the
mainiand of North America {Adelaide Peninsula) (Map 1)
The major discoveries were made by Caplain 'Willlam
Penny (the discovery of the first winter camp and three
graves of the expedition at Beechey Island, in 1850)
{Osborn [865), Dr. John Rae (the location of the major
part of the disaster in the King Willlam lsland area, in
1854) (Cyriax 1939), Captain Leopold M'Clintock (the
discovery of campsites, artifacts, skeletons, and rwo notes
on King William Island, in 1859) (M'Clintock 1908),
Charles Francis Hall (the discovery of adifucts and
skoletons on and near King William Island, in 1869)
(Nouwrse 1879), and Licutenant Frederick Schwatka (the
discovery of campsites, artifacts, and skeletons on King

A



William Island and Adelxide Peninsula, in 1578-9) (Stack-
pole 1965; Gilder 1881)

One of the most important discoveries of all of the
Franklin searches was made in 1859 during M'Clintock’s
private expedition, and consists of a paper left by the
Franklin expedition and found near a large campsite a
short distance south of Vicory Poimt on the nomhwest
coast of King William Istand. One of the paper
is likely a survey note left by Gore and De Vieux on or
ahout the Z8th of May, 1847. Tt reads (after Neathy 1970;
M'Clintock 1908) :

28 of May 1847, HM Ships Erebus and Terror wintered

in the ice in Lat 70* 05" N. Long. 8= 23' W. Having

wintered in 1846-T at Beechey Islund, in lat. 740 43" 28"

N, long. 900 39" 15" W, after having ascended Welling-

ton Channel to Lat. 770, and returned by the west gide

of Comwallis Islind. Sir John Franklin commanding
the expedition. All well. Party consisting of 2 olficern

and & men left the ships on Monday 24th Way | 547,

G. M. Gore, Lieut. Chas. F. Des Veux, mate.

Scribbled around the margins of the paper is the follo-

wing:
April 25th, 1848 — HM’s Ships Terrorand Erebus wers
deserted on 2Ind April, § leagues N N. W, of this,
having been beset since 12th September 1846, The
Officers & crews, consisting of 105 souls, under the
command of Captuin F. R. M. Crozier, landed here in
Lat. 69« 37" 42" N, long. 980 41" W. Sir John Franklin
died ¢m |1th June 1847; and the total loss by deuths
in the Expedition has been to this date 9 officers & 15
men, James Fitzjames, Captiin HMS Ercbus, F. R M.
Crozier, Captain and Semior Officer,
And siart on tomorrow, 26th, for Back's Fish River.

The finul two sentences arc associmled with this second
pert:
This- paper was found by Lt Irving under the cairn
supposed 1o have been built by Sir Jumes Ross in 1831,

4 miles to the northward, where it had been deposited
by the late Commander Gore in June, 1847, Sir James
Ross” piliar has not, however, been found, and the
paper hai been trunsferred to this position, which is
that in which Sir James Ross' pillar was erected.

Deserting theirships on April 22, 1848, the 105 survi-
ving officers and crewmen had set up camp on the
northwest coast of King Willlam Island approximately
3 km south of James Clark Ross” Victory Point cairn of
1830 (Ross 1835). Here they busied themselves with
preparations for the neardy 400 km trek to the mouth of
'th-lt Back River. After quitting the camp on April 26 they

along the King William [sland coastline,
dra.uini mudiﬁ:d life-bouts mounted on specinlly pre-
pared sledges. Plagued by rapidly deterioraung health the
crews were eventually overcome by the physical demands
of the task, and many men died along the nonhwest and
south consts of King William Islund, though 3 group of
sailors pushed 200 km 1o Starvation Cove on the main-
land, the furthesi known point reached by the expedition
in its httempl 1o’ giin the Back River (Stackpole 1965;
Gilder EREL).

Without gquestion, Franklin's decision to sail imo this
aren was o traverse the uncharied stretch berween two
peographical locutions wisited by earlier expeditions in
scarch of @ Northwest Passage : Viciory Point, marked by
James Clark Ross® 1830 cairn (Figure 1), and Cape John
Herschel on the south const of King William Isiand,
marked by the large cairn constructed by Dease and
Simpson In | 839 (Figtre 2) (Simpson 1843}, It is probable
that a survey party from the ships completed this task =
number of months before the ships were deserted, though
it 74 certain that the 90 km stretch was covered by Ijle dying
crews during the summer or {all of 1348, marking the
completion of a Northwest Passage. All cxpedition
members perished with the last survivors likely succum-
bing to starvution and scurvy during the later months of
1843, Why this well-manned and sopplied expedition
perished has been an enduring question. Since 1981

Fig |
Island the jocation reached by Jumes Clark Ross in 1830, The
view i Ly the south
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= Viciory Poipt on the northwest consl of King William



Fig, 2 — Cape John Herschel on the south const of King William
Island. The large dismantled cairn in the foreground was origi-
nally buill by Dease and Simpeon in 1839, The view s 1o the east.

research teams (rom the University of Alberta have been
employing the methods of histercal archagology, forensic
anthropology, and medical pathology in the investigation
of the loss of Franklin's expedition. This scientific ap-
proach can offer new perspectives and answers through
the ohservation, collection, and anzlvsis of the surviving
physical remains of the expedition.

RECENT INVESTIGATIONS

The third Franklin expedition could be considered o
miss disaster. None of the 129 crewmen and officers of
HM Ships Erebus and Terror survived to provide the
important details which would huve sllowed us a more
thorongh understanding of the circumstances and hards-
hips surrounding the disaster.

Since the disappearance of the Franklin expedition,
scores of searches have scoured large arcas of the Cana-
dian Arctic for clues. Their reported discoveries, wlong
with thorough scarches and interpretations of archival
sources by historians, provide us with our present body of
knowledge about the expedifion (sec: Cyriax [939:
Neatby 1970). However, only the scaltered remains of
campsites and arifacts have been used in wn attempt to
picce together the events of the expedition’s three scusons
in the Arctic. Though human skeietal remitins nssociated
with the expedition have been discoversd, and some
removed (sec: Nourse [879; Gilder 1ERI; M Clintock
1908 Stackpale 1965), the analysis and reconstruction of
human materials has only recently been attempied (Beatiie
and Savelle 198]; Beattie 1983)(1).

(1) An exception : Skeletal remains discovered ond collected
on the south coasl of King William leland in 1869 by Charley
Francis-Hall were later wentified, on the hass of & pold filled
woath and an age deiermination, 1o be those of Li. Henry Thomas
Dundas Le Vescontz of HMS Erebus T. H Huxley provided this
identifleation in 1872, un enrly example of lorensic adomalogy,

80

In 1981 & colleague, arctic archacologist James Savelle,
suggested 8 collsborstive survey of the King William
Island wren (where ulmaost wll of the crewmen perished).
Savelle had plans that year to conduct an archasological
survey of Inuit sites on the south coast of the islund, and
he invited one of us (OBB) to participate (Savelle |1985).
One of the goals of this survey was to locate, for forensic
anthropological analysis, anv surviving skeletal remains of
Franklin's crewmen, and in July of 98] a fragmentary
skeleton of one Franklin expedition erewmun was discove-
red. This man, who died in his early 20's, was lound
associated with o small campsite located on the southeast
comer of King William Island {Beattle and Savelle 1951 ;
see Mourse 1879 for the originnl deseeiption of this
individual). Subsequent analysis of the remains demons-
triated bone changes due to scurvy us well as a small series
of intentional cut marks on one of the femurs. This latter
observation has been suggested as corroborution of Inuit
gccounts of cannibalism among the starving Frankiin
crews, though the issue cannot be resolved completely
with the present evidence (Beattie 1983), In nddition, trace
element analysis of bone from this crewman vielded lead
levels exceeding 220 partd per million, an amount nearly
10 times that found in 19th century Inuit hones from the
same region (Beanie 1985) Though the crewman’s bone
fead level was very high, it is difficult to interpret if
physical and/or neurological effects had developed in this
individual,

During: July of 1982 further surveys of King William
lsland located the fragmentary skeletul remains of an
additional 6 individuals {(a minimum estimate), all associa-
ted with a lifeboat discovered by M'Clintock in 1859 in
Ercbus Bay and revisited by Schwatka in 1879 (M'Clintock
1908 Stuckpole 1965; Gilder 1881). Only a concentrated
scatler of wood fragments remains today to mark the
location of the boat, The nature of the scatter of human
bones geems 1o support M'Clintock’s contention that the
lifeboat was heading back towards the ships (Beattie 1983;
M 'Clintock 1908).
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Descriptions of the skeletal remains discovered in 193]
and 1982, and the results of the analyses, can be lound in :
Beattie 1983, 1985, and Beattie and Savelle 1981 (2). One
important observation made during these two seasans of
survey is that the cumulative effects of time, weather, and
snimal and human activities have nearly erased ull evi:
dence of the Franklin expedition in the King William
tsland area.

Franklin and his crews spent their first winter in the
Arctic 4t Beechey Island, a small islet connected by a
narrow spit of land to the southwest corner of Devon
Island (see Map 1). Roughly triangular and measuring 3
km on & side, most of the island ie dominated by sieep
cliffs rising to u plateay ranging between 160 und 120 m
above sea level, Only the norheast section of the island
hus o relatively flat and low area dominated by a series
aof gravel beach tidges. Here, hlong with the detritus of a
lurge and lengthy encampment, they left bohind the graves
of three men (Parmenter et al. 1977; Phillips 1985). These
were discoversd by William Penny and his erew on Augusl
27, 1850 (Sutherland 1850; Kane 1853), Found buried on
the island were rwenty wvears old peiiy officer John
Tomington (died Junuary 1, 1846; Terror), 23" years old
ahle-bodied scaman John Harmell (died January 4, 1846;
Erebus), and 33 yeary old Royal Marine private Williim
Braine (died April 3, 1846; Erebuv). Three days laler, on
the 30th, Dir. Peter Sutherland, the surgeon 1o the search
expedition led by Penny, proposed thai the graves should
he investigated (Sutherland 1850, Val. | = 316-317}

It was suggested (o huve the graves opencd. but s there

scemed (o be a feeling apainst this really very proper

und most important step, thé suggestion was nol
reilerated. It would have been very interesting to have
examined into the cause of death; it is very probable
there would be no difficulty in doing this, for the
badies would be found frozen as hard as possible, and
in a high state of preservation in their icy casings... It
is very improbable they died of scurvy : Indeed, It |s
almost impossible that this disease could have appea-
red in the expedition at a period so early as to prove
fatal 1o those FArst attacked.. [though the] cause of

Braine's death, which happened in April, might have

been scurvy supervening upon some other divease, The

first two deaths [early January] had probably bzen

caused by accidents, such sx [rost bile or exposure 10

intense cold in a state of stupor, or to diseascs of the

chesl, where there might have been some latent
mischiel before leaving England....

Therefore, the idea that the individuals buried
Beechey lsland could contribute (o the understanding of
the diseppearance and loss of Franklin's expedition dates
to within days of the discovery of the graves. This theme,
though in a slightly different perspective, way picked up
by Sir Edward Belcher in August of 1852, His Admimlty
instructions (part 13) directed him 1o search for poesible
records left by Franklin on all parts of Beechey Island;
and in pursuit of these orders, he actunlly dug into the
graves (Belcher 1835 :75) :

On the 12th August, accompanied by Captain Kelleti,

and also by an official party under Commander

Richards. a close search was made of every likely spot

(2) During 1982, and on un independant survey. Savelle (1985)
dikcoversd the fragmentary sketets] remuins of three individoals
on one of the Todd kslets, locaied in Simpson Sirait [mmedistely
suith of the 1981 discovery.

on Beechey Island, but without discovery aof further
traces. The graves were dug into, bit found ke firmly
frozen that no prospect offered by lurther disturbance:
they were therefore replaced, and completed ancw.

Beleher does not identily in his journal whether he dug
into all three graves, but based on our own observations
at the site' in 1984 and 1986 we would suggest that he did.

For u very short period (perhaps four hours) on
Seplember 7 of the same year, Commander Edward
Inglefield of the fsabel(3) and Dr. Peter Sutherland, his
sargeon, exposed the coffin and body of able-bodied
scaman Johin Hartnell (Tnglelield 1853; Murchison 1853),
Sutherland's suggestion af two years previously had come
to partial Iruition. Though nothing is described in the
account of his cxpedition (Inglefield 1853), some of
Inglefield’s f{indings are recounted by Sir Roderick
Murchison in a speech made during the presentation of
the Royal Geographicel Society’s gold medal to Inpleficld
in IR53 (Murchison 1R53 Jx-lxi)

Let'me here adverl to one of the deeds of our medalist,

for which, in my opinion, ihe friends of Franklin onght

to be sincerely indebted to him. That three of the
missing expedition had been buried in Beechey Hland
wiis well known, os recorded on their gravesiones; but
their graves had never been examined [evidently, he
was not awire of Belcher's attempt]. Now, whitever
prejudices sailors might have on such a subject,
Communder [nglefield, being in a private expedition,
resolvied to dig down into the frozen ground, for the
purpose of ascertuining the condition in which the men
had been intcrred. The apening out 6 one coffin quite
realized the object he had in view, for at six feel
beneath the surface, o depth reached only with grear
difficulty, by penetrating ground as hard as 2 rock, a
coffin, with the nome of Wm. Heéarmwell [sic], was found
in as: perfect order ss if recently deposited in the
churchyard of an English village. Every button and
omamer| had been neatly arranged. and whit was maost
imporant, the body, perfectly preserved by the intense
cold, exhibited no trace of scurvy, or other malignant
disense, bul was muanilestly that of o person who had
died of consumption, & malady to which it was further
kmown that the déceased man was prone. The know-
ledige of this simple fuet sssures us therelore, that when
fast at Beechey Island, the Franklin expedition was in
perlect order, and ready Lo traverse the ey barriers the
moment weather permitted (4)

Systematic investigation of the Beechey [sland site
began just over 4 decade ago and involved the assessement
of the current condition of the site, description snd
mapping of archacolagical features, and conservation of
the headboards associated with the graves (Hobson ¢ al
1975: Parmenter ef af. 1977}, The purpose of our project

{3y Thiz private search expedition was hocked by Lady Jane
Franklin.

{4y Our 1084 and 1986 investigations of Hartnelfa grave
demonsiraied that he was buried, not the six [est described by
Murchison, bul barely 2 1#2:feat below the surface. Also, oaly
Hurnel's right elbow and pant of his face seem to have besn
previously exposed, and the dewml described by Murchison
simply could not have been withessed. Obviously, Murchison’s
aecounl wik highly embellished (o belit the oceasion of a medal
presentution, During our 1984 excavations we diseovered thal
Inglelisld snd Sutheriand hod accidentnlly damaged the eoffin 1id
during the difficull excavation through the: permafrost.



1510 estahlish the cause(s) of denth for the three crewmen
at Beechey Island. Though death early in an expedition
was not unheard of, that three died at the begmning of
|R46 can be looked ar with some suspicion, This view was
held by at least ong of the searchers : EOmmaney inter-
pretéd that, becuuse three had died the first veor, the
expedition was not enjoying perfect health, and he attribu-
ted this (at least in part) to the infenor quality of the
preserved meats, though he had no evidence 1o support the
claim (Houses of Porliament 1855 (val 13 21710 It is likely
that, if the rest of the crews were suffering from u shared
problem of medieal or dietary origin, the establishment of
the stme of hedith of Torrington, Hornell, and Heaine
could provide invaluable information regarding the fare of
the whaole expedition. This is a rensonuble supposition for
there is some evidence (o suggest that their food supply
was of guestionsble quality, and could even have been o
source of poisoning (Cyriax 1939, Besttie 1985). 1t hos
been reasoned that the emptied tins found in large
numbers il Beechey Islund were representative of normul
comsumplion raes (Cyvriax 1939), and this is acceptable
though arguable evidence that the food was palawble, In
other words, the mumber of tins ar the site may not
represent u culling of improperly préserved foods as wis
intcrpreted by, among others, John Richardson (18613,
However, there is 4 possibility that the tinned foods could
have been contaminated with certwin metals associated
with the canning peocess (see reland 1939 for descriptions
of the canning processes during this perod of Asctic
exploration). specifically lead from solder and tin from the
inside surface of the cans. Such comamination would not
nommilly have been dotectable by taste, and it ¥ not
known whether illness resulting from the eating of laods
50 preserved wouald have been associnted directly with the
process. If not, further consumption of the tnned foode
by the crews would have slowly compounded the potential
health nisks.

During August of 1984 a five person research team
conducted 2 temporary cxhumation and autopsy on John
Torrington, and John Harinell was pamially exposed for
a shon period during an atiempt 1o documont the Ingle-
field/ Sutherland exhumation of 1852 In June of 1986 an
eleven person team conducted temporary exhumations
and autopsies on John Harmell - and William  Braine,
Though the 20th cemtury clreumstances made these in-
vestigations unique it is interesting to note that autopsies
were regularly performed during s aumber of the British
Arciic expeditions of the 19th century, For example, the
surgeons on Purry's first (1819-20) end second (1821-13)
expeditions (Parry 1821, 1824), Back’s expedition of
1836-7 (Back 183K} Kellet's 1852-54 participation in the
Frunklin search (M'Dougall 1857), and Collinson’s
IB50-55 pamicipstion in the Franklin search (Callinson
1889) performed autopsies on deceased crewmen.

The 1984 field work on Beechey Island was conducted
from August 9 to 29. The investigation of the grave site
involyed controlled excavation of cultural fealurey and,
therefore, required employment of archasoleglcal techni-
ques. Features were excavated and information recorded
in such a way that the femtwres could be completely
reconstructed. Also, because the conlemts of the graves
were not removed from the site, basic descriptive infor-
mation wis recorded in the field.

The three Franklin Expedition gruves wre gituated on
a-gravel beach between 7 and 8 m above sea level, They

are artanged, side by side, in & row orlented approximately
NE-SW. The move recent grave af Thomas Morgan, from

B2

MeClure's ship- HMS Investigator { Parmenter et al. 1977),
hus been ndded to the SW end of the row, At the NE end,
an elongated low gravel mound, with & boulder in place
of o head board, appears 10 be a filth grave, The long axey
af the graves are approximately NNW-SSE with the head
boards gt the south end and the inseriptions facing away
from the grave (i c. fucing south). The wooden head
beards were replaced with fibreglass replicas during the
middle 1970's (Purmienter & al 1977), Historic records
suggest tha, onginally, there were also foot boards
assoctated with the graves, though when these features
were removed is unknown.

In order to maintain horizontal and venical spatial
control, & site "dutum” was established st a fixed locution,
A recent stone and morar cmm (Hobson et al 1975),
located southwest of the graves, was used for this purpose.
A secondary ‘datum’ was established in the immediate
vicinity of the graves and & string-grid of | by | m squares
wits constructed to encompass the grave site. Detailed plan
and profile doiwings were made of the surface of the
graves and cach wai exiensively photographed

Excavation began with the grave of Tomngton, The
surface features of the grave ure dominated by o low
limestone shingle mound messuring Im wide by 45 m
long and 0.7 m in maximum height. A shallow depression
just beyond the foot of the grave is ikely where gravel was
cxcavated to form the mound, but may also represcnt
where Belcher excavated. The well-made head bourd
{rephica) bears the inscription : “Sacred to the memory of
John Torrington, who departed this life January Ist, 1846,
on hoard of HMS Terror, aged twenty vears™, The grave
wis excavated a5 3 single unil

Permalrost was reached at variable depths between
10-15 em below the surface. Pickaxe und shovel were used
o excavate through the permafmost, No culturs] materisls
were observed prior o the exposure of the coffin, though
4 few fragments of partially preserved bird leathers were
found; they had been incorporated into the fill during the
original 1846 excavation. At a depth of 1.1 m below level
surface (excluding the pravel mound), the top northess|
corner: of the coffin became visibic through a thin layer
of ice. The remainder of the excavation was taken down
to a similar depth-and the area to the porh and cast of
the cofiin was further excavated down 1o the level of the
coffin bottom, revealing one side and both ends, The west
side al the collin was not exposed. This was considersd
to be the minimum amoon! of cxposure which would
allow measurement and description of the coffin. To avoid
iny damage to the coffin, the final few centimetres of
adhering ice and gravel were removed by melting with hot
dir generuted by a large capacity gasoline-burning space
heater. Once expozed, the coffin was photographed and
scale drawings made (Figure 3L

The coffin measures |53 m long. 48 cm wide (ut
shoutder level), and 33 cm deep. The base is at a depth
of 1.4 m below level surface (i.e. excluding the gravel
mound). It is constructed of rough mahogany hoards, 30
em (12 inches) wide and 2 em (374 inch) thick. Curvature
of the coffin’s sides a1 the shoulder level is accomplished
with o series of kerfs on the inside surfuce. The entire
exterior of the coffin is covered with o navy blue fubric
and decorated with white fabric ribbon held in place with
sitiall brass tacks. A decorative plague is centred on the
lid wwards the head end of the coffin. Hand-cut from
tinmed sheet iran, the surface of the plague is painted dark
blue and hand-painted in white with the following inserip-

—— e
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Fig. 3. — The expimed coffin of John Torrington a1 seen in Augus

of |94

FiG. 4. — Pesty officer John Shaw Tornngton of HMS Terrar, who
died on lanuury |, 1846, aged twenly yéars.

ton : “JOHN TORRINGTONMN DIED JANUARY | 1546
AGED 20 YEARS". Samples of both the dark blue and
white paints were collected, but these have not yet been
analysed.

Ten iron nails sccured the coffin lid; and these were
sheared risther thun pulled, minimizing any damage to the
lid. The coffin lid was removed in one piece, revealing that
the body was completely encased in ice, except for an air
pocket directly around the face. 1t is this condition that
resulted in the excellent preservation of tissues. The jce
probably originated in the spring and summer of 846
when the runofl water percolated down inio the grave
excavation and Nowed into the coffin, surrounding the

83

body belore freezing (the coffin is for from water-tight)
(Sutherland [832).

Running water wis used to thaw the ice, and the body
was completely exposed within four hours. The appea-
rance of John Torrington, after he was completely exposed
by melting the encasing ice with warm and cool witer, was
s if he had just died within the previous few days. Apart
from some dehvdration of his lips and evelids, there were
po signs of decay or disintegration (Figure 4),

He was dressed in a white cotton print shin with thin
blue wvertical siripzs, pleated a1 the 'waist, and plain
trousers. Mother-of-pear] buttons were foend on the shin
and pants, while o brass button formed the waist fastener




of the pants. A white kerchial with 1.25 em diameter blue
polkadois and a blue print border design was found
wound under his chin snd knotted at the top of the head.
Thin, torn cotton stripa were used to hind his body very
tightly a1 the level of the elbows, the hands, the ankles, and
around the greut woes. His feet were bare, and no other
personal objects were found in the coffin. His body had
been placed on a supporting bed of woodshavings spread
along the bottom of the coffin.

The autopsy of John Temington was perfomed over a
four hour period directly adjacent to his grave. The body
was lifted out of the coffin and placed on & plastic ground
sheet. At this stage the body was still almost completely
frozen. After photographs were taken of the clothed body,
the person was undressed and the clothing put o one side
for luter photogriphy and description. One of the striking
initial observations made st this point was the exiremely
cmaciated sppearance of this person. Though we feel thit
postmonem dehydration does acoount for some shnnkage,
our general interpretation is that e wis an extremely ill
individual at the time of his death. Samples (10 to 30
grams tn size) of all identifiable organs were callected for
laboratory analysis, and bone, hair, and fingernail samples
were also collected. Immedistely after the autopsy the
individual was placed back in his coffin snd the site
reconstrucied to the condition in which it was found.

1984 AUTOPSY RESULTS

The analyses of the hiological materials collected from
John Torrington were conducted in the Depariment of
Pathology at the Univeriity of Alberta,

Mo tissue wounds, fractures, Hgature merks or other
external evidence of traume were present on the body, and
there was no evidence that he had been intentionally blad.
Portions of pectoralis muscle, rib, rdius, lungs, heart,
pericardial sac, liver, spleen, kidneys, stomach, appendix,
brain, and large and small bowel were taken in the fcld
for later microscopic and element analysis, The viscera
were slightly shrunken, though the heart 1o & much grewter
degree (the heart weighed oaly 110 gm), bl gross
morphology was well preserved.

The lungs were anthracotic and were bound to the chest
wall by adhesions. The heart was intact and had normal
villves and coronary aneries. Sections of lung and bowel
showed excellent preservation. Tissues from the spleen,
liver, kidneys and heart were less well preserved. One
section of jung contwined a necrotic, presumibly infec.
tious granuloma. Other sections contained loci of carbon
deposition (sometimes associated with alveolar wall des-
truction), fibrous tissue and possible airspace consolida-
tion (emphysema). No abnormality was identified In the
stomach, appendiz, and small or laorge bowel. Tissue
morphology was notably well preserved in the colon — an
unexpected featire since intestina]l mucosie are especially
susceptible to peostmoriem autolysis, The lsck of food
particles or evidence of bacteria point to either dysentery
or the adminisiration of one or more purgatives (a very
common trestment of the day for many diseases).

The postmortem examination eliminated trauma, other
than eXposure, as a cause of death, but was less successiul

in estublishing on anotomic cavse of death. The usual
cause of death among young people in the mid-1800%,
other thin trauma and childbirth, was infectious illness,
particularly tuborculosis and pneumonia, This porson did
have a nmecrofic lung granuloma (possibly evidence of
tuberculosis), but it was scarred dnd inactive. There was
no evidence for disseminated tuberculosis. The possibility
that pricumonia was the direct cause of death seems more
likely on the basis of the limited anatomic abnormalities
found (see Amy er al 1986 for u' full account of the
autopsy),

He was emaciated end, from the lack of any work-
related calluses, may have been ill for some period of time
prior to his death. Our estimates of his weight (he was 162
em tall) fall below 40 kg, The lack of decubitis indicates
# comhbination of excellent medical care and some ability
1o move around, even during the last days of his life. Trace
element analysis of small bone samples collected from his
wrist and ribs demonstrited levels of lead three to fours
times higher than modern “normal” values in human boneg
{Amy er al. 1956}

Presently a paper i% in preparation which directly
addresscs the issue of Torrington's desth through the
results of the anolysis of collected hair samples. Other
papers in preparation involve the report on the archaeo-
logy of the Beechey Island burial site, and & detailed
anolysis of the clothing und textiles axsocizted with the
burial of John Tomngton. During the summer of 1986 we
extended the on-site medical investigation to John Hart-
nell and Williarm Braine, and reponts on this work arc also

in preparation.

CONCLUSIONS

The research thal we arc now involved in has is roots
in the searches for Franklin beginning in 1830, The
concept and application of the medical autopsy during
i19th centery British Arctic exploration was well establi-
shed, and this same approach can and should be applied
today (supporied by modern science, technology, experise
and many unanswered old and new questions) in the
investigation of the Franklin expedition mass disasier.
Eventually, thorough medical profiles on the three indivi-
duals buried at Beechey Island wiall provide new and
exciting insight into conditions during the early phase of
the expedition. Though necessarily preliminary, our re-
search to-date has indicated the imponance for reopening
the investigation of the food preserving methods employed
st hat time, especially those related 1o the supplying of
the third Franklin expedition.
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“TOWARD NO EARTHLY POLE” :
THE SEARCH FOR FRANKLIN IN NINETEENTH

CENTURY ART (1)

by Constance MARTIN

The Arcric Instinate of North America, University of Calgary, Calgary, Alberta

ABSTHACT. — The Asetic sxplorers waterenboors and drawings, rendered w visual records of the midnineweemh century expeditions

in search of Sir Jobn Frankln, are an important means for undesstanding the perceptinns of this long drama in polur bistory
To moder eyes the paintingy seem romantic and unreafistic. Hisoricafly their primary purpose wus practical | an {nvaluable wid
10 geographical knowledge and a source of information on mew phenomena encountered in the sorthern wilderneys.

A close historieal amd assthetie snalysis of these imuges ¢nables us 8ol only to sppreciite (heir significance as scientific and
tapographical illustrations, but also a1 revelutiony of (he individual explorens’ personal perceptinns ol the Arctic — their feelings
and beliefs, and how these in turm creaied the myihic muge of the northern wilderness in he public’s imaginution.

Included s 4 conifast 1o the Britih atl is Wie more optimistic art of (he Americans, Elisha Kent Kune and his collaberator James
Hamilon, which grew out of 1%0 American expeditions (o search for Franklin in 1850 and 1853, Together, the British and American
ari of the Arcic presents a dimension to nonbern hivory not wsally congidered. :

Key-words : Arctic — Explorafion — Art, painting — Sir Joha Frankfin

RESUME. — « Vors un pile imaginaire » : Ia recherche de Franklin dans Part du XIXe siéele. Les aquarelles et les dessing des explorateurs

de 'dretigue, gui sont des comptes rendus visuels des axpéditions affecnudes au mifteu du xoe sidole @ I rocherchie de Sir John Franklis,
sont dey wourcer imporianies pour comprendre comment daly perpu oo Tomg deasme de Uhistoire pofaie. Ay prublic copiemporain, led
tableau semblent romantigues ¢ {redalistes. (uand ilx furent créls, (eur objectif’ prestier dialt dondee pratique, ¢eai-d=dire congiltier
wn outil de grande valoir devant comirihuer a la conaaissance de la geographle ains gu'une yoerce de renselghements sur les houvedus
phémormdnes obiereds dony les dtendses sauvages du Nod

Line analvae serede dey aepects Aistorigues of exhdrigues de oea (muges maus permet d'apprécidr feur fmpariance son seulemeni en
titnt gu'fllustrasions. sclentifigues ef topographigues. mils dgalement en lnl gle Wmaing de o fagon dont fex divers exploruteur
percevatent o monde de Udrctique. de feurs semtimnie gt die lewes cropanoes, #f o parmil dgpademient dy PORSEART COMIMICRE Ciy images

ont fair paitre derey Limustiation du public le mythe du Nord sauage.

L'art plus aprimiste dea

deur Américaina, Flisha Kemt Kane er son collahoratewr James Hamilion, le sdsuftar de deies expédinions

américaines & la recherohe de Frankling en 1850 ef en 1833, font contraste avec Vart britonnlgue 1 art britannigue et amdricain de
IAresigue prventent une distiension de Uhisinire du Nowd habizuellement oublide,

Movx-cles : Arctiguy — Exploration — Are, peimtute — Sir John Franklin

Early in the |860s two large paintings, one English and
the other Americun, gencraled considernble attention, The
Arctic was the subject of both, and both included a
reforence o the mysienous disappearance of the Franklin
expedition. There the <imilarities end, for logether they
express with sublime intensity two dismetrically opposing
perceptions of the polar regions in the middle of the
mingteenth century.

Edwin Landseer's Man Proposes, God Diyposes (Fig. 1)
portrays the Victorians® womt fears and deep fascination
with cannibalism. Lundseer, England’s most, popular
animal painter, best known for his lions in Trafalgar
Squure, found in the Arctic saps material for o . bimer
satire about the vanity of human effort,” (Hill 1973 ; 39),
He severely depicts the devouring of cartasses by animals,
bloodthirsty polar bears, the broken mast of a ship
{probably the Erebus) and a tatiered cloth of the fag, all

(1) Reprinting: ~The Franklin Era In Canadian Arcic
History |845.1859%, ed. by Patricia D. Sutherland, Navlowal
Museusi of Man, Menury Serigs, Archocological Survey of
Canads. Paper 131, 1985 Onmwa
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of which convey & complete rejection of Godly presence.
On the other hand, the Americun artist Frederick Edwin
Church's feebergs (Fig. 2) presents the viewer with a dream
of the Arctie as envisioned by those centuries of explarerns
who sought within its hidden regions a peaceful haven of
beauty and sublime grundeur, The presence of a broken
mast, an obvious reminder of the fate of Franklin. in no
way detructs [rom the elevating emotion of the scene. It
is rather a reminder that mariners lost in the depths of the
frozen regions have perhaps found those *.sunny conti-
nents”  (Hlackwood's  Edinburgh  Magazine, November
1853}, It is they who have completed their journey “toward
no earthly pole.” (Lord Alfred Tennyson, from the bas
relief memorial, Westminster Abbey. 1977)

Neither vision is camern realistic, yet their inspiration
comes from the factual visual records of eighteenih and
nineteenth centuriey. Arctic explorer-antists, and it s
through an examination of these images that an unders-
tanding of the two conirasting perceptions is revealed.

Today, given our koowledge of the Arctic regions

through photography, aerial photography and satellite
mapping, it is difficult 1o imagine the scientific and




Frg. . — Landseer, Edwin, ofl painiing, Mun Proposes, God Disporer, 1864, Reproduced in Hill (1973)

Fra 2.

aesthetic importance of the explorer’s own drawings. The
camera, more ohjective and factual, can soften or heighten
but cannot alter what it sees. The explorer-artist gazing af
a towering iceberg, or experiencing the brutality of a
northern storm, found inspiration for poetic analogies and
romiantic metaphors that often 12l us more about his own
perceptions than about the actual place. These immges,
used to enhance the published expedition journils, and
reproduced in such mid-nincteenth century  pictorial
magazines as the MNlustrated London News, became col-
lectively the picture of the Arctic in the minds of the
public. Their primary purpose, however, was practical.
They were an invalunble aid 1o geographical knowledge
and an important source of information on phenomena
encountered during an expedition.

The Roval Society, founded in 1660, first realized the
opportunity offered by distant sea vovages for the col-

BB

Church, Fredenck Edwin, ofl painting, Joebergs, Dallas Museum of Fine Arts, Dallas Texus

lection of information pertinent to maritime skills and the
pursuit of the natural seiences, A pamphlet published by
the Roval Society in 16635, ' Directions for Seamen, Bound
for Far Voyagea”, encouraged the explorer to record and
sketch all phenomena encountered, “..lo study Nature
rather than Books™ (Royal Sacisty 1665-66 : 140), By the
early eighteenth century, the mstuctions included further
directives for the drawing of views and climatic abserva-
tons, *..Lightnings, Thunders, Comets..” etc. (Smith
1950 1 66}

This was the first attempt (o systematize muarine infor-
mation, although modern accuracy did not begin to evalve
unti] the middle of the eighteenth ceniury. Before then,
myths and error abounded, and even maps and charts
which were distributed privately or through the commes-
cial presses had no supervisory body uniil the esiablish-
ment of the Hydrographic Office in the late eighteenth
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centiury. The early mariner relied mainly on shared expe-
rience.

Mext to the map and chart, the most important visual
nid for the seaman was the coastul view, a silhouette imige
conveying the identifying outline of a land mass. Deve-
loping this simplification of form enabled the navigator 1o
recopnize & particular coast, harbour or island, These were
aide-memoires, and joined others of the same sort from
the same voyage. They were soan considered essential to
navigation (Fig. 3) (Munday 1976 : 219). To facilitate
visunl rendering, draughtsmanship became required trai-
ning for seamen. Taught in the cighteenth century at the
Royal Naval Academy and at Woolwich, the military
institute, it was also learned through apprenticeship
ushaird ship. Jumes Cook, for instance, learned surveying
in this way during the Seven Years War, and it was this
particular talent which largely fMcilitited the success of his
voyage to the South Pacific and set the precedenis for
future Aritish exploration. The accuracy of Cook's coastal
views is certified by the fagt that two centuries |ater the
Hydrographic Office still st times includes them on
current maps and charts.

Though draughtsmanship became a requirement for the
seaman's training, professional artists were also included
on the early voyages. With James Cook and Sir Joseph
Banks in 1767 was John Webber, a founding member of
the Royal Academy. On his second voyage, Cook included
William Hodges, a well-known murine painter, To guard
against the embellishments of fine art that ofien proved
to be a temptation to the arlist, the Crown in 1805
published an instructional guide, The Liber NMouticis and
Imstructor in the Art v/ Marine Drawing. The book pur-
ported to standardize the depiction of ships and maritime
conditions by presenting clearly outlined representations
of various sailing vessels and stylized renderings of sea

conditions, as depicted in the view of Spitzbergen shown
in Figure 4. This method provided an important aid to the
constal view and a visusl vocabulary of climatic condi-
tions,

Siill, the Admiralty saw artistic licence as a recurring
problem, und continued to warm about distraction from
essentials in expedition records, while fine an found the
subject mutter of newly discovered lands and increased
knowledge of meteorological matters of infinite inspira-
tion. Togather, the conflict between the scientific concerns
of the explorer and the freedom of expression of the artist
was (o be an unresolved hurdle to objectivity.

Mowhere was this more apparent than in the Arctic. No
sysiem of rules could circumscribe the artist’s desire to
render imuginatively such variegated forms as polar ice-
bergs. F.W. Becchey, an explorer-artist of considerable
skill, poetically described their iratton on his journey
to Spitrbergen in 1813, He tells of the grandeur and
splendour of the icebergs as: _

~architectural edifices, grottoes and caves here and

there glittering as if with precious metals... causing

one to... devimte from naotical phraseology, and
shape a course for a church, a tower, or a bridge or
some similar structure, in the lumps of ice. (Barrow

1846 7 54),

Given such inspirational material as we see in Bee-
chey's image of o wedding cake castle fushioned in the ice,
the explorer-artist had = difficult time indeed to be
narrowly factual (Fig. 5). The Arctic ice formed powerful
reminders of literary visions or memories of familiar
objects: caves, castles, cathedrals, fortresses, towers, ar-
ches, bridges, and many other domestic structures. As
such, it served as components for compositions which
followed the tencts of current nesthetics of the picturesque

o 4. — Beoke, William, watercolour, View of Spitzhergen, ¢, 1809, Produced from British Admirally material, with the sanction of the
Controller, HM Saationory (ffice and of the Hydrographer of the Navy.
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Fic. 5. — Beechey, Fredenck W engraving,

Frm 6. — Back, George, watércolour, A Ship, an Iceberg and some
Walnay near the Entrance fo Hudson Steati, 183637,
Public Archives of Cansda, Otrawm (C-110045)

foebery in Baffins Boy. In Parry (152§),

and romantic landscapes of the cighicenth century. As a
resull, théy dlso conveyed the symbolic conieni ol an
established Christian world rather than an untamed and
unknown wildemess. In Captain George Back's pelar
scene (Fig. 6), a glorious gothic jce cathedral provides
divine protection from the approaching darkness in the
sky, The explorer, George Back, as well as F.W. Beechey,
was @ gifled and imaginative artist whose sketches and
walercolours greatly enhanced the published journals of
the expeditions prior (0 1843, The ice cathedral painted
for a lady friend, and no doubt in a plaviu]l mood,
nevertheless conveys to the viewer the téenar of providen-
tial faith that existed in the esrly phase of the Arctic
mission. In this way, the journey in search of the Pole
contained the ovérlone of 8 vovage of spinfuzl gquest of
“an almost allegorical significance” (Loomis 1977 : 96),

In fact, it seems that the more the arist-explorer
travelled, the maore his visual imagery reflected a nostalgia
for reminders of God and home. Mo matter how scientific
his poals, he could pot help, as Heechey mentioned, but
Y. see in Mature what we have been taught to look for
{and).Feel what we hive been prepared to feel” (Barmow
1846 : 54).

What Britich society was not prepared 1o leel or acoept,
however, was the possible loss of the Franklin expedition.
Until Franklin's third expedition, ench Arctic voyage that
the government had mounted since 818 had retorned
safely, adding @ new and clevating chapter to the Polar
story. The public, through the published journals, had
followed the long narrative with growing interest und
confidence in the explorers’ success, Fear and apprehen-
sion for Franklin and his men, however, changed ihe
direction of the tale. In a sense, mo other event in
mid-Victorian history was comparable in its impact on the
imagination. The emolional involvement of the public far
exceeded the extent of the tragedy. As Charles Dickens
rightly pointed out in his magazine Howsehold Words
{("“Unspoited Snow"”, Nov. 12 1853, p. 242}, thousands of
men might be lost in a single banle of war, arousing less
alarm. The answer lay perhaps in the fact that the “long
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and continuous narmative..."”; 85 described by C.C. Loomis
(1977 : 96) tovched u nerve, for it struck on jssuecs of
paramount imporiance to Victorian values. It suggesied o
change, a shift in conventional perceptions of Christian
man protected hy divine providence. Consciously or
unconsciously, this element underiay the public’s concern
during the long and drawn-out search, Although huma-
nitarian feelings certainly played u part in public emo-
tions, even more important was the scarch for the answer
1o what had happened 1o the expedition ftsell. Why had
they disappeared 7 Whit wis there sbout the Polar regions
that could hide so thoroughly its terrible secret ?

Widespread newspaper covernge stimulated the
public’s intense emotional involvement in the fate of the
Franklin expedition. Supplementing the daily newspapers
was the newly founded [fastroted London News which,
from 1847 on, devoted extensive coverage to all aspects of
the Arctic sedrch vovages. Central to the magnzine's Polar
grticles were the explorers’ on-the-spot skeiches. Out of
their imagery grew Panoramas, the Victorian equivilent of
the cinema : for a fes one could view, in a gallery, murals
of sensationalized Arclic vistas and thereby simulaste the
experience of Palar sublimity. In two issues of the Mhstra-
ted London Newy (Feb, 16 and Feb. 23 1850), “Burford’s
Panorama of the Polar Regions™ (Fig. 7) was glowingly
reviewed, Based on the drawings of William Browne, the
Lieutenant on the Investigator assigned as artist for the
firsi search for Franklin in 1848-49, the scene was given
a full-blown treatment far removed from Browne's original
sketch (Fig. B). The [Iustrated London News stated that
“the picture is puinted throughout with wonderful power
and intensity of effect, charactenistic of the supernatural
aspects of the Polar Regions™.

The visual records of the Brilish Arctic search voyiages
were therefore used in various ways, A sketch rendered in

the Arctic, after its official government use, mighl appear
i the Nustrated London News, become o lantern slide, &

scene in o play, a Panorama_ or an illustration (o enhsnee
the published narrative. Among these possibilities, the
mosi imporiant visual images from the Franklin penod
were the clegant lithograph [olios published a4 separate
entities soon aftér the return of a search expedition. The
growing importance of the visual representation of an
explorer’s experience is evident in the fact that the only
publication to result from James Ross™ |B48-49 voyage wos
Browne's portfolio of lithographs @ Ten Coloured Views
Taken During the Arctic Expeditions.., in Search of Capt.
Jokn Franklin, published in 1850, This publication set a
precedent for folio presentations ol two major search
expeditions that followed. Viewed 45 memorabilia, and
similar to modern coffee table books, they added another
dimension 1o the Arctic saga beyond the expected illustra-
ted journals.

Ag Burford's Panorams had dramatized and exaggera-
ted Browne's on-the-spot skeich, Browne, toa, skilfully
used the arctic scenery in his published folio to convey the
growing upprebension for Franklin, He did so by
concentrating on awesome geological formations which
the expedition encountered. In Termination of the Cliffs
near Whaler Pt Port Leopold (Fig. 9). depicting a scene
near the arca where the Emierprive and [avestigator were
frozen in from September 11 1848 to August 1549, we soe
four lone figures trudging up & towering triangular struc-
ture of granite, an architectural wonder echoing Lindis-
fame or Mont 5t. Michel, the hounting mediaeval mo-
nasteries separnied from the outside world by high tides
or turbulent weather. What Browne (1850 : 6) purports in
his folio imroduction to be *'_fuithful delineations of the
most interesting scenmery in the Arctic regions...” incorpo-
rates echoes of a herole struggle for the Holy Grail or
chivalre leats of rescus. The imagery in other scenes
emphasizes the enormity ol the contrast between the
humian and polar scale = the towering cliffs, the jugged
risck, the dwurfling of manmade tents aguinst the insur-

Fio. 7. — “Burford's Panorama of the Polar Regions, the Investigator Snow Walled in for the Winter'

Mhisiraied London Newr Febseuary 23 1850,

a1




Fia. 8. — Browne, William, hithograph. Terminotion of Ciiffs near Whalers Poirr, Port Leopold, expedition 184349, In Browne (1§50),

mountable walls of stone (Fig, 10). In this way, the folio
images emphasized the magnitude of the project and
served as a publicity and promotion venture for the next
expedition. It also provided the opportunity to sckno-
wledge in the introduction the assistance of Russin and the
United States, both of which were now involved. This
inclusion no doubt increased the sale and circulation of
the lithographs in those two countries, and transmitted 1o
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the world the underlyving fear for the missing men. The
oollection of prints portraved the Arctic journey as a
mission for the brave and a test of Christian faith.

A second folio, published in 1855 after the Belcher
expedition, was rendered by W.W., May. May, who had
previously been with the Austin voyage of 1850-51, was
4 career navil officer, He later in the century exhibited his
paintings regularly at the Royal Academy. May's folio
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Fic: 10, — Browne, William, witercolour, Cape Walker, 1850-51. Scott Polar Research Instituie, Cambridge, England (54/19/9).

Fio 11, — May, Walier W, watercolour, Sledge Party Returning, expedition 1852-54, National Muritime Museum, Greenwich, England.

differed somewhat from Browne's, in that its intenlion was
nol to present the sublime vistus of the Arctic, but rather
to show the more serious armchair-explorer the mechanics
of coping with polar conditions. In it we find scenes
depicting the hazards of ice hummocks, sledging with the
help of sails, and the setting wp of camp in & polar
landscape.

Sledge travel up fo the time of the Franklin search
expedidons had been uncommon. But the need to cover
terrain away from the ships in the hope of finding the
missing men often meant that this more hazardous form
of transportation had to be attempted. Thus, surveying
that might not have been accomplished was done inadver-
tently. Sledging was also @ more severe physical challenge,

forcing the participants 1o experience L0 a far deeper

degree the space, isolation and trials of polar conditions.

With the Austin tion, May covered on one trip from
the Resalute 600 eters over a period of 34 days, and
on an ¢ven more i journey with the Belcher
expedition, a distance of 970 kilometers in a period of 62
days. As & result, May's imagery more than that of any

other ex r-artist. displays a deep awarencss of the
ms ‘of Arctlc space : 8 consciousness that May and

his printer evidently felt the need to temper in the
pablished portfolio,

For example. May's original watercolour Sledge Party
Returning Through Water During the Month of July (Fig. 11)
presents a scene from the Belcher expedition, in which the




Fic, 13. — Cresswell, Samuel Gurney, lihograph, Melville Fsiand from Banks Land, expedition [850-34, In Cresswell (1834)

returning group is being formally welcomed by a4 man and
Nag at & specified point in what appedrs o be a vast and
unvaried land. The horizonial planes of the picture -
boat, men, horizon, and even low-{lying birds — emphasi-
zes the flatness and desolation of the landscape. Only a
small flag pointing to a weak nocturnal san provides any
sustenance. The lithograph (Fig. 12) has, however, been
changed into 2 somewhat more agreeable place. The
struggle remains, and is even more dramatically stated by
the stumbling men, but the sense of desolation is gone,
Instead the sky is full of warm ravs, the birds emerge [rom

the glow like holy spirits, and the boat points diagonally
towards a distant heavenly light. Natore §s still a formi-
dable foe, far removed from the sanctuary of George
Back's ice cathedral or F.W. Beechey's fairy-tale castles,
but the inorganic empliness of May's on-the-spol waterco-
lour has been negated and replaced by a modicum of
spirituality.

Like May's folio; a third set of lithographs puhlished
during the Franklin searches piciured a strange polar
world of Chnstian m set in a godless space.
Rendered after the return of the McClure expedition of



|850-54, in celebration of the technical discovery of the
MNorthwest Passage, the antist 8, Gumey Cresswell docu-
mented the events of the barrowing [(our-year ordeal
Together, the scenes and the accompanying descriptive
excerpls from Captain McClure's dispatches, tell the story
of the expedition's miraculous rescue, and provide the
evidence for the completion of the Northwest Passuge. As
the lavestigator had salled from England in Janudry (850
und had approached the Passage from the west, and the
rescue had been made by members of the Belcher expe-
dition who left England in 1852 and entered the Passage
from the esst, @ Northwest passage was proved to tech:
nically exist. Cresswell's Hthograph Melville Ixland from

Bank's Land (Fig. 13) records the fact. The viewer's paint
of vision s from Banks Land looking across the channel
to Melville Island, the termination of Parry’s remarkable
wostward voyage in 1818, more than 30 years earlier
More dramatic than the above in its imagery is
Cresswell's Crivical Pogition of FIMS 'Invexsigaror™(Fig. 14).
The ship, caught in a vise of massive jagped ice boulders,
i4 ralsed like o giant rophy high on its keel, tilling the ship
precariously. Theatrically spotlighted, the forces of nature
iire on centre stage and human fate is 4 matler more of
caprice than plan, The scene recalls the German romantic
artist Caspar David Friedrich's famous painting of 1832,
The Polar Sea (Fig, 15), in which a wrecked ship nmidst

Fi 14,

- Cresswell, Samuel Gurney, lihoerniph, Critical Position of the HMS "Investigaior, Aupust [BS] In Cresswell [ 1854).

Fia 15
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Friedrich, Cuspar David (1774-1840), oil painting, Die Geschelterte Hoffaung, The Polar Sea, 1824, Reproduced in Loomis (1977)
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the emptiness and stillness of polar ice was a contrast to
the picturesque illustrations of the earlier Arctic voyages,
Devoid of their optimism, Friedrich’s was a prophetic
vision not (¢ be realized until Franklin's disappearance.

In another compopition, Sledging Over Hummocky lee
{Fig. 16}, the metaphors of classical landscape become
strange companions with the ice and rock lormations of
the Arctic. Literally depicting the time two years after the
Critical FPosition of the HMS ‘lnvestipator’, the scens
portmays Cresswell’'s party, some suffering from scurvy,
heroically making their way eastward to Dealy Island and
the safety of their rescue ship. The heavy sledges being
tortuously dragged over massive ice hummocks convey the
struggle for survival, while one lone figure atop a central
mound gazes out toward the unknown space. On another
level, the meaning is given symbolic depth by the long
established language of visual art. Tnsiead of the séven-
teenth and eighteenth century castles, fortresses and
temples employed as symbols of fortitude, courage and
purity, we have the nineteenth century substitutes of
natural forms. In Cresswell's scene the cliff on the left is
an enduring fortress, the birds are (ree ar holy spirits, and
the contrasts af while snow and dark stone suggest the
struggle of good and evil, sll part of the domain of the
figure atop the hill. His gaze, away from the viewer, leaves
unanswered the guestion of the abyss beyond. In sum,
although the Arctic folios commemorate in different ways
the three expeditions, all share a sense of human endea-
vour dwarfed by nature.

The engraver or lithographer, whose contribution is
often misunderstood, may have been responsible for the
heightening of effects, bul the artist remained supervisor
of his own work. Thus. irrespective of the changes to the
original watercolours, the underlying perceptions are those
of the explorer-artist’s direct experience of the north. As
such, Browne, May and Cresswell, by concentrating on the
invincibility of the polar forces, reflected Britain's loss of
optimism in the search mission. Tales of canmibalism,

though dismissed by Dickens as “Esquimaux Kentle ./ -
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Cresswell, Samuoel Guraey, Iithograph, Sfedping Over Hummocky foe, expedition [ES0-54, In Cresswell (1854),

Tales” in his magazine Household Worlds, (“The Lost
Arctic Voyages™, Dec. 2 1854 ; 365) only added to the
country’s disillusion. In contrast, the Americans who
joined the search in 1850 entered the project with youthlul
confidence and a more zealous fwith in Divine Providence.

Aside from the humanitanan efforts 1o find the missing
Franklin parnty, sclentific questions about the Arctic intri-
American oceanographers, in panticular the age-old
romantic beliel of an open polar sea. Poetically related 1o
visions of an earthly paradise in the New World, it had
been an important stimulus to Britain's search for the
Northwest Passage. By midcentury, however, the direct
experience of jee-choked seas had dompened the dream.
Fresher in their approach, the United States envisioned the
Arctic as less of & tortmows labyrinth and more as a
penetrable barrier of ice, heyand which lay a warm sea
with mavigable waters, harbouring perhaps the missing
Franklin expedition. Far more idealistic in their percep-
tions of nature, the transcendental elements in midcentury
Morth America intensified the vision of the wilderness as
God's world, a place of spitituality and divine plan. (For
# brilliant discession of this vision see Novak 1980

The two American voyages joining the search for
Franklin during the 1850°s were dominated by one man,
Elisha Kent Kane. Kane was a surgeon on the first journey
of 1850-51, and in command of the second longer and far
more difficult expedition of 1853-55. His findings in the
Arctic were recorded in two widely read books with
illustrations numbering in the hundreds. Reviewed on
both sides of the Atlantic with enthusizsm for their
aesthetic beauty, the imagery of the illustrations was the
product of a close colluboration between Kane and the
gifted marine artist fames Hamilton. (For a more detailed
analysis of Hamilton's illustrations see Martin 1983),

Though James Hamilton did not travel o the Arctic,
his renderings of Kane's on-the-spot sketches are so close
in #ccurate detail that only the differsnce in style and
romantic heightening reveals the hand of the professional
artist, Kane's own sketches, untouched by Hamilton and
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Fiu 17. — Kane, Elishs Kent, watercolour, pencil and Ink, Upper Isdand, Baffin, July 12, 1851, Collection of Mr. Gary Trinetti,
reproduced in Martin (19831

Fin T8, — Hamilton, lames, watercalour, Ships and Kavak in Moonfight ¢ 1652, Glenbow Museum, Calgary, Alberta,
reproduced in Martin (1983)

reproduced in the finished narrative as well, show him to
bave been an accomplished artist (Fig. 17). Together they
form a synthesis of the scaman's scientific tasks with the
explorer's dream of un earthly parndise, an alluring blend
of science and ar.

Icebergs, glaciers, vast spaces, turbulent seas and skies,
the glow of the polar sun, and the refraction of light, form
the dominant subjects of the Arctic scenes. All evake the
sensibility of the notural sublime through the strange
majestic beauty of nature encircled by God's providence.

In Hamilton's watercolour Ships and Kavak in Moonlighl

(Fig. 18) we find & haunting ghostly scene. Lit by a full
moon seen through parting clouds, the mysterious vessels,
their sails flying as banmcrs of their sacred mission,
opproach a disgonal bar on the lower left formed by a
lone Eskimo and kavak riding a white crest of the sca. Are
they & barrier or a gateway to the secrets of the Arctic ?

Equally powerful in evoking the sublime are the
Kane/Hemilion images Greenland Fiord and Erebus Bay,
Yeflow Sumser (Figures 19, 20), In the former the massive
pinnacies of rock form an impenetrable Tortress surmoun-

ging & calm restful bay. In the foreground, small figures




Figi. 19,

Hamilton, fames, waterealous, Greenfond Ford, Glenbow Museum, Calgiry, Alberis; reproduced in Murin (1983),

Floo 0. — Hamillon, James, witercalour, Erebia Bay, Yellow Semser, ¢ (850, Collection of Mm W Beyer Alrica,
reproduced in Martin (19831

gaze reverently at the placial wildermess und gestiure in
response 1o the wonders they behold. In Erebux Bay, the
contrasts of impervious rock with peaceful waters and
distant horlzons bathed in warm light evoke i sense of
supernatural protection.

To focilitate the interpretation of Kanes's on-the-spoi
sketches for the published joumals, Hamilton lived with
Kune for 4 month. This close collsboration between the
explorer-scientist and the marine arist wes a source of
inspiration 0 Hamilton beyond the illustrations for
Kane's books. Ice, not for its structural form but for its
strange unprediciable properties, is the subject of his oil
painiing ‘Rescwe' in Her Arctic Iee Dock (Fig 21). Kane's
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expedition of 1850-5] had twurned the unusual qualities of
ice 1o the explorers’ advantage by crenting in the ice o
drydock in which 1o effect repairs to the ship's keel, The
endlein spuoe of the surrounding scene enveloped in a
haze reminds the viewer of the small group’s valnerabilizy.
Kune (1854 : §7) wrote : It is & landscape such as Milton
or Dante might imagine...inorganic, desolate, mysterions.”
First sketched by Kune in the winter of 1851, it became
a small woodeut in the published journal, and was later
reinterpreted by Hamilton in oil. Like Cresswell's Critical
Position of the HMS ‘Investigator’ and Friedrich’s Polar
Sea, the image focuses on the fascinating and terrifying
qualities of Arctic ice. Unlike the other two, however, the
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Fic, 2L, Hamilton, James, odl on canvas, The ‘Resewe” In hir
Arctic fee Dock, o, 1832 Collection of Sencca Falls Hstorical
Socioty, reproduced in Martin ( 1983)

mood of the Reyeue depicted under repair, is one of
confidence and security rather than destruction.

Less dramatic, yet more evocative, is the stmospheric
condition known as refraction. A mirage created under
certain conditions, refriaction causes llusive forms o be
thrown above and below the horizon line, Calling the
experience “'phantasmagoric”, Kane (1854 : 63-99) wrote
thal it was beyvond his powers of description. Sometimes
an object such as a ship would be reflected in the sky in
reverse s many as three times. In one of the several
watercolours Hamilton rendered of this hallucinatory
effect from Kane's descriptions and sketches, Refraciion
(Fig, 22) presents ghostly vessels mirrored in the sky,
surrounded by unearthly shaped in a purple haze : an ideal
subject to reveal both the explorer nnd the artist’s poetic
tendencies.

Important historically and symbolically are the water-
colours of Beechey Island. Three gruves, discovered here
in the summer of I850, mark Franklin's first winter
quarters, The small graveboards beneath the towering
cliffs became a well-known Arctic landmark. Several of
the Kane/Homilton images record, in moods sometimes
ironic and in others optimistic, this historic scene, a
monument thit i4 today aur most vivid reminder of the
never-solved mystery. Cape Riley, Erebus Bay, August 27,
1850 (Fig. 21) commemorates the day that the graves were
found by the American snd Brtish explorers, believing
that this clue would lead 10 the discovery of the los
Frunklin crew, Kane recorded the event in his journal with
this eatry:

On the 27th, the chances of this narrow and capri-

cious navigation had gathered five of the searching

vessels under three separate commands, within the
same quarter of a mile — Sir John Ross’, Pennv's
and our own... 1 was still wiking over our projects
with Captain Peany, when a4 messenger was repor-
ted. making all speed 1o us over the ive... The news

he brought wes thrilling. « Graves, Caplain Penny |

Craves ! Franklin's winter guarters ! » We were

instantly in motion.., joined by a panty rom the

Fio 22.
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. Hamillon, James, watereolour, Refrachion. c. 1852 Reprodoced in Marin (1983)




Fie 13, — Hemmlion, lames, Cope Kiley, Erefir Bay, engraving for Kane (18540

Rescue, we hurried on over the ice, ... a weary walk,
to the crest of the isthmus. Here, amid the sterile
uniformity of snow and slate, were the headboards
of three praves, made:alter the old orthodox fashion
of gravestones at home. Kang (1854 © 161-62).

For England, the news of Franklin's fete brought back
by MeClintock in 1859, completed a generation of brilliant
exploration and frustration. For the Americans, the ro-
mance surrounding Elisha Kent Kane's journeys inspired
another decade of polar voyages. For both countries, the
poetic power of the Franklin narrative and its images
would continue to inspire dualistic visions @ ecither
Godless planet, & tortwous labyrinth of tragic consequen-
ces, or the hope of o hidden paradise, an Open Polar Sea,
Tying bevond the barrier ol ice
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THE FRENCH EXPEDITION
OF THE FIRST INTERNATIONAL
POLAR YEAR TO CABO DE HORNOS, 1882-1883

by William BARR

University of Saskatchewan, Department of Geography, Saskatoon

ABSTRACT. — French imtersst in the First Interndtions!l Polar Year his been keen from the start. The Remanche, commanded by
LouisFerdinand Martial, siled to Cabo de Haraos (Cape Horn), selected as an sppropriste fleld of operations. He estiiblished
the station &t Hahis Orange und began a long period of metsorological shservarions; natural history coliects and anthropological

studies

During that time. Romunche made a large geogruphical exploration and gave imponant informations concerning navigation in the

Cape Hom reghon (areas South Canal Beagle).

The most valuahle contribulion made by the French expedition was in the ares of ethnogmphy and concerned the Yahgan Indiuns.
Key-words 1 Fird Loternutional Polar Yeur — Cape Horn — LoulsFerdinund Murtil

RESUME. — L'expédition frangaive de la Premiére Annte Polaire Internatiovale an Cap Hom IB82-1883. Depiiis le débul, la France @
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French interest in the First Interndtional Polar Year
had been keen from the start: indeed Lieutenant Karl
Weyprecht, the Austrian originator of the First Internatio-
nal Polar Year had presenled his plan for such a program
o the Académie des Sciences in written [orm via the
French wmbassador in Viennn as early as 1876, In this
proposal Weyprecht had condemned the lsolated, adven-
turous type 'of expedition that “<il stimule lo curiosité du
public, ne profite pas & la Scence”™ (Martial, 1888:1), The
goal of the circumpolar ring of stations that he proposed
would be “de procéder pendant une année. ovec des
instruments identigues et d'aprés des instructions unifor
mes, & des observations qui devront &re Faites simultisng-
ment™” {Martial, 1888:1).

Organization of the French contribution to the Interna-
tional Polar Year was entrusted to the French Mavy, and
the Cabo de Homes (Cape Horn) area was selected us an
appropriate ficld of opermtions. The Naval mimister
Vice-Admiral Cloué made arrangements lor the passing ol
the bill allocating the necessary funds, and on 16 May
1882 the Chambres voted the lunds. That very same day
Prafessor M, Mascart, director of the Central Meteorolo-
gical Buresu, sent a telegram to Professor Wild in St
Petersburg that read : “Funds voled for Cape Hom.
Expedition will leave end June. Mascant™ (Mitteilungen
der Intermationalen Polier-Commission, 1882:88),

The organizing committee nominated by Cloug, after
consultntion with the minister of Public Instruction,
consisted of the following members : M. Dumas, permu-

(13 This article has been nlready published fn: BARR (W.],
1985, The Expeditions of the First Imsernational Polar Year,
12821883 (Arctic Tnstltute of Mornh Amerlca Technical Paper
= 29) Calgary - Arctic Institute of North America 222
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nenl secretary of the Académie des Sciences, président; J.
Bertrangd, permanent secretary of the Académie des Scien-
cesi Alph. Milne-Edwards, member of the institute;
Fougue, member of the institute; Col. Perrier, member of
{he institute and of the Bureau of Longitude, representing
the Académie des Sciences: M. Loewy, member of the
institute and of the Bureau of Longitude {1); Vice-Admiral
Cloug, member of and representing the Bureaw of Longi-
tude: M, Mascart, director of the Ceniral Meteoralogical
Bureau; M. Angot, meteorologist with the Central Meteo-
rological Bureaw; and [inally Commandant Fleuriais,
lieutenant-commander, representing the Naval Miniutry,
Angot fulfilled the duties of secretary.

The program envisaged was in many ways the most
ambitious of any of the International Polar Year expedi:
tions in that, having once established the station, the ship
designated to transport the shore party 1o the site was to
remain in the Cabo de Homos area for the entire year,
engaged in oceanographlc and other sclentific work.
Moreover, apart from the program of the International
Polur Year, the shore station was charged with obserying
the transit of Wenus in December 1882; hence this task had
to be mken into consideration in the choice of the site. The
shore party was to consist of six scientist-observers and
fifteen men. Leader of the party wos Edmond-Jean-Léo-
pold Courcelle-Seneuil, lieutenunt de vaisseau; his scienti-
fic staff included Fdmond-Joseph-Augustin Payen, licute-
nant de valsseau; Frangois-Octave Le Cannellier, enseigne
de vaisseaun: Paul-Daniel-Jules Hyadés, médecin de 1™
classe: pnd the sole civilian, Léon-Emest Sauvinet, an
assistant at the Musée de |'Histoire Naturelle. The fifteen
members of the support stafl included signallers, carpen-
ters, a ook, a baker, a sick-bay attendant, gunners and
two civilian servanis.




The expedition vessel (and the entire expedition) would
be under the command of Louwis-Ferdinand Martial,
capitnine de frégate. Born in 1836, he had been in the
service for almost 30 years ; entering the Ecole Navale in
1854, he had reached his present rank on 9 April 1878 und
was well up the list for promotion to post captiin. An
officer of the Légion d"Honneor, he was marmed, with one
daughter. His officers aboard ship were as follows :
Jean-Louis Doze, lieutenant de vuisseau (second olTicer):
Lovis-Henri Dufaure de Lajarte, lieutenant de vaissean;
René-Charles Le Nepvou de Carfort, heutenunt de wvisiz-
seau; Léon-Marie-Tean-Joseph de la Monneraye, enseighie
de vaisszan; Pauol-Jules Féart, alde-commissaire; Philippe
Hahn, médecin de 2= classe.

The ship’s crew totalled 111 men. Their task during the
expedition’s sojourn on shore wis o “survey and explore
the Cabo de Homoes archipelago from the point of view
of geography, hydrography and natural history" (Mitthei-
lungen der Internationalen Polur-Commission, [882:10).
Much of the area had been explored and charted pre-
viously, especially by Fitzroy in Beagle almost fifty years
eariier, but it was suspected (correctly) that there was still
plenty of scope for improvement of the charts and for
independent research in the areas of zoology, botany and
ethnography. In n letter to the MNavul minister, the
Directeur du Dépdit des Carnes et Plans de la Marine
stressed that this was a little known region where a steamer
with good chronometers could always be usefully em-
ployed (Martial, [888),

The ship selected for the expedition wns Romanche, a
transport/dispatch vessel of the Cher class, With a displa-
cement of 1700 tonnes, she was 63,8 m lang, beam 0.5 m,
draft forward 435 m, draft aft 5.25 m, with engines of
150 hp. On her winls she had stenmed at 10 knots. Rigged
s b three-masied bark, she had i sail aren of 1208 m°. Her
normal bunker capacity was 200 tonnes, sufficient for 6400
miles of steaming

Several modifications were made to the ship at Cher-
bourg. particularly in view of the raw, dump dlimate
expected in the Cabo de Homos aren. A main steam pipe
was rigged running rgth arcund the ship below deck and
fed by a small suxiliary boiler: pipes leading from it led
sieam 1o radiators in the officers’ cabinz and to the crew’s
quarters in the orlop. Cast-iron stoves were alwo fitted in
the crew’s quariers. Double doors were fitted on the doors
leading Mrom the guarters oul on deck.

Other modifications included removal of twio of the
ship’s I4-om guns: the space thos vacaied was used for
stowing sownding and trawling equipment The steam
winch for the trawl and two souding winches were also
powered by the auxilinry boiler. In the hold additional
partilions were rigged 1o increase bunker capacity and
provisions storage. When she sailed Romanche carried
food for six months, wine for ning months, 320 t1onnes of
coal, and spare paris and general supplies for 4 year. Apun
from her normal complement of boats, the ship carried a
small steam launch for long exploration trips and also a
whaleboat for the station. It was intended that the station
personnel coold wse the latter boat to rench safety in the
event of a serious accident to the ship.

All the crew, including these men allocated to the shore
station, were issued with warm water-proof clothing; in
view of the ngorous climale rations were increased by half
as compared to the normal issue. For the entertainment
of the men a libmary, vanous games and an organ were
supplied.
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Since it was not known what resources could be
expected dt the site, particulurly with regard to lumber, the
five huts intented for the station were ussembled in Pariy.
They were frame bulldings with double walls. Having been
erected, the componenis were numbered, disassembled
and shipped o0 Cherbourg: Meanwhile the observers were
undergoing u course of training under the supervision of
Mascan @t the Bureau de Médorologie Central.

Martial's flnal instructions from the MNaval minister
weee dated 23 June 18852 (Martial, 1888). They stressed
that the station would come onder his supervision, disci-
pline and administration, but that in view of the interna-
tiona! nature of the endeavour, the semior officer at the
station would be responsible lor execution of the official
program. An enclosed letter from Dumas, permanent
secretary (0 the Académie des Sciences, again stressed the
dual nature of the expedition and suggested that each of
the members of the shore party be made entirely responsi-
bile for a specific part of the official program,

Despite the best effarts of all involved, it was mid-July
before the expedition was ready to suil; this was cutting
things rather fine in view of the official date of |
September for the sart of obgervations. But by the
moming of 17 July all the personnel were aboard Ro-
manche in Cherbourg harbour. Livestock for the station
and the usual last-minute ndditions to the ship's stores
came sboard. Then, having received his (inzl orders, at
11230 am, Martial gave orders to cast off. In fair weather
and a light westerly wind Romanche stood out to e undes
steam

As the French coast dropped astern a short, steep sea
developed as the wind freshened from the southwest with
# steady, fine rain. The ship’s uncomlonable movements
“lettent un peu de désarrol parmi l2s hommes'™ (Martial,
IB88:12). Fortunately the wind died overnight, and ns
Romanche headed south on the 18th the barometer rose
steadily with nccompanying fine weather. On the evening
of 20 July the light on Cape Finisterre was sighted, and
on the night of the 26th the light on Anaga Head,
Teneriffe. Romorche dropped anchor at Santa Cruz next
day.

This was only a beief stop to load wine, fruit, vegetables
and live caitle The biologisis tried dredging in the
anchorage but brought up only black mud, devoid of
organisms. On the moming of the |7th the ship weighed
anchor again and continued south. The fumous peak of
Tenenffe slowly sank from sight, but while sill in the lee
of the island Martial took advantage of the calm seas 1o
test the oceanogriphic equipment, with considerable
success. The station was occupied at ITedT'N, 19003"W,
several kilometers offshore. Cores of silty yellow mud and
fine sand |3em in length were brought wp: the waler
temperature was found (0 be 23.39C at the surfuce und
14.5+C at 500 m.

Romanche picked up the Nonheas! Trudes soon after-
ward but they were quite weak and varable; however in
the fine weathér the ship was able t0 make good progress
under power. On the afiernoon of | August the peak of
San Antonio, the most northerly of the Cape Verde
Iilands, loomed over the horizon. On the 4th the doldrums
were reached at 119N showers and calms combined with
i heavy, humid atmosphere and overcast skies, But on the
Sth at 7oN the first light southeasterly breezes began 1o
provide some relief; soon the ship was in the Southeast
Trades. As she continued south under steam it was noted
that the surface watér lemperalures dropped steadily s
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the equator appronched, from 26.5*C on 5 August (o
24,50 on the Bih, the day the line was crossed.

Murtinl allowed his men to celebrate the crossing of the
line in traditional fashion, although in his report he
pondered on the advisability of such horseplay. His own
feeling was that it could only be beneficial, especially for
young men who had only recently cntered the Navy,

The ship run rapidly south some 400 km off the
Brazilian coast; on the 17th she was abeam of Santa
Catarina lsland. On t(he night of the 215t heavy storm
clouds began to gather to the sputheast; leanng the
approach of a pampero, Martial ordered the ship battened
down, but by the following morning, off the Rio de la
Plata, the weather had cleared again. In the moming the
pilot came aboard off 1slas de Lobos and by 500 1w on
the 21st Romanche was lyving at anchor off Montevideo.

Two Freach dispatch ships were already lying ot
anchor, both also engnged in scientific missions. Onc,
Labourdonmais, from the South Atlantic station, was sbout
to trinspon a French expedition to Chubut to observe the
transit of Venus: the other, Folage. from the South Paciflc
station, wis about to take another pany to Rio Santa Cruz
{or the same purpose. Romanche s people met members of
both parties on shore. A few days later the Argentine naval
vessel Cabo de Hormos arrived.

The expedition was given an extremely wirm welcome
by the French chargé d'affuires in Montevideo, and with
his assistance work began on replemishing the ship's
provisions so that she would again have enough for sia
months and also on bunkering. Martial was unable to elicit
what facilities or resources Punta Arenas had to offer,
hence his decision 1o stock up herc. The expedition
enjoyed & week of wonderful weather st Montevideo, with
the temperature ranging between $°C at night and 27°C
during the day, Martial had 4 meeting with M, Lebrun, a
naturalist on his way to Rio Santa Cruz to participate in
the transit of Venus expedition. He requested permission
to join the International Polar Year expedition later and
Martial agreed.

Toward the end of the weck’s sojourn in Montevideo
the chronometers were adjusted: then on the moming of
the 29th, just as the steamer Congo arrived with mail from
Europe, the lost cargo was loaded: Remanche pul to sea
At 4:00 that afternoon, bound for Bahia Orange. This bay,
on the cast side of Peninsula Hardy, only some 50 km from
Cabo de Homos, had been described by both Wilkes and
Fitzroy as one of the best anchorages in the arca. In view
of the late date, Martial decided to head straight there,

Around noon on § September land was sighted off the
starthoard bow: the snow-covered hills of southeastern
Tierra del Fuego. By mid-afternoon as Romanche headed
into Estrecho de Le Maire the peaks of Tula de los Estados
loomed over the horizon. Running with the ebb tide, the
ship raced through the strait, although occasional violent
eddies made the ship yaw noticeably.

As Romanche rounded Cabo de Buen Suceso heading
west, the sky clouded over and violent northerly squalle
cam¢ sweeping down from the southern slopes of Tierra
del Fuego, Heading into the wide expanse of Bahia
MNasean between lala Navarino to the north and Isla
Wollaston to the south, Martial soon recognized the
distinctive outline of Isla Packsaddle. At $:00eM on 6
September 1882 Romanche dropped anchor in one of the
bavs opening off Bahia Orange.

They found Bakia Oronge to be an excellent harbour
with depths of 20-35 m, a bottom of sand and hard mud,
completely free of hazards andy its entrance shellered by
the low, grass-covered Isla Burnt. To the south a chain of
squarish, flat-topped mountains, 500-600m high, fully
merited their name of the Guritas de Centinelas (Sentry
Boxes), while o reddish fat-topped outlier, known as
Cerro Rojo, stood in front of them to the west, Clumps
of trees and bushes occurred in hollows and valleys, while
muost of the rest of the lundscape was covered with coarse
grass; in more exposed spots the trees were bent away
from the prevailing wind, The heads of the bays and inlets
were lined with beaches of yellowish sand or shingle.
Finally, a plume of smoke rising from the trees at the head
of the bay indicated that the ares was inhabited.

Martial immediately sent a boat ashore under the
commund of Courcelle-Seneuil to find a suitable site for
the station, On his returm that evening Courcelle-Sencuil
reported the ared quite unsuitable; the ground everywhere
consisted of soggy, moss-covered peat more than | m in
depth. Next day the search was more successful. In a
neighbouring inlet Courcelle-Sencuil found the south side
of the bay terminated in o low, wooded plateny about 10 m
high. linked 1o the mainland by & narrow, easily defensible
isthmus; the only obvious problem was the lack of fresh
wuter on the point. Some 200-300 m farther west, however,
the shore party found an ideal spot: 8 wooded hill rose
from the shores of the bay with o small stream runmning
down 10 the sea. If a station were built into the slope of
the hill it would be superbly sheltered from the prevailing
westerlice All that remained was to check the fron content
of the local rocks; Le Cannellier's readings soon revealed
that magnetic deviations caused by locil iron were within
acceptable levels and at this paint Martial decided on this
site for the smtion.

On the moming of the Tth the French scientists and
scumen hud their first encounter with the local Yahgans;
two dugout canoes with about 15 peaple on board came
paddling out from where the smoke had been spotied and
pulled alongside. They eagerly accepted gifts of biscuit
snd one mun climbed aboard. First impressions were not
very faovourable; Mamial describes the man as “small,
deformed, totally naked, his body hunched forwird. Long
lank hair fell over a face covered with a Jayer of dirt and
paint” (Martial, 1388:31). The Yahgans huddled in their
canoes on a bed of dry grass, crouched around a perma-
nently burning fire set on & clay and & sione fireplace. All
of the adults, male and female, wore only an ofter skin
thrown over one shoulder: the children were naked snd
seemed to be sulfering from the cold and constanily
begged for biscoi {(Fig. 1). The Frenchmen threw them
some old clothes, which they immediately donned. The
Yahgans spent the entire day alongside, returning ashore
for the might.

Next duy as Martial came back from shore he found
a large whaleboat alongside: it belonged to the American
sealing schooner Thomas Humi, which was anchored in
nesrby Bahia Packsaddle. Scon afterward the schooner
also arrived. Her caplain reported that he had jusi come
from the Anglican mission station at Ushuaia on Canal
Beagle and had just started fishing; he provided Muartial
with a great deal of useful information about the area and
about the natives, Having sccepted o gift of some medical
supplics, the Americans then continued south.

That day (& September) Romanche moved her ancho-
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rige 1o be closer to the proposed building site; her new
anchorage was in a small bay that now received the name
Anse de la Mission. lmmediately a party of some 20 men
was sent ashare to clear the site, while the rest of the crew
worked at lashing the building lumber imo rafts for
floating ashore, The first raft was towed ashore late in the
day, carrying a load of hay and other bulky items, and was
beached on a convenient shingle beach. In the afternoon
a fresh north-northeasterly wind sprang up, with several
squalls. Martial ordered a second anchor dropped.

Since jt would take some time 1o sel up the instruments
on shore, in the interim the meteorological readings
specified by the International Polar Year program were
taken aboard ship. This task was entrusted to De la
Monneraye. For the same reasons a tide stake was placed
at the head of the inlet until such time as a proper tide
gauge could be installed.

Next day the work party continued clearing the site and
by evening Courcelle-Seneuil could report that he was
ready to start building the magnetic hut next day. Despite
moderate surf some more mafts of planks were towed
ashore and beached. Martial observed some nntives reco-
ver and return some planks that hud broken adrift the
previous day; this honesty was rewarded with a gift of
some biscuit. The following day the work of unloading
continued in superb weather. The cattle went ashore that
day, to climinate the problems they caused on board.
Martial records that the natives “watched curiously since
they had never seen catte™ (Martial 1888:34). This scems
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unlikely since many of them had been to the mission
station at Ushunaia, which certainfy possessed cattie.

The weather remuined fine until the 12th, by which
time all the materials for the huts had been landed. Work
was meanwhile going ahead on building the pillars 1o
support the huts and also the magnetic instruments. This
task was given to several of the men who had been masons
in civilian life. Even at this stage the canle, tethered or
comalled in one spot, scemed to be sulfering due to the
wet, soggy soil, but Martial was reluctant to let them run
loose since he was unsure of the reaction of the Yahgans.

Meanwhile work was simultaneously proceeding
aboard ship to prepare her for her surveying duties. The
topmasts and topgallant yards were sent down In the
narrow rock-strewn channels of the archipelago the ship
would rely mainly on steam power and hence these upper
salls would be unnecessary.

On shore work was pushed ahead on clearing and
levelling the site for the men's quarters, so that building
could begin as scon as the magnetic observatory was
completed. Due to the slope and the bedrock oecurring at
shullow depth beneath the peat, the building foundations
bhad to be modified substantially. The buildings were in
fact elevated on piles made from local timber. This had
the unintentional beneficial effcct of improving the cr-
culation and making the buildings drier. The men's hut
would consist of & large dormitory, a two-bed sick-room,
4 store room, the naturalist’s assistant's room, and a porch
for hanging wet clothes.
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A perlod of almost continuous rain began on 12
September and additional men were seni ashore to speed
up the work. By then the magnetic hut was hall roofed:
the Aoor of the men's hut was in place and work was going
ahead on paving a pathway beiween the two buildings,
Down at the shore a rock was blasted away 1o make room
for a small wharf. In the rain and slippery mud it was
unpleasant work, and despite their oilsking the men were
all soaked when they came back aboard. Fortenately, at
5o the temperature was bearable.

On the afternoon of the 12th Martial went ashore (o
attempt & short reconnaissance to Cerro Rojo, in order 1o
get un overview of the entire aren. He found eross-country
travel extremely difficult; much of the terrain was covered
by a spongy, saturated red moss in which one sank o
mid-calf; in places it treacherously concealed pools of
stagnamt water. The woods almost impenetrable, with
interlaced hranches and dense foliage: only by seeking out
bare rock outcrops could he make any redl progress.
Uliimately he was forced to turn back when only halfway
to his goal. On his return to the station he was pleased Lo
see the Yahgans watching the building operations with
keen interest; good relations still continued, no doubt
assisted by the occasional distnibution of gifts of old
clothes and biscuits. There had stll been no incidents of
theft.

By the 15th the magnetic hut was completed; the
saflmakers had lined the interlor partitions with felt and
had lzid the linoleum. The roof was covered with tar paper
held down by laths. The supply of copper nails began to
run out and copper sheathing tacks had to be subsdtituted.
Muartial was rather disappointed to find that the supplies
of various items provided were rather niggardly, and in
several cases he had to fall back on the ship's stores or
else substitute some other item, Thus the ship’s stores
provided the station with nails, planks and lime for
cement; the hope was that these items could be replaced
gl Puntn Arenzs.

The deterioration in the weather that had begun with
the full moon became even more marked on the 18th; a
deeline in the pressure at a steady rate of | mm per hour
indicated the approach of a massive low, The wind
strengthened sieadily, initially from the north and north-
west, but the worst weather come on the |9th when the low
had passed and the wind had moved to the southwest. The
Frenchmen were for the [irst time introduced lo the
vicious williwaws that the Garitas de Centinelas to the
scuth were capable of prodecing Violent squalls came
racing down the valleys, with snow and sleet reducing
visibility to the point that the shore only 300 m from the
ship could not be seen. On reaching the sea they raised
twisting waterspouis thal raced across the surface of the
sca, although both ahead und behind them the surface
remained cabm. When a williwaw struck the ship it would
heel as if In 4 squall, but it would pass so rapidly that the
anchor chain did not even have time 1o tighten. Someti-
mes, due to the funnelling effects ol the valleys, several
williwaws might be in sight at once, sweeping in different
directions scross the bay. The lower land ro the north and
east did not produce these alarming phenomena, although
liesce, mare sustained siorms of & more normal character
were occasionnally experienced from those directions.

On the 20th the gale was still raging, and since the
temperature had dropped to — 290 the cold wus very
unpleasant. The steam heating was turned on abourd ship
and the men were given hot drinks on coming back aboard
from their work at the station.
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The magnetic hut was located neur the beach at the foot
of the station hill, about 200 m from the other buildings.
It was divided almost equally by a corridor, with the
direct-reading instruments in a room on one side, while
the automaticilly recording instruments and & dark room
occupied the space on the other side. The former were
under the care of Le Cannellier, the latter under that of
Payen, The outomatic recording apparitus had been
invented by Mascart at the Collége de France, It consisted
of a clockwork mechanism that moved a sensitized strip
of bromide paper behind a horizontal window through
which light was cast, refllected by the mirrors of the
magnelic instruments.

Although there were occasional calm periods, the
yiolent squally weather continued until the 25th; that day,
a Sunday, the men were granted the afternoon as a short
holiday. That night the purser, who had been out hunting,
returned aboard with a large fox: it was 1.15 m long from
nose 1o tail tip, with long, rough fur. These foxes were seen
quite frequently; the only other land manmimals appeared
to be dogs, otters and two small, mouse-like rodents.

That duy the mounting and ndjusting of the magnetic
instruments were completed. Also on that day the weather
instrumentation wis completed; the barometers were
temporarily installed in a room in the men's hut. Here too
wiis the electric recorder for the Robinson anemometer;
the instrument itself was mounted on a mast 2.5 m high
an top of the station hill and 28 m above sea level. A rain
gauge and the thermometer screen had also been set up.
One room in the men's hut had been completed so that
the duty observer had somewhere (o sit between obser-
vations. Hence when Courcelle-Segeuil reported on the
25th that everything was complete, Martial ordered obser-
vatians to begin the following day, 26 September 1882
they would continue without interruption until | Septem-
ber 1883,

The 26th was a superb day, which seemed to be a good
omen for the future of the station. Indeed the calm, clear
weather templed Martial to make another attempt at
climbing Cerro Rojo, this time nccompanied by Carforn
e la Monneraye, Hyvadés and Hahn; & number of seamen
nlso carried theodolites and some provisions. They landed
ai the head of an inlet, the boats crashing through & skin
of fresh-water ice 2 em thick. Heading inland, the party
made slow, painful progress across the spongy moss and
through the tangles of dwarf beech. After 2°* hours they
reached the foot of Cerro Rojo, from where a stiff climb
of a further 45 minutes took them of the summit. Hare they
were rewarded with a magnificent view; at their feet the
island dropped in yellow and green undulations, dotted
with black pools in the hollows. The the east they could
see Isla Navarino, Bahia Nassau and Isla Wollaston, while
to the west, beyond the dissected shores of Seno Afio
Nuevo, lay the snow-capped peaks of Peninsula Rous and
Isla Henderson: cul to sea to the southwest lay the rocks
of the lldefonso group.

The summit plateau of Cerro Rojo wis & jumble of
shuttered rock and most outcrops showed glacial striu-
tions. Some partridge-like birds were seen running through
the scanty bushes. Despite the relatively warm tempera-
tures snow still persisted in the hollows. The height of the
hill as measured by aneroid wis 499 m.

The members of the party built a coirn on the north end
of the summit for triangulation purposes and Carfornt was
ghle to complele an excellent round of angles with his
theodolite. Then, having collected some rock samples, the




purty started back by the same route. On the descent they
siw buntings, snipe and Magellan Geese. They got back
aboard in the evening.

Martlal used the fine weather of the last few days of
the mounth to survey the bay; the survey parties used the
boats once the work party had been put ashore at the
station cach moming. They found several more sheltered
anchoragey in the vicimity of Calets Mission but none so
convenient for wood or water. During these surveys it wis
discovered that Isla Yellow was an island, and the strait
separating It from Isla Hoste was sounded und surveyed.

On the building sitz the framework of the men's hut
wiis completed and the site for the officer’s hoose cleared.
The work crew usually comprised 35-40) men, and as soon
#4 the men's hutl was sullicently fir advanted to provide
some shelter they took lunch ashore with them to save
time.

On the night of 29 Seplember 0 comet was sighted af
5 75°E, over Isln Wollaston; the core had the brightness
of a first-magnitude star and was still clearly visible in the
daytime. Severnl second-magnitude stars could be seen
through itz tail, which extended through an are of about
150, It was later learned that this comet had also been
observed i Europe.

The men were given & holiday on the aflermoon of
Sunday, | October. Due (o the heavy work their clothing
wis rapidly wearing out, and although they had oilskina
the nedr-constant exposure to rain and snow meani thal
they were often wet to varying degrees. Yet although the
climale was disagreeable it was never really cold; the

lemperature rose once (o 14°C and never drapped below
2. 1*C. This warm weather greatly assisted the construction
work.

On 1 October the American schooner Thomas Humi
reappeared and anchored alongside Romanche while her
men put ashore for wood and water. Her captain reported
that when he had left on 3 September, he had gone 1o the
Istns Diego Ramirez, lving southwest of Cabo de Hormios
to hunt seals. There he found eight men who had been
landed from another Amerncan schooner four months
before. The pructice of "sinking n claim™ on certnin
sealing beaches in this fashion was gquite 4 commeon one,
but in this case the scheme had miscarried. The men had
run oul of food and had been living on seals and birds
for & month. Thomas Hunt had rescued them and landed
them at the mission station at Ushuaia, from where they
had procesded to Punta Arenss in the mission aonnch.

The schooner's captain also reported that a virulent
epidemic of measles was mgmg #t Ushuain and that muny
nutives, especially children, had died from it. Having been
detained by southwesterly gates, Thomas Furr weighed
anchor aguin on 4 October and left (o continue sealing

Next day, 5 October, the comet was sighted again: il
appeared to be moving away quite fast and was approa-
ching Sirius. lis altitude had increased by about 10e and
it was less bright than earlier.

A fotilla of six cenoes swung in throwgh the entrance
of the bay and came alongside the ship on the afternoon
of 6 October. A single Yahgan came sboard; although he
was dressed and painted like the others he could speak

Fig, 2. — Yahgan Indians ouide their hit
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English well and could read quite fluently. He had come
from Isla Packsaddle, and after returning to his canoe, he
and his companions joined the natives in their huts at the
head of the bay (Fig. 2). Next day the same man came
shourd again and asked to join the expedition, Since
Martial would need an interpreter on his forthcoming
cruises around the archipelago, he was only tpo glad 1o
recruit this volunieer. The man's name was Yakail but he
wad nicknamed "409" by the mien. He was washed and
dressed in old clothes and was given standing permission
to return ashore to his own people every evening while
Romanche was lying at Bahia Orange.

On 10 October the officer’s quarters ut the station were
completed. Apart from the observers” individual rooms the
building also housed a workroom-cum-library, dining
room, meteorological office and photographic laboratory.
The station personnel moved ashore on the 1ith

Since the 12th torned out 1o bea fine day Martinl
decided to make an excursion to lsla Packsaddle with the
steam launch snd & whaleboat, He was quile impressed
with the launch; although a little underpowered for rough
conditions, in fine weather and smooth water it could
make & knots towing the whaleboat. Its coal consumption
was low and only once during the year did it reqguirc
repairs,

Lajarte was first landed on one of the wlands at the
mouth of Bahia Packsaddle;, then Martial and Carfori
were pul ashore an Pucksaddle while De la Monneraye
went off in the launch 1o conduct soundings. Packsaddle
is crowned by two rocky, basaltic peaks sepuarated by a
high saddle — hence its name — and one of the peaks was
the party's objective. At first following a Yahgan trail,
once it had petered out Martial and his companions
pushed on through a forest of tall beech trees, obstructed
by fuilen runks and twngled branches. After o fipal
scrumble up some steep rock faces using roots and
branches for handholds, they emerged on a small summit
platess with superb views in all directions but especially
of Seno Ponsonby and Bahia Tekenika to the north. The
party built a cairn while Carfort took a round of angles
on the surrounding peaks; the elevation was determined
to be 150 m. On the return journey some abandoned huts
were discovered in the beech woods: it was later found
that these were used by the Yahguns when they came for
beech bark for their canoes since the slopes of Packsaddle
possessed some of the lurgest trees in the area. Martial and
his men re-embarked safely and, having also picked up
Lajarte, returned to their ship.

A few days later, on 15 October, a crisis erupted at the
stntion, While walking past one of the huts with & burning
brand, one of the Yahgans managed to set fire 1o the grass
and bushes; soon some trees canght fire and the men’s hut
was threatened. Fortunately the Tire was quickly brought
under control before any damage was done and the sailors
clenred o firebreak around the buildings. As a further
precaution the natives were strictly forbidden to walk
sbout with burning brands in the station area in the future.
Unfortunately, immediately after the incident, some of the
men who suspecied a deliberate arson attempt had seized
and beaten the man responsible. Hearing of this, Martial
gave strict orders against such vigilante action in the
future, afraid that it might simply prompt reprisals.

By this point the astronomical hut was all but complete
and work began on the storehouse, which would also
house the doctor's laboratory, and on the tide gauge. The
latter was set up at the end of u long catwalk, 25 m long,
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extending out from the shore, One of the seamen had fo
don u diving suit 1o butiress the bottom of the tide gauge
with heavy rocks. When work began on the two final huis,
those for storing carbonic acid and for housing the
electrometers, it was found that the supply of lumber was
almost exhausted. Martial sent ashore the last planks from
the ship's own reserves, while dismantled packing cases
were also used for partitions in these last two buildings.

By 22 October the work was all bul complete (Fig. 3}.
A layer of felt lining the walls of the buildings and
linoleum on the floors gave good protection against the
cold, while the tirfed puper on the roofs had sucoessfully
withstood the heavy rains and high winds. During an
especially severe gole on 17 October, accompanied by
snow and lashing rain, there hiad been some slight oozings
where the stove pipes ran through the roofs. Otherwise the
huts remained perfectly dry. As a precaution the buildings
were now all guyved with steel wires. Heating was by o
large I:Iumbcr of smull stoves that could burn either wood
ar coul,

Establishment of the station hiad tiken 43 continuous
days of work by a work party of 35-40 men, excluding the
boatsimen and the men adjusting and mounting the ins-
truments. Im its final form the station was scattered over
450 m? on the flank of the hill, the buildings standing on
more than 200 wooden piles up to 4 m in length and linked
by paved paths. Apant from the main buildings sheds
covered with waterproof canvas housed poultry and
livestock. Despite the foul weather the morale of the men
had remained high and there were only two minor
accidents,

Opee the storehouse was completed provisions to last
gix months were landed. In the case of medicines and
supplies less likely to deteriorate, stocks sulficent for one
year were landed. Apart from two hunting rifles the station
scientists were provided with |5 rifles nnd 5 revolvers with
sulficient ammunition for all, just in case of an amack by
the Yahgans. Two cows and 16 sheep would provide fresh
reat.

Martial could now proceed with his own program of
exploration and oceanography (Fig. 4), He first wanted to
visit Punta Arenas to establish whal resources were
uvailuble there and also to catch the mail packer for
Europe, which was due to call around 31 October. He also
wanted o visit the mission at Ushuaia. He decided to sail
an 24 October via Canal Beagle and Estrecho de Le Maire
but gales, squalls and heavy spow deélayed the depanure
until the 28th, On the 26th Martial checked that the station
was surviving the foul weather comfortably and that the
observations were proceeding smoathly. On the morning
of the 28th two men with ncule rheumalism were sent
ushore 1o the station’s sick-bay and finul preparations were
made for sailing. When the starboard anchor was weighed
it was found thai its siock was broken in the middle,
evidently the result of some of the severe squalls that had
struck the ship.

Romanche sailed from Bahia Orange at 9:00 am. on the
28th, steering east along the south coasts of Isla Navarino
and Isla Lennox; due to the late start Martinl had decided
to postpone his call at Ushuaia in order to catch the mail
steamer ot Punta Arenns. The onset of strong north-
northwesterdies with a rapidly plunging barometer forced
Martial 1o anchor for the night in Paso Garee between
Lennox and Navarino.

Next moming, with a finz northwesterly wind, Roman-
che steamed northwest toward the southern point of Isla




Fig. 3. — The French station at Bahin Orange.

Fic. 4. — Map of the Cabo de Homos reginn. showing areas explored by the French expedition.
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Picton, then cast along the south coast of Tierra del Fuego
o Caba de Buen Suceso. As she approached Estrecho de
Le Muire o thrde-master emerged from the stralt heading
southwest toward Cabo de Homos: there was a fresh
north-northwesterly blowing through the stralt; heace
Martial snchored for the night in Bahia Buen Suceso
Next morning 4 net sct overnight was found 1o be badly
ripped, presumably by scals, which were seen in lurge
numbers. Hvadés tried hunting them bul without success,
In ithe afiernoon ancther aifempt was made a1 getting
through Estrecho de Le Maire but the wind and deas were
worse than ever. Martial again prudently retreated to hiy
secure anchorage at Bahia Buen Suceso.

At 3:00 py on the 31 st Romanche weighed anchor
agiin, after two large three-musters had run through the
strivit southward bound. Violent eddies caused by tide rips
off Cabo San Diego threw the ship about violently bat
Estrecho de Le Maire was [inally overcome. Coasting
porthwestwird, Romanche entered Estrecho de Magalla-
nes on o favorable tide st 11:004m on 2 November.
Huving passed the second narmows neat day, the ship
passed Cabo Negro and came into view of Punta Arenas,
where she dropped anchor, The French afficers were given
a warm and hospitable welcome by the governor, Sefior
Sampayo, and his wife. Punta Arenas, founded ns s penal
colony in 1843, by the time of Romanche’s visit was a town
of 1600 people.

Ower the next few days the ship was bunkered with
Cardiff coal from a coaling hulk and her watér supply was
replenished. The lalian corvene Veitar Pixawi and the
German gunboat Afbarros were already lying at anchor,
and formal visits were exchanged by the officers af the
three couniries. The German vessel had come 10 establish
& station to observe the trunsit of Venus, A lew duys later
the Brazilian corvette Pormalyba arrived on the same
crrand. The Brazilian station was located on 1stn Contra-
micstre at the end of the Second Narrows.

Apart from coal and water, Martinl also replenished his
food supplies and loaded lumber for completing the
siation wt Bahia Orange. Hence when the British mail
steamer arrived on 11 Movember, after an exchange of
mail and courtesies Romanche was ready 1o put 1o sei. She
sailed at 9:00 AM. on 13 November. The final task had
been 1o embark some cattle as a fresh supply. Unfortu-
nately Martial was able to buy only a limited amount of
baled hay for them and hence work parties hod to go
ashore ot each anchorage throughout the cruise 1o cul
fodder. The cattle seemed 1o be quite happy with the
vellowish grass g0 common throughoul the ured.

Having lain for the night at anchor in Bahia Gregorio,
Romanche sailed wt 5:00 next morming and soon reached
Cabo Virgenes; emerging (rom Estrecho de Magallanes,
she hended southeast. The morning of the 15th found the
mountoins of Tierra del Fuego to starboard and those of
Isli de los Estudos ahead,

The lamter is extremely mountainoos, its lower slopes
covered by dense evergreen forests. Deep bays divide the
islands into four distincl sections separated by narrow
isthmuses. Romanche dropped anchor in the deep indenta-
tion of Puerto Cook near the east end of the island,
separated by a low isthmus from Puerto Vancouver on the
south side. The only mammals spotted on shore were
oiters and some rodents, but svals were spotted among the
tnxurious kelp beds and the birdiife was exceptionally rich
and abundant : gulls, ducks, geese, cormorants and oys-
tef-catcher.
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A white whaleboat luy abandoned on the beach: it bore
the name Cabo de Homos, the ship of the Argentinian
expedition that had visited this anchotnge earlier in the
year, On the isthmus the Frenchmen also found traces of
a shipwreck camp; an inscription carved on # tree recor
ded that the crew of the Mova Scotian vessel Pociolus had
been wrecked in Puerto Yancouver on 10 February 1882,
ll:rw“ surmised that they had been picked up by Cabo de

QL.

Over the next dayvs the French scientists surveved the
bay and cleaned the remains of a whale foand on the
beach. Huoving removed the putrelying blubber and flesh
that still clung to it, they transported the skeleton to the
ship, which took it back to Buhia Orange. The smell from
this scientific specimen must have been nauseating.

Puming ro sea again on the 18th, Romanche next visited
Puerto Barrll, Poerto Hall and Bahin San Juan farther east,
All were found to be sheltered harbours, excellent for
wood and water, In general the climate of [sln de los
Estados was found 1o be almost identical 1o that of Bahia
Orunge, be., very humid snd extremely variable. Vialent
gusts and squalls, combined with violent tidal currents and
eddies, made the narrows in the fjords and the adjacent
headlands extremely dangerous. Weighing anchor again
on the moming of 20 November, Martial headed back
wesl along the north coust of Tsln de los Estados, und
despite some heavy rolling and pitching in the eddies and
switls of Estrecho de Le Maire, the ship reached Bahia
Buen Suceso safely thit evening. Next day she continued
wesl along the south coast of Tierra del Fuego. Her
anchorage that evening was Calets Banner on Isla Picton;
u shore party discovered o message written In white paint
on o rock face on the east side of the infet : "Dig below.
Go 1o Spaniard Harbour. March 1851". This was a
memento of the tragic fate of the first English missionaires
Lo visit the area; they had all died either from starvation
and exposure or from attacks by the Yahgans.

' Romanche lay here st anchor for two days while her
officers completed a careful triangulation of this eastern
part of the Canal Beagle (Fig. 5). Two whaleboats and the
steam launch were used for ferrving the surveyors from
site 10 site. An observatory was set up on a treeless
heddland on the northeast tip of Isls Banner; precise
astranomical observations were essential since this would
form the castern end of the system of triangulation.

Romanche then continued westward between the steep
shares of Canal Beagle, heavily wooded with Antarctic
beech, evergreen beech and winter bark. Near Isla Gable
the ship called at Packewija, the most easterly satellite
settlement of Usheaia. Some 100 natives lived here,
maintaining about 50 head of cattle. Romanche reached
Ushuiiz on the afternoon of 34 November to be met at
the entrunce of the boy by o whaleboat with the veteran
Anglican missionary Heverend Bridges and Captain
Willks, captaln of the mission schooner Allen Gardiner, on
bourd. The latter vessel was anchored in the bay. On going
ashore Martiul and his men again met the American crew
of the schooner Surprise, who had been marooned on Tslas
Diego Ramiréz

Shortly before the ship’s arrival Hyadés had arrived
from Bahia Orange sboard Allen Gardiner. Bridges had
appealed for his help in fighting the epidemic of measles,
which had already claimed many lives, especially among
the children in the orphanage. Hahn, Romonched own
doctor, immediately went to Hyadds™ assismnce, and
between them they were ahle (o bring the outhreak under
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Fig, 5, — Map of the Canal Beagle and Cabo de Hornos aren, compiled by ihe French expedition,
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control. With Hyadés, Lephay had nlso s=at Bridpges a set
of meteorological instraments, with which the latter had
already started taking regular observations,

Martial carmied oot a survey of Ushuais and area, while
Habin ‘went oot on biological collecting trips. Bridges
provided the French visitors with an interpreter o case
communications with the Yahgans,

Romanche put to sea ot 3:00 am, on 29 November.
Having negotiated the currenis and violenl eddies of
Canal Murray between Hoste and Navaring, only 500 m
wide at its narrowest, she rcached Bahin Orange at
11:30 kM.

The station personnel were all found to be in pood

health: the two sick men who had been lefi ashiore had
recovered and now returned aboard. The magnetic and
meteorological observations had proceeded according 1o
schedule but a severe gale had blown the rool off the
glectrometer building: the instruments had not been
dumaged but the observations had been interrupted,
Substantial natorsl history collections had been made and
Hyadés had begun his anthropological studies, making
plaster casts of the faces of the Yahgans.

The lumber brought from Punts Arenas was unloaded
and a number of repuir and maintenance projects were set
in motion. The electrometer hut was rebuilt; the packing-.
case partitions fn the astronomdenl hul and the natural
history laboratory were replaced with good lumber, and
extensive repairs were made 1o the tar paper roofs of most
of the buildings, which had suffered badly in the violent
gales. All the paths were repaved and o hedge erected to
discourage random visits by the Yahgans, since there had
been some minor pilfering and instruments had been
disturbed,

Onier the next few days the surveys of Bahia Orange
were compleéted, the survey trips being combined with
natural history collections. Then on 6 December the
atiention of the entire stafi of ithe station was focussed on
the transit of Venus and on Courcelle-Sensuil's observa-
tions. Initinlly weather conditions were far from encou-
raging; it was overcast and raining and the sun was totally
obscured st 9:20 A, the time of the first contact. A few
minutes later the sky cleared, however, and the sun was
particurlarly clearly vislble nt 9334w But then the
overcast closed in again until 3:00 v ; thereafter, fortum-
tely, the sky was totally clear for the rest of the day. Hence
a subsiantinl proportion of the transit of Venus was clearly
visible and could be accurately recorded.

During this sume period a number of tasks kept the
men busy aboard ship; the broken anchor stock wiis
repaired, for example. A more demanding task way the
removul and replacement of the ballast: as the ship’s corgo
had been discharged beach shingle had been loaded as
bullast, Unfortunately the pebbles had been liberally
encrusted with molluses, which had now started to ot
producing un intolerable smell. Once the ballast was
discharged the hold was washed out thoroughly. Another
tnsk tackled or this time was that of moving the tide gauge
some 5-6 m seaward since it had been found that the gauge
was high and dry at low springs.

The livestock, especially the sheep, had been suffering
badly from the wet weather and boggy vegetation, and
hence they und the cattle were now moved 1o islands in
the harbour; this is still commemorated in the names of
lsla Sheep und Isla Bullock. Two of the cattle had even
become so badly bogged on the mainland that they hacd
had to be destroved.
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Romanche put to sea again in fine weather on 14
December; Martial's plan was to reconnolire the west
coasi of Isla Hoste. But when a hedavy sea got up he was
forced to head for Caleta Saint Martin ot the east end of
Isla Hermite instend; the ship reached this anchorage at
4:00 p.m, Even from the anchorage It was still possible 1o
distinguish the site of the observatory that James Clark
Ross had built there in 1340 o study magnetism, although
no traces of the building had survived. A share party
found two abandoned native huts, differing from those at
Bahia Orunge by having rounded rither than pointed tops,
They were surrounded by a luxuriant growth of plants
such as Cochlearfa. A trail led from the shore to the paved
foundation, which was all that was left of Ross's obser-
vaitory, although a footbridge of squared timbers across a
stream had survived. Martial was easily able to locate the
rock near the southeast shore of the bay on which Ross
had left a mark in order to study crustil movements, but
the only mark he could find was a small, round hole more
than 2 m above mean sea level, which he suspected was
natural.

On o later visit Mottial cut two horizontal lines in this
rock 1 m apart and on a face sheltered from wave attack;
each was | cm deep and 2 cm wide, The lowest line was
cut to correspond with the distinctive lower boundary of
the white lichen Pertusaria, which forms a horizontal line
almost precisely comnciding with mean sen level,

From here, on 16 December, Romanche moved to the
excelleni sheltered hurbour of Puerto Maxwell, lying
between Jerdan, Saddle, Maxwell and Hermite islands.
Here an anchor stock, badly bent during a squall it Caleta
Saint Martin, was repaired. On Romignche’s arrival she was
met by a family from Isla Saddle and a few days later a
party of about 20 natives arrived in three canoes from
somewhere on the north coast of Canal Franklin,

After a brief cruise eastward down Canul Franklin wo
reconnoitre the cast coasts of Isla Herschel, the ship
finally left Puerto Maxwell on 23 December bound around
the east const of Isla Wallaston; she anchored that night
im Bahia Gretton. Mext day 4 canoe came ulongside with
wo natives whom the Frenchmen had already seen ai
Hahia Orange; this gave some indication of their mobility,
The nntives traded otter pelis for biscult and old clothes,
Having spent Christmas Day in Bahia Gretton, the ship
staried buck Tor Bahia Orange on Boxing Day; much of
the day was spent sounding and dredging in Bahia
Nossau, and Romanche dropped anchor again in Calets
Mission that evening,

There had been few incidents of note during her
abagnce, Everyone was in good health and morale was
high despite the foul weather. All the buildings had stood
up 1o the weather well and all the observations had been
carried out regulurly. December had been the worst month
thus far in terms of weather, although the mean tempe-
rature had been more than 19C higher than in November.
On the othér hand there had been (requent rain and
drizzle und eight separate gales had been recorded, with
the wind reaching velocities of 38 m per second.

During the days ufter Christmas some minor repairs
wore made around the station and a hut was built for
storage of naturnl history specimens on the ather side of
the inlet from the station. Both the lack of space and the
unpleasant smells precluded their being kept on board
indefinitely, New Year's Eve was celebmated in appro-
priate style and on | January |883 Martial led a party on
a trip (o the summit of the Garitas Centinelas, at 569 m.




Mist enveloped the summit and they were unable to see
Bahia Bourchier to the west

O § January six canoes entered the bay, their occu-
pants settling in with their compatriots in the hutted
encampment at the head of the bay, Their arrival coine-
ded with that of dense shoals of 0 whiting-like fish. The
French seamen caught masses of them in drag nets. Next
morning the schooner Allem Gardiner dropped anchor,
bringing mail from Europe; among the mail was 3 message
that the naturalist Lebrun would shortly be joining the
expedition. Bridges and some of his family were aboard
the schooner, having come to pay & visit to the French
station:

Martial's next planned crojse was 10 Seno Ao Nuevo,
and with this goal Romanche put 1o sea on 7 January, But
on passing Falso Cabo de Hornos she ran into very heavy
seas and violent currents, with a plummeting barometer
and an pminous-locking sky. Martial prudently decided 1o
retredl to Bahin Orange, where Romanche anchored that
same evening.

Allen Gardiner left for Ushuais again on 13 January, By
that time the prolonged rain and bod weather had begun
to have an effect on the men's health: idn increasing
number was reporting sick with bronchial troubles and
rheumatism. The work parties sent ashores to fell trees for
firewood were discontinued and the heating system
aboard ship was operated almost continuously in an
sttempt 1o dry out the interior, These mensures, increased
vigilance to see that the men changed out of wet clothes
promptly and a few duys' rest soon improved the situation.

Martial made another attempt to reach Seno Afio
Nuevo on 14 Fanuary but again was forced by foul weather
1o turn back off Filso Cabo de Hornos. This time he
sought refuge in the superb sheltered harbour of Bahia
Lort. The persistent bad weather continued until the 16th;
since by then the time for & scheduled trip 1o Punta Arenas
was rapidly approaching. Martial decided 1o ne his
wisit to Seno Afio Nuevo and on the 16th sailed for Bahia
Orange, carrying oul some soundings and dredgings in
Bahia Nassau en route.

Little of special interest had happened during the ship’s
absience, although two men of the shore panly were
suffering from rheumatism and sores; they were repluced
by two men from the ship. Since Romanche would now be
departing on a fairly lengthy cruise, the station was now
resupplied with food and luel sufficient to last until the
end of June,

On the ship's return seven or zight canoes filled with
natives came to visit, a4 had become their habil. They
traded otter pelts for biscuit and old clothes, There were
still occasional minor thefts from the station but generally
relutions were very good. Until the 23rd the weather in
January was consistently foul. There was rain every day,
with an endless succession ol gales from the wesl 1o
southwest. Although the mean temperature was 80C and
the absolute minimum for January 1.7°C, the winds and
high humidities produced a miserably raw chimate.

Romanche sailed pgain, bound ultimately for Punta
Arenas, at 1:00pm on 23 Junusry. After visiting and
surveying Isla Packsaddle and Bahia Tekenika, she ran
north throufh Canal Murray, reaching Ushuals on the
evening of the 25th. Bridges gave the Frenchmen his
invariable warm welcome and donated o variety of speci-
mens, cspecially human bones that the natives had
brought him. He also introduced two Yohgans, o young
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man and a girl, who had recently returned from Europe
They were the only survivors of & group of 1, induding
men, women and children, from fsla Clarence that a
German industrialist had taken to Europe. They had spent
some time at the Jardin d'Acclimatation in Paris and had
visited many of the European capitals Tt was now
Bridges's intention to return the two wanderers (o their
home.

Before salling Manial bought two steers and some
turnips, while Mrs. Bridges donated some strawberries 1o
the ship’s larder. Romanche sailed, westward bound along
Canal Beagle, on the 28th. Stopping to survey at Bahia
Lapataia and Bahia Yendegaia, whose western entrance
cape was named Cabo Hyades, at both locations the
Frenchmen found nmative huts with garden plots. The
Yuhgans were growing potatoes and tumips und this was
presumably due to the influence of the mission. A lurther
stop was made at Caleta Awninkhirrh on the north coast
of Isla Hoste, then Remamche swung into the narrow
entrunce of the Brazo Noroeste, characterized by steep,
heavily Torested dlopes with numerous hanging glaciers
prone to avalanching. An excellent anchorage on the north
coast of Isla Gordan was named Bahia Romanche, while
another superb inlet, reached on § February, was named
Bahia Tres Hrazos because of its complex shape. It was
found to have abundant stocks of fish and enough were
caught, muinly cod, to feed the entire crew.

Sailing from Bahia Tres Brazos on the 7th, Romanche
emerged from the Brazo Noroeste into Canal Darwin
Heading west through o muaze of idands, Martial surveyed
paris of the coasts of Isla Timbale, Isia O'Brien, Isla
Chair, Isla Londonderry, Islas Middle, Isla Stewan and
Isla Burnt (Fig. 6). It was from an anchorage on the east
const of the latter island, where Romanche anchored on
9 February, that Fitzroy abducted the three Alocalufs,
Fuepian Basket, York Minster and Jemmy Butllon, whom
he took back to England.

Next day Martial climbed to the summit of Isla Burnt
He was rewarded with superb views of Bahia Desolacion,
with its labyrinth of islands, Seno Courtenay and Seno
Thieves, and of Islas Basket and Stewnrt. Meanwhile other
officers were surveying the anchorage; unfortunately
Lajarte’s theodolite was damaged when it was blown over
by the wind and he had to return aboard. The doctor in
the meantime collected two penguins of o new species and
twa fixhes,

Sailing from Isla Burnt on the afternoon of the 11th,
Romanche headed west loward Peainsula Brecknock and
anchored for the night in o small bay on the north coasi
of Isla Basket, Anticipating foul weather, Martial put out
two anchors; vicious squalls of hail and snow lashed the
ship all night and the captain even contemplated putting
out & third anchor, Leaving lsla Basket at noon, Romanche
negotisted Cinal Brecknock snd having thus rounded
Peninsuln Brecknock, swung north down Canal Cackburn.
Having passed the Furies, marked by heavily breaking
surf, then Isla Magill and [sls Enderby and the Rocas
Kirke in the center of the channel, on the morning of the
13th Remanche was approaching Cabo Tum when Maonte
Sarmiento sppeared dend ahead, towering majestically to
2234 m, its sides seamed with glaciers.

Rounding Cabo Turn, the course now lay north down
Seno Magdalena, That evening Martial took his ship into
Puerto del Hambre; & shore parly searched for traces of
Sarmiento’s luckless colony here but without success. Al
4:00 ry, next day Romanche dropped anchor at Punta
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Arenas. The port captain soon came aboard with mml and
with the welcame news thot a load of wine and clothing
had arrived from France and was stored in a Chilean hulk,
He also reported that the naturalist Lebrun had turned up.

MNext day the work of loading the wine and the clothing
began; Martial also replenished his fond supplies for a
further mine months, The oflicers and men tried their
band, with some success, at hunting and fishing. and some
fresh wvegetables were purchpsed, Lebrun now came
aboard ; until now he had been with Fleuriais™ expedition
o Rio Santa Crur to observe the transit of Venus, The
British warships Rocker, Sylvia, Constance and Heroine all
called at Punta Arenss whicle Romanche was there and
there was a great deal of social interaction with their
officers and crews. The governor, Sefior Sampayo, and the
resident doctor, Dr. Fenton, also held receptions for the
French officers. Since the weather was largely sunny and
dry, with & mean tempersture of 11.89, it was a very
pleasant interlude; many of the officers took advantage of
the fine weather to go riding, collecting or hunting.

Having entrusted his muail 1o the British mail steamer
Patagonia, which sailed for Montevideo on 21 February,
Martial took his ship to sea on the moming of the 22nd.
Since the Mood tide was running against the wind,
producing an unpleasant ses, he was forced to anchor in
Bahia Gregorio for the aight. Early next moming, despite
dense smoke from grass fires that almost obscured the sun,
he toak his ship safely through the First Narrows. At
4:00 M. Romanche rounded Punta Dungeness and set a
course for the Falkland Islands
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Land was sighted at 400w on the 25th; Cape
Meredith at the southern tip of West Falkland. Romanche
swung Inte Falklond Sound and-at 11:30am dropped
anchor in the superb harbour of Port Edgar. A whaleboat
wig senl ofl (o go fishing while the scientisis collected
specimens. MNexl morning & violent southwesterly gale
strick and it was not until the 28th that the ship wits able
to put to sea again. On the morning of | March she
rounded Cuape Dolphin and that sfternoon Machride
Head, end at 5:00pM she dropped anchor in Port
Willinms off the settlement of Port Stmnley.

The Frerich officers Wwere treated (o a very warm
weleome by the governor, Mr Keer, and hizs family. While
officers and men enjoyed the (reedam of Port Stanley and
area, Martial took the uppnrmmt}r to replenizh his bunkers
ancd 1o embark 12 cattle and sheep. The former were
particularly wild and difficult (o handle. Romanche got
under way sgain on & March; the intention was to call
briefly ut Cow Bay to ecaollect some King Penguins but
heavy surfl on the beaches forced cancellation. Beyond
Cape Caryalort a rising gale forced Martial (o take shelter
in French Bay (Berkeley Sound) early next moming and
later to move 1o Port Johnson, Some officers wenl ashore
o bry to reach Cow Bay overland but the distance was too
great. However they did return with about 40 geese.

It was not antil 10 March that Romanche finally left the
Falklands. The gale that had delayed her had struck Bahia
Orange twelve hours earlier, reaching gusts of 40 m per
second there. Swinging around the north coasts of the
Falklands. Romanche steered west for Estrecho de Le




Maire; at drawn on the 13th the peaks of Isla de los
Estados loomed up on the port bow. As usval rough seas
were encountered in Estrecho de Le Maire: Romanche
dropped anchor in Calets Banner on Ista Picton that
evening.

On the moring of the |4th Martial took a stroll 10 the
head of Caleta Banner along o rough trail theough
magnificent forests; he wis amared o (ind troes more than
3m in arcumference. Having discovered a native hut, he
arranged for it to be photogrophed, then dismantled for
transport back (0 France, Potting to sea around 1:00 P,
Romanche dropped anchor off the settlement of Puckewajs
on Isla Gable that evening. Several canoes immediately
came alongside; the Yahgans in them were fully clathed
and traded milk and tumips for old clothes and biscuit.
The ship lay at this anchorage for two duys while the
survey of this section of Canal Beagle was completed. The
doctor meanwhile was also busy sshore and collected
several new species of birds '

On 'the 17th the ship continued west to Ushuaia.
Hridges came ahoard next m : he reporied that
Courcelle-Sencuil had paid a visit to the mission. Travel-
ling in 0 whalebout with five seamen and one native, he
had been delayed by foul weather in Canal Murray for so
leng that he had come close 1o running out of food.
Nanetheless he and his party had reached Ushuais safely
and there had received the usual hospitable welcome. The
party had sailed for home on 28 February. Romanche
hersell ‘sailed on 19 March, and after calling at Bahia
Lapataia for the night, renched Bahia Orange at 2:40 pw
on the 20th. The cattle were landed on one of the islands
in the bay to avoid the problems encountered earlier when
they had been kept around the station.

Courcelle-Senenil reported all the men in good health
and all the scientific programs proceeding smoothly, The
buildings had been severely tested by the strong gales but
no serions problems had resulied. On 3 Macch the dome
of the observiatory had been lifted off by the wind and the
electrometer hut had been tipped over, but all the instra-
ments had been safely recovered. The corner of the rool
of the collections store had been lifted off, but here too
the cases had been moved to safety. All these problems
were now comected and work crews were sent ashare (o
repave the paths.

Fall was perceptibly beginning now, and the tempora-
ture had sturted to drop. The mean temperature in March
was 5.1%C, as compared to 9C in February. On the other
hand there were noticeably fewer gales. The days were
also shorening perceptibly. The winter clathing that had
arrived from France was now distributed 1o the crew, and
after a few duys of rest for the men Romanche was ready
o continue cruising.

‘She sailed from Bahia Orange, once again bound for
Seno Ano Nuevo, on 28 March. Yaksil was on board as
interpreter; he had left the expedition eariier when he
suspected that the Frenchmen were planning 1o abduct
him 1o Frunce.

The weather wis [air with a fine northeasterly and the
ship made excellent progress around Faiso Cabo de
Homos and up the west coast of Isla Hoste, across the
mouths of Bahia del Sur and Bahin Bourchier, both the
sites of numerous wrecks over the conturies. As she passed
between Cabo Weddell on Isla Duperre and Isla Hen-
derson, ldda Morton became visible 1o the west and the
Islas Tidefonso appeared os black specks on the horizon.
Martial was heading for Bahia India, where Weddell had

called in his ships Jane and Beaufoy in 1823, since the
latter’s excellent description of this anchorage was the
only on available for any anchorage in the area In fact,

although well sheltered, Bahia India was found to have

poor holding ground, being rocky and sandy, und on
finding his anchor drogging, Martinl was forced to move
closer inshore, where he anchored for and afi.

That afternoon the captain climbed Monte June
(c 560 m) in order to get an overview of Seno Afio Noevo:
on the summit he found o small cairn, presumably built
by Weddell or Fitzray. As he reached the summit it began
snowing and the snow was abserved to 'be lying down 1o
a height of ¢ 400 m, In the meantine Licutenant Daze had
gone off in the steam lnunch to find a better anchorage,
but he found all the inlets he examined 1o have rocky
bottoms. On the moming of the 15t Romanche sailed from
Bahia India and found an excellent anchorage in Bahia
Naturalist, with granite rocks, wooded shores, several
smull streams and an excellent holding ground of foul-
smelling mud,

Over the next two weeks Martial and his officers
completed the frst exploration and survey of the magnifi-
cently Intricate body of waler known as Seno Afio Nuevo,
They shifted anchorage eight separate times 1o explare
different parts of the sound. All four of its major arms
were explored to their heads in the hope of finding
through-routes to Canal Beagle. A1 the head of Estera La
Monnetaye they found the large lake of the same name,
separated from the ford by a threshold about | km wide
and only about 10m high. At Bahis Claire on Estero
Lajarte they encountered some mative who abandoned
their canoes and disappeared into the bush. Yakwil
managed (o reassure them and talked them into coming
aboard. These were Atduaylans, a branch of the Yahgans,
numbering perhaps 200 and inhabiting the shores of Sena
Afio Nuevo. They had regular comtact with the people of
Seno Ponsonby 1o the north: some had visited Ushuaia
and even knew some words of English.

The French survevors also explored Canal Hahn and
Canal Carfort, separated by ]sla Herve Muangon and
rejoining beyond it to run nonhward 1o the isthmus, less
than | km wide, over which the natives regularly portaged
to Seno Ponsonby. Farther south Estero Doze was found
to be separated by a slightly wider isthmus from Bahia
Tekenika to the east. The also included the shares
of islands such us Dumont &'Urville, Paques und Perrier
in the center of the sound. Doze climbed 1o the summir
of the latter istand 1o take a round of panoramic photos
of the sound.

The Frenchmen were surprised to [ind whales that had
penctrated well up the intricate fjords; they watched &
pack of killer whales hunting one animal and conjeciured
that this might be the cause of numerous groundings of
whales thai seemed so common throughout the aren. The
weather during this period was typically overcast and the
kun was seen only once in two weeks. Although there were
frequent squalls, their force tended to be broken by the
labyrinth of islands and peninsulas.

Having completed a remarkably detsiled survey of the
intricacies of one of the world's best (if remote) major
anchorages, Romanche sailed from Estero Doie and lef
Sena Afo Newvo on 13 March, hending enst slong the
south coast of Isla Hoste. Going ashore on sl Pothuau,
Martial erected a triangulation beacon on the summit
That afternoon the ship dropped anchor in Caleta Caral
on the island's cast coast. A group of natives fit a large
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fire on the beach, then came aboard; they were camped
on [sla Pouchet, where a whale had stranded, The animal
had died probably some three weeks earlier and was in 2n
advanced stuge of decomposition. Except for some blub-
ber and some bone from the lower jaw, removed by the
natives, it was largely intact, and hence Muartial decided
to procure the skeleton for scientific purposes. Having
“bought” il from the natives for same bags of biscuit, he
sent a work crew of 30 men, led by Hahn, with a
whaleboat and the steam launch to salvage the skeleton,
Despite almost constant snow and ruin, to say nothing of
the smell, the job was finished in two days. The missing
bones were recovered in return for some trade knives,

On the 17th, o fne, calm day, Romarche steamed
around the Pothuay and Jaureguiberry group, relurning to
the same anchorage in the afiermoon via Isla Pouchet.
Martial noted that there was very little timber on this
island group and that the fauna seemed to be impoveri-
shed. Having shifted anchorage (o Bahia Luisa at the west
end of Canal Romuanche on the 19th, the French seamen
found this latter to be an excellent, heavily wooded
anchorage: Caletn Elena, just to the north, appeared (o be
equally good. Foul weather detained the ship in Bahia
Luisa umtil the 25th: the rain gave wiy lo snow, which now
lay on the ground for the fits time, and ice formed on the
decks. Fortunately the steam heating system kept the
ship's interior warm und dry. Throughout this period the
ship was often jorking wiolently at her anchor chuins
despite a second anchor.

When the ship weighed again on the 25th it was found
that the starboard anchor had losl its wooden stock and
also one Muke. Fortunately Martial still had three anchoms
in hund, On reflection he suggested that for future work
ln fuch u gole-swept area heavier anchors than the
siandard issue should be used. Romianche, bound now for
the Henderson and Morton group, passed hetween lsla
Duperre and Tsla Jaurcguiberry and south of Isla Gold-
dust, Going ashore on Isia Morton, Martial climbed to a
summit from where he spotted a submerged rock 6 km
souith of Cabo Brisbane that broke surface only in a swell.

After spending another night in Bahia India the ship
headed west around Peninsuls Rous and Isla Hind with
its conspicuous Iwin summits and entered Paso Talbod.
Several major inlets cutting into the coast of Isla Hoste
were surveved, and that night the ship anchored in Bahia
Angot on Isla Caroline. Next duy, continuing west along
Paso Talbot, she passed lsla Thomas, anchoring for the
night in Puerlo Clerke on Isla Waterman, The 28th found
Romanche runming northwest down Seno Pascua, past the
Brid, bare rocks of [sly Whittlebury nnd Isla Hamond, then
rounding Cabo Kekhlao ai the western tip of Isin Hoste,
crawned by a spectacular ice cap with outlet glaciers,

Swinging east into Brazo Sudoeste, Romanche made
eacellent progress down the length of this magnificent
mountain-lned ford, anchoring that afternoon in Bahia
Fleuriais, Next day De In Monneraye ook the steam
lsunch to reconnoitre the western arm of the bay and
examined the Fougque Glacier, descending all the way
from the ice cap to the sea. Meanwhile a-canoe whith three
Yahgans visited the ship; they reported that there had
rnmmcﬁilnlufs with them but that they had fled at
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Next day, afier surveying another large fjord on the
north coast of Isln Hoste, Romanche continued castward;
that night she was back at Caleta Aurayakhir. this time
the surface of the bay was covered with ice 5-6 mm thick.

Having spent the next nmight at Bahia Lapataia, the ship
wai running through Canal Murray on | May when 1516
canges were scen hauled up om a b2ach. It was laler
learned that the cause of this major congregation of people
was o stranded whale near Woollya, Later that day Re-
manche reached Bahia Orange safely.

Courcelle-Seneuil ugnin reported that evervone sl the
station was in good health and that there had been no
major incidents. However, some bones had been stolen
from the whale collected from Puerto Cook and to st an
example (ourcelle-Senenil had ordered an empty huw
burned in retaliastion. As a more practicnl countermeasure
he had had the bones submerged in & water-filled ditch.

On 2 May, the day after Romarnichel relum, o minor
roof [ire was discovered in the officers’ quarters, caused
by sparks [rom the chimney, Fartenately it was extingui-
shed in time and there was no damage. Two dave later
Martial went 1o visit the small garden thai had been
planted on the shares of Caleta Duck; it nestled at the foot
of a lurge rock, which protected it (vom southerly winds,
and the soil was o good lonm with broken shells dug into
it. It had produced some radishes and various salad
greens, an indication that the sail, miher than the climate,
tended to be the obstacle to agriculture.

Manial had planned to start on another trip o Punta
Arenas an 10 May but bad weather delaved the salling
until the l4th. It snowed heavily and the snow lay on the
ground and on the decks. There were ulso quite o lew
foggy days, although normally they were guite rare.

Duiring this period Courcelle-Sengnil made on overiand
trip to the wost const of Peninsula Hardy. On his return
he reporied there being abundant evidence of a recent
shipwreck in Bahin Bourchier. The cargo appenred (o have
included & large amount of bamboo, but there was no
indication of the identity al the ship.

On 14 May Romanche finally sailed, leaving six
manths" provisions at the station @5 usual. By 4:00 Py she
was nnchoring off Ushusin, where the welcome from
Bridges was as warm as ¢ver. As always, Hahn's medical
services were in greal demuind,

From Ushuain the ship proceeded to Punta Arenis;
there ix no record of the route taken in Martial’s sccount.
On 30 May, having losded mail and packages that had
armived with the mail steamer, the ship started south again,
down Estrecho de Magellanes bound for Bahla Ormange.
Her route was penerally 8 reversed version of her earlier
outwurd route, and she reached Bahin Orange at 2:30 pm
on 5 Junc. Murtial had planned to sail for the Tslas
Wallaston immediately but gales and snow delayed the
departure until the [8th. Leaving Bahia Orange that
morming, Romanche anchored off lsla Onter in Hahia
Ciretton that evening. Over the next week, operating from
an anchorage #1 lsla Scagull, Martial and his officers
surveved the whole of the Wollaston group and the north
coast of Isln Hermite: Having determined that the
Waollaston group consisted of three main islande, of which
only Wollaston and Bayley were named. Martial named
the third, most northerly island afier Grevy, the first
magistrate of France.

Romanche sailed from Puerio Maxwell on the 27th o
complete the survey of lals Hemschel and [sla Deceit,
There was: abundant recent wreckage strewn along the
shores of Canal Franklin and the east coust of lsl
Herschel, evidently from a large American or British
vessel. There wias no sign of her crew however. On the 30th




Carfort was landed on Isln Hornos to survey the southern
part of the island while Romanche was engaged in
dredging and sounding of Cabo de Hornos. According to
Martial's description !

Ista Homnos is long and low; from he nonhwest tip the
land drops then riven gradeally agiin southwards 1o the
cape; The larter takes the form of 4 sheer chifl with high,
hlack fwees; s western part b jngged when seen from the
south, It 5 abpuot 424m high ruther than the 152 m
indigiied In ihe Sailing Directions.  [Marial, 1888237

Having picked up Carfort, the ship anchored for the
night in Caleta Saint Martin on Isln Hermite: then, after
a day's delay due to fog, on 3 July she ran back to Bahia
Orange, having completed the survey of the Wollaston and
Hermite groups. She sailed again on the Tth to survey the
south coast of Ivla Navarino. This she achieved by 11 July,
working first out of Bahia Packsaddle and then Paso
Goree. Along the west cosst of Isla Lennox De Ia
Monnerave found a great deal of wreckage, including the
name board “Napier'". Nearby he found a hut that did not
appear to be of native construction. He suspected ull of
this was associated with the wreckage found earlier and
that the ship's crew had probubly headed for Ushunia

{n the evening of the 12th, having llnished the survey
of the northern part of Buhia Nassau, Martial returned to
Bahia Packsaddie: Then on the 14th he sailed to chart the
west coast of Isla Navarino, anchoring firt off laln
Button, then in Caleta Douglas. On the 18th an abrupl
change in the weather heralded the approach of foul
weather and Martial prudently moved to Ushuaia ta let
the bad weather pass.

Martinl took this oppattunity to give Bridges a copy of
the official letter authorizing him to wansfer ownership of
the station buildings st Bahia Orange 1o his mission on
completion of the International Polar Year, The relevant
part of the letter rends:

.. As 10 the proposal comsimed in your letter that yvou
should leave 1o the English mission ai Ushiinia the huts
which you 1ok oui from France, | fulty approve of the ilea
particulatly sinoe the wiil mission pursoes & humaniarian
‘goal in- providing asytam to the ship-wrecked crews of
various nations who ply the Sovthern Oceun.

Yours eic.,
Minister of Murine wid the Colonies
Brumn. [Martinl, [HEE230.)

Bridges was extremely grateful for this generous gesture,

For the next lew days strong westerly winds with snow
detained the ship 8t Ushuaia. Then on the 25th she
returned south through Canal Murray to survey the great
fjord of Seno Ponsonby. At its head, where a low isthmus
runs across 1o Caletn Awayakhir on Canal Beagle, the bay
wiis covered with a thin skin of ice, which presented a real
obstacle 1o the boats. It was named Baie Glacée [now
Hahia Helada), Running back north through Canal
Murray, Romanche next headed west along Canal Beagle
and the Brazo Sudoeste, anchoring successively at Bahia
Lapstaia, Calets Awayokhir, and Bahia Fleuriais, the
Iatter on 29 July. The objective was to survey the extensive
bay east of Cabo Kehklao, His objective achieved, Martial
took his ship back 1o Bahia Fleurinis on the moming of
the 315t During a severe northwesterly gale there the ship
hegan dragging her anchor, causing some anxiety for u
while.
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Emerging into Bahiz Cook on 3 August, Martial now
took his ship south past Cabo Carfort, planning to make
a rapid reconnaissance of the outer coast from Bahia Cook
cast 1o Bahin Trefusis, Passing lda Waterman, Romanche
anchored that night in Caletn Angol at the entrance 10
Paso Talbot. And here bad weather forced her o stay unul
the Sth. It snowed continually and with the combination
of 4 poor, rocky bottom and violent squalls from the
mountaing of lsia Caroline, even with two anchors oul it
wiis @ lense, anxious time. The constant jerking even split
the hawse pipe on the port side, and when thut anchor was
weighed it was found that it had lost a fluke; this was the
fifth instance of damage to the ship's anchors,

With fine weather on the Bth Martial run a fine of
soundings out to the lslas lidefonso to the south, then east
to Falso Caba de Hornos. Having spent the night in Bahia
Lort on Peninsula Hardy, Romanche next ran a line of
soundings south to just east of the lslas Diego Ramires
on the Gth. That night she spent off the south coast of 1sla
Hermite, then next moming mn cast past Cabo de Hornos,
some 89 km off, 10 Isla Terhatien and Isla Cezambre,
anchoring that evening in Pasa Goree. Thie | 1th was spent
in sounding nnd dredging in a trench off Bahia Sloggett
on the south eoast of Tierra del Fuego, A native fire was
seen on shore, but when the Frenchmen tried o make
contact the natives fled: they were presumed to be Ona,
On the |3th strong southwesterly winds Interrupted the
work in Rahia Sloggett, and Romanche crossed to Caleta
Banner on lsla Picton for the night. Surveying and
sounding along the way, the ship next headed west to
Ushuuin, arriving on 15 August

There she faund the crew of the German steamer Erwin
out of Bremerhaven. While bound from Liverpool to San
Francisco with coal her cargo had caught fre aboul
24{) km west of Cabo de Homos. Her capiain had tried to
run hack to the Falklnnds but had been forced to abandon
ship when the heat became o intense. The 22 men had
just salely got away in the boals when the deck collapsed
and the ship burst inio a pillar of Mame.

Fortunately the winds and ses had been onty light 10
modemte. Steering lor Ushunia via Bahia Nassau and
round the east end of lsla Navarino, they had reached
thielr goal in nine days. Martiol now agreed 1o take them
to Punta Arenas; they came aboard on the Z0th and
Romanche set sall immediately, reaching Bahia Orange
that evening

There they found the scientists [ully occupied in
winding up their scientific program, The observations were
discontinued on | September; the scientists and all their
baggage were on board by the evening of the 2nd und
Romanche sailed on the 3rd. During the final days a party
erected a stone pyramid with a plague describing the
expedition’s activities on the site of the station.

In asscssing the weather records assembled aboard ship
during the previous three months of cruising — June, July
and August — Martial noted that the austral winter had
been relatively fuir wnd certainly better than the summer,
This had clear implications for navigation in these waters.
The mean temperatures hud been 1.12C in June, 431 In
luly, and 4,39¢ in August, The maximum, on 15 July, tad
béen 11.70; the minimum, on 7 August, in Paso Talbot,
had been — 529, The mean temperature for the entire year
on thé basis of the shipboard observations had been
L0

The raw, damp climate had provoked a large number
of rheumatic and bronchial compluints among the men.
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Minor sores, felons and abscesses could probably also be
attributed in part (o the westher. Bul on the whaole the
state of the men's health had been excellent.

Putting to sen on 3 September, Romaache puid her last
vigit 1o Ushuain, There Bridges and family gave them an
dimost overwhelming weléome; the missionary also han-
ded Martial his official response to the offer of the
expedition’s buildings at Bahia Omange. [t read;

Ushuin, Tierra del Fuepgo,
4 September |HAD,
To Commangder Martinl

Erear Sir,

On behalf of the South American Mission | wish o
express my great gratiiude for the offer of the huts at Bahia
Orange which has resulied [rom your regiest to the Nuoval
Minisier. We greitly appreatate these buildings and | can
assure vou (hat they will be of enormous wrvice Lo us. We
will muve them here i fok, | will take the necessary steps
for sscuring and transporting the materials.

I have the hobour #ic.,
Supermntendent at Ushunia,
Hridges, [Martial, |888:230

From Ushuaia Romanche took the now familiar and
sheltered inland route via Canal Beagle, Paso Brecknock
and Fstrecho de Magellsnes 10 Punta Arcnas, siriving at
&AM 4w an T September, The German crew of the steamer
Erwin was landed and then, after official clearance, was
reembarked for passage to Europe, After o hospitable
farcwell from all its friends in Punta Areas the French
expedition then sturied for home.

Even now, however, Romanche’s oceanographic work
did not end. Her progrum of soundings whs continued on
the homeward vovuge, On 11 October 1883, using almost
every available cable and hine on beard. Martial managed
(o plumb the depths ol the Romanche Trench, a alot-like
cleft cutting the Mid-Atlantic Ridge almost exactly on the
equator to the northwest of Ascension, The depth recorded
was T370m (Baker, 1982); its official depth is now 7684 m.

Runmning o # total of nine volumes, the official reparts
of the French expedition to Bahia Orange greatly exceed
in fength those of any of the other stations of the First
Internutional Polar Year. Tuken together they represent o
remarkable compendium of scientific data about a littie-
known area. The information on the three main areas of
investigation, namely magnetism, metenrology and aurom,
is &% detuiled as that from any siation, while in the area
of the oplimal observations they include some fascinating
additional investigations.

The optional meteorological observations included
studies of lapse rates (with a second station at 430m on
Cerro Hojo), atmospheric clectneity, evaporation rutes and
folar radistion (Lephay, 1885 Lephay’s experiments in
this later ares mre of particular interest as they were
especially novel and imaginative. For his measurements he
constructied a pyroheliometer on the outward vovage. It
ook the form of o low, brass, water-filled cylinder, one
lace of which was coated whit lamp-black, A thermometer
bulb was inserted into the water through a hole in the
opposite face of the cvlinder. The blackenad surface was
st perpendicular to the sun's rays and the thermometer
recorded the heating and cooling of the waler. From a
wide range of readings Lephay was able 1o caleulate the
“solar constant”™, which he measured at 2.172 langleys per
minute.
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The zoology of this linle-known area was studied in
remarkable detall on the hagis bath of observations made
in the vicinity of the station and of specimens collected
by the officers aboard Romanche during her crulses. In the
final report on zoology A. Milne-Edwards reported on the
mammals, Léon Yaillant on the lish and E. Oustalet on
the birds, their reports being illustrated by superb coloured
lithographs of many of the species { Mission scienrifigue du
Cap Harm, Tome IV, Zoclegie, 1891), Similarly the volume
an the botany | Mission scientifigue du Cap Horn, Tome ¥,
Botanigue, 1889) represénts n remarkable pioneer com-
pendium of information on the phytogeography of this
ruw, dump, gale-swepl area.

Perhaps the most valuable contribution made by the
French expedition outside the three main official areas of
focus was in the aren of ethnography. On the busis of his
studies of the Yahgan (in which he was enormously
nssisted by the efforts und experience of Bridges) the
medical doctor, Hyadés, along with J: Deniker, produced
i monumental, superbly illustrated work on these sea-
oriented aborigines of the islands sowth of Tierra del
Fuegn. (Hyndés and Deniker, 1891), While there (s an
extraordinanly heavy stress in their repont on physical
anthropology, especially anatomical and physiological
details, an extensive section s also devoted to lifestyles,
hunting and fishing technigues and the impacts of civiliza-
tion (Fig. 7). The authors also reported al length on the
Yahgan language and included #n extensive vocabulary:
here the Fremch scholurs undoubtledly relied extremely
heuvily on the encyvilopedic knowledge of Bridges. Parti-

Flu. 7

Yahgun Indian

relashing his spear head.




cularly in that only o handful of Yashgans of mixed blood
now survive. mainly on Isla Wavarino, this carly and
throrough study of this people is extremely valuable.

With regard to other specialized areas of effort, the
successful observations of the transit of Venus on 6
December have already been discussed. Along with the
parallel studies made at the German station on South
Georgia, they helped enormously in calculating the dis-
tnnce from the earth to the sun and in solving other
asironomical problems. As with the German scientists an
South Georgia, the Frenchmen at Bahin Orange also
recorded unusoal tidal perturbations caused by the ex-
plosion of Krakatoa on 27 August 1883, although, of
course, the cause was not realized for some time.

A final areq in 'which the French expedition mude n
truly enormous contribution wak that of geographical
explorition. Although much of the areg had been explored
and charted previously, especinlly by Fitzroy in Beagle
fifty years earlier (Fitzroy, 1839), there was =till much for
Romanche 10 do, as outlined in this account. Her surveys
focussed especially on the areas south of Canal Beagle,
and here Martial and his men were certuinly the first
Europeans (o explore the intricacies of Seno Ano Nuevo,
But throughout the rest of the wrea covered they also
added enormously to the detail on the charts and Martial's
acoouni (1888) contuins & wealth of information concer-
ning anchorages, hazards, currents and tides. The nume-
rous place names bestowed by Martial, especially in the
arca of Seno Ado Nuevo, form o fitting and lasting
memorial to the efforis of the French expedition. The fact
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thiat Romanche survived onscathed despite a year of
cruising in the largely uncharted waters of this intricate
archipelago, notorious s having some of the worst
wenther in the world, is o tribute to Muartial's careful
seamanship.
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LA MISSION DE LAPONIE DANS LE CADRE
DES RECHERCHES GEODESIQUES FRANCAISES

DU XVIIIe SIECLE (1736)
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FParis

RESUME. — L'Académic Royake des Sciences Frangaive décidi, en 1734, denvoyer deus missions géodésiquos, Iune ai Pérou. pous
mesirer un arc de méridion wu titudes équistoriales, nutre en Loponin, pour mesurer égnlement lare de mévidien, afin de mettre
un terme & la controverse sclemtiflgue sur aplatissement de ta Terre aus pales; Préseritation dex résultats ot discussions,

Maots-clés 1 Laponie — Pierre-Louis Moreau de Maupertuis

Mesure de Parc de mérideen,

ABSTRACT. — Lapland mission of the French geodetic ressarches In fhe XYITRh ceatory, The Académie Rovele der Sciences Franpoie
decided (n [T 1o semd two geodetic mixstoms, one fo pedsene o meridian are ab equatoral laetudes tn Perw, the other tn [apiand,
in wrder to stop the soientific comtroversy abour the flatmers of the -Eorth ai the peles. Prezeniarion of resalts and discussions

Key-words » Lapland —  Plerro-Loufs Moreou e Maupertuiv — Mevidian ore swegsuremnont.

SITUATION DE LA GEODESIE EN FRANCE VERS
1733

L'Académie Royale des Sciences; fondée par ke roi
Louis X1V en |666 s'éthit dés le début préoccupée
d'étudier et de préciser la forme ef les dimensions de 1a
teree,

En 1669, I'Abbé 1, Picird (1620-1682) entreprenmit par
inampuiation la mesure d'un arc de méndien Erendant
sur |50 kilométres environ entee les latitudes appraximati-
ves de 48°30" et 49954° |e long do méndien de Pars
(latitude de 1'Observatoire de Paris 489507, Il avait fait
construire dans ce but des instruments de su conception
qui, perfectionnés par 12 suite, seront wtilisés pendant 120
ans, en France et i I'étranper.

I avait invent® la lunette & réticule qui, remplacant les
alidades 4 pinnoles, permettait, avee des dimensions Lrés
raisonnables, des pointés beaucoup plus précis.

Une telle lunette &tait utilisés sur le « quart de cercle »,
graduation clreulnire d"enviton | métre de rayon, de 90 4
920 d'smplitude, utiliseé pour les mesures anglaires de
triangulation, dans un plan volsin de 'horzontale.

Dans son secteur astronomique, une lunette de grande
focale tourmamt autour d'un axe horizontal trés voisin de
I'objectil’ servuit d'nlidude et décrivait un plan verfical, en
entrainant, devant un fil & plomb, sne graduation de petite
amplitude angulaire, centrée sur le polnt datiiche du
plomb {Figure 1).

Li méridienne de Picard est un enchainement d'une
douzaine de triangles principaux, appuyés sur deuy bases;
ves deux bases élaient mapportées & Méalon officiel « la
toise du Chitelet » gque Picard vennit précisément de
renover quelques tomps suparavant. La base AR, dite de
Villejuif 4 Juvisy était la base principale, la base xy servant
uniquement de controle (Figure 2).

Tous les d#ails sur la mesure sont donnés dans 1'ou-
yrage de Picord. Retenons simplement le résultat éssentiol
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il Quart de cercle mobile de 1.m de rmyon, ([Xapres
Lalande, Axironcoenie | 11, Paris 1771), Le Gl i plomb est protdas
des cournnts dair par la Baive & filer

exprimé selon l'usage de I'dpoque par la longueur de l'arc
méridien d'une amplitude angulaire de | degré, soit 37 060
toises (du Chatelet), moyenne de deux valeurs — arc
Paris-Sourdon, are Paris-Amiens.

Picard avait tiré de sa mesure d'imponantes conclu-
stons: i avail en panticulier souligné intérél des réseaun
geodésiques pour éencadrer les leviés topographigues. Dins




un rapport destiné & Colbert el & IAcadémic des Sciences
il disait:

« Outre que le dessein de faire la carte du Royaume par
provinces, de la maniére que I'on a commence serait si
long & exécuter qu'il n'y aurait pas lieu d'en woir la fin,
il est certain que pour faire un bon sssemblage de toutes
les pitces aprés quelles seraient achevées, il en faudrait
tovujours venir & un chissis général, au lieu que ce chilssis
étant premiérement fait, il serait facile ensuite de le
remplir, Pour la construction d’un tel chilssis qui distribue-
raft tout le Rovaume en trisngles lits ensemble. on
pourrsil commencer en faisunt une route ou lraverse
depuis Dunkerque jusqu'a Perpignan qui sont 4 peu prés
dans le méridien de Paris.. ¢t si aprés "avolr achevée on
prenait les hauteurs du pdle des deux extrémités avec le
méme soin que l'on a fait 4 Sourdon en Picardle et
Mulvoisine en Gitinais, on aurait la grandeur de la terre
huit fois plus précise que celle quon u donnée... La grande
triuversée ci-dessus Etant finie, on pourrait en faire une qui
contournerait lc Roysume suivani les frontigres et les
ebtes, |aguelle seconde rowte on liersit enfin avec la
premiére... le tout consiste & choisir de grands points,
j'entends qui servent & former de grands trigngles le plus
gu'il seta possible, soit que les points soient des villes, des
montagnes ou autres lieux remarquables. ».

Dans cette simple phrase se trouve résumée la
comception d'un réseau géodésique national, appui indis-
pensable de Ia topographie et de la cartographie du pays !

TI mourut en oclobre 1682, S5 vie scientifiquc avail &
féconde - savant internationalement connu, maltre de
Romer, il avait :

— défini les programmes d’observations pstronomigues
de I'Observatoire de Paris nouvellement créd, et participé
activement & ces observations.

— observe sur la polaire, des variations annuclles de
position qui, systématisées par Bradley, méneront 4 la
découverte de I'abarration annuelle.

proposé de créer une unité universelle de mesure de
longueur et déterminé dans cette perspective & Paris et
dans diverses capitales d'Europe lu longueur du pendule
simple battant la seconde qu'il avail exprimée cn unités
de sa toisc.

— effectué de gros travaux de nivellement dont il fut
le premier codificatenr.

— inventé lu lunette astronomigue i réticule.

— obtenu la premiére valeur i peu pris correcte du
rayon lemesire.

Dés 1683, ), D. Cassinl (1625-1712) reprenait @ son
comple son projet de mesure de la méridienne de France,
de Dunkerque & Perpignan.

La midridienne de Cassni: Elle uiilise la base el Ia
chaine de Picard jusquau coté Coivrel Boulogne, le
prolongement sur Amiens exclu parce que visiblement
crroné: certaines ohservations furent reprises.

Les travanx débutérent dés 1683, sous J, D, Cassind gui
sc dirlgea vers le sud et La Hire, disciple de Picard, vers
le nord. mais ils ne durérent pas longtemps et furent
interrompus dés la fin de 'année par la mort de Colbent,
remplacé par Louvois comme protecteur de I"Académie &t
surintendunt des bitimenss du Roi, qui avait d'wutres
idées: Louvois mourut en 1691, mais ¢est en 1700 seule-
ment que Cassini put continuer son @uvre, pour laquelle
il s'adjoignit son fils Jacques Cassini (1677-1736). Les
ohservations poursuivies jusqu'su Canigou se lerminérent
en 1701 par la mesure de la base de Leucate-St-Nazary.
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Amiens V

ll!s:irrumlilll G H Oammartin

F Man|ay

Fio. 2 — Arc de Picurd {1670)

On avait d'aillzurs eu raison de faire vite, car la guerre de
Succession d'Espagne absarbant tous les crédits, la partie
nord &tait restée inachevée; clle ne sera reprise qu'en 1718
& partir du coté Sourdon-Montdidier par J. Cassini,
Maraldi, Lu Hire (fils), et prolongée jusqu’d Dunkerque,
ol 'on mesura une base (Figure 3).

La chaine compléte est danc appuyée sur 3 buses:

Dunkergue : 5 564 toises

— Villejuif (Picurd) : 5 663 towses

— Leucnte ; 7 246 toises.

Les siations astronomigues essenticlles sont celles de -

— Dunkerque : 48250' 10" + 2912 |55 = 51=02°287§
Paris : 482507 10"

— Collioure : 48050°10" - 601856 = 42031'14".

Comme Picard, Cassini observait "'amplitude de l'arc,
en faisant la différence des distances rénithales d'unc
méme étoile (La Chévre et ¥ Dragon) passant au méridien
et il ajoute « ... afin d'éviter le scrupule qu'on peut aveit
de gquelques variations dans la hauteor des étoiles fixes en
difTérentes saisons de année comme on 'a observe en
plusieurs autres &toiles fixes... », on prend soin de n'obser-
ver cette méme &toile qu'é la méme épogque & Paris et i
Collioure. En dehors des 3 stations fondamentales, des

}':;':"'4 [‘i ;’ ; o

¥

T AT

§



Hfﬂ‘!ﬂi&ﬂ.\'ﬁ IR CASSIND ([GEI=1F1d}

Fic. ). — Carte des triangles de J. Casnind (Les gnes en ponciué som relatives & des irisngles seeondaines, § des triangles de vérilication)

stutions auxifisires sont observées au quart de cercle 4
Vouzon, Bourges, Rodez, Cardassonne, Perpignan,

On reste assez stupéfalt par la rapidité d'exécution des
Cassini; observer en un an 2t demi (1700-1701) la_partie
Bourges-Canigou de la méridienne, avec les difficuliés de
Fépoque, des transports et des communications, parait
cTCore une gageure, surtoul si I'on songe gue la reconnais-
sance n'était pas Maile, ou plus exactement gu'elle Sail trés
imparfaite.

Discussion sur cette miridienne = J. Cassini a résumé le
travail dans son ouvrage : « Traité de la grandeur et de [a
Figure de la Terre » o0 sont indiguées les valeurs numéri-
ques ci-dessus reproduites. 1l annonce pour le degré
méridien déduit:

— du ' segment Paris-Collioure : 5T 097 tolses

— du t Paris-Dunkerque : 36 960 toises
et I'on rappelle que Picard avait annoncé 57 060 toises sur
Paris-Amiens,

La configuration de la chaine, surmour dans sa partie
sud, laisse fort & désirer, la conformution des triangles est
souvent mediocre, i en particulier de petits
ungles, nuisant 4 la précision de la (ransmission; (out cela
&st probablement la conséguence de la hite de Cassim
pour schever sa triangulation,

On ne sait pas trop avec quel étalon ont &té mesurbes
les bases : J. Cassini parlant de la base de Collioure dit
qu'elle fut mesurée a I'aide de régles constitubes de quatre
bois de pigues de deux toises chacun... et on s"&tait servi,
pour déierminer exactement leur longueur, d'une régle de
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T'er de quatre pieds divisée avec une trés grande toise, que
"or avalt apportée expres de Pads. On ne sait si 'accord
avec la toise de Picard étail assuré. Admettons-le.

La querelle de Paplativeement : Ainsi J. Cassini avait
trouvé en 1723 les valenrs respectives de:

— 56 960 toises pour l'ure de 1* sur Paris-Dunkerque

— 57 097 toises pour Parc de 14 sur Paris-Collioure

— 37061 toises pour I'nre de 10 de la sphére moyenne

et ramenait par ailleurs le degré de Picard 4 57 030
toises. Il conclut « .. ainsi, il parait ovec nger d'évidence
gue les degres d'un mérdien sont plus gronds plus ils sont
prés de I'Equateur & diminuenl au coniraire 3 mesune
qu'ils s'approchent du pdle ».

1 calcule Mexcentricité de I'ellipse correspondante et
trouve ¥ — @/ = 0.144, b, axe polnire, a, axe équatorial,

Cette affirmation fut le signal d'une formidable que-
relle scientifique qui durera 15 ans, sera tranchée par
I'expérience (1737) et dont sa méridienne fera les [rnis.
Deux points de vue vont s'opposer |

— le point de vue expérimental de J. Cassini gui,
#appuyant sur le résultat de sek mesures, estime que la
::Ir:em un ellipsoide allongé, comme nous venons de le

— le point de vue théorigue, basé sur les travaux de
Huygens et de Newton, qui voudrait que la temre soit un
sphéroide aplati, e qui éwaie son point de vue par un
résultat expérimental did 4 Richer. En 1672, en effet,
Richer, astronome frangais, avait &6 envové § Cayenne




pour y observer, de concert avee J, D, Cassini et Picard
opémant a Paris, la parallaxe de Mars.

Avant de quitter Paris, Richer avait reglé son pendule
sur celui de Picard, 1l constata qu'd Cavenne il devait le
raccourcir (d'une ligne et un quart) pour gu'il continue 4
battre la seconde — ce qui impliquait une diminution de
la pesanteur, dong, au sens de la loi d'attraction univer-
selle, un bloignement par rapport au centre attractif. La
mesure de Richer avait éé confirmée par Varin et
Deshaves en 1682

Enfin, Cassini lui-méme n'svait-ll phs obgervé un
aplatissement de Jupiter et de Saturne 7

Huygens fixait & 1/576 I'aplatissement terrestre, New-
ton & 1/230 dans "hypothése d'une terme homogéne. La
controverse resta indécise pendant 10 ans.

En 1730 le Ministére du Cardinal Fleury décida, dans
un but cartographique, de procéder & la description
plométrique du Royaume et en chargea Jancques Cassini
et son fils Cassini de Thury (1714-1784).

L'idée |z plus logique était d'interpréter le plan de
Pieard, et de mesurer un are de paralléle ou une chaine
perpendiculaire & la méridienne de France. J. Cassini en
juin 1733 commenga, avec I'nide de ses fils et de Maraldi,
les observations d'un chissis de triangles joignant la
région de Paris i celle de Saint-Malo dont Picard svait fixé
la Tongitude par les éclipses des saiellites de Jupiter,
L'année suivante on poursuivit le travall vers I'est jusqu'd
Sirasbourg, dont Eivenschmidt avait donné les éléments
astronomigues.

Le résultat des deux mesures confirmail Cassini dans
son opinion.

La controverse scientifique reprit de plus belle.

Les théoriciens persistalent et mettaient en doute la
précision des observations de la méndienne de Cassini. La
théorte de Newton, contestée en France par les Cartésiens,
#ait 4 peu prés universcllement admise en Angleterro el
en Hollunde. Elle trouva un nouvel adepte en la personne
de Maupertiis (1698-1759). Ce dernier am coum d'un
séjour & Londres (1728) comprit tout I"intérél des décou-
vertes de Newton et se fit son porte-parole en France. Il
btudiail en panticulier la forme des masses fluides en
rotation, soumises & des forces d'atrnction centrales: ses
résuliats 'amenérent & conclure :

« ... Aucune de ces mesures ne s'accorde avec la mesure
uctuellement prise par MM, Cassini et Maraldi. Mais =i
de leurs observations, les plus fameuses qui se solent
peut-étre jamals faites, il résulte que 1o terre au liew d'éire
un sphéroide aplati vers les pSles et un sphéroide allongé
quoique cette figure ne parnisse pas s'sccorder avec les
lois de la statique, il faudrait voir qu'elle est absolument
impossible, avant de porter atteinte & de telles observa.
tions ».

INTERVENTION DE L'ACADEMIE DES SCIENCES
(1734)

L' Académie Royale des Sciences prit alors la décision
de trancher la question par lexpérience. Sur la proposition
de Giodin, auquel clle confiait la direction de 1'opération,
elle proposa d'envoyer une mission géodésique au Pérou,
mesurer un ar¢ de méridien aux latitudes équatoriales. Le
Comte de Maurepas (1701-1781), Académicien honoraire,
ministre de la maison du Roi, de la marine, enlama les
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démarches diplomatiques nécessaires auprés de la Cou.
ronne d'Espagne; la mission s'embarquait le 16 mai 1733
vers sa destination.

Le 27 mai 1735 Maupertuis lisait 4 PAcadémie un
mémaire = sur Ja figure de la Terre » ct le 8 juin 1735 )¢
complétait par un expost « Sur la figure de la terre ¢l de
guelle utilit? peuvent ére les voyages pour la détermi-
net ». L'Académie décida done de doubler les mesures
équatoriales par des mesures polaires idenliques et sur
intervention de Maurepas, obtint les autorisations et les
crédits nécessaires. Maupertuis fut nommé chef de la
mission, gui le 2 mai 1736 guittait Dunkerque pour
Stockholm.

Aver Maupertuis s'embarquaient Celsius, professeur
d'ustronomic a Uppsale, astronome de réputation inter-
nationale, désigné par la Suéde pour étre lintermediaire
des Frangais en Sulde et panticiper aux travoux, Clairaut,
Camus, Le Monnier et I'Abbé Outhier. Tous &taient jeunes
el enthousinstes, membres, fulurs membres ou correspon-
dants de I'Académic des Sciences.

Les opérations de terrain ; Les géodésiens sc presenie-
rent aux autorités suédoises, furent bien accueillin, munis
des renseignemerits géographiques nécessaires, des auto-
risations et des ordres indispensables. Aprés une recon-
oaissance rapide des rivages ouest de Ia Baltique, Mauper-
tuis, sur les conseils de Celsius, s¢ décida pour la vallée
du fleuve Tomea, orientée sensiblement nord-sud ; le
Newve Tomnea pouvait servir de vole assez précaire de
communication, la petite agglomémtion de Tomes, b
I'embouchure du flenve dans le Golfe de Botnie, serait la
base des opérations.

Le matéricl essentiel des observaleurs étail comstitue
jr :

— un certnin nombre de quarts de cercles de deus
pieds de rayon, munis d'un micromeétre:

— upe toise &alon, la toise du Nord, soigneusemenl
comparée 4 la toise du Chitelet, comme I'était d'ailleurs
la toise du Pérou emportée par Godin et ses collégues de
IEquateur (1).

— un secteur, construit par Graham, semblable 4 celul
avee lequel Bradley avait en 1726-1727 découvert I"aber-
ration anmuelle, les horloges astronomiques nécessaires
(Figure 4).

— un certain nombre de pendules, pour procéder 4 des
mesures relatives, [ls avaient && préalublement obuervés
i Paris, oit Mairan avail trouvé, aprés des expéniences trés
minuticuses relatées dans un mémoire des Procés-Verbauy
de I'Académie des Sciences (1735), que la longueur du
pendule simple battant la seconde était de 44057 li-
gnes (1),

Dis le 20 juin on poussait la reconnaissance et le 6
julllet on commengait 'équipement des stations, nvec
I'aide d'un détachement de soldais de P'armée suédoise. Le
1" acdt la reconnaissance et I"équipement étnient lermings,
les observations avaient pu débuter dés le 19 juillet, du sud
vers le nond (Figure 5).

Les signaux étaient des cOnes dont les génératrices
étaient constituées par des perches rectilignes gcorcces,
avec piguet ou marque sur les rochers pour matérialiser
le centre de la station.

(1)1 toise = 6 piade: | pied = |2 pouces; | pouce = 12
lignes.




Figi. 4 Secteur rénithal conmruit en 1727 par Groham, utilis

par Bradley (découverte ‘de Tabermtion ¢ de | nutation).

F = 38m,E vieexidnenrs (vair p, 639); ¢ vis auniliaire servant

i supprmer ki pression de Tinstrument sur i vis B, forsqu'on loi

donne de grands déplscements; poir séduire Fusire. (EXapres W,

Person, Practival Asironomy, Londres 1829 [fac-simile]) Le sectenr
de Maoperiuin émit de oe modele.

La chaine s'¢tend sur 100 km environ du nord uw sud;
elle comprend 9 sommets, ef une base de 7.406.86 loises
eit rattachés su miligu de la chaine,

An Fur ot 3 mesure de la constructon des signaux, les
observalions angulaires &taient nctivement poussées: elles
tiaient achevées le 2 septembre 1736,

On commenga les observations astronomigues & Kiris
ob le secteur de Graham avait élé envoyd et mis en station.

Du 30 septembre au 10 octobre on observa la distance
etnithale du passage méridien de 'stalle & Draconis.
L'instrument fut alors expédié par le fleuve i Tornen oi
Fon reprit les mémes observations sor la méme étoile. On
en déduisit une amplituede angulaire de 57° 26793, toutes
corrections failes.

Au mois de murs on reprit les observations de possage
sur I'étoile o Draconis, 4 Tornea, puis 3 Kittis, ce qui
donna une nouvelle valeur de 'amplitude, soit 57' 30742,
d'oill wne amplitude moyenne de 57° 2807,

La base fut mesurée-sur le fleuve gelé, aux environs de
Noll 1736, par un froid trés rgoureux; on uwtilisait des
perches en bois soigneusement comparées & a toise étalon,
Deux mesures indépendantes donnérent 'ane 7.406 tolses,
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5 pitds, 4 pouces, 'autre 7 406 toises, 5 pleds, solt environ
12 ¢m de différence.

Le caleul de la lonpueur d'arc donna par plusieurs
enchainements unc longueur de 54,9425, La fermeture
angulaire — suns temir comple de 'excds sphénigue — est
de + 7773, La précision dun angle, calculée puar la
formule de Ferrero est de Tordre de + 127, valeur
probablement optimiste.

Mauperiuls conelut pour I'arc de 1% une valeur de 57
438 oises & 1a latitude movenne des observations (662 207,

Les observations pendulaires 4 Pello, village corres-
pondant & In station de Kittis attribuérent au pendule
simple battant lu seconde, une longueur de 441,17 lignes.

Au mois de juin 1737, I'opération terminée, les pbodé-
siens quittaient Tomea, pour la France, vin Stockholm o
Hs prennient congé des aulorités suédolses ef regagnaicnt
Paris’ et Versailles o ils s5e présentaient au Roi & ao
Cardinal Fleury le 21 aoiit 1737,

Le 14 novembre 1737, & lo séance solennelle de
I'Académie des Sciences, Mauperiuis présentait un compie

Fio. 5. — L'arc du meridien en Laponie (1736-1737k Carte des
trinnglos




rendu trés complet de sa mission et déclarait w... enfin
notre degré, avec I'nberration, différe de 950 {oises de ce
qu'il devrait étre suivant les mesures gqua Mr. Cassini a
#1ablics dins son livre « Grandeur et Figure de la terre »...
on voit que la terre st considérablement aplatic vers les
phles... . 11 éviluail Iaplatissement & 17178,

REPERCUSSIONS EN FRANCE

Ces conclusions ne furent pas admises sans discussion
par Jacques Cassini; ce dernier reprochait — i juste titre
— 4 Mauperuis de n'avoir pas procédé au retournement
de la lunette du secteur dans le méridien, opération de
rigueur dans les observations astromomigues. La contro-
verse dura quelque temps; Celsius, Maupertuis, Cassini,
échangérent des libelles, mais les disputes, auxguelles
certains Jésuites s'étaient mélés, s'éteignirent assez rapi-
dement et le résultat fut acquis. L'splatissement était
démontré.

Reprivé des mesures d'are : Li mesure du Nord conlir-
mant donc la présomption d'erreurs dans les mesures des
Cassini, il convenait de vérifier celles-ci et de les repren-
dre. Cassini of Maraldi, sur ordre du gouvernement Royal
poursuivaient d'autre part la description géométrique du
piys — constituant le cancyas de la carne projetée par le
contedleur Orry. La meridienne de France et le
parallégle Strasbourg-5t-Malo, les deux axes de coordon-
nées de la tangulation, devaient donc Elre révisés,
puisqu'ils servaient d'appui & tout Je reste. Deés 1739
Cassini de Thury et 'Abbé La Caille se mettaieni au
travail sur la méridienne de France (Figure &).

D'autre part, dans I'impulsion de la mission de Lapo-
nie, Mauperiuis et Le Monnier reprenalent les mesures
ustronomiques de Picard sur l'arc Paris-Amiens, on
conservant intacts ses observations et ses caleuls de
trinngulation.

Laissons-les pour Vinstant & leurs travaux et examinons
une des refombées les plus sensationnelles de 1'expédition.

Pesanteur of aplatissement. Théorles de Clairaut: L'ex-
pédition de Laponie ne s'était pas bornée aux mesures de
triangulation. Elle avait également mesuré la longueur du
pendule simple battant la seconde & Pello, A la fin de son
exposé du 11 novembre | 787, Maupertois ajoute une tnble
o . des augmentations de | pesanteur, que NOus avens
formée sur I'augmentation que nous avons trouvée de
Puris & Pello, d'aprés le principe gue les augmentations de
la pesanteur de UEquatenr vers le pdle suivent & font peu
prés la proportion des quarrés des sinus des lntitudes... ».

Cette hypothése, que suggéraient les mesures alors
connues, devail recevoir pléine confirmation dans l'ou-
vrage capital de Clairaut — membre de Texpédition de
Laponic — paru en 1743 sous le titre « Théorie de la figure
de lu teere tirée de Ihydrostatique », livee dont les réper-
cussions sont encore sensibles de nos jours.

Le mieux est de lui lnisser Ia parole. Dans le préambule
de son livre, il examine la théorie des « tourbillons » de
Descartes pour dire qu'elle ne convient pas au probléme,
qui doit étre traité dans Pesprit des résultats de Newton
aidés des lois de 'hydrostatique... « Les lois de 'hydros-
tatique ne pourraient-elles pas permelire que cetle masse
d’eau eut une forme irréguliére, qu'elle it aplatie par un
pole, allongée de I'autre et que les méridiens ne lussent
pas semblables. En ce cas les opérations faites en Laponie,
en France ot au Pérou ne pourmsient nous donner la vraie
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FiG. 6. — Segment de ls Méridienne de La Chille ¢ Cusam de
Thury, fragment de ln triangulation du Roywume (1744)

figure de la terre... On sait par les premiers principes de
celte stience qu'un Muide ne saurait ére en Tepos 4 moins
que s surfece ne soit de niveau est-d-dire perpendicu-
luire & la ligne & plomb, parce qu-alors chiagque goutte n'a
plus de pente & couler d'un cOté que de 'autre. De H il
suit que si la force avec laquelle tous les corps tombent
était toujours dirigée vers un méme centre, la terre devrait
étre purfaitement ronde... mais sl au contraire la pesanteur
suit une ligne qui ne passe pas par le centre, la terre ne
sera plus sphérique, mais clle aura la forme nécessaire




pour gu'en chacun des points de sa surface, cllc soit
coupée perpendiculairement par la direction de la pesans
feur en cc point, Toute la question de I forme de I terre
est done fondée sur In foi selon laquelle la force de
pesaniour aRit.. =,

Plus loin, il ajoute:

« ... Mais la comparaison de la théorie avec les observi-
tipns achévera peut-fire de décider en faveur d'un systéme
qui & défl tant d'apparence d'étre vrai, je veux dire de Mr.
Newton, Car I'aitraction ¢tant supposée, je démontre que,
toutes les hypothéses les plus vraisemblables qu'on puisse
faire sur lo densité des parties internes de la terre, il ¥ o
toujours une telle liaison entre la fraction qui exprime la
différence des axes ot celle qui exprime la diminution de
la pesanteur du pdle & I'équatenr gue, i 'une de ces deux
froctions surpasse 1/230, l'notre doit étre moindre &1
précisément de la méme quantité; or comme toutes les
expériences que 'on a faites sur la longueur du pendule
nous montrent que la diminution de la pesanteur du pdle
4 "équatenr est plus grande que 14230, on doit en conclure
gue In différence dés axes st maindre »,

Répudiani donc la vieille théorie des tourbillons de
Deseartes, encore révérée de certains, Cluirsut adopte
définitivement I'hypothése do Mattraction newtonnienne,

Il en déduit ses équations trés cfflébres reliant la
viriation de 1o pesanteur & la surface terresire, aux
moments d'inertie A ot C, i 1"aplatissement terresire, ef la
latitude L, d'un sphéroide de révolution :

a=12C=Ad  1nm

g =g (1 + psin’L)

x+ 8 =52 m
& est aplatissement terrestre....... & = (a—b)la
A ln vanation relative de ln pesanteur cmire Pole et
Equateur; § = (g— )/ &
m le rapport de [a force centrifuge &guatoriale w'a 4 [a
pesanteur g, la valeur de ce rapport, 1/288 était déjh
connue par 'expérience.

La céléhre relation a + fi = 5/2 m est valable guelle
que soit la variation de densité interne. Les valeurs de
Paplutissement trouvées par Huygens : /576 et Newton :
17230 sont des cas particuliers :

— si l'on suppose la densité constante, on trouve @ = fi
= 5/4 msoil a = 17230 valeur calculée par Newton
— 51 I'on suppose au contraire une grande concentration

centrale des musses, on trouve & = |/2 m = | /576

resultat d"Huygens.

La citation de Clairsul correspond & |"é¢riture de son
equation sous la forme a— 5/4 m = 5/4 m — fd'od cette
conclusion trés hefle que "aplatissement terresire pent se
déduire de 'observation de la variation de la pesanteur,
ei, passani & application Clairsut, déduil de ses équations
que I'nplatissement de 17230 trouvé par Newlon est irop
fort, ¢e gu'expririe 1a fin de la citation.

11 disposait pourtant 4 'tpogue de peu de données
dignes de Toi:

— les mesores de Mairan 4 Paris, d2 Graham & Londres

Md — les mesures de |'expédition de Laponic & Pello
— les mesures de V'expedilion do Pérou aux Anfilles
{Godin, La Condamine}
,3=3q,._9,f;c—"1+m ~ los mesures de Richer & Cayenne.
M Nous les resumons dans le tableau ci-dessous, ol ne
figurent que des mesures comparables ;
Latitude | — 4% 56°| 9* 33° LB* 27’ 48° 50 7 e T 66° 487
Auteur Richer CGodin Godin Mlairan Graham |Maupertuis
Pendule | 439.32 439,09 439.39 440.57 £40.65 441.17
gimple
sin’L 00063 |00275 |01002 |0.5667 |0.6128 | 08448

Une droite d'équation | = 439.20 (1 + 0.00533 sin’L)
représente assez bien les résultaty d’oil résulte un aplatis-
sement :

= 5/2m — f§= 000868 — D.00533
= 000335 = 1/299

Clairaut, €'l a fait ce calcul, n'en donne pas le résultat
mais affirme, nous Mavons vu, que Vaplatizsement 17230
de Mewton est trop fori; cependant cet aplatissemant
restera longtemps encore considéré comme valeur sire;
Lembert "utilisait encore vers 1770,

Il ¥ avait pourtant matiére 4 doute : en 1749 D'Alem-
bert public son céléhre ouvrage « Recherches sur la
précession des équinoxes et sur ln nutation de lu terre dans
le systéme newtonien » oif il monire que ce mouvement
dépend du quotient (C — A)/C des moments d'inertie du
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sphérolide terrestre; 1a valeor numérigue de ce rapport est
de l'ordre de 17305 d'aprés les observations, or un calcul
élémentaire monire que =i le sphérolde temrestre était
homogéne, son aplatissement serait égal (C — AL'C préci-
sément * il y avait done incompatibilité entre le nombre de
Newton @ = 17230 et In valeur de a = 1/305 dans la
méme hypothése (homogéntité) telle qu'elle résultait de la
théorie de la précession et des données expérimentales
eeriaines, L contradiction ne pouvait étre levée que 5 on
admettait pour ln terre une densité variable en fonction du
rayon,

Dans son ouvrage, Claimut étudie précisément cette
hypothése, toujours dans la perspective de I'équilibre
hydrostatique, et Stablit une equation différenticlle du
second ordre, reliant aplatissement des couches internes,
densité de ces couches et profondeur. Elle ne sera intégrée
correctement que 140 ans plus tard.




AUTRES DETERMINATIONS

La Méridienne verifice : Cassini de Thury (fils de J.
Cassini) et 'Abbé La Cuille décidérent en 1739 de repren-
dre la méridienne de France — nowsd Favons vu, Cette
opération approuvée par I'Académie Royale des Sciences
fut particuliérement soignée : les quarts de cercle, de
dimensions réduites pour pouvoir observer plus & Iaise
dans les clochers, émient munis de micromeires.

Le secteur pstronomigue de La Caille avait un déve-
loppement de 50 degrés et les astronomes Claient rompus
aux calculs des positions apparentes des Goiles; ils
disposaient également de bonnes tables de réfraction.

La chaine, trés bien conformdbe, s'appuie sur 6 hases!

Dunkerque, Villers-Bretonneux {prés d"Amiens), Juvisy
{prés de Paris), Bourges, Rodez, Perpignun, et § stations
sstronomiques, Dunkerque, Paris, Bourges, Rodez o
Perpignan la jalonnent (Figure 6},

Initialement, La Caille comptait s'appuyer sur lu base
de Picard, ou plotdt sur un cbté de sa triangulation issu
directement de cette base.

Il v eut désnccord: les autres bases s"accordaient bien
entre elles, mais les échelles des longueurs 4 Bourges el
4 Paris élaient inconciliables. Une nouvelle mesure de
base, sur 'slignement utilisé par Picard, montra qu'il ¥

avait entre 1a # toise de Picard » (1666) et la toise officielle
de I"Académie (1735), sur laquelle on avait copie les toisey
de¢ Laponie, du Pérou et de La Caille, une différence
systémutique de "ordre de 171000 — une comparaison
dirccte &tait impossible car V'original de Picard &ait perda,
mais on avail retrouve el identifié les termes de la buse de
Picard ¢t deux termes intermédinires; on avait donc pu
comparer l¢s deux unités indirectement,

11 semble que la toise du Chitelet avait évolué dans le
temps (usure 7).

Le degré de Picard de 57 060 tolses érait done erroné
pir rapport & I'étalon moderne et devait ére ramend A
57080 toises. D'autre pan, les corrections d*pberration
annuelle qu'il ignorait, auraient encore diminué cette
valenr.

Par trois enchalnements différents, trés bien conformes,
Lu Caille avait &é smené & auribuer au degré Paris-
Amiens la valeur de 57 074 toises (de I"Académie),

Enfin Moupertuis et Le Monnier, reprenant en 1733
I'arc de Picard quani & I'amplitude astronomique, avaient
trouvé pour ce méme degré 57183 tolses « Picardn
puisqu'ils adopiaient sa irnangulation),

La nouvelle méridienne, correction faite de |'échelle de
la base de Picard infirmait compl&ement les conclusions
de J. Cassini : les degrés allaient bien en diminuant du
nord vers le sud comme en témoigne le tablean suivant
publié ultéricurement (1758) mais d&fd connu vers 1745

Latitude | 49 56" | 47° 58’

4&& j-lr

45% 45° | 44> 53" | 43° 31°

57086 STOT9

Degré

57036

57045 STO37 57048

De plus, utilisant & nouvelle méthode de mesure des
longitudes astronomiques par les signaux de Teu, qu'il
avait mise au point en 1738, gt qui assurait sur les mesures
des différences de longitude une précision de 'ordre de
| seconde de temps, dix ou vingt fois meilleure gue la
méthode des éclipses des satellites de Jupiter employée par
les Cassini, La Caille confirma le bon accord des mouvelles
mesures avec "hvpothése de Maplatissement.

En 1744 pir conséquent, année on parut la « Nouvelle
carte gui comprend les principaux triangles qui servent de
fondement 4 la description géométrique de ln France,
levée par ordre du Roy par MM. Maraldi et Cassini de
Thury de I'Académic Royale des Sciences =, il ne restait
aucun doute possible sur la confirmation des conclusions
de Maupertuis (Figure 6).

Retour de la mission du Pérou: Aprés huit ans d'ab-
sence passés i mesurer I'arc du Pérou, su miliew d'in-
croyables aventures, de tribulations, d'épreuves physiques
épuisantes, de bouderies ou de querclies entre les princi-
paux membres de I'expédition, Bouguer puis La Conda-
mine rentraient & Pars, avec tous leurs résultats — Godin
elit resté sur place.

Le 13 novembre 1744 sait 7 uns presque jout pour jour
aprés Maupermis, Bouguer annongait ses resultats en
séance officielle 4 1"Académic Royvile des Sciences. La

mission assistée par deux officiers espagnols, Juan el
Ulloa qui participérent avec zéle, compétence et succss i
54 réussite, avail mesurd un arc de trois degrés d'amplitude
environ, appuyé sur deux bases. Les observations de
triangulation proprement dite avaient duré deux ans, dans
cotle n of certiing sommets avoisinaient 5 000 mitres
d'altitude, of les itinéraires d'acceés étaient inconnus, ol
les aides indigénes locaus &tuient peu slirs et incapables
dYimitiative, et les intempéries fréquentes et dévastatrices,

Les observations astronomiques avaient &té difficiles !
Bouguer et La Condamine étaient des astronomes débu-
tants; Godin, leur chef, &tait lui, astronome confirmé, mais
par suite de rivalités, de dissensions favorisées par 'exil,
Godin opérait seul, sans aider ses collégues et sans Jeur
communiguer ses résultats, 11 feudra 3 ans pour que
Bouguer et La Condamine puissent se fixer une amplitude
pstronomigque & peu prés sire.

La précision des observations est correcte; la fermeture
des triangles est du méme ordre de grandeur que pour
I'expédition de Laponie, les bases se recoupent 4 3 pieds
prés, les azmuts 4 40" (Figures 7 et B)

On & de multiples déterminations du degré assex
indépendanies les unes des aotres. Au niveau de In mer,
Bouguer lui attribue 56 746 toises: le petit tableas ci-
dessous en indigue quelques autres ;

Bouguer |La Condam,

Giodin

officiers Espagnols

56.746 56.749 56.752

56.772 56.794 56.753
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Fig. 7. — Cane de Fégustéur, dans a région de I'sncien Fému
sur lagquells f'étend la (riangulation des Académiciens frangais,

La longueur du pendule & Manta (niveau de la mer) &
£é déterminee & 439,07 lignes.

Enfin Bouguer avait eu ['idée de rechercher sl la masse
de lu montagne du Chimborzo attirait le fil & plomb, Bien
que trés inférieure & fa valeur attendue, cette déviation est
trés sensible, premiére observation de la déviation de la
verticale. Bouguer avait enfin observé le pendule & Quito
(438,83 lignes) et au sommet du Pichincha (438,71 lignes)
d'on il déduit que interposition d'un plateau n'empéche
s la pesanteur de diminuer ce qui conlirme les intuitions
de Newton « _, |a pesanteur primitive, cette foroe considé-
réc méme dans son origine est moindre dans la rome
tarride avant que d'avoir &€ attirke par la foree centrifuge
qui la diminue encore. En un mol, la terre est beaucoup
plus aplatie dans le sens de son axe gue ne I'ovalt prétendu
Mr. Huygens... ».

Bref, Ia trés dure mission de I'Equateur revenait uvec
des résultats tréw conformes & ceux de Mauperuis, et
Bouguer expliquait, presque en s'en excusant: « Le
voyage des Académiciens envayés au Cercle polaire ne fut
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Fity, B — L'arc du Pérou (1736-1743) Carte des trisngles. Ceox
de Bouguer, La Condamine., sonl ponctiés; les autnes sont coux
de Godin...; de Miliz & Cirgnco, los trinmgles sonl communs s

deuk troupes.

projeié qu'aprés le nitre; il a é¢ beaucoup plus court et
le public en o déji heureusement recueilli les fruits... s,

Le degré du Cap: Enfin La Caille en mission astro-
nomigque au Cap de Bonne Espérance mesuraii en 1731 un
petit are de méridion, d'un degré d'amplitude environ,
d'oi il déduirait un degré de 57 037 1oises A la latitude de
33908% 11 wouvalt pour ln longueur du pendule du Cap,
la valeur 440,07 lignes.

Les expéditions géodésigues de |'Acidémic Rovale des
Sciences étaient terminées,

]
LL

Aplaticvernent par lex mesures d'arc . Llaplatissement
éait surabondamment prouvé par les mesures  darc,
Feestait 4 en calouler lu valeur; nous résumaons les résuliats
daris le tableau ci-dessous ol la vatear de 'aplatissermemt
issue de deux mesures d'arc est caleulée par une formule
approchée,




Laponle |Paris Amiens|Paris Amiens] Le Cap Pérou
(1) (2)
5743 T | 57.0M4 T $7.183 T ST.037T T | 56,746 T
66* 20° 49 29° 499 29° —33" 18" | —1* W'
Laponie 1/123 17175 17230 14207
Parls Amiens 171280 1/300
(1)
Paris Amiens 1/324 1/225
(2}
Le Cap 1/176

Ce tublenu pouvalt &re calculd dés 1752. Clest alors
que '€leva une controverse désagréable entre La Caille et
Le Monnier; 4 laquelle Bouguer et Euler vinrent se méler
assez mal i propos.

La Caille avait moniré qu'il existait une discordance
systématique de 'ordre de 1/1 000 entre tolse de Picard
el totse de |'Acidémic. Te Monnier qui avait attobué au
degré Panis Amiens la valeur de 57 183 toises (Picard) niait
s difTérence d'échelle et s cramponnait & sa valeur,
affirmant gue 'échelle de Picard e1 celle de La Caille
staient les mémes (1756). Finalement Académic des
Sciences nomma 2 commissions pour trancher :

l'une composée de Bouguer, Camus, Cussini de
Thury, Pingré.

— I'autre de Giodin, Clairaut, Le Monnier et La Caille.

La movenne des mesurcs des deun commissions,
développée par tnangulation sur le cbié le plus proche de
Ia triangulation de Picard donno entiérement raison & La
Caille. Mais entre temps, la controverse éiail devenue
publique, si bien qu'Euler éerivait en 1753 « ... mitls on ne
suurait plus douter gu'il se soit ghssé une ereur assez
considérable dans le degré de Framee, ¢t qui pourrait blen
monter & 100 toiscs of su-deld., e si nous voulions
supposer entitrement justes les mesures do Cap et de
Laponie, nous trouverions I'erreur du degré en France de
162 toises; on se serail trompé de 10" dans les ohserva-
tions célestes... ».

Bouguer de son coté éerivait 4 Euler (2:5:1754). « il
faur nécessairement abandonner une des trois détermina-
tions précédentes.. Laponie, France, Pérou... La difficulte
nalt principalement de la mesure du degré de France qu'il
n'est-pas possible de concilicr avec les autres... ». Ce méme
Bouguer adressait le 11 aodt | 754 une lettre & un trés haul
personnage (il le nomme « Monseigneur ») dans laquelle
il propose, étant donné les doutes qui subsistaient encore,
de faire reprendre 2¢ ou 3¢ de méridien en France .

w .., Nest-il pas étonnant qu'on puisse se flatter d'avair
asyer exactement la grandeur du degré en divers endroits
du Globe, et qu'on n'ail pas le méme avantage dans les
environs de Paris... ». 1l termine sur cetie esquive -

« .., oe projet ne sera sans doute pas agréable & out le
monde, j'oserais vous supplier, si vous me Faites "honneur
de I'approuver, de vouloir bien qu'il ne paraisse pas venir
de mol..». Jignore si celte lettre fut envoyée (elle existe
aux archives de I'Académie des Sciences) mais toute cetle
polémique provogqua une réaction cinglante et indignée de
La Caille qui conclut:

w siins fuire tort aux autres mesures, je suis convailncu,
et par "expérience que {'ai acquise ¢n cetle sorte de travail,
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et par les peines el les précautions que nous avons prises
dans le temps, quil n'v a pas de distance terrestre plus
exaclement déterminée que celle de Paris 4 Amiens; qu'il
ne doit pas y avair 10/ toises d'emeur, et je me crois bien
fondé d'avancer que ceux gui ont écnt d'une maniére s
vague, que ln longuecur du degré mesurée en France est
incertaine, 'ont [&it S&ns cxamen, sans raison, &t par
conséguent contre toules les régles de In méthode et de la
Justiice »,

L'explication repose & notre avis sur |'exnmen attentif
du tableau précédent :

Dans son mémopire de Berlin, Euler sxamine les 4
degrés, Laponie, France, le Cap, Pérou et choisit arbi.
trairement le premier et le troisiéme pour calculer um
aplatissement de 1/230.. celui qu'avait proposé Newton !
Coincidence 7

— Le Monnier obtiomt un aplutissement de 17225 avec
son arc Pars-Amicns combiné Avec celui de I"Equatear —
nétuit-ce pas teatant de 'y tenir 7

C'est d'autant plus dommige qu'il esl fasile de montres
gue son arc Paris-Amiens £iait en trés bon accord avee
celui de La Callle, toutes corrections faites. Il faut:

I= retrancher 4 sa longueur V'srreur systématique de

LA1000 (2)

soil 5T 183 — ST = 57 126 toises de |"Académic;

2o je corriger de la réfraction

goit 57 126 — 16 = 57 |10 toiscs;

3¢ retrancher une laute manifeste de la triangulation

de Picard gui attribue ume valeur erronds de 235

toises nu dernier cité (Sourdon-Amiens) de son arc

d'oll (en projection) 57 110 — 2 = 57 089 toises,

en bon accord avee La Caille.

Tous ces résultnts sont corrobores par coui de De-
tambre (17935) qui éablissent avec certitude la précision de
la mesure de La Caille.

1l fallait done, si on désimait garder au méridien une
forme elliptique, trouver autre chose.

Doutes nir Vare de Maupertuls @ Lomsgue Delambre cut
i nouveau, avee les récents appareils de Borda, repris les
mesures de la Méridienne de France (1794-1799 —
Systéme métrigue) et constaté comme Bouguer, Vinfluence

(2} C, WoLrs, comparant les mesures de certalnes partiod de

Ta table de lx Méridicnne de FObservatoire de Paris exprimees par

Picurd en 1682 ¢t par 1. Casiinl en 1729 pu reirouver 'equation
de comparamson. 1l en dédui

| toise Pleard = | toise Cassini

v % (V-DUON] 1392),

x (1400001 1363) ou




des déviations locales, essayé plusizurs ellipses sur Pare
Dunkerque — Barcelone, il résolut, comme la Commission
internationale, de calculer I'aplatissement de son ellip-
sofde par I'arc de France et celul du Pérow... 1 trouva ainsi
en accord avec |la graviméime des valeurs voisines de
17330, 1/300 ete.., et ndopta finalement 17308, 1] n'avait
pas utilisé I'arc de Laponie, gu'on commengait & soupson.
ner.

C'est |"Académie Suédoise des Sciences qui décida d'en
confier la reprice & Svanberg gui de 1801 & 1803 observa
un are plus long avec des instruments de Bordn, Sn mesure
ramena le degré & 37 196 toises soit plus de 200 toises de
molns que le degré de Maupertuls, La tdangulation de
Maupertuis ne pouvail expliguer cette erréur; c'est done
I'amplitude astronomigue gui éail erronée. Svanberg
evaluait 4 57° 39" 'amplitude que Maupertuis avait fixée
i 57" 28" mais il n'avait pas stationné exactement les
centres de Maupertuis,

En 1928 I'Institut Géodésique Finnois confia & Lein-
bery une recherche plus convaincante, On retrouva &
quelques métres prés les stations de Maupertuis ol 'on
procéds aux nouvelles mesures astronomiques: on trouva
une umplitude de 57 3775.. L'%ude des mesures de
Leinberg monire gue 'erreur de Maupertuis provient
d'une variation du point définissamt e zénith de son
secteur au cours des voyages de Kittis & Tomea, variation
contre laguelle il surall dit se prémunir en procédant dans
les deux stations au retournement de son secieur dans e
méridien, ce que J, Cassinl lui avait tant reproché, & son
retour, de n'avoir pas fait (3).

De sa nouvelle mesure Svanberg déduisalt un aplatis-
sement de V'ordre de 17323, La linison avee la théorie de
Clairaut &tait donc rétablie; de nouvelles mesures de la
pesanieur permettilent A Laplace d'évaluer & 1/359 I'apla-
tssement correspondant, mais ce dernier avail également,
par "8ucde de centaines perturbations de la lune, pu
déduire un aplatissement de 'ordre de 17305 lui aussi sans
quitter son Mutenil. Bref, c'est seulement vers [800 que
I'on put parler en toute sérénité d'ellipsoide terrestre.

La mesure de la méridienne de Dunkerque par Delam-
bre et celle de Svanberg marquent le départ de ln triin.
gulation moderne. Les expéditions ou les mesures nationa-
les du xvine laisseront cependant des traces durables dans
la gtodeésie. 5i I'on adopte lo toise comme umnité {1,9490366

HAUPERTULS
(A7IE=1227)

Fic. 8. — L'arc de Mauperiuis, Selander et Svanberg.

m) et la référence 1979 comme terme de comparaison, on
peut calouler les degrés de meéndiens du xvine et les
comparer aux valeurs théorigues,

Pérou Paris—Amieny Svanberg
Observé 56746 37074 57196
Théorique 36733 57064 57214

L'irc de I'Equateur sera utilisé pendant trés longtemps
pour calculer les ellipsofdes de référence; il 'avidt bien
meritg.

L'expédition de Laponie eut le bonheur de truncher de
t:uniér: décisive — trop décisive — Iz question de
Faplatissernent; mais surtout de susciter les réflexions de
Clairaur,

L'intégration de son équation différenticlle suscitera
des travaux de Legendre de Hamy, de Radau qui le

B

(3} Que secnit-il arrivé st V'errewr svalt 44 commie en Sens
imverse 7
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premier I'intégrera sans hypothése additionnelle, de Poin-
caré gui montrera qu'elle fixe & I'aplatissement une borne
supérieure de "ordre de 1/297.2.

Helmert en 1903 déduira d'un grand nombre de
mesures de g 54 célébre formule de pesanteur, basée sur
les expressions de Clairaut

g = 978.000 (1 +0.005302 sin’L — 0.000007 sin*2L)

Enfin, par un retour curicux su pays ob elles furent
vraisemblablement congues pendant le long  hiver
1736-1737, ces mémes formules seront exploitées 200 ans
plus tard par Weikko A. Heiskanen et ses disciples de
I"Institut Géodésique Finnols, pour résumer en quelgues
nombres, ce que 'on pouvait alors obtenir de meillour




concernant les constuntes gtopotentielles, avant le lance-
ment des premiers salellites anificiels.

La mission de Maupertuis avail consacré, comme
I'annongait Clairaut le triomphe des théories newtonnien-
nes; In porte était grande ouverte aux développements de
mécanigue céleste que les Clairaut, &' Alembert, Lagrange,
Laploce, Le Verrier, Delounay, Tisserand, Poincaré de-
vaient illustrer par la suite.
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LE 250¢ ANNIVERSAIRE DE LA MESURE

DE L’ARC

DU MERIDIEN EN LAPONIE

(1736-1737)

par Juhani KAKKURI

Helsinki

RESUME — De 1736 & 1737, Poerre-Louis Moreau ' de Mauperiuis, membre de 'Académin des Stiedées Fringaise, elfectun &2 ¢élebre
mastire de Pare du méridlen en Lapomic. Cette opérathan se rattachnit & |ncomroverse scientifgue concernani s forme de In Terre
Om en connail universeliement Lo solution : la Terre esl aplutie aux poles

Mats-clés @ Finlande Pierre-Lowis Morean de Maopertois

Mesure dsre du méridien

ABSTRACT. — The 250th annlversary of the meridien arc measurement in Lapland, From 1736 to 1737, Pieme-Lowis Moreau de Maupermuis,
mamber af the Acaddmi des Setences Frumpuie, dectned omt fix fomo measss of the menaion arc in Lapland, [ was o correlation
with the scieniific controversy abouf the Eanh shape. We kniw now the sniversal amvver - Earth i faten al the poles,

Kev-words : Finfgnd — Plorre-Louls Moreau de Maupertly — Meridian are determination

En 1986, deux cent cinguaniz ans &¢ sont écoulés
depuis |'expérience scientifigue importante pour la Fin-
lunde. Il ¥ a en effet un quurt de millénaire gue I'expé-
dition dirigée par Pierrc-Louis Moreau de Maupertuis,
membre de I'Académic des Sciences Frangumse, effectua sa
céldhre mesure de 'are du méridien en Laponie, de I"6té
1736 & 1"&td 1737, Cetre opération se rattachait & la
controverse scientifique concernant la forme de 14 Terre
On en connait universellement la solution': la Terre est
aplatic aux pdles.

Le voyage de Mauperiuis en Laponie est connu sous
bien des rappons. 11 est célébre en raison de ses résulinls
scientifigues, mais aussi parce qu'il o produit une des-
cription enthousiaste renommee de la pomre lapone. La
région of les mesures ont &té effectudes (Figure 1), formée
de la vallée et des collines bordant le cours inlénear de
I'imposante riviere de Tornio, 4 ¢é portée & la connais-
sance des Europécns, amateurs de voyages, précisément
grice aux descriptions dues & Maupertois ot & I'abbé
Reginald Outhier, gui accompagnait Pexpéditon. L'ou-
vrage de Maupertuls, « La Figure de la Terre #, publié en
1738, fut trés lu & I'épogue, et celui d"Outhier, « Journal
@'un Voyage au Nord » fur I'objet d'un intérét tout aussi
vif lors de su publication en 1744,

La mesure d'arc du méndien en Laponie eut lien,
comme il a &té dit, dans lu vallée de la rividre de Tormnio
(Tornionjoki), gui [wisait nlors partie duo roysume de
Suéde. Cette riviere, qui forme aujourd’hui la frontiére
entre la Finlande ¢t ln Subde sur une distance de [R5
kiloméres, est toujours & "stat nuturel; apcun des grands
mepides du cours principal na &€ utilisé pour servir les
besoins de lindustriz électrigue. La riviére 2 un volume
d'euu imporiant, I'dcoulement lors du niveau moyen €tant
en effet de plus de 2 000 m'/s ei, méme lors des eaux
basses moyennes, de B0 m'/s, Ly largeur en est par
endroits de 1 4 2 km comme résultit des débordements
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Fia |, — Le territolre sur lequel v'est effectude lo mesure de Parc
do-mérudien ¢n Laponie fait partie de trois communes, celles de
Ternio, de Yhiuornio ot do Pello.

pyant 'aspect de lucs et qui sont remplis d'alluvions
amenés par la nividre. Méme 4 'endroit des rapides sa
largeur est de 200 4 300 métres. En hiver, elle est évidem-
ment gelée et ne se libére en général de ses emtraves de
glage gqu'vu mois de mai. Cette libération s"effectue
guelquefois d'une maniére assez vielente : la mviére 5"étale




Fia. 2
de Varc du méridien en Laponie, prse par le satellite anificiel
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Photo de ln rézion dans laguelle s'est effectuce o mesure

Landsat,

sur une largesr de plusieurs kilométres et couvre d'une cau
glacée les fles et les praines nveraines, Lo deblicle de ln
glace vers |la mer crée un danger pour les habilations
échelonnées le long de la riviere et #'accompagne de
formidables craguements et grondements.

La wallée de la rivigre de Tormio ¢st comnue depuis
longiemps comme trajel tourislique conduisant du sud
jusgu'i I'Océan Glacial Arctique, C'est le long de ce trajet
que I'on remonte jusqu'd 'extréme Nord alin davoeir
I'expérience du charme quasi magique de la Laponie sous
forme du soleil rouge sang de minult Les voyages en
Luaponie éaient sutrefois difficiles en raison des mauvai-
se% communications, et, & défaut d'auires conirelemps, les
moustigues au moing éaient 14 en été pour harceler lew
voyageurs, tandis qu'en hiver, le froid émil maordamt.
Aujourd'hui, le tourisme présente bien moins de difficuliés
en Lapome; les vovageurs ont & lewr disposition de

Fuo
imprimée en 1736 Extrait de Noovrage de Muaupertuis, « Li Figure de
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La mowre de 'arc du méndien en Laponie d'aprés ume canc

In Terre w,

nombreux hitels bien chaoffés, des auberges de tourisme,
des terruins de camping gardés et de bonnes routes.

A lexception de Pullinki, les pomts de tmangulation
{Figure 2) de lu mesure de 'are du méndien sont places
sur des collines qui se trouvent du cdté finlandais de Ia
vallée. lls sont situés sur les termitoires de frois communes,
Ia ville de Tomio amsi que les communes de Ylitornio et
de Pello (Figures | et 2). Les superficies et les chiffres de
population de ces communes sont les suivants:

Comummineg Supecticie Porpuilation Demitd de
thm®y (17 Janwier la population
154H4) Thabdtanty gt
km’)
Toraio 1 230 21 922 17.8
Y liornio 2279 6 789 3.0
Pello 1 796 5 838 13




On sz rend comple de fn nature du peuplement de la
[aponic par le lableau ci-dessus ! il est pen dense, méme
dans lex agglomérntions & concentration relptivement
glewée, La valleée de la riviere de Tormio est pourtant "une
des réglons ayant lo plus houte densite de population én
Laponie, région trés peu peuplién;

Les points de triangulation de li mesure de 'are du
menidien de Laponie ont disparu, Les creten ol les collines

sont bien slr toujours s, et comme les poinis étaient
places sur les éminences les plus élevees & leurs sommets,
il est possible e reconstruire la chaine de trangulution
avec asgez d'exactlude. Projetée sur le méridien, la lon-
gucur on est de 57,5 environ, c'est-d-dire approximotive-
ment de 107 km. Aujourd’hui, il est possible de la voir
# d'un coup d'meil », comme la photo prise par le satellite
arlificiel Landsat le fait comprendre (Figure 2). Cecl

ab6s

s60

245

Fig. 4.

Géoide gravimétrigue couvranl la région b s'es effectude L mesure de Pare du méridien

¢n Laponde. Sysiéme de rélérence 1930
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n'était guére le cas du temps de Mauperiuis La figure 3,
reprodulsant une curle prise & U'ouvrage « La Figure de la
Terre », fiit voir aux prix de quelles difficuliés les geo-
désiens du xvii siécle <o déplacalent sur le terrain guand
les cartes dalent défectucuses.

Avec ses compagnons, Maupertuis entreprit dans 'ex-
tréme Mord un trovail qui n's &¢ mene 4 bonne fin que

récemment. La carte grovimétique du géolde représentée
sur la figure 4 fait en effet voir quel est Paspecl de la

sirface du géoide décrivant In forme réelle de Ia Terre
dons L répion 0d §'est effectude la mesure de arc du
méridien ¢n Laponie. Clest tine partie du glolde globi
établi par la collaboration des géodésiens du monde entier,
tant Mauperuiy gque Pauteor du présent article.

La série d'images (No 5-14) foit enfin voir I'nspect
present des points de triangulation de Maupertuis. [ls ne
doiverit gutre étre bien différents de ¢e qu'ils diaient il y
& 250 ans de celd

Fio 5. Eglise de Suensanrl & Totnie, Jui constibunit le poind

terminul sid de ta mesare de U'are du méridien en Laponie. Le

mwnwment i Moperation s trouve & proatmité de Méglise. Le selict

&n hronze reprécente le chel de Pexpédition, Pierre-Lonis Moreay
de Mauperiuis. Photo Raimg Konttinen, 1986

Fig. 6. — La colline de Nivavaarn en hiver: Laspect devail en éire e méme du

temps de Maupemiis. La colline #'éléve sur In rive de la riviere de Tornio. La

hauteur en et de [24.4 m au-dessus do nivedu de la mer. Phote Raimo Kenllinen,
| KA
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Fia. 7. — Vue de la colline de Kaakamaviam 2o biver Un
jakon-mire et un piliec en bélon de la Direction Géndmlc
d'Arpentage sont placés au sommet. Ls haoteur de la colline est
1mmawmuldummnd:g;m Photo Raimo Konttinen,

Fio, & — Hubtaper! aujourd'hui. Le sommet presque nu de Ta colling, couven

de meige, séléve & 1924 m su-dessus du miveau de la- mer Photo
Konttinen, 1986,
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Fio. 9. — Advassksa se trouve dand un milioy lapon suthenligue,

Cc somt les rennes qui assureal [ subsistance des Lapons. Ceua-ci

ont éid photographids sur les flancy ennelgds de la montigne. La

montzgne est um rocher de granit aux versants ebrupts de 2420 m

de haut, célébre comme lieu oo 'on se rend pour voir lo soleil

de minuit, Lors de'le Si-Jean, on y organise des féws populuires.
Pliste Raimo Konttinen. 1986

Fic, 10l — Horrilanvasra §éléve, majestoeuse, Au-tessus des' granges
& foin dans lo vallée de o rividre, Lo hauteur de la eolline est de
7239 m uu-dessos du niveay de le mer. Photo Raimo Konttinen,

1986,
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Figi. 11. — Pullinkl voe de Kitthvaare La hautédr de lo colline

et de 330 m au-dessus du niveau de la mer, C'est Munique poim

de trinngulation de 1a mesure de Farc du méridien en Laponie qui

et siins au-deld de la frontiére suédoise, Léglise de Pello s voit
ples au premier plan. Photo M. Veorelainen.

Fic. 12. — La puissante colline de Niemivasm, qui #'éléve & une
altitude de 2199 m pu-dessus du nivesu de s mer, est pareilin &
un chilienll enchantd deés contes de fée. Elle fit une mmpression
profonde sur Mauperiuis, el s0n wipect sl certes (OUoUT Lmpo-

sani. Photo Raimo Konttines, 1986

137




Fi. 13. — Un monument & In mesure de Paro du méridien en
Laponie se trouve sar la eolline de Kinisvaara (altitude 156,7 m)
L5 colfine constituait Ia point termingl nord de Ia chaine. Elle se
trouve prés du' villige de Pello. Photo Raimo Konttinen, 1986,

Fio. 14. — La ligne de base longue de 14 kiloméires mesurée por Mouperinks s'étendait
sut un parcomrs striclement rectilinéaire sur 1a surface couverle de glace de la riviére
de Tornio, La vue st § peu de chose prés |2 méme qu'il ¥ o 250 ans de cela. La photo
w &1 prise de 'Asvasaka vers le sud. c'est-d-dire du point lerminal nord de Ia ligoe

vers le sud.
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MON EXPEDITION SOLITAIRE
AU POLE NORD (MAI 1986)

par Dr. Jean-Louis ETIENNE
Farria

RESUME., — La conguite des pdles o é1é I'enjeu des natbons qul v ont engipé de inés lourdes expéditions. Aujourd™hul aller seul su pdle
Mord géographigue, o éail rompre avee la tradition des précédentes expéditions lourdes, Troverser les 300 km qui séparent l'extréme
Mord du Cansda |usgu'd oo point immatérlel off passe Paxe de rodation die 1s Terre dalt un engigement humain important, mak
aussi un pari echnologique, Parti le 9 mars 1986, J'ai atteint le pdie le 11 mai 1986 & 2 heores du matin, heure locale, apris 63

jours de mirche.
Mots-clés ¢ Conguite pdle Nord — Expédition salitairn.

ABSTRACT,

- A Oue-Man Expedition 1o the North Pole (May 1986} The congieest of the pole has been a challenge for all nations who

artempied mumerous heavy expeditions to reoch it To gei to the gebgraphival North polé by oneself to-day, breaks the former
traditional aivhe of beavy expediions, To cross the 800 km of leefloe that separate the Far North of Canada, to that immaterial petn
represented by the earth axiy of rotarion, wiss of cotrse. an important Al engagement and alio o technological challenge. Lighiness
and mobilicy were exntial to the seccess of this adventure on the top of the world with the progress of modeen lechnolagy. Lagving
on Marchk Sk, | resched the North pole on May Iith 1986 ar 2 am. local rime, after 83 days jowrmey.

Key-words : Conguest of the North Pole — Solitary expedition

La route des pdles croise toujours la trajectoire des
gens attinks par les voyages d'explorations ef des expédi-
tions sportives. La conguéte des péles a éié Venjeu des
nations gui ¥ ont engagé de trés lpurdes cxpéditions.
Agjourd hui, aller seul au pdle Nord géographique c'étail
rompre avec li tradition des précédentes expéditions
lourdes. Traverser les 800 km de banquise qui séparent
I'extréme nord du Canada jusqu'd ce polmt immutériel od
passe I'nxe de rotation de la terre était certes un enguge-
menl humain important mais sussi un pan technologique,
Légéreté et mobilité étaient indispensables 4 la réussite de
cette aventure « nu sommet de la Terre » qui a bénéficié
des technologies nouvelles dans différents domaines :
mutritionnels avec la mise au point d'aliments spécifiques,
matéricl de progression, sécurité et navigation.

Parti le 9 mars 1986, i'ai atteint le p6le le 1] mai 4 2
heures du matin, heure locale aprés 63 jours de marche.

L'EXPEDITION PROPREMENT DITE

L'itinéraire

Clest de l'exiréme nord de le d'Ellesmere dans la
region du Cap Columbia que sont parties la plupart des
expéditions pour le pdle Nord, Personnellement, je suls
parti de Ward Hunt [stand (832 04 Nord. 74= 08 Quest) gui
it une petite fle de ce secteur que les pilotes de Resolute
Bay connaissent bien, avec une zone d'atterissage conve-
nable, baligée trés grossidrement avec guelgues bidons de
kéroséne, Ce point est § 6 hewros de Twin Otter de
Resolute, avec ume escale 4 la base météorologique
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d'Eurtkn pour refnire le plein, [l ¥ & deus compagnies
privées qui font ces services : Bradley ot Ken Borek.

Mon itinéraire #tait donc sur le 750 Quest. Clest une
route située entre le grand couram de dérive transpoluire
# T'ouest et e courant circulaire de Beaulon & P'est; c'est
danc wn ltinéraire relativement 4 'abri des grands cou-
rants de dérive. Cependani, le pack qui vient s'écraser
contre 'ile d’Ellesmere est extrémement torture el chaoti-
gue jusqu'd environ 200 km au large, ce qui explique la
lenteur de ma progression le premisr mois.

La saison

1l 'y 0 qu'une saison pour aller au pdle Nord par voie
de surface, de début mars an 15 mai dernier délai. Avant
cette date, il falt nuit ot les pilotes refusent de vous
conduire au point de départ. Passé le 15 mai, la débicle
st irds rapide et Lo progression et interrompue par de inés
nombreux cheniux qui s'ouvrent dans toutes les direc-
tions.

Les moyens

La conguéte du pble Nord est donc une course contre
la montre, et pour réussir il faul étre rapide ol done (rés
léger. Lors de ma premiére tentalive en 1985, javais
echoué & catse d'un traincau bien trop lourd, qui pesait
plus de 45 kg, et qui m'avail entrainé dans une crevasse.
Cette année, le traineau en keviar ne pesnit que 3 kg
constrult par Yves Megret, professeur & |'Ecale Nationale
Supénieure Atronautique de Toulouse. Avec la nourriture
pour 15 jours, le réchaud et 5 litres d'essence, le matériel
de camping, la balise mixte Argos-Sarsat et la radio BLU,
I'ensemble ne dépassait pas 55 kg.




LA NAVIGATION

La locallsstion

Je souhaitais pour des raisons de-sécurité que ma
position soit connue avec précision, et je ne voulais pas
passer trop de temps & faire des vistes au sextant; la
hauteur du soleil sur I'horzon varie tellement pew qu'il
faut multiplier les viskes pour limiter les risques d'erreur.
Fal choisi le systéme ARGOS. Lélectronique CEIS.
Espace est légére, peu encombrante et qualifiée pour
fonctionner aux trés hasses températures (— 609}, uvec une
alimentation SAFT Lithium,

Linterrogation du terminal ARGOS au CNES a
Toulouse s'est faite depuis le camp de base & Resolute Bay
par Michel Franco(l) & laide d'un petit ordinatcur
connecté sur une ligne téléphonigque. Jo mettiis tous les
jours iz balise en route vers 16 heunes et généralement
Michel Franco me donnait ma position & la vacation
journaligre de 19 heures. Les régions polaires sont tres
privilégiées pour les passages satellites et il suffit de deux
heures d'émission pour avoir une localisation précise.

La direction

Pour raccourcir ma route, je me suis efforce de rester
le plus possible sur le méridien de départ : 75¢ W. Mon
unigque Tepére pour trouver le Nord était le soleil. Pour
cell, Mutra horlogerie m'a Falt une montre qui fait un lour
en 24 heures. Etant & I'heure solaire locale (TU— 5), il me
suffisait de diriger Naigaille vers le soleil, pour gue le haut
du cadran (0 e 24 heures confondus) m'indiquent Ia
direction du Nord. Avec 'habitude, on marche avec un
angle déterminé par rapport 4 son ombre. A 9 heures
I'ombre de son corps est & 45¢ 4 'ouest de la route. A midi

(1) Miche! Franco, 37 ans, Ingénlewr diplémé de Ecole
Centrale de Pars, &ait mon homme de camp § Resolute Bay.

on marche sur son ombre, et & 15 heures, I'ombre de 450
i I'est de la route. Quand le terrain étail trop abimé, et
¢’est |e plus souvent le cas, je montais sur un bloc de glace
assez, haut, faisait une viske sur un amer caractéristique el
je m'efforcais d"atteindre ce bloe malgré tous les contours
qu'imposaient les nccidents du terrain. Ainsi, j'étais sar de
ma trajectoire et ce nouvel hummock me servait de
perchoir pour la prochaine visée.

Quand le soleil disparait complétement sous les nuages
on pewt, pour sé diriger, prendre un angie par rapport aux
sastrugis. Ce sont les lignes d'érosion du vent sur la
banquise. C'est un moyen de relai, en cas de disparition
passagére du soleil. D'autre part, la boussole peut ére
utiliske au méme titre que les sastrugis, comme repére
transitoire. En effet, la déclinaison est relativement siable
d'une journée A Pnutre. La lecture biguotidienne permel
d'entretenir Pévolution de la déclinaison et le 'maniement
du compas qui demande un peu de pratique duns ce
secteur o I'attraction magnétigue de Taiguille est assez
faible.

LA DERIVE

Comme je I'ai souligné précédemment, ma trajectoire
#ait & I'abri des grands courants de dérive. Cependant, le
vent qui #'sppuie sur toutes les nspérités de la bunguise,
et elles sont nombrenses, peut infléchir lo route des
courants, Par deux fois led grands blizzards de ouest-sud
ouest qui soufMlaient 3 40 neeuds établis m'ont entraing
vers I'est, me fuisunt d'allleurs gagner un peu vers le Nord,
i n vitesse de 8 km par 24 heures. Michel Franco, qui était
en relation avec ln météo et le service des glaces du
Canada me proposait souvent une toule (en général 15¢
i W de ma route) pour anticiper sur la dérive. Mais j'ul
toujours refusé, m'obstinant @ faire la route direcle vers
le phle, compte tenu de ma faible vitesse de progression.
Vers la derniére semaine, un grand coop de vent d'est m'a
rencontré sur le méridien de départ, et les trois demiers
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jours, le vent du nord me faisali reculer de 6km/24
heures, ce qui m'a contraint & marcher plos de 15 heures
par jour, les deux derniers jours, et 22 heures non stop

jusgu'au péle.

SECURITE-COMMUNICATION

Pour prévenir & toul moment le camp de hase 4
Resolute Bay, en cas d'une détresse Eventuselle, j'avais une
balise SARSAT, électronique CEIS Espace. Les deux
clectronigues ARGOS et SARSAT eémient couplées sur
urie alimentation unigue (SAFT Lithium), et plactes dans
ke méme container, Cetie balise mixte ARGOS-SARSAT
construite par le CNES de Toulouse, ne pesait que 2,2 kg
avec I"ulimentatioin. Les deox essais expérimentuux m'ont
mssuré sur l'efficacité du systéme SARSAT dans ce
secieur & trés busse température [~ 529) Dans les deux
cas, Michel Franco & Resolute Bay, a4 & prévenu 20
minutes aprés la mise en route. La porteuse donne
lidentite et la localisation trés précise des sinistres. De
plus une émission simultanée sur li (réguence 1215
permet, &'une part d'étre capté par les avions de ligne. ot
d'autre parl de guider en final le Twin Otter qui seraii
Venu me secourir, el coci esl indispensable. En effet toutes
les fols: que l'avion me ravitsillait il connaissait ma
position ARGOS, et je devals cependant le guider sur mal
par madio. Je n'étais go'un petit point sur la bhanguise,
comme le sont tous les naufragés & lo dérlve. et mon
expérience me rénd {rés pessimiste sur les chances de les
reprer d'avion én plein octan, guand on & gu'une vagoe
notion de leur pozition.

La communication avec le camp de basc sc faisait toas
les soirs vers 20 heures, avec un appareil BLU, type SBX
11 A, du constructeur canadien SPILSBURY, alimentation
SAFT Lithiom, antenne bipolaire, tendue entre deux
bitons de ski ou posée & plat sur la glace, d'une longueur
udaptée pour communiguer sur les quatre fréguences
préeréglées sur la bande des 5 MégaH. Dans |'ensemble j'ai

toujours assez blen regu la voix de Michel Franco qui avait
un émetieur de L) Watts: Par contre, mon cmetteur de
10 Wans, qui ne pése que 4 kg avee |"alimentation et
Vantenne, avail, certains jours de mauvakse propagation,
des difficultés 4 moduler le son de ma voix jusqu's
Resolute. Je n'ai eu que 5 jours de Black-out radio, et
comme par miracle j"al pu entrer 2 fois en communication
avee les piloles d'Air France qui font Paris-Anchorage-
Tokyo.

L'EQUIPEMENT PERSONNEL

L'ensemble de mes vélcments étaient en matérinux
synthetiques, 4 l'exception des ganis en laine fcrue
Pendunt [n marche je portais un ensemble de sous-véte-
ments €n thermolactyl, un blonson en méme tlextile ef un
anorak coupe-venl en Goretex. Javals eén plus une
salopette gui me recouvrail la poitrine, construite en fissy
mulclasst, Aux pleds, un sac en polyéthyléne 4 méme la
peau pour fixer la transpiration sur épiderme, des
chaussetics, des chuussons en feutre, des chawssures en
cuir et des surbottes en toile matelassée. Telle étnit ma
tenue de marche, Dés que jo m'arrdtais, j¢ me recouvrals
d'une parka gui descendait jusqu'd mi-cuisse. L'isolani de
l2 parka et du sac de couchage &1ait du qualofil, une fibre
creuse de Dupont, enfermé dons de ln toile de nylon
imperméable. I'imtérét de la toile imperméable est de
protéger isolant de 'impregnation par la transpiration ¢
la condensation

LA SOLITUDE

En [Psbsence de toute organisation sociale, apres
quelques semuines de solitude, mes pensées se sont malgré
moi struglurées sur les soquis fondamentaux, s famille et
les racines géographiques. Jamais je n'en avais autant
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éprouve la nécessité. Et aprés cetie régression vers les
couches archafques de ma mémoire, j"ai pu rebditir mon
nouvel univers, polaire celui-li, en demandant 4 la glace,
au biigzard et ou pdle d'nccepter que je m'immisce parmi
eux. La solitude et I'épreuve du temps passé & marcher
dans ce dévert chaotique, m'ont permis d'sccéder & un
niveau trés subtil de communion avec I'univers arctique.

Cenie expédition d'un mode asser rustique (traction de
I'homme & pied) est une aventure essenticllement moderne
réussie, grice au concours des matédaux modernes, Tl y
i quelques années cette aventure n'étail pas envisageoble,
Souhaitons gue 'homme puisse bénéficier de nouvelles
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technologies pour alléger davantage sa charge, afin d'envi.
sager ['aller et le retour du pdle Nord par voie de surface
en agtonomie compléte. Je suis pour le moment convaincy
que celte expédition reste & faire.
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GREENLAND TO DAY, IS A HIGH TECH SOCIETY

by Gunnar P. ROSENDAHL
Greenland Technical Organizarion, Copenhagen

ABSTRACT, — The Development work in Greenland renlly stisted 1o aveelerate in 1950, This work was almost 100 % [inanced by the
Danish government. Thus Greenland Technical Orgamization (GTO) was established as 2 government body to coordinaie and
handle all technical aetivities,

The mature of the towns has changed altogether. The detached and modest stnall hiouses of the past have been repluced by urhan
buildings forming the framewark of & complex weiety. The bulldings have ssumed & speeific Greenlandic churactor of thelr cwn.
In all technical [relds, solutsons have been developed 1o operale unier the specific conditions provalling in Greenfand. This applies
not only 1o bullding work but also 10 the fields of power supply, districs beating, water supply, Sewerage, rosds, mirports,
lelecommunicution edc. Tn facl, any technology required by 4 modern socely has been made available,

During the mitial years Dunich contractors had to be used (o o larpe extent. Over the years Danish Iabour has been replaced by
local labour. The Greenlundic people gor Home Rule in 1979,

Key-words : Geography — Populstion — Crreenland Technical Orginivation — Technica! development — Town planning — Energy —
Housing - Public institutions — Water supply — Wasewsler — Rondh — Harbourdi — Airponis — Telecommunication —
Govermment.

RESUMLE — Le Groesland & sujound™hui, une sockité & haute lechnicité, Le divelappement du Grosnland & vraimen! commencd en 1950,
Ce courant a did flnancd presgie & 100% par le pouvernement dowode Atesd, "hganisation Technigue dy Groonland (GTO) o
CHe commne wne st gpouvermementale powr eoordonner of conduire foufes lex activitds techniqies
La pawire dey villes a chengd complétement, Ley petlies ef modestes maisons individueller du passé ont été remplacdes par des
impeubles urbaing gui forment le cadre d'une sociéid complese. Gy immeubles ond adopid un carciéne propre i Groenlend,
Deang tous be domaings technigues. des yolusiony ont é1 développées selon les conditiony paniculiéres du pays. Cele s'epplique non
srlement a la construction, sl aeir o Vdnegle, aw chauffae webain, & o disrtbicion des caux, awy fgoNes, ronicn idlé
comittunications, dfc. Erm effes. toute la teckmologie inhérente o une socidtd moderne o d1é rechanchde.
Drirgsnd Dey premiers tempn o6 0 dil wiifiser en grande partie des entreprensiens danels mais oo cour dex aniées Ts main-&euvee locaie
fex a remplacds,
Le peuple groenlundals @ acguis son aufonomie en 1979,

Mow-clé @ Géographie — Population — ['Omganlsasion Technbjue du Groenland — Développement technlque — Urbanisme — Erergle
— logement — fnstititions Publigues — Disinbuiion des Esny — Fowr Usder — Routes — Fortr — Advoporty — Tl
pomiruaicatives — Goauvermenent

INTRODUICTION The population is approsimately 50,000 our of which
40,000 are Greenlanders while the 10,000 remaining are
Danes. It has doubled over the past thinty years, but the

The technological development only has a mesning in Dsileh pomatlon Bia bi e g

relation to the society it serves, and the stundard must be

closely connected with the remaining level in this society,
So in thiz paper less emphasis will be led on technical
specifications and more on describing the backgroynd of
the solutions which we have choosen in Greenland.

GEOGRAPHY AND POPULATION

Greenlund is the largest island in the world, but is for
the 9/10th part coversd by the lce cap. The cosst which
is the jce-free zone where people live, is a rugged
mounlEinous ared.

The climate is Arctic all over Greenland. The average
tempersture during the warmest months doés nowhere
txceed 10 degrees centigrade. On account of this, there are
no trees in Greenlund. Even though all the country is in
the Arctic zone, there is no permalrost in the southern part
of Greenlund where the average temperature during the
year is above () degree centigrade.

INTER-NORD ne |9, 1908

The heavy growth in the Danish minority rellects the
need of assitance from outside dunng the bullding up
period, Greenfund did not have — and still hag not
sufficient trained manpower to handle the many tasks
involved in a modern society. It is the ofTicial policy, that
the Danes have 1o leave the country as soon as Green-
landers want 10 take over the responsibility for activities
the Danes have taken care of,

Live resources ie. fish, birds and mammals still consti-
tute the major occupational basie. But the existence of the
population which in the past was almost exclusively basad
on subsistence economy, is today mainly based on
monetary economy. The majority bas turned into wage
cani:m. and this influences on the housing situstion as
well.

The development work

The development work in Greenland really stared 1o
accelerate in 1950, It was anticipated that, almost 100 %




finunced by the Danish government, it would entall much
building and construction work.

Thus, Greenland Technical Organization (GTO) waos
cstablished as a government body and was to handle all
technical activities 50 as to ensure the coordination of this
work. When GTO started working in 1950, there were in
Greenland no suitable workshops, equipment or any other
technical facilitics on which the work could be based.
There was no skilled local labour to handle the assign-
ments.

In fact, little was known about technical solutions
suituble under Arctic conditions. Not much experience
could be gained from abroad, either. Technology hud not
vel made its entry into the Arctic arei.

The technology development aver the pust 35 years hisy
brought about a considerable amount of change in the
Greenlandic society. The moyt obvious part of the deve-
lopment is the establishment of & large number of new
buildings and technical facilines, raised and settled in the
Greenland towns. The nature of the towns has changed
altogether. The detzched small houses of the past have
been replaced by urban buildings forming the (ramework
of a complex socicty which technically is at the same level
as similar societies in Denmaurk.

The buildings have assumed a specific Greenlandic
character of their own. A Greenland building technigue
and architecture has been developed. In all technical
fields, solutions have be2en [ound to opersie under the
specific inland conditions. This applies not only to
building work but also te the fields of power supply,
roads, ports, airports, water supply, sewernge, télecammu-
nication etc. To-day the technical environment in the
Greenland towns is well developed,

Druring the initial years, Damish contract-labour had to
be used to & large extent to handle the bullding assign-
ments concermed, Over the years, Danish lnbour has been
replaced by local labour. To-day §5 % of the work in the
technical sphere Is belng done by local artlsans and
workers. A considerable number of local private compa-
nies have been established within the technical sector,
They have taken over the work of the Danish contractors.

Tovwn plasning

Both in Greenland and in the other Arctic areas, we
had to experiment the construction of the right kind of
town required. Eurapean mild zone planning cannol just
be transmitted to the Arctic aress.

Crriginally it was thought that the Creenlandic towns
ought to be compact and protect its inhabitants against the
magnificent scenery outslde. This was 4 typical European
wiy of thinking: But Greenlanders prefer open cities and
a good view even if it should be a little windswept.

Observations in Alasky, Nomhwest Territories, Green.
land, and Siberin suggest that the indigenous populations
in Arctic ureas want 1o live with nature and not in deflnnce
of it It is important to respect these feelings when
planning towns, even IF it & cheaper and easier to provide
high density town areas with public utilities. You must
bear in mind that the local population prefer to live in
scatiered communitics.

Encrgy planning
Generally the energy supply in the Arctic towns are due
to undergo ridical changes. To-day 98 U is covered by oil.
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This fact has caused serfous consideration dpe to the
isolated position of Greenfand.

So In the autumn of 1981 an energy plan for Greenland
was worked out. It was the aim of the energy plan to
reduce the vulnerability of the present energy system by
introducing various energy sources. According to the plan
it wiould be possible in the vear 2000 to cover 50 % of the
energy consumption of Greenland by hydro power, 30 %
by coal and o lower the demand for oil to 20-25 %,

The supply energy for future towns will be based on
combined oil and coal burning power and heating stations
supplying a-district heating grid. It is also likely to becoms
wholly' or partly based on electricity produced by
hydro-electric plants.

GTO hus mude Investigations lor hydro power since
1974 that cover a number of smull busins on which the
communily energy supply may be based in the coming
yeurs. The use of the wind power might also provide a
vitluable addition.

Such trends in energy supply will have an effect on
urban planning.
As o result it will be necessary to sceept the

construction of a substantial part of the housing accom-
modation as high-density urban areas,

Sinece 1974 GTO has wlso conducted an energy saving
project for existing buildings and heating systems, The
main purpose is to reduce the heat loss pand utilize the fuel
beiter, without changing the indoor comfort.

Housing

Like other areas of the Arctic regions, up to the Second
World War, Greenland had no local house building
tradition upon which a development could be based.

The bulk of the population lived in home-made huts
of peat, rock. und drift wood These huts undoubtly
represented the maximum attninable based on entirely
local conditions estublished by nature itself. But this
contruction did in no way offer qualities Jjustifying
attempts to promote further development with a view o
establish proper houses for the local population. They
could be described as nothing but highly dangerous,

A few houses had been constructed as modest imita-
tions of the Danish civil servant residences. These wooden
hauses, built by the local population itself, were, however,
usually of the same poor quulity &5 the peat wall huts,
poorly insulated and leaky. But at least they did have an
inherent potentinl for development into something aceep-
table.

Thus, house building in Greenland during the 9505
did actunlly use this type of building for the take.ofl ! the
idea was to let the Greenlanders go on building their own
houses.

However, it soon becume evident thist one thing is to
build kayaks and make fishing and hunting tackle to an
age-old tradition the other building houses. A complerely
unknown technical knowhow was required. In the middle
of the 19504 it was realized thut professional assistunce
was indispensable to the important task of providing
houses for the population acceptable, in terms of human
relations and health.

This task was' entrusted to GTO who stanted off by
sundardizing the constructions of a few single-family
house types. The house types formed a ninge varying




T LR le S WLDOWR

e —

preatly in sire — and thus in price — bul the materials
and principles of consiruction were ruther uniform, The
technical equipment of the houses was rather modest,
indeed. 1t was limited to coal-fired stoves and, in lowns
having a power supply, electric light installations. Howe-
ver, there were neither water nor sewerage (acillties. Local
graftsmen and companics were able to construct these
houses.

At the beginning of the 1960, conditions influencing
the housing situation changed considerably. The concen-
trated effort of the health service to combat especially the
tuberculosis, mvaging Greenland as a3 national diseasa,
now proved effective. The population increased by 34 %
during the 1950s. Also, people seemed more inclined to
move from the settlements to the towns.

Thus, it became evident that the acceleruting need of
housing could not be covered solely by building compa-
ratively small and primitively equipped single-lamily
houses, scattered in the area. As long as the number of
houses in the towns remained moderate, primitive water
supply and simple house wastewater discharge could be
accepled. However, houses were now' (o be provided for
many more people and in o small number of towns, oo,

Under these Gircumstances, town hygiene of & standard
a5 low as the one people had got used to could nol be
accepted. Modermm water supply and actual sewerage
facilities had to be established. Such facilities were,
however,costly in the rocky ground aof Greenland,

For maximum wtility of the precious facilities — and
also with 4 view to using the limited town areus suitable
for building siles — building had 1o be undertaken in a
more concentrated [orm than peaple were accustomed Lo,
The building type selected was that of multistorey houses.

Ar the paricular time, effons were acmoally made
throughout the entite industrialized world — and thus in
Denmark, too ~ 1o deyelop an actual building mdusry,
and it seemed obvious to follow up this development in
respect of the Greenland housing schemes. The gical
housing expansion was implemented by Danish contrac-
wrs whereas local craftamen also acted as sub-suppliers
for the eontractors. However, in the course of develap-
ment, some of the local companies grew in size, 1oo, both
i respect of capacily and ability and they have now taken
over the construction of large house building schemes.

The reaction of the population to living in multistorey
hooses — o t¥pe of housing people had only heard about
— was, of course, ansiously awaited. However, it seema
thai people have got used to the idea ruther quickly,
probably not least due to the techiical facilities not known
in the primitive single-family houses ; central heating,
witrm and cold water, bathroom, waterflush closets ete,

Around 1970, there was a certain umount of reactions
against the multistorey type of housing in Greenland
similar 10 that encoumered in Denmark and in Europe,
People have reacted against the “confusing and boring"”
lirge housing areas; the term “grey concrete slum' has
been used. Thus, howsing schemes of recent years have
been revised. Much lower multistorey houses, rowhouses,
and single-family houses in groups have been built,

fnterior dexign and viondard

_ The Greenlandic way of life has changed considerubly
with the increased standard of living and the chunge in the
pullern of occupation.

The original fishing and hunting trades have taken on
a tatus of 4 more recreationu] kind of activity 1o many
people, and a5 such make their mark on the interior
design, This §s duly expressed in the access facilities to the
house or At Tn muny new dwellings; the entrance is a
combinntion of o front room and & sturdy ond spacions
scullery in which overcoats, boots und various gear, such
as fishing tackie. may be cleansd ind kept, und where the
catch may be cleaned and prepured. This scullery-entrance
is the only special Greenlandie solution. The rest of the
lay-oul do nol dilfer with regurd to design and equipment
from that of similar houses in recent Europesan: building
developmenis, leaving aside the Facl that room sizes are
slightly smaller than in Denmark.

In 1980, in conmection with a status for the holsing
situution in Greenland, a comparison bas been made
between the housing standard in Nuuk/Godthaab, capital
of Greenlund, ond the housing standird’ Copenhagen,
capital of Denmark, Standard criteria were the percenta-
ges for resldences with and without centml heating,
bathroom and water closet in the rwo capitals.

Certdinly the majorty of the residences in Nuuk/
Grodibuub have been built aftor 1960 whereas in Copenha-
gen there is still & Jarge number of residences dating back
to the time before 1900. Thus, it is notural that the
comparison shows an average housing standard somewhat
higher in Nuuk/Godthaab than in Copenhigen,

Copmal Mupk/Godthaah Cogenhngen
Hendences wilh centrad heating BH 5 6T A%
Heixlances with a baihimom T4 E34%
Resulenos witk a waler closel 44 P3h 5%
Public insriravions

A harmonic development towards a higher standard of
tiving would require simultancous extension of all func-
tions of society. On account of the poor state of health of
the population and especially the wide spread of the
tuberculosis, hospitals were, however, given top priorty
although particularly schools came very close.

The public institutions from this period were made to
A standard rather lower than that of Denmark since it was
found unfortenate that, for instance, schools and kinder-
gartans should be well above the rather low Greenlamd
housing standard at that time:

As Trom the middle of the 1960s, public institutions
were increased considerably, The great populition growth,
people moving Lo the towns, the establishment of fishing
industries, und the need of continuous improvement of
education called for the building of day nomseries and
kindergartens plis an extension of the schools.

During that period, the selection of institutions was
made larger; the degree of coverage and the standard were
raised 5o that schools, day institutions for children and
voung people as well as old people’s homes were bulli 10
the same stondord as that of similar institutions in
Denmark. However, Greenland schools and children’s
institutions still do huve & slightly smaller area per child.

Owver the last lew years, social and welfare institutions
huve been lurgely extended. It s emphasized that all
esseofinl institution needs should be met in Groenland.




Water supply

Until around 1950, Greenland water supply worked by
manual collection of raw water from lakes and rivers.
However, the health situation was precarious since water
taken from neighbouring areds showed considerable
pollution. From the middie of the 1950s long-term sche-
mes were worked out for all 1owns, A gradual extension
wis aimed ot in constructing witerworks so that the towns
grudually obisin a regular allwenr water supply, using
water of satisfactory hygienic quality.

The most comman procedure is that during the summer
adequate quantitics of water are accumulated in a reser-
voir to cover the winter water supply, for example for 5.7
months.

Water distribution inside the town represents one of the
great problems of Greenland water supply. At the begin-
ning of the 1950s waier was led sbove the ground in
insulated and frost-protected pipes. This led to s0 many
town planning disadvantages that underground lines are
being used nearly everywhere to-day.

The considerable cost of blasting or excavating un-
darground lines means that only some of the consumers
— primarily those using the largest quantities of water
such as hospitals, industdal plants; and high density
housing arens — receive water from the woter lines. The
water lines which have to be insulated and frost-protected
on sccount of the permaftost. Very often the cooling witer
from the power station is used for this protection.

Wherever housing areas consist solely of single-family
houses, it would not be financially possible to provide
each individual house with water installaions. Conse-
quently, water is supplied to inhabitants by special tunk
trucks, or they have to collect water from public taps.

Wastewaner

Sewers, extremely expensive to build, are established
in high density town areas. Further, it is assomed that all
central town arcas will gradually have ta be provided with
sewers. In low density housing areas there will generally
not be a sound (nancial basis for the establishment of o
conventional water and sewer supply. Thus, an effort i
being made to imprave conditions by more comprehensive
draining through ditches.

Towns in Gresnland are siteated so that raw sewage
can be discharged directly into the sea without health risk
or inaesthetic drawbacks. It Is not expected that punfi-
cation will be required before discharge.

In Arctic and Sub-Arctic conditions, surface runoff
frequently poses a great problem, especially Following
winter and spring thaws, Adequate driinage of the very
considerable quantities of water through actual rainwater
sewers is not feasible wnder the prevailing climatic
conditions. Thus, surface drainage will have to be made
through a ditch nnd trench system, The ditch system will
provide satisfactory conditions most of the year but the
spring Mood may, however, cause considerable diffieulties
in thaw periods, During these, it has to be accepted that
roads will to & cenuin extent uct as discharge chonnels for
the runofT,

Roads

Rodds in Greenland towns are to absorb internal traffic
only. There arc no roads between the individueal towns. In
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view of the town sizes , driving traffic speeds are of minor
imponance, since it is not far to any place.

Maximum Mexibility is shown in sdapting roads to the
mountainous surroundings, and — as purt of ground care
— i considerable effori &8 made 1o cover slopes ind
ditches ‘'with stone.

It is important to the tidiness in the towns that the areas
between buildings are re-established after the building
workers have completed their work. Owver the last few
years millions huve actoally been spent on reestublishing
and consolidating the arcas between the build-up areas
since these areas will hardly resist the amount of wear 1o
which they are heing exposed. Thus, ground care will
cover for instance sowing of grass, asphalting of squares
and other areas having much pedestrian traffic, general
clearing etc.

Harbours

Transport of passengers and goods between Greenland
and Denmark and between inhabited seutlements m
CGireenland has always been based on sailing. Only towirds
the end of the 1950s did flying take over a continously
rising share of the passenger transporl.

Due to the Arctic climate the Greenland ports are not
navigable during ceriain months of the year. The towns
only along the Southwestern coast are usually navigable
throughout the vear by ordinary ships.

Until the beginning of the 1950s unloading from
ocean-going ships was made exclusively via barges but the
increase of goods during that peniod made it necessary o
estublish quays in all major towns, Thus, since that time
quays have been made for occan-going ships in all
Gireenland towns, '

The ports have been built under the lee of skermies and
groups of islands or actually in sheltered inlets and bays.
Owing to the great water depths close by the shore,
breakwaters have been built only where filling up between
groups of slands is possible,

Airparts

The passenger tramsport between Greenland and
Denmark by Might was establisghed just after the Second
World War. It was based on the airporis of Soendre
Stroem{jord and Narsarsuag, construcled as US.AF.
military sirfields during the war. These airports are still
the gateways to Greenland.

The inmternal Mying makes use of helicopters because
the establishment of helipons in the mountainous country
is relatively reasonable. On the other hand the working
expenses for the helicopters-are faicly high. All Greenland
towns have helipons.

The rising of passengers necgssitates the gradual intro-
duction of flights with fixed wings of the STOL type (shont
take-off and landing) on the most active part of the
internal airline network.

It hus been plunned that o large part of the helicopter
Mights should be replaced by STOL flights which,contrary
to the requirmerits of conventional seroplanes, will make
& moderate demand on the dimensions of the unway, The
first airport has been in use since the autumn of 1979 in
Nuuk, the capital of Greenlund. The nmext airport al
llulissat in the northern part of Greenland was ready for
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use in 1984, When a finuncial basis hus been established,
the STOL runway system will be extend by building 2.3
other runwitys on the western coist

The interurban passenger transport is not intended to
be based solely on sviation. A regular passenger ship
traffic will be perserved 1oo.

Telecommunication

It wias not until 1971 that a lasting solution was [ound
on the interurban telephone service. It has been prevented
by the topographical conditions, which excluded the
laying of cables between towns. In 1971 the continued
development of microwave equipment had resulted in
devices, which allowed n power consumption of anly 36
W for a complete two-way repeater station making it
feanible to construct unmanned repeater stutians on
mountain lops.

A microwave link was settled in South- West Greenland
covering the most densely populsted communities on n
1.500 km stretch. It allows the simultaneous transmission
of both public trunk-calls, broadeusting progrimmes,
telex, gentex, data etc

Additionally TV-programmes are transmifted by ap-
plying the smand-by chanel on @ 2 priority basis. This
solution s judged ncoeptable in view of the systems very
high relability.

The communicition out of Greenland relies upon
satellite enrth stations, The very same |5 now the case with
the connections to @ number of remote towns. Along with
the construction of the microwave and the satellite system
modern telephone exchanges have been installed. Subscri-
ber dinlling within the system and out of Greenland Is
possible.

The convenient comunication through the telephone
nervice and together with the internal Mying hos gathered
the scattered towns to & unity, The Greenlanders now feel
like inhabitants of 4 commaon country and not as realdents
in a number of separated regions. The telephone service
thus has been a condition of the Home Rule to act an
behalf of the entire population.

(rovernment

As | mentioned in the beginning, the entire technicul
activities ‘were more or less financed by the BPanish
government, and the actual work was conducied by the
Government Technital Orgunizition, GTO. In 1975 a
municipal reform was introdeced in Greenland. The
municipal boards were given a much larger responaibility
for local affairs than previously. As an innovation,
municipal technical administrations were taking over
gredually a: mumber of the techmical assignments pre-
viously hundled by GTO,
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The Greenlandic population got Home Rule in 1979,
This means that they have taken over full responsibility
for a number of fields, for example education, mdio and
TV, social services, town planning, fire services, produc-
tion and export, us well as callecting taxes and duties. The
Dunish Stnte holds the responsibility of the remaining
fields, such as health services, telecommunication, house
building hurbours, dirports, rosd making, sewerage, elec-
tricity -and water supply. From |987 the Home Rule
intends 1o tike aver the full responsibility for all technical
ficlds.

Emplovment

In Greenland there is just oné mine in operation : a
lead and zinc mine (“The Hiack Angel”, owned by
Conadians}, Drilling for oil and gas offshore the west
coast has so far been vain. In 1985 o hopelull prospecting
for oil is started onshore the east coast of Greenland.

To-day Greenland only has the early possibilities of
employment hunting and fishing. Even if ane modernizes
and mechanizes these onginal fndustties, the profit is
potentialy limited,

Conclusiony

Building costs are high in Greenland, Thus, the Danish
governmenl offers subsidies averaging B5 % of the building
price. With such heavy subsidies, houses — which are
appropristely healthy — may be provided for a population
whose primary hasis of living is constituted by the live
rEsOUrCek.

Attempt hive frequently been made to simplify the
technology transfered, but it may not be made primitive,
The requests of the peoplé in the cold regions are in this
respect obviously the same us those of the people in the
milder regions. They want to take part of the muterial
benefits offered by the lechnological development. And
the reason why no speciil Arctic residence type has been
developed, is probably rooted in this fact. People in the
Arctic want 1o live in the same way as people do in 2 more
gentle climate.

It i= a common' characteristic that people in the cold
regions — not least the younger part of the population —
prefer blocks of Mas 1o simple single-family howses,
Everywhere, this 8 due 1o the conveniences of cold and
hot water, bath, toilet, central heafing etc., in fact the
possibilities of benefiting from improved conditions of
hygiene and health,

People would, of course, preferably live in & single-
family house ares with the full technical equipment but
for reasons of economy this is'not possible for the majority
of the inhobitunts In these part of the world where
construction of water lines, sewers, and roads is very
enpensive.




The existence of the pepulation whick in the past was almost exclusively based on subsistence economy, is today mainly based on moneiary
economy. The majority hos (urned into wige garners.

Diuring the Inltial years, Danish contraci-labour hid 10 be used 16 4 lurge extend 10 handle the construction work. Over the venrs, Dankh
labour his been replaced by Jocal laboor, Todsy BS % of the work in the technical sphere i being done by local artisans and workers,
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Greenlenders want 1o bive with sature. They prefer open citles and a good view gven 10l should be o linle windswept. It is imporinn
to respect these feelings when planning towns

To-duy 98 % of the cncrgy supply is covered by cil. An energy plan for Greenland is worked out. I aim is 10 reduce the vulnerability
of the present energy situntion by introducting hydro power,
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Building costy are high in Greenlnnd. Thus, the Danish governmemt offers subsidies overnging 85 % of the tuilding prce Greenlanders
want to take puri of the material benelits offered by the technologicul development ie. the conveniences of cold and hot water, bath,
toiel, central heating etx.

The buildings have amumed u specilic Greenlandic chiracter of their own, A Greenland building technique and architectural has beext
developed,
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Water supply und sewerage. extremaly expensive 1o build, present great technical problems. ALl towns have grudually obinined & regular
albyear woler supply mnd ail hiph density town aress have been sewered.

There are no ronds hetween the individual towns, Rosds in Greenland towns are 1o ahsorb internal traffic only. As part of ground care,
i considerable effort b made to cover slopes and dilches with stome.
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THE CONSTRUCTION OF NIPPON KOKAN
ICE MODEL BASIN

by Nobutoshi YOSHIMURA, Masanobu SUDO, Shumei NARITA,
Kazuhiko KAMESAKI, Susumu KISHI, Masanori HIROKAWA

fee Engineering Laboratory, Tiu Research Laboratory,
Engineering & Shipbuilding Resvarch Center, Clty Mie

ABSTRACT. — In September 1982, a medium sized regulir joe model experiment tank, first in Japun's privale sector, wis completed
andl put into operation at NEK's Tsu Research Laboratories, Engineering & Shipbuilding Research Center. This experiment facility
consists of a model testing basin in an inslulated room with |is refrigerition and nie conditioning muchineries, and various
experimentsl apparaius for ice breaking model test
The iee tank makey i possible 1o simulnie naiural ice covercd witers in the Arctic s a sultable model wale, und then o condue
model tewt for ioe going vessels and polur offshore structures there. The pressat paper gives un putling of several aspects of this
new compact focility which wos realized wilh & good combination of efficiency and cconomy.

Krey-words ¢ Arctic — Engineering — loe model basin

RESUME — La constraction 'un bassin 4 glace cher NKK. En seprembre 1982, un basvin & glace, le premier dany l¢ secteur privé faponls
fut constrult et mis en exploitarion sux Laboratoires du Cenire d¢ Recherche en lngénierie e Construction Navale dié NKK & Tha,
Cette Installation conslsie en wn bassln d'essaix placd dann un bdttment isold e réfeigdnd pay aie, les installapions de rdfrigdration o
ley Eguipements nécessairer quo essais gur modéts de ruptare de Jo gloce,
Le bawin & ghace pormet ki strmulation o'eaus arctlgues recouvertes de gloce nanirelle d Nichelle des moddfes, de condutre des exials
sur mavires mavigant dens lesglaces ef de siruchires offihore polairer, L'artiele donne une descriptiod des divers aspects de cette nouvelle

-rl}___

invialfation compeacte gui ful réalivde avec wn bon fquitibee, efficacind of colts moddnds.

Moo-ciés : Arctigue — Ingimifric — Basvin & glace,

1. PREFACE

Energy resources such as crude oil, natural gas, stc.,
iind mineral resources such as iron, copper, nickel, etc.
which are edsential to the modern material civilization,
have been discovered to exist underground below the
tee-covered waters of the Arctie Ocean und its peripheral
rones. With the oil erisis in 1973 a5 a momentum, it has
become mare and more dctive year by year [0 investignte
oil resources us well as 1o try 10 exploit these resources on
b commercial basis in shullow water zones such us the
arctic coastal zones of Alaskn and Canada, ol the
Sakhulin island, and the Bohai Bay. And il is expected that
production and transporiation of oil and gas on a full
scale will be realized in the 1990s. In this contexte, a rapid
increase of the demand for lce-going ships and ice-streng-
thened arctic offshore structures is anticipated in near
future and therefore it is essentind that we should develop
such techniques that will enable us to design and construct
these products appropriately. And this is nothing but a
technical theme exactly suited (o our company which has
8 lasting tradition in the construction of leebreaking ships.

Until recent vears the arctic technology has been
gradually formed as a compilation of empincal arts which
wak closely connected with the people’s life in northern
countries, Buot today, a new, mort rational scientific
ipproach of resenrch and development ¥ required so as
o make it possible to construct such prodocts that will
etdure operation in the Arctic Ocean whete extremely
severe fcé conditions prevail, In recemt years, it has
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become common to determine the shape and configura-
tion of ships und structures, as well as (o estimate their
performance and behavior in ice, by means of model test
in an lce model basin as a result of 0 remarkable advance
in the modelling techniques of icebresking phenomeno.
Usefulness of an ice model basin Is particularly great in
our couniry which has no ice-covered waters near ul hand
except the drift ice in the sea of Okhotsk. The testing
facility of an ice model basin s very expensive, but it
seems to be impossible to expect a definite progress of
arctic technology in our country without the provision of
this kind of facility, Since the world today has only a small
number of ice model basins whose experimental producti-
vity Is generally low, the opportunity for muking use of
them has been very limited, |n this paint of view, it |s quite
timely that our compagny has come o possess an ice
maodel basin for its exclusive use. Also it is expected that
this facility will fummish our company with a strong
propulsive force to the future advancement of research
und development in this aren of technology.

The ice model basin completed in September 1982 at
MKK's Tsu Research Laboratorics, Engineering & Ship-
building Research Center is a regular experimental facility
owned by a private company for the firsi time in apan,
subsequently to the one which belongs 1o the Ship
Research Institute of the Ministry of Transportation. This
experimental facility, in which an artificial ice-covered
water dvnamically similar to the one in redl nature is
created, @nd them model test of ships and offshore
structures are conducted there, has some special features




which are not found in conventional clear-water tanks. In
this paper, an introdoction is made with respect to the
primary functions of the ice model basin as well as (o the
virious equipments and apparatus which suppen these
functions, referring to iis design concept.

1. FUNCTIONS OF ICE MODEL BASIN

This fce model bisin is an experimental [acility in
which an artificial ice-covered water similar to the one in
nature is created at a suitable scale and model cxperiments
of ships and offshore structures are camied out there,
thereby enabling the investigation on the icebreaking
performance of ice-going vessels as well as on the ice
forces acting upon the arctic olf-shore structures. For the
suke of understiunding it concretely, an outling of experi-
mential works carmied out there s described below, folla-
wing the typical operation cycle of the ice model basin.

1) Keep the air temperature of the ice tank room
= 200C. A sheet of model ice with a ¢rystal stnicture
similar to that of natural sea ice is started e grow on the
surface of tank water which contains some amount of urea
or salt. As soon s the thickness of the ice sheet reaches
to a preseribed value, the air temperature of the ice tank
room s raised Lo upproximately the melting point of the
ice s 2k to reduce the strength of the model ice to-a value
required by the similitude law, More complicate ice
conditions such us hammock ice or pressure ridges are
crested by working upon the level ice sheet forther,

2} When the expected ice conditions and ice strength
have been achieved, icehreaking model tests are conducted
by running & model of ship or offshore structure which s
connected to the towing carriage — an electric-driven
carriage used for model experiment — which strides
across the tank and moves in the longitudinal direction of
the tank. Measurement of mechanical properties of ice a3
well as thickness distribution of ice sheet are carried out
just prior or jusi after the model test,

3) The ice afler for the experiment Is dumped into the
melting tank by using an ice-removing beam equiped at
the front of the towing carrisge. Then surface level and
concentration of tank water are re-adjusted, and to
homogenize the concentration and temperature of the {unk
witer, stirring of the water is done while cooling it down.
The next ice sheet is staried to grow after these processes.
At the initlution of the sheet, seeding by water spraying
s carried out in order to make the size of ice crystals
wniform.

As one might imagine by the above description, the
fundamental function of an ice model basin and necessary
equipment for it would be summirnized as follows.

A. Functions of ice manufactire and ice properties control

These functions are to manufacture a mode] ice sheet
of various thickness and varous strengh with a high
reproducibility. They are dependent upon the structure of
the building and the tank including the insulation struc-
ture, refmgeration and air-conditioning equipments, as
well as water supplying/draining, and water filtering
equipments,
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B. Fanctions of model resting and meawring

These functions are to conduet model tests [or ships
and offshore structures and (o make measurement and
observation in these tests. They nre facilitated by heavy
machineries such as o towing cartiage and crancs, testing
appuratus such as towing mechanisms for model ships,
and the duta nguisition und processing system, which
consists of vamous types of sensors to measure forces or
displacements etc, and of recording apparatus for these
data.

The above has given a conceptual explanation on this
kind of experimental facility, which is common to so-
called an ice model basin in general. Whereas the next
chupter refers 1o our ice model basin and It particular
nature, and describe the typical features of various equip-
ments and apparstus installed in |t together with design
concept of it.

3. DESIGN CONCEPT

The design concept of this ioe model basin may be
siummurized as Tollows; the facility should be a compact
one materializing these funerions to eonduct, with o high
reproductibility, soch experiments as well as for the
estimation of ice forces exerted on them, on todays world
stundard of the technigue of model testing in ice.

The general layoul of this faclity 1s shown i (Fg 1)
The size of the ice tank ice 2000 m long. 6.0 m wide and
2.0m deep, which is the minimum site necessary for
conducting model tesis for shups und olfshore structures.
Is this connection, the particular of ice model basins in
the world are shown in Table I. Although the length of
NKK lce model basin s shorter than the one in the Ship
Research Institute and of the one in HSVA, the wadth of
the former |s equal to the latters. Therefore the test data
produced by NKK ice model basin is thought to be as
reliable 4s (hose produced by the latters, and this offers
a merit of comparing these data directly with each ather,

The primary reason For choosing a small ice model
basin rather thun & large one, may be that it was reco-
gnized that today’s ice model basin as well as today’s
technigque for model testing in ice were literally on the way
of steady development. Consequently, this Tacility was
thought o be so-called a pilot plant, and ft was s0
designed that every part other than the ice tank [tself
should be as compact and whithout wastefullness as
possible, By fully utilizing the existing fucilities in Tsu
Research Laboratories where it was possible, it was
avoided 1o newly construct similur redundant facilities.

Among the aforementioned fundamentil functions of
the ice model basin, the function lor ice manufscturing
and ice properties condral was thought to involve a lorge
number of unknown technical factors on which this
functions depended. Theérelore, un inténsive study was
made with respect to insulation method and refrigeration
and air-conditioning system in order to realize an ability
to control the mom temperature in a wide range us well
as an ability 1o keep the wir temperntore uniform, Also the
recycling of waste heat was persistently seeked after in
order to reduce the running cost of the (acility. As regands
the tunk water, in stead of saline water, which has been
commonly in use to date, carbamide (urea) water was used
in order o aveid corrosion, Consequently the piping
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syitem of the mok and vanous experimental apparnius
could be manufactured withowt wsing materials of special
high quality. The reduction of maintenance cosi {or these
faciliies will amount to & considerable saving i the long
u,

As regards the functions for conducting model test and
measurement on the other hand, there wis no technically
big problem since there has already been n number of
precedents. As for the choice of material as well as
determination of the structurnl strength of the testing

apparatus, emphasis was |aid on the point thot there
should be no deteriorution in thelr performance under
lasge change of temperature and thut they should stand a
heavy fluctuating Joad of breaking ice. Since the data
productivity of an jce model basin is low by nature, & lall
seale introduction of automation for conducting test and
measurement or conirol of them by a large computer has
been pastponed until the performance of the ice model
baiin as n whole will be lully understood.
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Tamp 1, — World's ice mode]l basing

Size of basin Towing chiriape Max,
length af
Hame of Locality Year built  Length Width Water  Max.  Weighs mpdel Refrgeration method
instituiz depth  velociny ship
m m m m/e 1 m
ANTARCHC LENINGRAD 19
ENINGRA 1835 134 1.85 13
INSTITUTE USSR : e
HEVA HAMBURG 1871 30 5 i z -] Mechanical (natural
; convecti
WGERMANY 1984 &) 10 25 Mechanical {fnr::flmm
{(~5m circulation)
ARCTEC INC. COLUMBIAML. 1975 a0 65 1.5 ‘
s Spraving Haguld nitrogen
ARCTEC KANATA ONT. 1977 s 45 1.5 1.3 h. 7 Spraying Niguid
CANADA  CANADA ! SV
CREEL HANDVER NH. 1978 M4 215 1 21 7 Mechamical (forced
Usa circulation)
UNIV. OF IOWA I0WA 1950 19.8 458 1.22 Mechaniesl (forced
Usa circulation)
Ship Research  Mitaka 1981 a5 6 18 2 17 ab. 7 Mecharizal (natusml
Institute Japan convectin)
h‘igfun Kokzn Tsu 1982 0 A 1.8 L5 1140 ab. 7 Mechanics] (natursd
K. Japan convection)
WARC HELSINKI 1983 60 6.5 13 3 30 14 Mechankies] (natursl
FINLAND convection)
MNRC OTTAWA 1983 16 7 1.0 Mechanical (forced
CANADA circulation)
NROC ST. JOHN'S Uindar 80 12 3 16 Mechaniesl
CANADA construction

4. BUILDING AND TANKS

The building of the ice model basin, shown in Fig. 1,
is steel framed and reinforced concrete structure, and s
composed of 4 main building extending east and west, and
a machinery room mjoining to the southwestern face of the
main building. The main building consists of a non-insula-
ted and insulated pars which are devided by an insulated
slide door installed ar the entrance of the trimming wnk,
The non-insulated part containg 4 preparation foom whose
castern fuce has # large slide door for passing models
throvgh, and an mstrument room at the sccond floor. In
the insulated compartment, o trim tank and an ice tank ure
located n & line from east o west, and a meliing tank
stands at the western end of the ice tunk. Integraled
air-tight insulation walls and ceilings, which were fabri-
cated with insulation puncls made of poly-urethane foams
is a basic material, surround the whaole tunk part except
the melting tank. Also there is an insulated vertical slide
door at the boundary between trimming tunk and jce wnk.

The ice wnk and the trimming tank are supported by
o number of amall walls of reinforced concrete, 1.7 m high
5o a5 to be isolated from thermal effect of the carth, dand
the puter surface of the tanks are covered with insulation
pancls. In the compartment situared below the tanks,
called the underground pit, there are corridors for passage
at the right and left sides, and four observation windows

of 1.0m % 1.0 m size are provided at the bottom of the
ice tank wiong the conterfine. The inside walls of the
underground pit is also insulated with poly-urethane
Fovaim,

The dimensions of the ice tank are 20.0 m long, 6.0m
wide and 2.0 m deep, and the depth of water in the tank
is wsually kept at |L.Em. The length of the tank was
determined so thut two resistance test runs can be mads
in a virgin ice sheet using 5-6 m long model ships, taking
account of the effect of the tank ends. The width of the
tank was determined o that the so-called side-wall-effect
can be neplected with regard 1o jce thickness and model
width usunlly in use. As for the depth, it was determined
so that experiments for floating type offshore structures
could be carried out.

The trimming tank is 7.0 m long and 4.0 m wide, and
28 deep 3% the ice tank. It is wide enough to handle models
of offshore structures and testing equipments as well as
to run two small ship models side by side. The bottom af
the trimming tank has the same level as that of the ice
tank, and a pair of stainless steel rails for underwater
corringes are Inid in Mull length of the tmnks. A the
boundary of these tanks, two insulated vertical slide doors,
one for above water and the other for underwater, are
provided to separate these compartments.

The melting tank & 2.8 m long. 5.6 m wide and 36 m
deep. 1t has o 5.6 wide hateh at the top provided with o
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hinged insulnted hatch cover, Used ice is pushed up along
the slope at the western end of the ice tank then dumped
into the melting tank through this hatch 1o be melied.

Since the tanks are made of reinforeed concrete, it is
necessary to protect the tank surface against wide tempera-
ture change (= 25°C to 4 5°C usually) of the ice tank
room. For this purpoese, the top of the tank walls was
convened with blocks of compiled wood, and side of the
walls just below the blocks were covered, 1o the depth of
10 cm helow the water surfice, with nnificial wood which

has low thermal comductivity. The innar surface of the

tanks was conted with a type of hydro-epoxy paint of good
penetrability into concrete in order to ensure water tight-
ness of the tinks. In order to present a fine sight and 1o
enhance illumination effect, a light blee colour paint was
applied as a finish. The floor of the corridors surrounding
the tanks & made of reinforced concrete sandwitching
insulztion panels in it. The floor is covered with vinyl
sheets and pavel with grated plastic mats for the sake of
efficient drainege, easiness of separating ice and easiness
for various works there.

On determiming such matiers as the transverse cross-
section plan of the ice thank room, the installation hight
of fin-tube type coolers, the arrangement and configura-
tion of piping system for the refrigerant and the suppor-
ting structure for them, deliberate consideration was made
by taking ‘sccount of heat capacity of the building, the
patiern of convection Mow of air inside the tank room ete.
Since these details are too complicated, they are omitted
In this paper.

5. REFRIGERATION AND AIR CONDITIONING MA-
CHINERIES

It 15 essential that the model we produced in the ice
tank should always have constant properties throughout
the vear, if the control purameters for the refrigeration
machineries are kepi equal. Therefore not only the ice tank
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Fin 2 — Control cyele for e tank room air temperalure.

room but alsa the timming tank room, the underground
pit and the preparation room should be appropriately air
conditioned in order 10 avoid the penctration of scasonal
change of temperature and humidity ol outside air into the
ice tank room. Sinoe the target of refrigeration and air
conditioning varies depending on the compartment, &
suitable type of refrigerator and cooler was chosen for
cach companment. The principal particulars of refrigern-
tion and air conditioning machineries are shown in Ta-
hle 2,

Corresponding to the aperation cycle of the ice model
basin described in chapter 2, the control of air temperature
inside the ice tank room gencrally follows suc mﬂ&
as shown in (Fig 2). It is cooling down phase T
when the refrigerutor is_loaded most heavily. During
constant freezing phml@ i the room temperature
is kepl at wbout — 200C, and in this atmosphere an ice
sheet of 50 mm thickness can be grown within 15 hours.
On determining the design value of thermal load for the
refrigeration system, the above condilions were laken inlo
gecount. The coolers for the ice tank are of a type called
. copper pipe/plate fin type (hereinafter to be referred to
as a fintube.), and 48 uniis of the cooler are hanged below
the celling of the ice tmnk in such a way that cooled air
will come down uniformly to the water surface all over.

Taste 2 — Principal pariiculars of refrigerating machinerses.

Compartment
el Joe tenk room Trimming tank room Undemground pit Prepartion room
Type of compuesios ZI‘:‘#I];B:H;E Reciprocating compressor| Recipsocating compressor | Package alr condithone:
Motor for compressor 240V, 110EW 120V, 11kW 110V, 11EW 200V, 7.5kW
2 86 000Kcul/h 22 000Keal/M 24 000kcal/h 22 400keal/n
Soolimafirine ﬂiqu:-:;nunn;? ilthud] EEI:}'“?:n: E:i:!}'?ul l ?E:.}’n rlfﬁ} Eﬁﬁ:ﬁ;
Apaat ool l.’."iui‘;z :Tn:fg;iun] o ;E:atuuh i ;:Elmm :anMEn}
s i A T -5 ~+5°C =2redsie [S:ni:';: :f:fm
Cooling tawer Use in commion i’f:&?‘m‘;fﬁ;y 3 "":'1 mkglf‘h 32 200keals
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During freezing phase, liguid Freon (R22) as cool as
— 269C s pumped 1o the fin-tubes in the ice tank mom,
Some portion of the liguid R2? is vaporized when passing
through the coolers, and it comes back in o 2-phase state
of gas and liquid.

In this tyvpe of cooling system, the lemperature of
coolant is equal at the inlet and the outlet of the cooler,
which is quite suited for homogeniously cooling the fce
tink room, In case of a cooling system in which secondary
coolant (brine) is used. o complicated piping arrangement
is required for cooling evenly and it is difficult to realize
a rapid change m the room air temperature, and in
addition this system has a rather low cooling 'an&.
In the phase of raising the room temperature o
the relrigeration system s stopped and eight eleciric fan
heaters (24 kw in wotal) installed at the enm%u nm@umd
on. During so-called “warm-up period' = &) the
room temperatute is kept ol g prescribad value by intermit-
tently feeding cold liguid Freon to the fin-tubes in the ice
tnk room,

The refrigeration system for the ice tank roem is
illustrated in (Fig. 3). Basically this system is the same as
that of a common dry type refrigerator, but it has special
features such as a largs capacity low-pressure receiver for
containing liquid Freon and i pump to feed this hquid to

the fin-tubes. This system is furmished with such functions
as follows, by means of which substantial energy saving
has been achieved:

1) To cool liquid Freon with cold water in the melting

2} To warm up water in ‘the heai-reserve tank with
waste heat of the ol cooler.

3) To produce kot Preon gas for defrosting use with
the heat in the heat-reserve tank.

The nir conditioning system for the underground pit is
constantly operated throughout the vesr, because it is very
imporiant to maintain the emperature of this compan-
ment &t around 0°C as well as to dehumidify the air inside.

The wim of sir-conditioning the trimming tank room i
two folds: one is to dehumidify the inside air as the towing
carriage and various testing apparatus in the room should
become wet due to condensation of water vapor, the other
is to prevent the penetration of heat into the ice tank via
the trimming tank by kecping the temperaiure in this
compartment at dround 0o

The trimming tank room is frequently exposed to
outside air, becanse the insulnted doors are opened in
mapy occasions such as carrying models etc So a5 w
remove this adverse effect quickly, it was decided o

1. Owerhesd conlers 5. Condenner 9. Low pressure receiver 13, Defrost beat exchanger
1 Melting tank 6. High pressure receiver 10, 0l cooler 14, Fun heater
3. Serow compressar 7. Liguid precooiter It, Heat reserve tank
4. Of separnler B. Liguid oooler 12. ‘Brine @ank
ik
Malting tank ! ks
Hrine (cthylene glycal) 2 | Uses water ‘ LI
(’ i 1
" ) =
| | X
e —
x Watet 2z | nz2
g au
5 7]
E__ Gas
4
l 23 % g
3| 3|l - ; = I
| ~ |

Waler

pig—
P

®_

R22

10y %
1

2

—

5
f 13
) 12 ___L_T_r“'

|

Fi ¥ — Refrigeration gstem for loe tank room.
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introduce o syatem which had @ relatively lirgér refrige-

rating capacity for the compartment volume with powerful
fans and & dehumidifier.

The air-conditioning system for the preparation room
was installed in order to prevent the hot, humid atmo-
sphere of summer season from invading into the insulnted
compartments. [t has a capability to keep the air tempera-
ture and the humidity of the room al 200C and 45%
respectively, even when the worst: situation of summer
prevalls where the alr temperature and humidity of outside
air rise as high as 359C and 80 % respectively.

The operation of these refrigeration facilities i done
in the following manner. In order to manulacture an fce
sheet suitable for model experiment in the ice tank room,
the four processes, which are ‘cooling down', ‘constant
freezing’, ‘raising temperature’ and “warming up” as shown
in (Fig. 2}, should be properly carried oul in accordance
with a program detlermined in advance. An aulomated
control of these processes was realized by introducting a
special micro-processer  which operates according fo
pre-set parameters of time and (emperature for esch
procesis. As for the refrigeration and sir-conditioning
facilities in other compartments, they are manually
controlled since they are at most of the time operated al
& constant rafe.

6. TOWING CARRIAGE ETC.

In the ‘jce model basin, n wwing carriage and an
underwater carringe were installed to facilitate conducting
mode! experiments of ships ete., and in addition, in order
1o carry out varous works such as conveying things or
preparing models cte., a service carriage and 2 mono-rail
crune were provided.

6.1, The towing carriage

The towing carringe is an electric-driven car of a
box-girder steel structure weighing about |11 tens with all
appendages. The carrage s propelled with a pair of
rick-pinion type propulsion system driven by two units of
DC motors of 1] kw rating controlled by a Thynistor-
Leonard system, The carriage speed can be continuously
changed in two ranges of 0-0.4 m/sec and 0-1.4 m/sec,
each one of them can be chosen by a shifi-gear. The
minimum speed is 0.006 m/sec. The acceleration capabi-
lity is 0.1 G at the maximum, and the traction capacity is
such that ar the Jow speed range the carriage can make a
smooth steady progress onder a Muctuating load of
+ 300 kgf. The speed fluctuation while travelling is not
greater than 0,003 G with regard (o the lrequency compao-
nent under 10 Hz.

As for the mails for the towing carriage, steel rails of
50 kg class JIS standurd for nifl use were selected. They
were machined and fitted with racks on their stem. Rails
cut in 6 m length as a unit were carried into the ice model
basin and connected together using enclosed-arc welding
technique. Then their defleciion wos straightened with a
special tool and the welded buts were grinded to be
smooth. The mails were laid on the covering blocks on the
top of tank walls via rail chairs which were anchored 1o
the concrete body of the tank.
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Fig 4. — Plan of owing carriage.

The laying sccuracy of the rail at north side (standard
rail) has come 10 be + 0.2 mm, + 0.4 mm vertically and
hortzontally respectively. The vertical accuracy for sou-
thern side rail was the same as that of northemn rail, the
horizontal accuracy was achieved in such a way that the
gearing uocuracy of rack and pinion at both sides was
equal.

Inside of the box girders ot both sides of the carriages,
installed are the propulsion machineries such as electric
motors etc., and on top of the girders a switch board and
a drive control circuit panel as well 53 a junction box for
signul cables are mounted. At the front of the carringe &
manual wind-up type ice-removing beam is installed, and
at the rear face it {s possible to mount an extension beam
for measuring or a coupler for the underwater carriage.
There is o wide rectangular opening of 3.4'm x 3.2 m size
at the center of the carriage, where a strong beam earrying
testing equipments is normelly installed, and a light
movable work stage is provided at each side of the beam
to facilitate various experimental works such as setting of
models or testing egquipments.

Electric power supply and tronsmission of measure-
ment signals is facilitated viz hanger cables. Due to the
existence of the insulation door between the trimming tank
and the ice tank, the hanger rails for cables have a
discontinuity at this boundary, therefore connecting rails
with @ hinge ot the trimming tunk side are provided to
make connection by manunl handing. The control circuit
pancls and the operator’s desk are dlways warmed up by
space heaters in arder to avoid condensation of humidity.
Incidentully, the uir temperature in which the carriage is
usually operated is above — 10°C and therefore no special
measure was taken for the electric motors or transmission
system to protect them against coldness.

The underwater carrisge, as shown in (Fig %), is
propelled by the towing carriage with & pushing rod. This
carriage is 200 m long, 1.43 m wide and 0.2 m high, and
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Fig. 5. — Towing carringe and under-water carringe.

of steel truss structure; mainky used for conducting mode!
tests for offshore structures. The ruils for this carriage s
made of stainless steel bars of S0mm x 50 mm cross
section. The carriage has wheels which hold the rail from
top and boltom us well as wheels which touch the inner
sides of the rails; A set of specially designed guide rails
are provided at the bottom of the trimming tank which
make it possible to put the under-water carnage on the
rails withoul draining wp the tunks,

6.3, Service carriage and crane

The service carriage is of a steel truss structure which
is moved on the rails of the towing carringe with human
power. It is mainly used for conducting strength tests for

madel ice as well as various works accompanying experi-
ments. It is 6.5 m wide and 10 m long and any one of
wooden planks flooring over the entire span of cartiage
can be detached when strength tests of fce sheets ns well
as sampling of ice specimen is carried out just beneath the
Noor, It is wsually parked above the melting tank when not
in use.

The crane is mono-rall type and used for camying
models between the preparation room and the trimming
tank room. It has & lifting capacity of 2.8 tor with &
control pendant, and moves only along the center line of
the tanks.

7. EXPERIMENTAL APPARATUS AND INSTRU-
MENTATION

Taking account of unfavorable working conditions as
well ms cold mtmosphere on the towing camage inlo
consideration, all of the measuring mstruments cxcept
sensors were instafled in the instrument room which is
air-conditioned. Also experimental apparatus excepl large
ones such a3 the towing mechanizsms for model ships were
decided to be taken oul of the tank area uller experimeits.
The measurement signals of the tests conducted on the
lowing carmage or in the fce tank rpom were transmitted
to the instrument room through regular cables, and recor-
ded on magnetic tape recarders ete., after appropriate
amplification or conversion. Conscquently, it became
unnecessary o make the instruments proof against the
coldness or to provide them with heaters. Further-more,
this madé it easy o change the winng armsngement in
sccordance with various experimental needs an well as Lo
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make inspection or maintenance of the measuring system,
The ouiline of the measuring system is illusirated on
(Fig. 8).

Experimental appuaratus are roughly devided into those
for ships, for offshore structures and for testing ice.
Though they are difTerent in many respects, it wis decided
to limit the types of semsors to & small numbear 3o as 1o
pie the amplifiers and signal converters etc. in common
for various experiments. As visual observation of pheno-
menon ls very effective for understanding the mechanism
of icebreaking, 0 16 mm movie camera and A colowr video
system were provided for this purpose.

To camy oul resistance tesss for ship, a resistance
dynamometer which consists of a load cell and heaving-
rod mechanism together with o heaving-rod type puide are
used, which allows the model to roll, pitch and heave bt
restrict other types of motion. A cramp mechanism holds
the model when the carriage accelerates in order (o proledt
the dynamometer from extreme loading. There are three
different ways lor conducting self-propulsion tesis. One ta
towed-self-propulsion tesi where the mode! i= connected
to the testing equipments for resistance test and partially
propelled ‘and parially towed. The other is guided free
running fest where the model is completely self-propelled
but is course is guided, The third is free running test
withoul #ny restriction to the model’s motion. Strain gauge
type load cells and rotary potentiometers are used o sense
forces and angular displacement respectively, Testing
apparitus for other kind of tests, such as rumming test or
manoeuyning test, .are also heing developed or under
congiderstion. The outlook of the testing apparatus for
resistance test of ships is shown in (Phoio 1),

Piscrraa |

As regards the éxperiments for offshore structures, each
of which requires a suitnble device to measure forces as
well as special jigs, depending on the types, floating or
fixed ete. For mensuring Torces, multicomponent load cells
of strain gauge type are usually used. An illustration of &
set-up of model testing equipement for an offshore
Structure mounted on the under-water catringe is shown
in (Fig. 7).

As for testing machines for ice strength ete., specialized
machines were developed for measuring elastic bending
modulus of an ice sheet, bending strength and compressive
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strength respectively. Each of them has a loading mecha-
nism of juck scrow and sensors for detecting forces and
displacement as shown in (Fig. 8). Because most of the
mechanical properties of ice depend largely on loading
rate, these machines were carefully designed so that a
steady loading rate be realized. Besides, u testing machine
for determining friction force between ice and rigid
surfaces was also desipned and manufactured,

8. PERFORMANCE

The planming of the ice model basin began in Aprl
1981 und after cight months of detailed design develap-
ment the construction of the building was sturted. Due 1o
smoath progress of the construction work, the ice model
basin together with all major facilities was completed in
September [982. Several months were spent to confirm the
performince of various component facilities ns well a3 10
miake further improvement and development of expen-
mental apparatus. In March 1983, the ice model basin
came to have the appearance of today, and il has been put
imlo constant operation for about pne year since then.

The total fundamental performance of the ice model
basin could be represented by its ice manufacturing results
which huve been obtained, which was parily due to the
esiablishment of operating technigue obtained through
accumulation of experience. The characteristics of air
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temperature  control performance of the refrigeration
system for the ice tank room proved to be in scoordance
with design specification and resulted in an excellent
reproducibility of ice sheet. The relation between [reczing
time and ice thickness — fee growth rate — is shown in

Roglstanes

Ship spoed

Fi 11, — loe reststance a1 different ioe thickness and ship speed.

(Fig. 9). To grow a 40 or 50mm thick jce sheet, it takes
ghoui 10 or 15 hours respeatively and this growth rafe
slightly exceeded the design value. As regards the distribu-
tion of ice thickness, satisfactory even distribution was
realized except the end paris of the basin where three
dimensional flow of cold air was generated. For cxample,
the varistion of ice thickness proved to be as small as
4 1.0 mm for an icesheet of 30 mm thickness: And it was
confirmed that it was possible to conduct two resistance
tests for an ice-going ship model using one ice sheet. Some
of the dats obtained in resistunce test, and the relation of
ice resistance versus ship speed deduced from the former
dats nre shown in (Figs. 10 and 11) respectively. In each
cise the necuracy of measurement and consistency af data

9. CLOSING REMARKS

With d 1o the ice model basin completed in
September 1982 at NKK's Tsu Resesrch Laboralories,
Engineering & Shipbuilding Research Center, an outline
has been reported in this paper describing the design
condept, specifications of various componomt fucilities and
their operationa! performance confirmed after completion.
After the first yeur of operation il appeared that the
quality of the facility and its performance may be highly
evaluaied in comparison with other existing ice model
basins. in the world. It is keenly hoped that full wtilization
of this ice model basin will make s ot of contribution (o
the design and development of ice-going ships and arctic
offshore structures as well as to the improvement of mode!
lesting technigues in e isell
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LES PLATES-FORMES OFFSHORE ARCTIQUES

par Yves LE BER
Entrepose pour les Travaur Pétrolfers Maritimes, Narterre

RESUME — L'environnement urctique présente de grandes vilristions d'un site & un autre ot n'est loujouns pes bien défini quant aux
beinins des convepteurs. Alnsk, bs conception des plites-lormes pétroliéres laisse le champ lbre i I'imagination des ingénieurs,
comme le monite b grande variéeé de types proposds. Liarticle donne une large vision dey différents Lypes existunt, en srvice,
ainsi que de coix proposts pour les projets futurs, L premitre portic donne au lecteer les principaux &éments lechnigues

permetitant de comprendre le choin des conceplew,
Mois-clés : Arctique — Plates-formes olfshore

ABSTRACT. — The Arctic offshore platforms. e Arctic enviromment presenty @ large variatlon from one site o anpther and i alwayy
nof fotally well difined with respect to design necessities. Thergfore the concepiion of off hore plagforms atlois devigners to [eave
their imagination free ar can be seen when looking at the proposed comcepts. This paper give a large review of the vanious existing
ripes ti service and of proposed donceper for futire projeces. The first pars gives ta the reoder the miin techmical points which explarn

the choive of dexigmens,
Keyewordy ; Arctic — Offshore platforms.

INTRODUCTION

Fonction dex plates-formes offshore

Depuis que 'on & commencé & exploiler les hydro-
carbures sous ke mer ou dans des lzcs, an déhut du sécle,
le but des plates-formes pétrolidres em avant tout de
famener fe plancher de travail au-dessus du nivean de
Fenis. Lo plate-forme de truvail appelée pont est élle méme
SUpportées par une structure poneuse. Cetic structure peut
étre floltante ou posée et/ou fichée dans le fond de ln mer.
Les plates-formes pétrolidéres offshore se divisen! en deux
groupes : les plates-fommes d'exploration et les plates-
formes dexploitation,

— La fonction des plates-formes d'exploration est le
forage. La plate-forme est positionnée pour un lorage

‘dexploration ¢t une fois les opérations terminées, Ta

plate-forme st déplacée sur un nouveau site, sa curactéris-
tique principale est lu mobilité.
— Les fonctions des plates-formes d'exploitation sont
plus variées :
& forage
& production
# habjwmtion
# injection d'esu
e utilités

Ces plates-Tormes ou groupes de plates-formes sont en
Etnéral de véritables usines en mer. Elles sont installées
pour la durée de vie dexploitation du champ pétrolier.

La plate-forme de travail ou pont est relige 2u fond de
la mer par différents équipements (figure 1) :

— les puits de forage

~ les canalisntions de collecte et d'expédition de In

production appelées risers.

— les canalisations de pompage d'eau de mer (pour

injection d'cau, exu industrielle ou eau domestique)

— des cables électrigues et d'instrumentation,
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Nous traiterons principalement des plates-Tormes d'ex.
ploitation.

LES PLATES-FORMES
DANS L'OFFSHORT CLASSIQUE

Plates-formes §'explovarion

Dans les conditions offshore classiques sous climat
chaud ou tempéré, les plates-formes d'exploration sont des
plates-formes de fomge mobiles ;

~ & support lottant :

Plates-formes semi-submersibles
MNavires de forage

— & support posé sur le fond en opération :
Plates-formes avto-élévairices.

Plates-formes dexploitation

Les plates-formes sont fixes. Le support de ln plote-
forme est en général de type jacket (figure 1), cependant
il existe des suppons gravitaires,

Les conditions de charges qui dimensionnent la plate-
forme sont ;

— Les conditions d'exploitation : charges verticules

des équipements en opération,

— Les conditions d'environnement @ charges horizon-
tules dues ou vent, su courant, 4 la houle et au
stisme,

Dans les supports type jacket les charges verticales soni
reprises par des piles fichées dans Je fond de fa mer, Le
jacket lui-méme, structure tubuloire réticulée est destind &
relier ces piles entre elles pour les rigidifier et i résister
aux efforts horizontaux (contreventement ).
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Dans les faibles et movennes profondeurs d'esu el
conditiony. d'environnement modérées, les fonctiona des
plates-formes sont en général dissociées |

— plate-forme de forage
— plate-forme de production
— plate-forme d'habitation.

Lorsque la profondeur d'eau sugmente ou gue les
conditions d'environnement sont sévéres, pour des raisons
économigues on tend & regrouper le plus grand nombre
possible de fonctions sur une méme plate-forme : fone-
tions forage, production er habitation. De plus les plates-
formes sont prévaes pour forer un plus grand nombre de
puits. Les puits de forage s trouvent & l'intérieur de la
structure du jacket, et les risors sont en général attacheés
aux faces du jacket.

La séguence d'installation de ces plates-formes est :
Installation du gacket
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— Banage des piles dans les jambes ou les guides
Uppropries

— |nstallation du pont

— Installation des équipements sous forme de modu-
les:

— Racoordement des moduoles ef commissionning.

Cette installafion requiert la préscoce dimportants
mavens navals de levage et d'habitation pendant toute sa
durée qui peut Btre supérieure & 1 an. La durée des
raccordements des divers équipements de production
(hook up) et du commissionning de la plate-forme,
opérations de colit irés dleve, sera dépendante du degré de
fractionnement des modules el des conditions météorolo-
gigues, On cherche 4 diminuer cette durée en installant des
colis de plus en plus lourds (le record est de S 400 t), ou
des ponts dejd &quipés partiellement (cas des plates-for-
mes gravitaires en Mer du Nord).

LES PLATES-FORMES
POUR LES CONDITHONS ARCTIQUES

Mous considérons el les plates-formes des régions
arctiques proprement dites, c'est-d-dire, situées dans
I'octan arctique et celles des régions subarctiques ol la
mer est gelée pendant une plus ou moins grande partie de
I'année, ou bien véhicule de la glace (Mer de Barentz, Mer
de Bering, Mer d'Okhotsk, Mer du Labrador),

Critéres particuliers oux conditions arctiques.

Les régions urctiques sont carncirisées par des condi-
tions climatiques mgourcuses qui entrainent :
— La présence de la glace sous différemtes forma-
tions
& gloce de 'unnée
# glace pluriannuelle
e icchergs
& gloce stationnuire ruttachée au rivage
® glacons de grande dimension se déplacant
® hunquise
e crétes de pression
— La possibilité de travailler avec des moyens navals
conventionnels senlement pendant la période oi |a
mer e5l libre de glace.
— Lisolement logistique de ln plite-forme une fais
installie.

Les moyens conventionnels d'exploration sont utilises
dans les zones subarctiques lorsgue la période libre de
glace est sulMisamment longue. Mais pour les 2ones
arctigues et pour prolonger la saison d'exploration il a
fallu imaginer d'autres méthodes.

La plice constitue le paramétre le plus imponant que
l'ingénieric doit prendre en comple pour I'étude et la
réalisation d'ouvrages en mer arctigue, Quel que soit le
type de formation de glace les efforts dus 4 la pression ef
aux choes sont trés importants : la pression locale due 4
li glace est plus de 20 fois supérieure & celle due 4 la
houle. Une premiére conséguence est gue les équipemenis
de linison uvec le fond, tels gue tubes de lorage, risers,
lignes de pompage ne sauraient résister aux efforts de
poussée de la glice; ils doivent donc étre protéges par unc
enveloppe extéricure.

D'autre part, le créneau de temps permedtant I'instal-
lation de I structure est parfois trés court et Memploi de




moyens traditionnels d'sssistance & Pinstallation est re-
duit; de plus Uisolement logistique durant la période o0
la mer est gelée conduit & prévoir une autonomie de la
plate-forme pendant plusicurs mois. Ces considérations,
specifiques aox mers gelées, conduisent 4 éliminer les
suppors type jacket qui ne saurdient résister aux eflons
locaux de la glace tout en protégeant les équipements et
qul demandent une période d'installation plus longue que
celle autorisée.

Au contraire on est conduit 4 concevoir des plates-
formes massives de type mono-support de grandes di-
mensions renfermant toutes les liaisons, comportant de
grandes capacités de stockuge el qui doivent étre Installfes
en un scul bloc opérationnel. Ces plates-formes auront
tout naturellement une grande masse dont la stabilité sera
aesUrée par son propre poids.

Les forces appliquées par la glace dépendent de ln
largeur de ln structure, et du mode d'interaction entre 1a
glace et la structure.

La préocoupation des ingénieurs u été depuis le dépan
de diminuer les charges :

— en minimisant le diamétre de la structure au mivean
d'action de la glace : solution monopode dans
lnguelle la structure # un diamétre jusie nécessaire
pour protéger les équipements qui truversent la
surface de la mer ¢t pour supporter les chirges de
pont;
en réalisant wne forme tronconigue au nivesu
d'interaction glece-structure pour provoguer la
ruptiure de la glace par flexion plulde gque par
écrasement.

Cependant d'autres facieurs sont & prendre en compte
pour T'optimisation de la structure tels que stabilité en
Nottaison pendant le remorquage, e 'immersion, stabilité
sur fondation, capacité de stockage, possibilités de
construction. 11 est un fait gue les structures gui ont &€
réalisées sont des structures caisson de grand diamétre au
niveau de la place:

CONCEPTS ET ETUDES
POLR LES STRUCTURES D'EXPLORATION

les premidres ttudes of réalisations omt concerné des
iles anificielles construiles sur place dans de trés faibles
profondeurs d'ean. Ce type de siracture est limite aux
faibles profondeurs el peu pratigue car non transférable.
Il & done fallu irés rapidement étudier d'outres solutions,
De trés nombreux concepts de structures mobiles ont é1é
tudiés et proposés par industrie et I'mgéniénie pendant
les dix derniéres années. Dans leur grande majorité ces
plates-formes sont congues comme des structures gravitai-
res de deux types principaus ;

Les caixyons caractérisés par une siructure porteuse de
grandes dimensions proches de celles de ln superstructure,

Les monapodes dans lesquels la structure porteuse & un
dismétre nettement plus faible gue les supersiruciures
dans ln zone de glace.

Quel que soit leur type fes plates-formes ont une
embuse de grandes dimensions permettant de distribuer la
presgion sur le sal de fondation. La paroi en contact avec
ln glace peut dtre verticule ou inclinée (un monopode pewt
alors #re appelé monocone). Contre des purois verticules
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la glace se brise par écrasement, la parci inclinée étant
destinée & provequer la ruine de ln glace par flexion, o
diminuer ainsi les forces appliqueées. Cependant |'uiilist du
mur conique ne fuit pas 'unanimité, ceruing spécialistes
avangant méme |'hypothése que dans cemains cas, il
pourrail ére défuvorable.

La stabilité des plates-Tormes est assurée par ballastage
deau de mer el leur caructéristique principale reste la
mobilité avec, comme conséquence, 'adaptation a une
gnmms- de profondeurs d'eau et & dilférentes conditions

e sol.

Les matérinux de construction des plates-formes sont
1'acier, le béton ou hybrides : acier-béton.

Le# #tructures onl en commun Ul mur extrémement
résistant oo niveay de la glace. Pour les structures pure-
ment acler cecl entralne un raidissage trés serré de la
paroi. Afin déviter cette construction coditeuse on a étudié
des murs composites formés de parois dacier avee du
beton & 'intérieur, le béton et Pacier travaillant ensemble,
De nombreux projets de plates-formes acier font appel 4
cette technique. Par ailleurs le béton et 'acier ont chacun
lers avantages et lenrs inconvénienis et le choix pourra
étre guidé par des considérations de mobilité, de profon.
deur d’eau d'opération, de stabilité, de facilitd de construc-
tion, de résistunce 4 la corrosion et en final par des raisons
économiques. Un cenain nombre de concepts ont éia
rémlisés ot optrent ou ont opéré en Mer de Beaulart

;[ 3 .
4
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Structures d'exploration exiviantes

Les iles arrificietles (Migure 2)

Environ 25 iles artificielles destinées au lorage d'explo-
ration ont é1é construites dans les faibles profondeurs
d'eau de la Mer de Beaufort tunt américaine que cana-
dienne. Ces fles sont constituées de remblaiz artificiels
dont les talus sont protégés de différentes manicres contre
I'érosion de la glace et de 1a houle. Les fles résistent par
leur poids i la poussée de la glace et leur vie opération-
nelle #st de 2 4 5 ans. Cependant la profondeur d'ean est
limitée (environ 15 m).

Lex fles de glace

Concept utilisé par Panarctic dans la région des fles
arctiques canadiennes ol la période de glace est tris
langue ef la banguise stationnaire. Le concept consiste 3
utiliser la glace elle-méme comme support dey équipe-

LAND FiLL

ments de forage en |'épaississant par projection &eau afin
de la rendre suffisamment résistanie.

Les iles retenues par des caissons

Deux fles de oc type ont &t construites pour fa Mer
de Besufort. Le principe en est 'instaflation de caissons
préfabriqués reliés entre cux et le remblaiement de la
partie inteme zur laguelle on insizalle les équipemenis dé
forage. Un remblai sous-marin est construit avant l'ins-
tallation des caissons afin d'augmenter la profondeur
d'enu d'utilisution.

Les caiszons en acier du champ de Kadluk (figure 3)
pour Essp Consds composés de huit caissons disposts
sous forme d'octogone. Un remblai sous-marin ¢st neces-
saire pour une profondeur d'ean supérieure 4 9 m. 11 a e
instullé dans 18 m d'eaw sur le champ de Kadlok,

Ler caissons en beton du champ de Tamsiut (figure 4)
Quatre caissons en béton armé léger reliés entre cux par
des portes métalliques. Un remblai sous-marin st néces-
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saire pour une profondeor d'eau excédant 6,5 m. 11 a &ié
installé par 22 m d'eau 4 Tamsiut.

Les plates-formes eaizson

Trois caissons ont &¢ construits peur la Mer de
Beaufort,

Le S5DC (Single Steel Drilling Cuisson) est une unité
de forage en scier fabriquée 3 partir d'un pétrolier de
prande capacité (VLCC). L'avant et T"arridre ont &é
enlevés et les chtés ont &€ notablement renforcés pour
résister aux forces de glace, 4 'aide d'acier et de béton.

La profondeur d'eau de travail va de 46 m & 9 m of
il doit étre installé sur une fondation spécialement pré-
parte, avec un remblai si la profondeur d'eau est supé-
rieure (il a déja &té installé dans 35 m d'cau),

Lz Molikpag (figure 5)

C'est un caisson annulaire en acier & huit ¢diés aves des
faces inclintes, La partic centrule de I'annulaire est
destinde A &tre remplie de sable ce qui assure sa stabilite.
Clest la raison pour laquelle certaing auteurs le classent Fio, & — Super CIDS — ksometric
comme une [le retenue par des caissons. Cependant
l'annulaire est formé d'un seul bloc et est équipé d'un pont
supportant les équipements de forage, Le caisson peut étre
déploce uvec loos ses équipements. La paroi externe en
#eier est dudibe pour résister aux forces de glace et la
profondeur d'cau d'insiallation est de 21 m.

Le super CIDS (Super Sbries Concrete Island Drilling
System) (figure 6) est une structure hybride composée
d'une base en acier, un corps en béton lui-méme constitué
de | ou 2 épaisseurs de modules préfabriqués suivant la
profondeur d'esu, et d'un pont en acier, La structure de
béton en nids d'abeilles est étudiée pour résister & la glace,
La profondeur d'ean opérationnelle varie de 11 ma 17 m.

Plate-forme caisson flottante (figure 7)

Le KULLUK ou plate-forme conigue Mottante de
forage est une plate-forme flottante en forme de trone de

Watar Dapth:
T - 180 Fr T

ebne inversé emtidrement en acier. La coque est renforcée ;

pour résister & des conditions de glace modérte (1.2 m E::d“"" Hl”
d'épaisseur) e elle est positionnée 4 Vaide de 12 lignes

dlancrage. P, 7
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La plate-forme opére en Mer de Beaufor od elle ne
peut cependant pus rester en position (put Phiver; elle a
permis d'allonger considérablement la période de travail
par rapporlt aux moyens traditionnels, dans des profon-
dours d'eau pouvent aller de 24 456 m.

Enudes e Concepts

Parmi l¢s nombreux auires concepis propusés nous en
citons quelques-uns ;
Type monopode (fig. 8) :
ACES Arctic come Exploration Structure, type
monocone en béton.

AMDS  Arctic Mobile Drilling Strocture, type

Monocone er ncier.
Mohile Arctic Gravity Platform, type monopade en acier,
Monopode Jackput Drilling Rig. type monopods en acier.

Type caissan (fig, 9 et 10)

BWACS  Type caisson entiéremeni en béton léger
(fig. 9.

MAT Mobile Arctic Islind, type caisson (fig. 10).
SHADS  SONAT Hybrd Awctic Drilling Structore,
caisson composite béton er acier.

ARCOP  Asctic Composite Platform, caisson composite

acier et béton..
ZEESTAR Caisson en béton haute résistance avec treillis
spatial intérieur,

LES PLATES-FORMES D'EXPLOITATION

Les projets de plates-formes de production sont beau-
coup mons nombreux gue les plates-formes d’exploration,

L. Witer D
30 = B0 Fe,

ler Candina

6 Fu. Sheet jce:
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Pises

Fra. 9

Wt Degit:
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Giohal lce Load:
400 Kim/F1

ef encore certains en sont restés pratiqucment au simple
dessin d'architecture. Lex plates-formes sont permanefites,
elles daivent done &tre aduptées & une profondeur d'eau
et & un sol de fondation détermingé, [Yautre part compie
tent de ln durée de vie prolongée les critéres de calcul sont
plus sévéres. Aux conditions arctigoes s'ajouteni les
conditions |iées aux plates-formes de production en

enviroRNEmMEant sévérs,

‘A'priori on retrouve le type de plate-forme gravitire.
La ghométrie des structures ef les matérisux de construc
tion seront déterminés en fonction des critdéres suivants :

a. Critéres d ‘opération
— Différentes fonctions de la plate-forme
- Volume des dquipements de pani
— Mombre de puits et de risers
— Capacité de stockage de consommable
— Stockage éventuel de ls production.

b. Criréres d‘environnement

— Profondeur d’2au
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— Action de la glace

— Action de la houle

— Action du séisme

= Agtion du vent ¢ du courant
¢ Crirdres de fondation

— Conditions de sol

d. Critdres de construction

— Site el moyens de construction dont on dispose ou

gue I"on veut utiliser.

e. Oritdres d'Tnsrallarion

— Tirant d'can
— Stabilité en Nottadson.

Tows ces critéres serviromt & faire le choix du type de
structure, la strugture type ciisson &lant mieux adspite
dans le cas dlun grand nombre de puits e de deux
npparcils de forage.

Pour les plates-formes de production nous distingue-
roqs les régions aretiques proprement dites et les régions
suburetiques, ninsi que les gammes de profondeur d'ean.
I1 est & noter que la notion de grande profondeur deaun
est relative ot dépend de 'état de développement de la
technigue. C'est ainsi gue dans I'Arctigue une profondeur
d'eau de 50 & 60 m est une grande profondeur alors que
maintenant dans I'affshore classigue les grandes profon-
deurs commencent au deld de 300 m.

Les régions arcligues :
— Faibles profondeurs d'ean.

-3
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De méme gue pour 'exploration, les premiers dévelop-
pements sont prévus 4 Maide d'iles anificielles. Le premier
dévelop en mer arctique sera certainement le
champ de ENDICOTT en Mer de Beaufort US, situé 4 4
km offshore par une profondeur d'eay de 4 & 5 m, dont
la construction des structures n &é commencée.

L= schéma de développement prévoil deux fles artifi-
cielles : une lle principale de production et une lle satellite
de forage: 120 puits sont prévaos, environ la meitié sur
chaque fle. Les lles somt relides au rivage pir une digue
devant supporier les canalisations d'évacuation de Ia
production.

Ce champ cst développé par SOHIO/EXXON.

Le concept des iles amificielles pour Iz production est
limité aux faibles profondeurs d'eau (environ 10 m).

— Moyennes et grandes profondeurs d'eau (10 & 60 m),

Les concepis proposés sont des structures gravitiiires de
lype monopode ou caisson, avec ou sans Torme conigue
iu niveau de la glace. Ainsi que nous I"avons vu préck-
demment la structure de type caisson semble éire la micux
adaptée & ces conditions.

Les maténaux de construction sont égnlement Uacier et
le béton, utilisés seul ou ensemble.

La figure 11 montre une plate-forme monopode en
béton. On voit que o type de plate-forme permet I'ins-
tallition d'un seul appareil de forage.

La figure 12 montre une plate-forme caisson en béton,

Pour supporter ces plates-formes, le sol de fondation
peut &tre renforcé par gel 4 Iaide de piles thermigques,

CEErer
| il a1
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PLATEFORME CAISSON
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Profondeurs supéricures 4 60 m.

1 est communément admis que la technologie existante
ne permel pas el ne permetita pas & moyen terme de
concevoir des plates-formes fixes pour des profondeurs
d'eau supéricures & 60 m. Cependant les iques sont
en pleine évalution. On pense qu'il faudra probablement
mecourir aux développements sous-marnins, dont la techno-
logie est encore relativement peu développée, =t dont la
finbilité devra &ire éprouvée avant d'ére utilisés dans un
environnement aussi hostile que T"Arctique.

Les régions subarctigues,

Elles sonl carnctérisées par des conditions de glaces
nettemert moins sévéres que les régions arctigues :

— pas de glace plurisnnuelle

- gpamsséur entre | ot 2 m,

Par contre les conditions de houle peuvenl &re nola:
blement plus sévéres ef approcher, dans certains endroits,
les conditions de la Mer du Nord (Bassin de Navarin dans
la Mer de Bering par exemple).

La présence de la glace impose la protection des
équipements ef élimine la solution jucket classigue.

— Faibles et moyennes profondeurs d'eau (10-60 m)

Les concepts gravitaires pour T'Arctique
propremant dit sont valables, avec |'avantage de forces de
glace plus faibles.

Cependant il faut mentionner ici les structures du Cook
Iniet au Sud de I'Alaska, ot des plates-formes multipode
ont £1¢ installées

Les caractéristiques particuliéres de la région sont un
trés fort courant de mirée, et donc des glagons de petites

iy o o
ORILLING PRODUCTION PLATFORM

NAVARIN BASIN
DNERINDG SEA

Fra. 13
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dimensions se dépingant i vitesse relativement élevée ce
qui évite le risque d'sccumulation enire les jambes,

Trois types de plates-formes ant été installées dans les
années 1964 3 1968 dans 20 & 25 m d'eau; elles sont toutes
en acier et fixées par U'intermédiaire de piles dans le fond
de In mer:

— plates-formes guadnipode

— plates-formes tripade

— plates-formes monopode.

Les jambes des plates-formes sont de grand diamétre
car elles contiennent les tubes de forage et les risers. Les
jambes des multipodes sont contreventées en dessous du
niveut des plus basses eaux : au nivesu d'impact de la
place les seules ohstructions sont les jambes des plates-
formes.

— CGirandes profondeurs d'eau (jusqu'd 150 mj.

1l est toujours nécessaire de protéger les équipements
au nivean de ln glace

Pour une struciure de dimensions données en {éte e
pour les mémes conditions dénvironnements In force
horizontale globale exercée pur la glace ne dépend pas de
fa profondeur d’sau. par contre la force excroée par la
houle nugmente avec In profondeur d'osu; el, de plus, en
général les conditions de houle sont plus sévéres quand la
profondeur d'euu sugmente.

CENTRAL PRODUCTION /STORAGE PLATFORM
GENERAL ARRAMGEMENT

Fro 4
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Donc irés rapidement pour une plate-forme gravitare
la stabllité globale sur fondation sern déterminée par I
houle & non par la glace. Tl est donc nécessaire de
chercher 4 diminuer les cfforis de houle,

Tris peu de concepts ont été étudiés pour ces condi.
tigns, bien que I'exploration soit assez active.

Parmi les concepts possibles on peut citer :

4 Les plates-formes gravitsires de type semblable 4
celles de In Mer du Nord, monopodes, ou multipo-
des si les conditions de glace le permettent {la figure
I3 montre une monopode).

. Un concept de plate-forme hybride constituée d'un
support du type de ceux des prolondeurs moyennes
posé sur un autre support offrant moins de resis-
tance 4 la houle (fgure 14).

Ce support inférieur peut étre soit gravitaire et
compost de colonnes, soit de type jackel fixé par
piles dans le fond de la mer.

. Le concept cajsson n'est pas exclu si les conditions
de houle el de construction le permettent, el surtoul
si la plate-forme risque de subir 'action des icebergs
comme c'est le cas dans la Mer du Labrador. Ainsi
la plate-forme de Hibernia, qui est le projet de
développement le plus avance (figure 15) est un
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PRODUCTION SYSTEM COMPONENTS

GBS PRODUCTION PLATFORM
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cilsson de grandes dimensions 4 installer dans B0 m
e,

d. Le sysiéme de production flodtant,

De iels systémes ont déjd été installés en offshore
classique et on les considére de plus en plus pour les
champs dits marginaux.

Le systéme de production flottunt peut trouver une
bonne application dans le cas des mers subarctiques
(c'était d'allleurs la deuxiéme solution considérée par
Mobil Canada pour le champ de Hibernia),

Les différents problémes lits nux mouvements d'un
wupport fottant sont résolus ou en passe de "Mre. Lo
structure du support peut Btre &udide pour résister aux
elforts locaux de la glace.

Le probléme réside dans les ancrages de la plate-forme,
qui doivent résister aux forces imporiantes de la glace tout
en limitant les mouvements ef qui sonl soumis aux
Ateques du milieu morin.

La technique actuelle devrait &tre capable de résoudre
¢ probléme, &f atteindre la fiabilitd nécessaire aug point
de vue résistance et entretien des ancrages.

Le systéme flottant présente un nutre avantage dans les
fones subarctiques soumises & une activité sismigue relag-
¥ement importante (Golfe d'Alaskn, Mer de Bering, Mer
4'Okhotsk) : du fait que la plate-forme ne repose pas sur

Ie fond on s’affranchit des effets des vibrations du sol en
cad de tremblement de terre et des risques d'afaissement
de la fondation sous une plate-forme gravitaire.

Pour ces raisons, les systémes de production fotiant
ont probablement un avenir dans les régions subarctigues.

CONCLUSION

En conclusion nous pouvons dire que de trés nombreux
sysiémes dexploration ont &1é éludiés et que Poriginalité
n'est plus de mise dans ce domaine. La grande majorité
des concepts a &i¢ développée par les Américains et les
Canadiens.

Par contre, les systtmes dexploitstion demandem
encore i étre étudiés sérieusement; ot 5 'industrie fran-
gitise veut sa part du futur marche offshore arctique c'est
dans cette direction qu'elle dolt pousser ses recherches :
— Plates-formes gravitiires caisson pour les zones arcti-

gues et subarctiques de [(aible profondeur.

— Recherche sur les concepts adaptés aux conditions
subarciiques grande profondeur, gravitaires ou & piles,
el surtout systémes Mottants qui semblent présenter un
imlerét cerlain.
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UN FRANCAIS A LA RECHERCHE
DE SIR JOHN FRANKLIN : )
LE SACRIFICE DE JOSEPH-RENE BELLOT

par Frangois BELLEC
Muyde de la Marine. Paris

RESUME, — En mal 1851, I'Enselgne de Valsscau franguis Joseph- Rendé Ballot embarguait & bord du Princesdfbert armé par Lidy Franklin
pour participer aux recherches de Pexplorateur polaire disparo depuis six ans
Il disparaisaall dams une crevaine de glace le 18 joft 1833, au ¢our d'une seconde campagne. 4 bord du navire anglais Phoenix.

Maotw-clés 1 Arctigue — Histolre — Explorution — Bellod — Franklin,

ABSTRACT. — A French in search of Sir John Franklin | Joseph-Rene Bellot's wacrifice, Joneph-Remd Bellon, Sub-Livatenant French Navy,
wirs welcomed on hoard Prince-Albert on muy 1851, He fntended io pariicipate in the search of the polar explorer Sir John Fromkiin,

vigrished since [845

Bellot disappeared on Auwgust [8th 1853, duning a second stay in the Aretic Qoean, on board an english polar ship
Key-wordy ¢ Arctle — History — Exploration — Hellor — Franklin

# Mex chers et excellenty amis,

Si vous receves cefte letire. fourai cesyé o ‘exisrer, maix
en remplissant wune mission de péril et  honneur, Vous verres
dans le fourncl qui fait partie de mon bagage comment, notre
capliaine of guatre hommes ayant di dire loissés derviére
nowts dans fes glaces pour le salut du reste, now avons dia
songer. aprés cela, 4 aller au sécours de cex bravex gens

Peut-dire n'awrais-fe pay le droit de disposer ainsf de mol,
sachant combien fe vouy suis aécessaire d tous égards; mais
ma moyt elfe-méme attirera peui-dire yur les divers membres
de ma famille la considénation des hommes et des beénddic-
tiany du ciel,

Adiew, au revoir [d-hawt, s oo n'ext ivi-bax, Aver fol et
COMrggE.

Je vous embrasse, ¥

1, BELLOT
Mercred| 10 septembre 1851,

Cette lettre fut retrouvée par la famille d'un jeune
officier de Manine [runguis deux ans iprés les circons-
tnces périlleuses qui Pavaient justifiée. 11 venait de
disparaitre au cours d'une autre mission dangereuse,
pendant son deuxiéme skjour dans U'Arctique.

En 1853, deux officiers frangais se trouverent, loin Non
de I'sutre, engagés au nord du cercle polaire & bord de
mavires britanniques, dans les recherches de 'explomicur
Sir John Franklin.

Le fortune des mers boréales les aurnit réunis & bord
du méme hateau, le Phoenix, au printemps 1854, sans la
dispurition aecidentelle de Joseph Bellot huit mois plus
ol

La disparition du Capitaine de Yoisseau — puis Amiral
— Franklin &t dey 134 hommes de "Ercbus ol du Terror,
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est 'un des plus impressionnants mystéres de "histoire de
la conguéte du pdle Nord et du passage du nord-ouest.

lls Etujent partis d'Angleterre le 26 mai 1845, Des
baleiniers les perdirent de voe deox mois plus tard jour
pour jour, au nord de la mer de Baffin,

On ne retrouva aecune trace avant 1851, et la mon de
Franklin fut attestée treize ans aprés sa disparition.

19 expéditions russemblant 41 aavires ¢l embarcations
participérent antre 1848 et 1854 4 cette recherche désespé-
rée de l'expédition évanouic entre la mer de Baffin et le
détroit de Bering, le long d'une cite que Frankhin avait
déjn explorée par voie de terre entre 1819 et [821.

A Vautre bout du monde, en d'aulres Lemps, Sir
John Franklin avait accueilli I'Ersbuy ef le Terrord Hobart
Town le 16 aodt 1540, dans ses fonctions de Gouverncur
de la Tasmanie, alors qu'ils exploraient I'Antarctique sous
la conduite de James Clark Ross.

Il en ovail pris i son tour le commandement, moins de
deax ans apres leur retour cn Angletemre, assiste par le
Capitaing de Vaissean Francis Crozier qui conservail la
charge du Teror

Au moment ol les nivires apparcillalent pour la mer
de Baffin, un jeune Eléve de 2¢ clusse de ln corverte
francuise Le Berceau venait de se distinguer on sauvani,
nu péril de sa vie, un homme lombé & [a mer entre les
Mascareignes et Madagascar.

Dirigeant le feu d'une batterle de campagne devant
Tamatave, il était blessg 4 la cuisse le 1= juillet 1845,
quelgues jours avant que les baleiniers perdissent de vue,
dans un tout autre monde. ['Erefur et le Terror.

Promu Eléve de [ classe of décord de la Légion
d'Honneur & moins de vingt ans, Joseph-Rene Bellot
passait sous le tropique du Capricorne, & bord de |a
fréginte Lo Belle Poule le 19t juin 1846,

Le Capitalne de Vaissenu Rompin-Desfossés, Com-




P

L,

Proms 2. — Sir John Franklin

PHomo 1. — Vision romantiges de MErebuy et du Terror dans les Lihagraphie de Maguire e1 Negelen,
plives de |'Arcrigoe. Un exemplaire de ce portrait fut offert 4 Ballor per Lady Franklin
P, Musde de la Murine, Ph. Musée de In Mirine.

Mworio 3, — Découvene du messige relatant la mort de Sir John Franklin

Ph. Musée de la Marine.
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mandant lu station de Bourbon, le prenait pour alde de
cHmp.

Au nord du cercle poluire drctique, lout allait bien
encore & bord des navires anglais, puisqu’un messige
optimiste daté du 24 mai fut trouvé douze ans plus tard
dans les restes d'un camp du cap Felix, au nord dé la Terre
da roi Guillaume.

Le Commandant Crozier avait njouté hélas 'année
suivanie sur le méme message ; « Sir John Franklin est
mort le |1 juin 1847, Les pertes & ce jour sont de neufl
officiers ¢t de quinze hommes. »

Joseph-René Bellot ne songeait alors qu'a son prochain
retoir en France et 4 I'examen qui lui permetirail d'&re
promu Enseigne de Vaisseau le 1= novembre,

Personne ne savait encore que 'expédition Franklin
dtait désormaiy en détresse, mais le destin du jeune officier
brilkant éait déja arrété

L'inguittude crolssante sur le sort de l'expédition dont
on éail sans nouvelles uprés trois hivers possés duns
I'Arctigue devimt insupportable su printemps 1848, Les
expéditions de recherche commencérénl Sir James Roxs,
Sir Richardson, le Capitaing Moore, revinrent |'un aprés
autre sans le moindre indice.

Pautres les suivirent, financds par le gouvernement
britannique, les Etats-Unis, des souscriptions publiques,
Lady Franklin eut & cour d'armer la goéletie Prince-Affers,
gui effectua une premiére campagne en 830,

Pendant 1'été 1851, on decouvrit des vestiges du
premier hivernage sur I'ile Beechey, dans le détroit de
Harrow.

Bellot était & ce moment & Rochefort, sa ville d'adop-
tion depuis qu'il avail cing ans. Venant d'effectuer une
campagne en Océanie & bord de la corvette La Triom-
phante sur laguelle il avait embarqué dés sa promotion au
grade d'Enseigne de Vaissenu, il était affecté au Dépit de
cartes ef plans.

C'est dans cette relative inaction gu'il midrit ke projet
de participer & lu seconde campagne de recherthe du
Pringe-Albert et demanda son délachement.

L'secuetl de Lady Franklin fut celul d'une mére, Celui
de I' Amirauté britannique fut chaleureux et prévenant,

En mai [851, réalisant son réve, Bellot embarqua d
Aberdeen sur le Prince-Afbert, sous les ordres du Cupi-
faine Kennedy.

De multiples témoignages d'affaction de la société
ecossaise, la remise d'un pavillon francais, I'attribution des
fonctions de commandsnt en sccond de 1o mission,
démontrérent u jeune officler 'estime et 'amitié que son
geste avait suscitées dans les ceurs: Le Prince-Albert venait
de prendre ses dispositions pour hiverner dans la bale de
Batty, dane e passage du Régent, quand Bellot se langa
Ig |1l septembre & la recherche de son commandant, isolé
depuis plusieurs jours au cours d'une exploration de ln
chle, par une brutale arrivée du pack qui avait obligé le
navire 4 w'eloigner. Trois tentatives ol permirent de
refrouver le Capitaine Kennedy an Por-Léopald six
semiines plus tard,

Il avait pensé, avant de quitter le navire, & écrire cn cas

de malheur la lettre d'adieu qui servirait deux ans plus
tard,

Promu Lieutenant de Vaisseau le 3 février 1852, Bellot
fentrd & Aberdeen le 7 octobre, couvent d'tloges pour sa
conduite, son intelligence, son dévouement et ses qualités
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PHoMo 4. — Joseph-Rene Bellow
Lithographie de Duval et Collin,
Ph, Musée de la Maring.

de eceur, lnissant dans 'Arctique un détroit el un cap i son
neem.

La notoriéts de la participation de Bellot & "explora-
tion de I'Arctique & laguelle la France ne contribuail pas,
gst comparable: 4 maints égards & celle qui s'sttache
sujourd’hnl aux cosmonautes francais engugés duns les
grands programmes spatiaux. L'aventure arctique au
milieu du xoe sidele valait bien une telle émotion et un tel
enthousiasme.

Un second officter frungais, I"'Enseigne de Vaisseau de
Bray, sollicita 4 son tour 'honneur de partager les risques
des recherches.

Il embargua dans la petite Notte qui réunissait sux
ordres de Sir Edward Belcher en 1852, les deux frégates
Agsistance et Resolute, le transport South-Star et les deux
viipeurs Ploneer et Intrepid

10 arrivat le 7 septembre & I'le Melville, ot la Résolution
gllnit hiverner avec ['Intrepid.

Le 4 février 1853, repongant 4 convaincre la France
d'armer un navire pour I'Arctique, Bellot sen ouvrii &
Lady Franklin, Son souvenir état tel, qu'il requt par retour
de courmer I'offre de prendre le commandement du




Proto 5. — Dessin original de Joseph-René Bellol, montrant je PrincesAlbers dans les gluces, fo 12 solic TH31.
Musée de In Marine, funds Bellot.
Ph. Musés de Ja Marne,

Prioto 6. — Le Prisce-Albort en compegnie du Soweh Seor, arborant des pavillons frangais en sonneur de Bellot.
Ph. Musée de la Marine.
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Protos 7 ol 5. — Deux représentations popalitites de ln mort du
Ph, Musée de n Marine,

Lisutenant de Vaissenn Bellod,




steamer [sabelle, armé par ancien équipage du Prince
Albert, volontalre pour servir immédiatement souy ses
ordres, Qui plus est, le Capitaine Kennedy o'offrait lui-
méme & servir sous les ordres de son anclén leutenant.

De tels témolgnages attestent la valeur professionnelle
el humaine d'un jeune homme exceptionnel, qui refusa
délicatement tant d'honneurs et d'amiti¢ par crainte de
froisser certaine britanniques. Finalement, aprés une
ultime tentative pour décider notre ministre de |z Marine,
Beliot fut autorisé & embarouer fe 10 mai 1853 & Woolwich
sur le Phoenix, commandé par le Capitaine Inglefield.

La derniére lettre de Bellot ent datde du § aoit suivant.

Le transfert de dépéches urgentes du Phoenix, mouillé
en baie Erébus en compagnie du North Star, sur es navires
de Sir Edward Belcher dans le canal Wellington, justifia
son départ Je 12, en raison d'un concours de circonstances
qui avait dolgné le Capitaine Inglefield de son navire.

Bellot se mit én route avec quatre hommes des deux
tquipages, un traineau et on canot léger,

Dhans la nuit du 14 au 15, dans ene tempéte de neige,
un mouvement de 1a banguise isola I'officier frangais et
les matelots Hook et Johnson sur un bloe de glace 4 fa
dérive.
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Bellot sortit pour quelques instants & 6 heures du matin
le 18 aoit 1853, de I'abri précaire qui les protégeait du
vent, ufin d'apprécier Pévolution de o situation.

Omn ne le revit plus.

Hook et Johnson farent recueillis épulsés 36 heurey
plus tard par Lord Belcher.

Le 8 mai suivant, I'Enseigne de Vaisseau de Bray
abandonna & 7 heures du soir, en compagnie de lears
equipages, conformément aux ordres de Lord Belcher, 1n
Rexolute et {fnfrepid, prisonniers des glaces au miliew du
détroit de Barmow,

Ths atteignirent les navires de leur chef dix sept jours
plus tard. De Bray rentra en Angleterre & bord du Phoenix
ou 'on pleurait son camarade.

Bellot avait écrit, au moment d'appareiller d*Aberdeen
en 1851 paur sa premiére campagne, des mots pleing de
noblesse.

« Je vais lenir un journal (1) exact de lout mon voyage,
afin que, si j& mours dans ceite campagne, mon jeune frére
sulve mon exemple ¢t apprenne & se dévouer & sa famille,
i |n soience et A 'humanité, »

(1} Joseph-Rend Beivor, 1854, fournol o'ur vojagd @i e

polaires (1851-1552] Paris - Ed. Perrosin.
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A French homage to Dr. Diamond Jenness

by Jean MALAURIE

| first met Dismond Jenness at Ouawa in november
1961 when, aller two canoe and dog-sledge missions |
refurned from a micro socio-economic simdy in Iglulik
(North Hudson Bay). As | was writing my mission's repon
for the Centre of Northem Coordination (Minisiry of
MNaorth Canada), | had access 1o its public and confidential
documents, dispaiches, financial files and siatistics. On the
same Moor, not far from the littde office where | was
consulting these fles, Diamond Jenness, the famous
Canadian ethnologist also worked. He was then working
on the book which was to create so many controversies :
"Eskimo Administration”™.

Tall, straight, a little bit British, with a kind insight. We
immedistely took to esch other and often had lunch
iogether in the local pizzeria. As | was discussing with him
my first conclusions in anthropo-geography and ethnohis-
tory, he told me how delighted he wes to see that French
research was once again taking interest in the Arctic
regions.
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Digmond Jenness who siudied anthropology at Cam-
bridge was particularly concermed with the works of great
sociologists such as Levy-Brihl, Durkheim and Mauss, the
founder of modern sociology but, most of all, he expressed
his prafound atrachment 1o the person and the work of the
prehistorinn and  ethnologist Henri Beuchat, a fellow
atudent of Marcel Mauss (1}, and his. companion aboard
the ship Knrluk during the [irst Canadian Arctic expedi-
tion (1913-1916)

His remarkable knowledge of prehistory and his broad
perspectives on comparative research in social anthropo-
logy fascinated Diamond Jenness and he took the death
by sturvation on Wrangel Island of this French scholar
— oboard the Karluk with Stefansson’s unfortunate and
badly prganized expedition — as a personal tragedy,

(1) Marcel Mass, Heno BEUCHAT, — Seasona! varianons of
the Eskimd, o stwdy in soclil morphology Londres, Boston
Routledge & Kegan Paul, 1979, 138 p,




Ienness was too much of a pentleman to criticize
apenly Stefunsson's leadership of the expedition, but his
silence on this matier was more eloquent than any words,
I cam still hear him as be painfully remembered the death
of his friend : “Beuchat, Houchat, an exceptional rosear.
cher.. und so passionate — whai a loss for both France
and Canada I (2) (3).

We often talked with & passionate emotion held in
check of the future of the Inuwil. Jenness was & New
Zealander und thus observed closely the evalution of the
Muori. He thought it was a positive experience as they
seemed to adapt themselves (o their double life as Maori
and New Zealunders. In his severe study of Canadian
policies (or lack of policies) for the Eskimos, he kept in
mind the memory of his companions of 1913, of these
proud und magnificent hunters. The then difficull situa-
tion of Canadian Inuit was upsetting him and he was
wondering if, out of respect of these men, the assimilation
process shouldn't be sometimes accelerated; according to
him, nothing seemed worse than these so-called “reser-
vations™ that the hypocrisy of “wait and see” policies was
1o devise for these men “par excellence”,

As for me | had just begun, with the passion and the
innocence of a young academic, an inguiry on & particular
problem : fucial attoos. 1 had sent & questionaire in all
North-West Territories, to adminisirators and missionaries
who expressed their surprise at the fact that “one could
still be interested in these arehaisms bound to confuse the
minds of their flock, at last rid of all shamanistic thin-
king I'" Ome advised me that o priest has not to cooperate
with the scholar about pagan practice. His time is devoted
to God,,. The missionanies — most of the priest OMI were
born in France — and the teachers don't like too much
reoords of outsiders. OFf course there are splendid excep-
tions {4), It was the last occasion to collect facts ahout the
lagt archale generation ol traditionn! Eskimos.

Jenness who told me the keen interest he had taken in
my thesis “Thémes de recherche géomorphologique dans
le Nord-Ouest du Groenland™, and in my book “The Last
Kings of Thule”, was immediately thrilled by this inguiry.
He knew, as well ns 1 did that then facial drawings were
to disappear with the generation of Eskimos born betwesn
1900-1920 and that here was un irreplaceable key to their
vision of the world. He kindly offerad me his help in my
seurch for documents among the photographic archives of
the museum,

Unfortunately, the muscum was being renovated, the
collections had been stored elsewhere and Jenness was so
sorry. he was not able to help me to find a greater number
of photos. He has done his best, even scarching for
pictures of tuttoox left in storage. On this matter, he
regretted that such an inguiry was not organised by the
competent Canadian'services, “How long will it take for
the Canadiun authority to realize the importance of
scientific research in theso high lotitades 77, But, sadly,
Jenness was o die o early 10 sce the remarkable effons
made in this field by the Canadian government in the 70'.

(2} Same cemark from W, Laird McKinlsy, whom | went
interviewed in Glisgow. As o companion of Sielansscn, who
sryived the winter on Wrangel Island, he will never forgive
Siefansson bes lack of preparution wnd subsequent reaction. | shall
publish the intesyiow

(3) William Lainp MeKmiiay. Karfuk Préf. Mogoes Magnus-
son, Paris : BEd. Maritimex, 1975 2682 p

(@) T am so pleased to mention my [riend Father Jean
Fournier und Father Henry.
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During our conversations, Jenness also told me how
happy he was to see that 4 French speaking Canadian,
Jacques Rousscau, was appointed to the direction of the
National Museum but he expressed his profound regret of
jealous Quebeckers (3) had obliged him to resign, after a
pathetic polemic of “noisemakers”, from this high office.
He had been himself the fellow student of the great
folklorist Marius Barbeny, who had recommended him 1o
Edward Sapir, then director of the Mational Museum. The
luture of Canuda relled, for him, on the permanence of
& dialogue between French and English speakers. He knew
France well, both its civilisation and its courage in
adversity. In 1916, when he returned from the tragic
Mackenzie expedition where he had come within an ace

1) Jean MaLavri dogques Rousseau. précumeur des
dtudes amérindiennes. Paris @ Ed. Mouwtoa, 1972, fmer-Norda® 11
f. 373380, Jaoques Mousseall hay dmken pefuge i Franeo
meanwhile he was nsskstamt profeisor ol the Cenire o Erudes
Arctiques (CNRS-EHESS) Paris (1960 1964) | had just cresied.
[1957)



of death. be joined the Canadian army as o volunteer (o
serve in France in the artillery.

From time 1o time, we spoke about the Indians he was
the great specialist of, and ubout Champlain who, by
historicn] fate, hud chosen the wrong Indinn people, the
Huron (first Indian people met). By military logic, this
Indian tribe had to be defested by the Irogquois allied to
the British,

Jenness invited me lo supper on several occasions in
his house in Happylield (French speaking district) and 1
had the pleasure to discover the extreme modesty (and
tolul indifference (o financiel mallers) ol ks immense
scholar who showed such a great cournge and tenacity
during his heraic missions in North Canada. One was
struck initially by Jenness' particular concern with the
gathering of indisputable ethnographic facts, his typically
British rigour, his distase For theoretical controversies, his
honesty, contrary o this new restrictive and mortal ten-
duncy: his gquotations of collengues were total. But one
woon discovered that he was alko extremely open-minded,
greatly cultured and had an |nnate ssnse of poetey and
nuances | such rure qualities among specinlists in social
scicnces. He possessed this rare intuition of legendary
benuty, of which Turner's country seems — nay be more
than any other closest to picrcing the mystery.

Time has gone by, and Jenness is not now among us.

In september 1987, | was reading in Otawn’s beautiful
National Library Department of Manuscripts, his still
unpublisthed memolirs and realized in the silence of the
public Record office’room how brief the story of a life can
be. Diamond Jenness' shadow was in front of me. How
could the exceptional life of the greatest Canadian spe-
ciulist of both Indians and Edkimos could be here, reduced
1o a few typed poges and manuscripts, in my hands 7 (6)
| really hope his memoirs will be published as his son, a
geologial in the Arctic, told me they would, during a
dinner at his home. “LUnfortunately, | dare not ask him too
much about his extraordinary Hie | am his son and thut's
now (oo late”, said he.

I have decided to meet after reading his father's
manuscripl. 1 immedigtely decided 1o publish the com-
plete list of Jenness' works Jenness' work is not
sufficiently studied and analysed in Europe among the
new generation of scholars: bur what means cthnie history
if vou have not begun at the very base — and revive his
memory; 50 that, through [fater-Nord, France can pay a
vibrunt homuge to this remorkable, honest man and great
scholar. An anthropologist gentleman,

(6) Anthropologics (Ottaws) kindly wished 0 publish It in
English immedintely, 1 rejected this offer 1o include it in 8 more
peferal study, It s fol yel publmbied bul will be.

Diamond Jenness : Canada’s renowned pioneer
anthropologist who wrote up his notes

by Anne McDOUGALL

Diamond Jenness {1896-1969) is considered Canada’s
outstanding pioneer anthropologist, associated with two
key discoveries in Eskimo cuolture (the Domset and the Old
Bering Sou), acclaimed internationnlly for work in early
Indian societies. Gentle and modest, he combined unusual
talents that gave him enormous influence. While
crcumstances threw him into dangerous adventure, guiet
courage and tenacity saw him through. He had o carclul,
inquiring, scientific mind, but also an artist’s sensitivity 1o
peoples’ lives. Most valuable of all, he was blessed with
2 real tlent for writing. This “consummate cthnologist™,
s William . Taylor, Jr. calls him, did not bury his notes
in museum records. [nstesd he published what amounts
to his own life story, in a stream of 100 books and articles,
written in o precise, graceful style and including “The
Indians of Canada™ and *Peaple of the Twilight”, still the
best accounts of carly Indian and Eskimo life.

Jenmess was born in New Zeulund, und from Vietoria
University College in Wellington won a travelling scho-
I!nhip to Oxford, He pursued classics (Lit. Hum. 1911) but
picked up the excitement of the new science, anthropo-
logy. He was influenced by the enthusiasm of a fellow
scholar, the Canadian ethnologist and folklorist, Marius
Harbeau, who returned to work for Canadn’s National
Museum where he suggested to the Director, Edward
Sapir, that Jenness be invited 1o join the Canndian Arclic
Expedition, under V. Stefansson, forming in 1913 1o
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explore the lile of the Copper Eskimo in the Coronation
Gulf, M. W.T.

Jenness, with Stefansson, was in the ship that was lost;
be apent 3 years In the north, 2 of them wandering with
the Copper Eskimo in their winter settlements on S.W.
Victornia 1s (where teday an island s named in his honour),
and writing ‘4 diary every might whose pencilled entries
und sketches would result in 2 séried of remarknble articles
on the mores, food, laws, linguistics, music and anifacts
of this mysterious people.

When rescued, Jenness returned to Ottawn Becuuse
World War | was still on (1916), he joined up. Al war's
end, he returned to the stall of the National Museéum in
Oitaws, where he spent the balance of his professional life
He made innumérahle feld trips to Indian tribes across
the country; he examined the unusunl, dark artifacts from
Cape Dorset which crossed his desk in 1925 and wrote of
“A New Eskimo culture in Hadson Bay™. In 1926 he went
to Cape Prince of Wales and Little Diomede Island, in
Bering Strait, und wrote another landmbrk article on the
“0ld Bering Sea” culture. Very musical himsell, Jenness
regrefted the loss of phonograph equipment (in the ship-
wreck) that would give him chants and songs, but
mangaged all the same 10 write down dozens of Eskimo
songs which he later published. In 1952 he recommended
the régulntions that would be used to protect archaeologi-
cal kites, In the "60% he wrole five volumes on Eskimo




Administration, influential in the Canadian government's
policies. In 1964 he wrote : “we must develop a more
profound sense of our obligations (with the pdded atomic
responsibility) than even the Eskimo possessed, or follow
the dinosaur into oblivion™.

Jenness filled his diary, and later his articles, with
gocurate drawings and photographs of rock pointings,
carving, embroidery, ivory work, which have been exa-
mined by archacologists, and also ant historians, all over
the world. He made an incalculable contribution to our
understanding of the origins and values of Canada's first
pooples,

While chief anthropologist at Canada’s MNational
Museum, Jenness represented Cannda st muny internatio-
nal conferences, and served as president of the Society for
Amencan Archacology in 1937 and the American Anthro-
pological Associntion in 1939, He was Deputy Director of
intelligence for the RCAF in 1940, chiel of the InterSes-
vice Topographical Section, and later organized ihe
Geographical Bureau. He received 5 honomry degrees and
was & member of the Royval Cuansdian Geographical
Society, winning the Massey Medal in 1962, He was also
appointed o companion of the Order of Canada, Canada’s
highest honour.

Annotated bibliography
of the writings of Diamond Jenness

by Anne McDOUGALL*

in compiling this bibliography 1 have been helped by
the work of Asen Balikei, Anthropologica, No, 4, 1957 ;
the article by Henry B. Collins and William E. Taylor, Jr.
on lenness® death, which includes Jennessiana, Arctic 23
(2), 1970 : Frederica de Laguna's obituary, which also
includes a bibliography, American Anthropologist, 73 (1),
1971. There are & number of entries supplied by Jeff
Hunston, Department of Archaeology, University of
Simon Fraser, as well as a fow of my own,

The form chosen is chronological. Many of Diamond
Jenness' articles are as important 48 his books, and there
seemed value in watching his development as he lived and
wrote about il. Where | have seen the publication | have
used the code below. All institutions are in Ottawa,
Canada.

QOA : Public Archives of Canada

O0Ag: Library of Depanment of Agriculture
O0G :  Library of Geological Survey

OOML :  National Library of Canada

OONM :  Library of National Museums of Canada

Carleton University Library

* (Prepared for my MA Thesis, “Diamond lenness and his
Contribution to the Study of Eskimo Art Hisory”, Carleton
University, Ottawn, 1981).

The term “Eskimo™ has been used instead of “Inun™, The lmicr
is the modern umge but Jennes used “Eskimo' and this deals
with his period.

1916

“The ethnological results of the Canadian Arctic Expedi-
tion, 191316, American Anithropologisi. 18 (4) :
PP 612-15. (OONM).

The first published notes from Jenness' experiences
living with 1) Alaskan Eskimos and 2) Copper Eskimos.
In Alaska he had more luck following the dialect, than
with the Copper, and collected folklore stories, noting an
integrated socinl and religious life, with shamanistic
performances, thit dispelled old theories of the "hackward
savage”. With the Copper Eskimos he took many photos,
used later; made 130 individual studies; gathered wea-
pons, household utensils, clothing; noted white infuence
on anifacs, eg. riflas, pois.
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1917

“The Copper Eskimos™. ‘Geographical Review, 4 (2) : pp.
8101 (OONL)

An asterisk by the title explains : “In 1916 Mr. Jenness
made a report for the Canadian government on his work
among the Copper Eskimos. The report is dated July 18,
H.M.5. Alaska, Young Point, North West Territories. It is
published here for the first time, and with appropriate
alterations, by courtesy of the Commissioner of the North
West Mounted Police at Regina.” Jenness deseribes the 2
years, Sepi. 1914 - July 1916 living in Copper Eskimo
winter sctilements and wandering with them in S.W.
¥ictoria Is. Family mores, food, trapping, shamans, cus-
toms of luw are detailed. 10 bl. snd wh. photos. | map of
Coronation Gulf,

1918

“The Eskimos of northern Alaska | a study on the effect
of civilization", Geographical Review. 5 (2) : pp. #9-10L.
(DONL),

As ethnologist, Jenness tells how in |B80 whalers
arrived, changing the way of life. Bskimos traded whale-
bone, caribou meat and skins for firearms, flour, sugar and
ted, Dependence replaced former self-sufficiency. Disease,
family breakup, lethargy, missionaries (replacing old
customs) followed. He sees hope for rebuilding, given the
intelligence of the N. Alaskan Eskimo,

| 'map. 7 photos.

1920a

And the late Rev. A. Ballantyne. The Northern d 'Entre-
casteawx. Preface by R.R. Marett, Oxford : Clarendon
Press, 219 pages. Carleton Univ. Library),

Doing research under the Committee of Anthropology
of the Univ. of Oxford, Jenness worked with his bro-
ther-in-law, described in the (itle page as “sometime
Methodist Missionary at Bwaldoga, Papus”, In 16 chap-
lers he writes of the physical setting. social milicu, lan-
guage, magic, myths, morals. An appendix gives tables of
hamlets and their totems, 36 bl, and wh. photos, | map.
Index.

-



1920b

“Pupuan cat's oradles”. Jowrnal of the Royal Anthropologi-
cal Institute of Grear Britain and Ireland, 50 : pp. 299-326,
(OONL).

Acknowledging the children of Mud Bay mission
siation @5 his teachers, Jenness outlines 48 designs (41
illustrated), used by the natives of Goodenough Is,.,
[¥Enirecasteaux Archipelago, Papua, e.g. The Crab, the
Riibd Man, The Yam, etc.

1920¢

“Proposals for ethnological research inm New Zealand™.
New Zealand Journal of Science and Technology™, 3 (4) ;
PR 213-16. (0OG).

An aatensk by the title explains : *“The proposals in this
paper were made by Mr. Jenness at the suggestion of the
Director of the Dominion Muoseum uand are published
hecause of their general interest. Work of the kind sugges-
ted was commenced by the Dominion Muteum in 1919."

Jenness urges study of the Maoris before they are
totally assimilated, under 1) physical anthropology, e
different phyiical types, 2) songs and traditions, 3) unthro-
pometric study, using a suggested Swiss set of instniments.

1920

“Heroes of the Frozen North™, Travel, 34 : pp. 10413, Not
seen, DONL lists 85 held in Metro Toronto Library.

19202

Note on Cadzow's “Native copper objects of the Copper
Eskimo®, in : Discussion and Correspondence of Ameri-
can Anthropologist, 23 1 p. 235. (OONL).

192ia

“The ‘blond" Eskimos", American Anthropolagist, 23 (3)
pp. 257-67. (OONL).

A discussion of the mystedous capper-blond Eskimos
encounterned by Stefansson and lenness on Coronation
Gull, In spite of their light brown hair and sometimes
hazél eves, Jemnmess decides against any infosion of
European blood ax explanation. No illus.

1921k

“The cultural trunsformation of the Copper Eskimo".
Grographical Review, 11 (4) : pp. 541-50, (OONL).
Jenness traces early explorers who encoumtered this
rare group of Eskimos, isolated 1000 miles north of
Winnipeg and even in 1914 still living in the Stone Age.
Rapid change since 1916, when his own expedition went

{In. has enslaved these people to the world of the south.
map.

19228

“Eskimo ant”. Geographical Review, 12 (2): pp. 161-74,
(DONL).

While Hoffman, Boas and Thalbitzer all remarked on
the unususl work in bone and ivory, Jenness looks lor the
first time at sketches in pencil on paper, in which a tiny
hunter is overshudowed by huge walrus, seals or polar
bears. He finds “little perspective and a disregard for
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individuality” but notes superority in Alasky perhaps
because of Indian and/or Russian influence. 18 illos.

192230

"Eskimo music in northern Alaska®. The Musfeal Ouadr-
terly. & (3) ; pp. 377-83. (OONL).

A musical Senness regrets the Can. Arctic Expedition’s
disaster that prevented making phonograph records, but
munaged to write down the music for The Sparrow Song,
The Seal Poke, Song of Aksistak and Song of Asetsak,
noting the music from Barmow to the Alaska-Canada
boundury ix almost all vocal. The drum is the only
instrument, used for dances. The tempo is 2/4; intonation
I8 nasal. Songs are cither 1) folk (mostly for children), or
2) dance or lopical songs.

192l

A critical review of Stefansson’s baok, The Frivndly Arcric,
published in Sciemce 56 (1436), July 7, 1922, and reprinted
in a pamphlet by the Natiomal Museum of Canada,
(OOMNL),

Raymond Pearl had reviewed Stefunsson’s book in
Seience, March 24, 1922, Jenness felt there were inaccn-
racies that needed correcting and here refutes muny of

Pearl’s assertions, using his own government documents
for reference.

19224

“Hunting caribou with the Copper Eskimo", Travel 39
pp- 2125, Mot seen, DONL lists as held at Montreal
Mumicipal Library.

1922e

“"Copper objects of the Copper Eskimo — & reply to Mr,
Cadzow.” In Discussion and Correspondence ol American
Anthropologise, 24 : pp, 89-92. (DONL).

Jenness replies to Cadzow's request for details on
objects made by Eskimo for a market begun by Capt,
Bernard of the schooner, Teddy Bear.

19221

Review of Five Books on Oceanic Cultures. Geographical
Review, 121 p. 502 (OONL).

1913a

“Eskimo string fgures”, Journal of American Folk-Love,
36 - pp. 281-94, (DOMN).
Jenness dips into his research done with the Can. Arctic

Expedition to illostrate a number of the string fgures
Eskimos have invented.

1923b

*The Copper Eskimos™. Part A : The Life of the Copper
Eskimos. Report of the Camadian Arctic  Expedition,
1913-1918; Vel 2. 277 p. Reprinted 1970, Johnson
Reprint Corporation, N.Y. and London. (GONL),
Preface by Arctic Publications Committee. In |8
chapters Jenness describes explomtion of the country,
irade, dwellings, food, winter and summer life, hunting
and fishing. religions, shamanism, psychology, morality.




Hlus. with 9 plates, 69 text figures, 2 maps. Appendix,
Bibliography. Index.

Note : Parts A, B, and C of this Repon were published
together by the King's Printer, Ottawa, 1923. (DONL).

1923¢

“The Copper Bskimos™. Part B : Physical charucteristics
of the Copper Eskimos. Report of the Canadian Arctic
Expedirion, 1913-1918 Yol. 12. 89 pp. (QONL),

Section T * Field dam giving specific measurements of
individuals, also bles.

Section 2 - Congclusions reached from studying these
tables,

1923d

“The Copper Eskimos". Part C : Osteology and dentition
of the Western and Central Eskimos. Report of the Ca-
nadian Arctic  Expedition.  1913-1918, Vol.12. 79 pp.
{OONL).

Jenness thanks John Cameron and Stephen G. Ritchie
for 2 articles on osteology and dentition, respectively,
wrilten as a result of examining specimens he brought
back. 9 plates,

1523¢

“Drigin of the Copper Eskimos and their copper culture,”
Geographical Review, 13 : pp. 54051, Also Microfiche F,
ME-T0. (ODONL)

Jenness uses 4 of his own photos (total of &) 1o discuss

possible origins, noting the appearance of the Thule
culture. | map.

19237

“Two monuments in Arctic Consda”. The Canadian
Hixtorical Axsociation Repors. Pub, by Can. National Parks
Branch of the Interior Department. (OOMNL).

In 2 1/2 pages Jenness writes about the cairn of Dease
in Coronation Gulf and the cairn of Sir John Richardson
in Cape Krusenstern, using photographs.

1923g

“Indian religion™. The Canadian Magazine, 61 : pp. 66-70.
(DONL).

Jenness describes the Indians’ beliel in a Great Spirit,
but also a hiernrchy of supernstural beings. True expres-
sion was not in their mythology but in the fastings and
spiritual experiences of individuals, some of whom be-
came shamans,

1923h

Review of Among unknown Eskime : an acoount of iwelve
years intimate relations with the primitive Exkimo of ice-
bound Baffin land. with a description of their ways of living,
hunting. customs and belicfs, by 1L.W. Bilby. Geographical
Review, 13 : 642 pp. (OONL).

Jenness finds the book suitable for popular reading but
inscourate in its maps and low on new ethnological data.
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1923i

Review of A summir in Greenlamd, by AC Steward,
Gepgraphical Review, 13 : pp. 642-3, (OONL).

Jenness likes the description of physical aspects :
botamical, geological, fossil, plants and shells.

1924a

“Eskimo Folk-Lore”. Part A ; Myths and iraditions from
Morthern Alusks, the Mackenzie Delta and Coronation
Gulf. Report of the Canadion Arctic Expedition, 1913-1015,
Vol. 13 : Southern Party, 1913-1916. 90 pp. Microfiche
MC-7. (OONL)

Jenness outlines in English the stories of 94 myths and
legends, with Eskimo texts written phonetically above, e
The Boy's Revenge, Contest of the Shamans, etc.

1924b

“Eskimo Folk-Lore™. Part B : Eskimo string figures. Re-
port of the Canadian Arctic Expedition, 1913-1918, Vol. 13 :
Southern Party, 1913-1916, 90 pp, (see 19214) (DONL),

729 illusirations show one, sometimes. two, people
using their hands to form brown bears, butterflies, mice,
ete. with string.

Appendix | : Eskimo superstitions on string (igures.

Appendix 2 : Distribution of Eskimo string lgures.

19242

Review of The Ammassalik Evkimo, by William Thalbiteer,
ical Review, 26 {4), 2nd part of a 2-volume book
{(DONL).

Jenneis pays tribute (o the massive, sound scholarship
of Thalbitzer. Aléo compares nursery rhymes of other
Arctic Eskimo. Notes similarity with some Indian myths
would indicate early close relations.

1925a

“A new Eskimo culture in Hudson Bay™. Geographical
Review, 15 (3) : pp. 428-37. (OONL).

A key article in which Jenness quietly tnnounces the
Dorset culture, basing his conjecture on differences i
artifacts sent to him wt the Nationnl Museum from Cipe
Dorset, ie. darker in patina, differcnce in design, absence
of drill holes, gouging taking the place of the bow drill
He also notes here Mathiassen’s confirmation of his
hypothesis of a "general movement from inland shout 7
or § centuries ago, both to the northern coast line and
western shores of Hudson Bay"” of a culture called Thule
{“Origin of the Copper Eskimos and their Copper
Culture,” Geog. Rev. 13, 1923). The Thule, Jenness notes,
had open harpoon heads: the modern are closed; the
Darset are different again.

| skeich map; 7 bl. and wh. figures,

19256

And Helen H. Roberts. “Songs of the Copper Eskimos™.
of the Canadian Arctic Expedition, 1913-1918,
Vol. 14, 506 pp. (OONL).
In which details of collected songs are given, along
with plates.
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1925

"Shudd'ring tenant of the frigid rone’. Travel 45
pp. 21-2. Not seen. OONL lists as-beld in Metro Toronto
Library.

1926a

“Bwaidogan Grammar”. The Journal af the Polynexian
Sociery, 35 (4) : pp. 290-314, (OONM),

Written by Jenness and Rev, A, Ballantyne, the aricle
andlyses the cofsonants, vowels, accent, formation of
wirds, parts of speech, nouns, case, pronouns, syntax of
substantive, ete., of the natives of Mud Boy on Goode-
nough Is, S.E. Papua, For writing, they used the plain
phonctic script taught by Methodist Missions, | sketch
map of Mud Bay.

1926b

Review of Primitive labour, by L H, Dudley Buxion. Geo-
graphical Review, 16 | pp. 347-8. (DONL).
Jenness criticizes haste and carelessness in an otherwise

interesting look &t labour as divided between men and
women in various tribes around the world.

1927a

“Moted on the Beothuk Indiuns of Newfoundlund", Na-
fiongl Museum of Capada Bulletin No. 56, pp. 16-38.
(OONL),

On a figld tnp 1o Newfoundland in 1927 Jenness
scarched out Beothuk remains to compare them with
Eskimo findings, He discovered 1) harpoon heads with
rectilinear sockets, 2) triangular arrow points of (lint,
3} knives notched on each side of the base for hafling,
4) curved-edge knives of flint and gquartz. He recognizes
these as " Dorset” and draws the conclusion that there was
:ll.;: contact between Beothuk and Eskimo in New{oun-

d.

1927b

“Notes on the phonology of the Eskimo dialect of Cape
Prince of Wales™. [Imternafional Journal of American
Linguistics, 4 (2-4) : pp. 168-80, (OONM).

Working with material collected at 1) Barrow, Macken-
i River Delta and Coronation Gulf in 1913-16 and 2)
noles obtsined in 1923 in Seattle from o Cape Prince of
Walen bay, Jenness concludes the Cape Prince of Wales
dinlect is the link between the dialects of the nonh and
east and the very difféerent dinlect of the Yukon Delia.
Barrow is archaic and harsh: Mackenzie River Delta and
Coronation Gull are gentler; POW is intermediate, with
very mpid articulation and a throdty sound which makes
i sound more difficult than it is

1927

Review of Early migrations of the Eskimo between Asia and
America, by Waldemar Bogoras. Geographical Review, 17 ;
pp. 34044 (OONL)

Jenness counters Bogoras' theary that Asiatic Eskimo
peopled the entire Arctic, referring instead to Thule and
other early people of Hudson Bay and N.W. Greenland.
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1928a

“Archiaeological investigations in Bering Stealt, 19267,
National Museum of Canada Bulletin No. 50 : pp. 71-80.
(The annual report for 1926, published 1928, King's
Printer, Ottawa), (OONL).

Digging a1 1) Wales, Jenness found body armour
{rectangular plates of ivory like coat of mail, unknown
outside Bering Sea), indicating war with Asians; also ivory
sinkers Tor fsh-lines. He dates his dig (based on lron
karpoon points) to period when Russians reached Anadyr
in N.E. Siberia and iron got to Chukchee who are close
to Siberian Eskimos; st 2) Little Diomede Is. he disco-
vered scroll, curvilinear work, leading 1o the theory of an
older culture, perhaps under Indian influence. He asks, in
conclusion, whether the Thule tribes invaded from the
north 7 Also notes an wnusual rock painting on Tuksuk
River. The anticle became a landmark for future scholars,
establishing the name “0ld Bering Sea" culture,

1928h

" Eskimo language and technology™. Part A : Comparative
vocabulary of the Western Eskimo dialects. Report of the
Canadian Arctic Expedinian, 1813-1918 Vol, 15 : Southemn
Party, 1913-1916. 134 pp. (OONL),

Using the material gathered in the winters [913-1916
at Coranation Gulf, Mackenzie River Delin und Barrow,
Jenness adds material from Seattle (1924) and Bering
Struit (1926) to enlarge his notes on Eskimo vocabuliry.
He also includes Esst Cape (Siberin), Inglestat and
Nunivak Island.

1928¢

“Ethnological problems of Arctic America™. Published in
a book culled Problcns of Polar Research, Pub. by Ameri-
cart  Geographical Society, special publication, No.7:
pp- 167-75. (Series of papers by 31 authors, edited by W.L.
G. Joerg). (OONL - loan).

Jenness outlines Mathiassen's Thule culture, also the
Cape Dorset findings, and the Bering Sea discoveries. He
conjectures that soméwhere along the shores of the Arctic
the primitive littoral (voast) culture of some “proto-Es-
kimo™ tribe awnits discovery, i.c. to predate these three.
3 Hlus. show Thule, Darset, Old Bering Sea harpoon

heads.

19284

“The Lund of the midnight sun™. The Country Gentlerman,
Dec. 1928, (Not seen; listed in the Collins-Taylor Jen-
nessignny.

1928e

“Langunge, mythology, and songs of Bwaldoga, Goode-
nough Island, S5.E. Papua™. Memoirs of the Polymesian
Soctery, £ 270 pp. (OONM)L

Written with Rev, A. Ballantyne, the material includes,
ds Part 1 : Bwaidogan grammar (see 1926 entry): Part 11 :
Folklore texts and translations; Part 111§ Incantations and
somgs: Part IV : Bwaidoga vocabulary. Index, Same skeich
maps a8 1926,




1928

The People of the Twilight, New York : The MacMillan Co,
247 pp. Preface by F. Nanser. Reprinted 1950, Unlv. of
Chicago Press. Chi and London. With Nansen pre-
face and epilogee by Diamond Jenness. (OONL).

A description of Jenness” experiences among the
Eskimos of the Coromation Cull region. Drawings by
Claude Johneon.

1928g

“The National Museum of Canada™, American Anthropo-
logisd, 30 (1). 2-page article in Anthropologlesl Notes and
News Section, (OONL).

Jenness writes of the Beothuk culture, noting probable
contact with Eskimo before 1400 AD and mutuil borro-
wing with Eskimo extending down into Newfoundland,
and Beothuk perhaps affecting Dorset culture.

1928h

Review of Archasology of the Central Exkimao, by Therkel
Mathiassen. Report of the Fifth Thule Expedition,
1921-1924, Vol. 4, Parts | & 2. Geographical Review, 18 :
pp. 696-K. (OOMNLL

1928,
“The ‘ancient education of & Carrier Indian™. Natiomal
Museum of Canagda Bulletin Mo, 62 @ pp. 22-27. (DONL).
A study of a southern tribe of Athabaskans, showing
how a simple beliel i the supernateral power within all
creatures was replaced by mare complex influences when
the tribe crossed the Skeena and the Rockies, got fixed
dwellings and a matemal inheritance in place of free
hunting. The god Sa was adopted {or Christian Utakke]:
rifles replaced old wespons; home regulations and tuboos
slipped out of place. The old education, involving ins-
truction in evervday tasks combined with storv-telling,
Eave way.

1929

Ivory carving of Nonh America”. Encvclopedia Britan-
mica, 14 Ed, Vol. 12 ; pp. 816-8. (OONL).

A J.page article by Jenness within a 20-page siudy of
world-wide ivory carving. Full page of bl. and wh,
engravings (some courtesy of Mat. Mus. of Canada,
Maritime Museum, Hull) shows waulrus, narwhal snd
elephant (available in Alaska). Jenness descnibes the
earliest Bering Seu scrolls, comparing Maori and Mela-
nesian art.

1929¢

“Linte Diomede Island, Bering Strait”. Geographical
Rewiew, 19 (1) ; pp. 78-86. (DONL),

Jenness writes of stone houses like those in Greenland,
bearing oul a single culture called Thule by Mathiassen.
He afso came upon fine soroll work on Little Diomede 5
as well as difTerent harpoon heads (like Siberia) which
suggesied a separate culture, much older than Thule
Judging by the depth, but needing more elucidation. Map
of Diomede Is. and 5 photos.
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19294

“Notes on the Beothuk Indian™, Nationa! Museum of
Canada Bulletin No. 56 : pp. 36-39. (OONM),

Mustrated Dorset and Beothuk harpoon heads show
the similanties and differences in the 2 cultures.

1929

Review of The Silent Force : Scenes from the life of the
Mounted Police of Canoda, by T. Morris Longstreth. Geo-
graphical Review, 191 pp. $23-4. (OONL).

Jonness praises whal amounts to a “regimental his-
tory”', regretting the omisslon of such trips us Sergeunt
Joy's eyploration of Eilesmere Is; Inspector French’s
journey from Baker Lake to Bathurst Inlel: Sergeant
Wright's trip across Baffin Island.

1929

Review of The cruive of the ‘Northern Light. by Mrs.
John Borden. Geographical Review, 19: pp.350-1
{OONL).

Kindly review of adventures to the Aleutian Pemnsula
and Arctic Ocean north of Bering Strait, hunting brown
bear, white bear and walrus.

1929¢

Review of Aleuni dara demografici sugli Exguimest, by
Giorgio Carepa, Geographical Review, 19 : pp. 336-T,
(OONL),

Jenness maintains that insufficient statistics, 1.c. no
census in early days, invalidates Carega's theory that
European blood in Greenland maised the birth rate.

1930a

“The Indian’s interpretation of man and nature”. Tras-
sactiony of the Roval Seciety of Canada, Vol. 24, section 1
Third Series. Meeting of May, 1930, pp. 79-91. (OOA).

A wivid outline of the Indian’s tripartite concepl of
man : 1)soul (hean and will); 2) body and 3) image (brain,
shadow). The third category deals with split persomality,
personality changes, many of the phenomena that white
civilization lums over (o psychologists. Indians believe
that not only man has & soul, but all natere.

19306

“The Yukon telegraph line"”. Canadian Gedgraphical Jour-
mal, 1 (B) : pp. 695-T14. (OONL).

A trip Jenness made with an old guide-telegraph
operaior, Angus Beaton, for 80 miles on the upper waters
of the Skeens, to reach the village of Old Kuldo, The
famous line gave Dawson City its first all-year commu-
nications. 14 photos show piles of snow, totems poking
out, wracks of fox, coyote, bear, moose.

1930

“The Indians of Canada”. In : The Cambridge History of
the British Empire. Vol. 6, Canada and Newloundland
Cambridge : pp. 3-16. (DONL).

With A.P. Coleman, professor emeritus of geology =
the University of Toronto, Jenness wrote Chapter | ; The
geographical and ethnical background.




19314

“Wild Rice”, Canmadiun Geographical
pp- 477-82, (OONL).

A precise deseription of rice-gathering in which two
Indians per canoe inch their way through nce ficlds
knocking the grain until the kernels fall into the canoe up
o 10-12 bushels. On lond, grain is separated from the
chafl. 5 engravings of nce-gathering, | inset photo of
Diamond Jenness, looking like a young Alec Guinness.

Jowrnal, 2 :

1931b

“Indian prehistory as revealed by archaeclogy'. The
University of Torenio Quarferly, 1 (1) : pp. 164-82 (OONL).

Without literature, -bone, antler, stone. portiery, ivory
and shell survive to tell the Indian story, and Eskimo ns
well. The occasional rock drawing and petroglyph fill in
the picture. Jenness skeiches possible prehistory of eastern
Canada, St. Lawrence river valley. prairies, B.C., Arctic
coast and Labrador. For the Eskimo he truces the interior
region, Thule, Dorset and Bering Strait, suggesting the
Barren Lands west of Hudson Bay as perhaps the onginal
home of the earliest people,

193le

"“Who are the Eskimos 7™
pp. 267-270. (OONL).

Tells of the early impressions |7th and [8th century
explorers had of a “blubbery people”, giving way o
respect for Eskimo intelligence and cheerfulness. Grisdual
unravelling through archaeological digs. Migrations traced
from west 1o east and inland to the sea (in central
Canada). 3 photos,

The Beaver, Outfit 262 :

1931d

“Three [roguois wampum records™. Natfonal Museum of
Conada Bulletin, No. 70. Annual Report for 193] :
pp. 25-28. (OONL).

Chief Willizm D. Loft, 2 Mohaowk of Caledonia, Ont.,
gave the Mat. Museum 3 wampum records which Jenness
describes : 1) Covenant of the League of Five Nations
(made by women ¢ [580 AD of more than 1800 white
beads; 2) mnemonic record (300 beads) of each nation;
3) record of three sisiers : 900 white and purple beads.
lenness describes these ns unigue records of community
m;g, I full-page bl. and wh, plate showing the 3 wampum

L

1932a

The Indians of Camada. National Museum of Canada
Bulletin, No. 65 : 446 pp.

Second edition 1934, Anthropological Series. No. 15,
Third edition, enlarged, 1955,

Fourth edition 1958,

Fifth edition 1960,

Sixth edition 1963 (reprinted in 1967, 1972).

Seventh edition 1977, University of Toronio Press. Toronlo
and Buffale. Foreword by William E. Taylor, Jr., Nat
Museum of Man. 132 illustrations, including 13 photos by
Jenness. Map in back pocket.

Firy edition photo page 23 (of Chinook rush lodge by
Paul Kane) changed in later editions to an interior of
Iroquois long-house from R.J. Tucker painting.

193

First and second editions have Appendix A (Notes on
linguistic map) and B (Bibllography), Third edition adds
Appendix C with 5 pages on tree-ring method dating, also
carbon 14 method,

Jenness' great definitive book on the Indians of this
country in which he includes the Eskimas,

1932k

“Fifty years ol archaeology in Canada®. Royal Seciety of
Canada Anniversary Volume, 1882-1932. Ottawa : Royal
Society of Caneda : pp. 71-76. (ODONLL

Because the Indians were wanderers, and the B.C. coast
covered by thick fallen trees, remains have been difficult
to unearth. Jenness gives list of carly writers in archaeo-
logy, including Harlan L. Smith of B.C, The Arctic proved
more successTul, with Stefansson’s excavation, in 1909, of
?n Eskimo village, followed by Mathiassen, Birket-Smith,

Cnness,

1932¢

“The population possibilities of Canada". Umiversiry of
Taronte Quarierly, | (4) : pp. 387423, (OONL),

Jenness makes the point that only 1/15th of Canada's
lind can be ploughed.

1933a

*Canada's fisheries and {ishery population”.
and Transacriony of the Royal Society of Canada, Vol. 2'?
section 2 : pp. 4146, (DONL).

An examination of the Atlantic (cod), Pacific (salmon),
inland fisheries and Arctic and Hudson Bay, leads Jenness
to estimate 100,000 as maximum nomber to be employed
as fishermen and perhaps 1/2 million in associated
activity, Le. only about |/3 more than at time of writing,

1933b

The Amervican aborigines ; their origin and antiguiry. A
callection of papers by 10 authors published for presen.
tation at the fifth Pacific Science Congress, Canada, 1933,
edited with prefuce by Diamond Jenness. Toromto, Univ.
af Toronte Press: 396 pp. Foreword by Dr. HM. Tory.
Also published 1973, Cooper Square, Publishers, Inc.,
MN.Y. Tory foreword omitted. (OONL).

Paper by Jenness, No. 10, on the Problem of the
Eskimo. pp. 37196,

1933¢

“An Indian method ol treating hysteria®™. Primiiive Man.
6 : pp. 13-20. (QONM).

A vivid first-hand account of an Indian seance ut
Hagwilgate, 4 miles from Hazelton, with the Carrier
Indians, at which Jenness was invited o witness the first
stages of healing of a hysterical woman by a carefully-
chosen group. Only those who had suffered from Kyan,
or mountain-sickness, could heat the tambourines, whistle,
drum and dance until the whole roomful was hysterical.
Then the Kyan spirit was dissipated and the troubled
woman began to calm down.




18934a

“Fading scenes on Quatsino Inlet”. Camadian Geographi-
cal Journal, & : pp. B8-97. (OONL).

An account of the disappesrance of the sea otter and
white demalium shells from the norhwesi coast of
Vancouver Island, reducing the Kwakintl from 500 1o 50,
Tane of regret.

Photos: of ecarly days show stone oil dish, totems (with
coppers) and potlatch costumes,

1934b

“Indinn-Vikings of the nomhwest coast™. Canadion Geo-
graphical Jowrnal, 8 pp. 235-246, (DONL).

A description of the Haida who lived in the Cueen
Charlotte lslands and like the Vikings ralded the coas
Indians for slaves. Their history unknown, Jenness guesses
Asia, via the Bering Strait, He writes of a comples feudal
socicty, huge houses, some holding 700 people, awe-ins-
piring totems af entrance, life built wround salmon and
halibut, without agriculture.

1934¢

“Myths of the Currier Indians of Brtish Columbia',
Jowrnal of American Folk-lore, 47 (184-195) : pp. 98-257.
(OOA).

Jenness gives a precis for each of 82 myths, collectzd
in the winter of 19243 3t Hagwilgute, Stellaco (Fraser
Lake), Fort Fraser and Stony Creek, four Carrier scttle-
ments on the transcontinenisl railway in northern BJC.

1934d

“The vanished Red Indians of Mewfoundland™, Canadian
Geographical Journal. 8 : pp. 27-32, (DONL),

In 1928 Jenness explored interior Jakes of Newfloun-
dland for remains of Beothuk, finding skeletons, but also
implements thai strongely resembled Eskimo ruins to the
north. He concluded the Beothuk were a branch of
Algonkian, Ceee, Montagnais, Micmac and the rest who
inhabited eastern Canada but had lived in Labrador a few
centuries before the white man and crossed the sirait of
Belle Isie 3-400 years before Cabot. He noted thal the
Beothuk stole Breton and Basque fish, and sails, and the
Europeans offered the Micmac financial reward for every
Beothuk they killed. 9 bl. and wh. photos.

1935a

“The Ojibwa Indians of Parry Island, their social and
religions life”. Natiengl Museum of Conada Bulletin,
No. 78, Anthropological Series, No. 17 : 115 pp. (OONL).

The result of 7 weeks' investigation of Parry s
(Georgian Bay) with six Indian consultants who reminis-
ced on man and nature, man's coninct wilth supernatural
world, medicine men, grand medicine society, taboos,
cycle of life and death. Summer spent in 1922,

1935b

*The population of abonginal America north of Mexico™",
Review of A.L. Kroeber's Native American popilation.
Geographical Review, 25 : pp. 514-16. (OONL),

Cienerally favorable review of Kroebers division of
Indian tribes into 80 culiural groups,
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1936a

The Eskimox by Kauj Birket-Smith : Foreword by Diamond
Jenness. London. Methuen : 250 p. Cyrmax Collection.
(DOA)

Jenness. pays tribute 1o fellow-ethnologist, Birker
Smith, who travelled by dog sled across northern Canuda
with Rasmussen in 1921, He praises his “globe-encircling
viston” in trying to draw together the histories of many
peoples.

32 plates and end paper map.

1936b

“The prehistory of the Cunadisn Indian™. In Custom i
King. Essaps presensed jo RR. Mareit. Edited by
L.H. Dudley Buxton. London. Hutchinson's Scientific and
Technical Publications : pp. 63-84. (OONM),

Emphasis on diversity of the 50 Indian iribes, speaking
11 dhalects as different as Russian snd English (when
Champlain arrived). Strains of mongoloid, negroid,
Melanesian, white, scen in Indians. Algonkian may be the
oldesi. Man in America 10,000 vears {dinosaur dates).

1936¢

“The village of the crossroads : Pond lnlet, the Domi-
nion's most northerly habitation®™, fifustrared  Canedian
Forest and (huidoors, January 1936 ; pp. 14-20. (OONLE

Tells of Captain Parry *“the most sucoessful perhaps of
all Arctic explorers™, anchoring 100 years ago off Pond
Inlet on northern Baffin Islind. This outermost limil of
human habitation, galeway of the polar sea, is a crossroads
for white man now, instead of roaming Eskimo tribes —
the “ultima Thule",

2 photos, Eskimo women and RCMP barracks.

1936d

“The Canddian feld™.
pp. 253-55. (DONM).

Jenness Invites Americans (o help Canadians dig | Tn
central Canada he sces need o search pre-lroquois
remains; on the plains excavations should be carried hack
beyond 400 years: in B.C. there is much scope, aithough
Muckenzie River is difficult. Eskimo ruins and B.C. shell
heaps might go back to 2nd half of Ist millenium AD. A
search should be made of posiglacial Lake Agassiz;
Mauckenzie River basin lakes; heads of Upper Yukon and
Liard Rivers.

American  Antiguity, 1 {4):

19373

“Armow-straighteners, thong-smoothers, and bitons-de-
commandement”. Man, (A monthly record of anthropali-
gical science. published by Roval Anthropological Insb-
tute of Great Britain and Ireland), 37 : pp. 73-74, (DONLL

A comparison of implements, made of ivory, used by
Greenland, Alaska and Copper Eskimos, A full-page plate
shows the differences.

1937b
“A Hare Indian dog”. The Canadian Field-Naturalis,
51 (4) : pp. 47-50. (DOA),

From the woolly dog Capt. Vancouver noted in 1790,
which Fraser River Indians used for blankets, through the



Hare Indian dog, named by Sir John Richardson at Greay
Bear Lake, 1829, to the Tahltan Bear Dog, found by James
Teit, 1915, Professor Glover M. Allen of Harvard
concludes that on the Stikine is the survival of an
aboriginal American dog. Illustreied with photos of these
dogs,

1937

“The Indian background of Canadian history™. Natiomal
Musenwm of Canade Bulletin, Mo, 86, Anthropological
Series. MNo. 21 : pp. 46. Also in French: « La trame
indignne de I'histoire du Canada », pp. 49, (OONL).

Part | : traces backwardness of the American aborigine,
due to inndequate transportation, poor economic resour-
ces, isolation, late agricultursl development.

Part 11': prehistory of the Canadian Indians. Same
article as published in Marettt essays (1936, above) with
new opeming paragraph here and new illustrations.

5 figures, showing movement of Eskimo/Athapaskan,
Pacific coast, eastern Canada and Plains Indians.

1937d

“The Seksnmi Imdisms of Bmotish Columbia™, National
Museurn of Canads Bulletin, No, 84, Anthropological
Series. No. 20 : pp. 82, (DONL).

Based on Jenness® 1924 wisits (o0 Fort Meleod on
Mackenrice Lake and Fort Grahame on Finlay River.
Diescribes subdivisinons of Sekani; physical appearance
and culture; social organization, ete. 14 plates, 3 figures.
Map.

19384

Review ol Archaeology of 51 Lawrence Iiland, by Henry
B. Collins. American Antiguity. 4 (2) cpp. 173-T6. (OONM ).
Jenness finds valoe in Colling’ nores on 1930-31 dig m
Gambell, northwest corner of St. Lawrence Is., wherein he
distinguishes Old Bering Sea, Punuk and Modern cultures.
Origin of the mature Old Bering Seca rmemains unsolved:
Chinese Shang dynasty and Melanesia both suggested
(from designs). Jenness conjecturss Old Bering Sea may
be local aristic phase of peneralised pattern m Siberia
from which the Bimirk and Thule evolved. He asks
whether Dorsel might be related to Bimmirk ? Wint
found jumping stones in northwest Newfoundland thm
resemble those on Gambell that were Dorset.

1938b

Guide Jeafets 1o the Indians of Canada. Ounwa. Natiomal
Museum of Canada. (QONM).

Leaflets, in French and English, on 7 main aspects :
General pamphlet on Canadian Indians, Algonkians,
Iroquois, Mackenzie River Tribes, Indians of the Plains,
the Cordillera Indians, Pacific Coast Tribes.

1938¢

Report of the American Association lor the Advancement
of Science. 1015t session. Ottawa. 1938, Section H, anthro-
pology, Science, N.5. 88 (2) : p. 96, (OOG).

2-column report by Jenness.
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1935d

“The Sarcee Indiars of Albertn™. Naviomal Museum of
Canada Bulletin, No, 90, Anthropological Series. No. 23 :
58 pp. (DONL).

Based on notes Jenness made in Alberia in 1921,
& illus, plates and B figures.

1939

“Cannda’s debt to the Indians™, Canadian Geographical
Jowrnal 1R (5) 2 pp. 369-75, Republished Can, Geog. Jr.
65 {4). 1962 (DONL)L

As poides {to Champlain, Samuel Hearne, Alex Mac-
kenzio); in politics (Joseph Brant, Chiel’ Crowfoot); in
equipment (canoe, snowshoe, toboggan, dog sled, kayak,
lacrosge) and food (corn, maple syrup, tobucco, wild
turkey), the Tndians have contributed 1o life in Canada.
Jenness [inds thelr mark substantial, given the mere
200,000 living here before the Europeans arrived.
13 bl. and wh. illps., inclusing 2 Fskimo photos.

19396

“The ‘Snare’ Indians™". Proceedings and Transactions of the
Royal Soclety af Canada, Scries 3. Vol 33, Section 2:
pp. 103-05. (O0A)L

Examination of a curious band of Indians who carried
na fircarms and were often attacked by atheér tribes which
drove them into destitute country to hide. Dayvid Thomp-
son murked Snure Indian River al the headguiiriers of the
Athabaska River in 1916, Palliser called them “Snakes™ in
1857. At Kamloops they were called Shinpoos. Jenness
concludes they were not Athapaskan (as Franklin had
thought in 1823) but purt of the North Thompson branch
of the Salish, sundving in mixed Cree-Iroguois-Shuswap,
near Jasper.

1593%¢

Review of The Native Tribes of British Columbia, by Alice
Ravenhill, Banfield, Victoria. (Not seen, lsted in Can,
Union Catalogue).

1933d

“Edward Sapir (1884-1939)."" Proceedings and Transactions
of Roval Society of Canada, Third Series. Vol. 33, Ap-
pendix B, (OONM),

A tribute o the German-born anthropoloegist, Colum-
bia graduate, scholar of western ULS, Indian languages,
chiel of amthropology at Nafional Museum in Otiawa,
nuthor of revolutionary text book on language, Phato.

1940

“Prehistoric culture waves from Asia to America™. Journal
af the Washington Academy of Science, 30 (1) 1 pp. 1-15,
Also in: Smithsonian Institution, Annual Repors, 1940
pp. 38396, (DONM)

Jenness gives linguistic evidence to show the Indians
separnted completely from the Old World more than
2000 years ago, There are signs of Siberian-Eskimo-Indian
connections (p. 388), He mainting Dorset is 8 genuine
Eskimo culture that has absorbed certain [ndinn traits, not




vice versa. Rowley (Iglulik, 1937) and Collins have expan-
ded Dorset knowledge. Jenness thinks Dorsel stems from
same parenl trunk as ancient culture of Alaskn and may
have entered Canada 2000 BC. Then the Athapaskans,
who crossed the Bering Sea from Asia, would have pushed
the Dorset to the eastern Arctic.

1941a

“An archacological collection from the Belcher Islands in
Hudson Buy™. Anmnals of the Carnegle Micsewm, 28
pp. 189206, (OONM)

In which Jenness describes a collection of 1,(KN speci-
mens {Eskimo) given by ). Kenneth Doutt and Lawrence
. Woods of Pittsburgh to the National Museum (through
Robert Cruickshank, factor of the Hudson Bay irading
post). n his analvsis, Jetiness concludes the extensive use
ol state, bone and ivory predates the historical period, bhut
ol léast 3 of the specimens show the arrival of iron, The
aopen-socketed harpoon heads. tanged ulo blades and
double-shouldered snow knives suggest late Thule, but the
triangular chipped armowheads with concave bases, stone
blades with one or more noiches on each side, peculiar
chisel on boot-creaser, slate blades ground on opposing
edges wnd small ground arrow-point, seem Dorset, Also
a few entirely new items, ep. a3 long bladder-dart head.
9 bl. and wh. full page plates with total of 112 archacologl-
cal objects. Also 2 pendints of curved dvory, and teeth.

1941b

And Robert Bentham. “Hskimo remaing in 5.E. Ellesmere
Islands™. Proceedingy and Transactions af the Royal Socdety
aof Canada, Third Series; Section 2. Vol. 35: pp. 41-35,
(DO

Jenness wrote up Bentham's notes (summers of 1937,
#). Whale 1ibs gt Smith Island, and open sockels suggesi
Thule. An ivory doll with hair bunched om hack resembies
BalTin 1s. more than Greenland. Jenness concludes | Craig
Harbour shows mixture of Thule and Dorset; Igloo=Poing
seams most recent (end of 18th cemury, early 19th); the
inhahitanis were Ceniral Eskimo, relsted to Baffin Is.
Eskimn,

[94)e

“Willinm John Winiemberg™”., American  Antiguity, 7 :
pp. 64-66. Alsa in Proceedings and Transactions of the
Roval Society af Canada, Third Series. Viol. 35 @ pp. 155-37.
Appendix B - Biogruphical Sketches of Deceartd Mem-
bers, |876-1941, (DDA).

Jenness cally the alwovs-frail Wintemberg the leading
authority on Canadian archueology. He was associale
srchaeologist st the National Muyscom, Ottawa. Dug in
1912 and 1915 at Indian village ol Roebuck, 40 miles south
of Ottawa. Also in northwest Newfoundland, revealing
thut Eskimo, not Indians, had ocoupied norih coast before
white man (probably offshoot of Dorser). Photo.

l941d

“Canada’s Indian problems". America Indigena, 2 (1):
pp. 29-38 Organo oficial del Institute Indigenista intera-
mericano. Mexico. (OONML). Also in Anmual Report of
the Smithsonian Institagion, 1942 1 pp. 367-80. (OONL)

A penerul article, in English with Spanish summary,
describing coming of white man to Canada; adjustmeni
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of French and Indian: guerilla zone on the praires with
Indians declining; stendinsiness of Blackfoor; unique B.C.
indians; Eskimo strain, with strong temperament for
enturance.

I bl and wh. woodeout aof Canadian tatem pole,

1942

“The Carrier Incians of the Buckley River, their social and
religious life” Bureau of American Ethnology. Bulletin,
No. 133, Amhropolopical papers No. 26 pp. 469-586.
{(OONL).

Based on 3 months &t Hazelton and Hagwilgate, winter
1924-2%, and & week esch at Fort Fraser, Stony Creek und
Prince George, Jenness® article describes political organi-
zation, crests, chiefs, cvele of life, religion, medicine men,
with Appendix 1 : hunting territories and Appendix 2 :
phratic organtzation of other Carrier subdtribes. 11 illss,
2 text Mgures.

19445

“Eskimo langubsge. Part B. Grammatical noted on some
Western Eskimo dialects”. Reporr of the Canadion Arctic
Expedifion, 1913-18 Val, 15 : pp. 34. (OONL)

Jenness completes this aspect of his study.

1944b

“The Eskimos : Their past and future.” Oucen’s Ouarterly,
S142): pp. 17 (OONL).

A clear pricis by Jenness of the Birmirk, Dorset, Thule,
Inugsuk cultures, enlarglng on the Old Bering Sea und
Ipiutak in Alaska.

1945

“Explorution of the Beaulort und Chukchi seas in westem
American Arctic”. National Defence Depl. Inter-Service
Topographical Section. Dec. 945, 5 pages mimeographed,

map.
(Mot seen, but listed in Can. Union Catalogue of Books).

19462

“Material culture of the Copper Eskimos”, Reporr of the
Canadian Arcole Expedition, 1913-18, Yol, 16. Southern
Party, 1912-16: pp. [48. (DONL)

In which Jenness says he let Rasmussen's “Intellectual
Culture of the Copper Eskimos™ (1921) stand for these
wears,. but now notes a profound change, since the 1914
guariering of the C.AE. at Bernard Harbour : e.g. plank
cabins replacing old snow houses, imported wool repla-
cing far, nfles and metal pols changing life. In 4 pages he
writes of neat, symmetrical arl, nol inspired (he shows a
few crude drawings). 5 chapters. 1589 jllustrations, drawn
by Miss W.K. Bentley and O.E. Prudhomme. 4 coloured
plates, showing woman's stocking, coat, and dancing cip
of fur.

19468

“Tithnology and Archacology™. In : A program of destrable
sclentific invertipations in Arctic North Americz. Compiled
by B.F. Flint. Arctic Instituie of North America Bulletin, |
pp. $7-9. (DONM).




A carcful list by Jenness of preas he thinks wurrant
study : N. Alaska, central und eastern Arctic, early man
in Yukon, Labrador; ss well as linguistic problems on
both sides of Bering Sea, and socio-cconomic problems,
with the effect of European contact on Coronation Gulf
Eskimo, also Indian tribes of the Mackenzie River basin.

1949

“Some impressions of post-war Haly”. Imternational Jour-
mal 4. Mo. 4, Agtumn. Toronto. (OONM),

Jeniness writes of the north/south antigonism within
Ttaly, the S-million over-population, slogans Teft over from
Mussolini's time, Communist <ffors to woo the people,
gratitude for U.S. Marshall aid and general feeling of forta
(straggle).

19504

“The recovery program in Sicily". Geographical Review,
40 (%) : pp. 355-63. (DONL).

Report based on 6-month study of economic and social
conditions in ltaly, 1949-30, when Jenness headed Inter-
Service Topographical Section of National Defence, He is
impeessed by land reform. 5 photos show new road, dam
at Geln, irrigation, all in Palermo, evidence of European
Recovery Program.

1950b

“Discussion of the Ipintak culture, its origin and rela-
tlonships,” by Helge Larsen. In : fndian tribes of aboriging!
America ; selected papers of the 29th International Congrexs
of Americanists. Sol Tax, editor, Vol. 3. University of
Chicage Press, Chicago : pp.30:34 (reprinted Cooper
Square Pub. Inc, NY. 1967 (OONL).

In 5 pages of " Discussion™ following Lirsen's article,
lenness questions the lineal descent of Hudson Bay Dorset
from Ipiutak, suggesting instead u stifl earlier ancestor for
both. He also considers direct conmtact betwesn Eskimo
mnd Pacific Coast Indians 2-2300 years ngo, as well as
connection (made by Larsen) with Siberin or China,

19500

“ltaly’s demographic crisis’. Queen’s Quarterly. 57, Au-
lumn, 1950 : pp. 269-80. (OONM).

Jenness drives from the Po valley down to Sicily (o see
for himself whether inadequate cultivation of the land was
responsible for poverty. He concludes that industrializa-
tion and agrarian reform must be accompanied by a lower
birth-rate, since emigration cannol take carc of present
aver-population.

1952

"Preservation of archaeological remains in Canada™, In;
Alaskan Science Conference of the National Academy of
Selences, Natlonal Research Coupcil, Washington, D.C.
Novermber 8-11, 1950 Selected Papers edited by Henry
8, Collins, Washington, D.C. : pp, 60-65. (0OG).

Jenness writes that between 1920.30 he was perturbed
by spoliation of Eskimo ruins in the Hudson Bav region
(mostly by Eskimos, to carn money). He recommended
adoption by Canada of the old League of Nations regu-
lations for protection of wrchaecological remains. This
became the Ordinance respecting the care and protection
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of archaeclogical sites in the North West Territories.
Severe fines were imposed, and the MW, Mounted Police
backed them wp. For Alasks, Jenness supgests the educa-
tional puthorities circulate in Eskimo schools a brochure
outlining archacological findings and problems in conser-
wition.

1953a

“Bid the Yohgan Indians of Tierra del Fuego spesk an
Eskimo tongue ™ Farerndational Juiermal of American Ein-
guistics, 19 (2) : pp. 128-31. Pub. Baltimore, Md_. by Indian
University. (DDMNM),

In hospital, Jenness writes, he was lent E. Lucas
Bridges' autobiography Uttermowt Part of the Earth and
was struck by the Eskimo flavour in Yahgan words. A
detailed comparison follows, with Jenness concluding
Yahgan and Eskimo are related but broke contact some
000 yeurs ago, resulting in grest differences in vocabu-
lary.

1953b

“Stray notes on the Eskimo of Arctic Alaska", Anthropolo-
gical Papers of the University of Alaska, | (2) : pp.5-13.
(DONM).

Motes collected Dec. 1913-June 1914, along the Coast
from PL Barmow to Alaska-Canada boundary. 1) Stories
about shamans (from Nome, Wales, PL Hope, PL Barrow,
Endicott Mountain Eskimosj; 2) Miscellaneous supersti-
tions: 3) Children’s games (14 games described, with the
words used).

1954a

“Among the Eskimos™. The Beaver, Outfit 285, Winter
1954-55 = pp. 24-30. (OOA),

In the last of 5 articles in the scries “Enter the
European”, lenness traces the history of the white wrmi-
vals : from Lthe Nomsemen, Dutch whalers, Vitus Bering,
Amencan whalers in Hudson Bay, New England whalers
in western Arctie, through Canada's neglect in the middle
of the country. He notes the oncoming of disease, lack of
good diet, and says the Eskimos becume slaves to the
Hudson's Bay Co. need for fur, He sees hope in jobs as
longshoremen, and at sirpors. T photes of enrly Eskimos
1921, 1942, 1865, 1896, otc.

1934b

“Canada’s Indians yesterduy. What of today 7" Canadian
Journal of Ecomonrics and Political Science, 20 (1) : pp. 5-13.
(DOA)

This was a paper presenied at the annual meeting of
the Canadian Political Science Association in London,
June 4, 1953,

Jenness writes critically of what be calls Canada’s
“apartheid system™ toward the Indians. Failure (o pro-
mote wellare, education and health among them resulted
in sorry conditions among Cannda’s Hudson's Bay Esld-
mos which shocked the Dane, Knud Rasmussen, on his
19214 expedition. Seabies in the Upper Peace River and
trachoma on the Nass and Skeenn contrast badly ‘with
Eskimos in Greenland. By 1953 Jenness sees improvement
but asks for end of 200.year apartheid that was meant 1o
be shor-t=rm.




19558

“Canadian Indinn rcligion™. Anrhropologica, No. 1:
pp. 1-17, (OONL),

Jenness notes the 50 Indian tribes were very uniform
in their inner beliefs, i.c. the kinship of man with nature,
They accepted evil, and tried to avoid it. Taboos were
imporiant, especially on food supply. They prayed, fasted,
had very little human sacrifice, Dreams were important,
No organized priesi-hood, but a very fMuid religion, with
many myths, “Realism and mysticism blend strangely”,
says Jenness,

1955b

“The faith of a Coast Salish Indian™. British Cofumbia
Provincial Mureum Memoirs, No. 3 92 pp. (OONL).

Jenness spent several wecks umong the Sulish on
Vancouver Island in 1936, then visited the Indian reserve
of Katrie, on the Fraser River, 25 miles {rom Vancouver,
home of Coast Salish tribe. With the help of Old Pierre,
a Ti-year old medicine man, Jenness writes 8§ chaplers on
guardizn spirits, rituals, cycle of life, etc., and 6 appen-
dices on masked dance, priests, etc. Photo of (Md Pierre,
c 1895 1 '

1956a

*The Chipewyan Indians | an account by an early explo-
rer”. Edited by Diamond Jenness. Anthropologive, No. 3@
pp. 1523, (OONL).

Jenness has edited an unpublished manuscript from the
Masgon papers at McGill University Library. It may have
been written by one of Sir Alexander Mackenzie's
contemporarics, John Macdonnell, Jenness finds value in
the notes on Chipewyan customy, since the tribe disappea-
red during the 19th century, He has added televint
passages from Hearne, Mackenzie and Thompson, for
future students, The writer of the original manuseript finds
the Indians *“in a state of darkest superstition and igno-
rance... beggarly, cownrdly and mean in thelr noture but
on the other hand susceptible of slights; persevering and
ingenious™.

1936b

“The Corn goddess and other tales [rom Indian Canada™,
National Musewm of Canada Bulletin, No. 141 @ pp. 111
(OONL).

Foreword by F.J. Alecock, Chief Curator, MNational
Museum of Canada. lllustrations by Winnifred K. Bentley,

1957

Dawn in Arctic Alaska. Minneapolis | University of
Minnesots Press ; pp. 222, Pub, in Great Britain, India and
Pakistan by Oxford Univ. Press. (QONL).

Inscribed “To my sons”, this i3 Jenness' informal
sccount of the time he spent with the Siefunsson expedi-
tion, beginning with the letier from Edward Sapir, in
Ottawa, while he was In New Zealand, supgesting he
rendez-vous with the Canadinn Arctic Expedition in
British Columbia,

Mustrated by Gincomo Reimondi.

1961a

“Human resources of Canada's northlands™ A paper
presented af the Resources for Tomorrow conference,
Montreal, Oct. 26, 1961. (Manuscript lent by Graham
Rowley, Ottawa).

Jenness contrasts the Maori assimilation with neglect
of Canada’s Indians, and dependence of Eskimos on white
civilization. He considers the military value of the Arctlc,
and also possible mining expansion. Concluding that
efforts te buttress Eskimo economy in the north have
failed, he suggests bringing young Eskimos south for
training, perhaps to be called “Eskimo Pioneers™. This
might help lend toward eventunl assimilation,

19611

Obituary for R.M. Anderson, 1877-1961. Arcvic, 14 (4):
p. 268, (OONLL

Jenness recalls Anderson’s strength and cheerfulness
travelling up the Coppermine River, 1914-5. Anderson
later became chief of biclogy, Nationmal Museum of
Canada,

19620

“Americn’s Eskimos ¢ Can they survive ™" Waterloo
Lutheran University. 15 pages. (GONL).

A lecture delivered under the auspices of Walerloo
Lutherun University, Oct. 16, 1962, and published a5 a
pamphlet.

1962b

The Economics of Cyprus, & survey fo 1914 MoGill
University Press. Montreal. pp. 219, (OONL).

With the help of a Canada Council grant, Jenness
publishes his view pn Cyprus in this book:
Bl und wh. illus, maps, 1 folded.

1963e

Eskimo Administrution, | : Alaska. Aretie Instituce of North
America, Technical Paper No. 10; pp. 64. (DONL).
Jenness. writes the first of 5 volumes, comparing
attitudes and specific handling of Eskimo administration
in 4 different areas. Ranks as one of his major underta-

kings.

| 96

Eskimo Administration, 2 : Canada. Arctic Insiinue of
North America, Technical Paper No. 14 : pp. 186, (OONL)

1964b

“The Cunadign Eskimo™. In: The Unbelievable Land
Edited by L. Norman Smith, Ottawa ! Queen’s Printer. For
the Department of Northern Affairs and National Resour-
ces and the Northerm Service of the CBC. (OONL).

With u foreword by Georges Vanier and u conclusion
by R. Gordon Robertson, the book contains articles by
29 experts. Jenness says we must develop a more profound
sense of our obligations (with the added alomic age

— o
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responsibility) than even the Eskimos possessed, or follow
the dinosaur into oblivion. He cites Eskimo humour and
inventiveness, great assets in their 8000 years® existence in
the north.

34 bl, and wh. photos.

19634

Eskimo Administration, 3 : Labradoer. Arctic Iastitute of
North America, Technical Paper No. 16 : pp. 94. (OONLL

1966

“The admanistration of northen peoples @ Americi’s
Eskimos — pawns of history.” In: The Arctic Frovtier,
Fdited by R. S5t ). Macdonald. University of Toronto
Press. Toronto @ pp. 120-29, (OOA).

Jenness compares Alaska, Canads and Labrados, in
their Eskimo administration, concluding Newfoundland
has the best record, In 1939, he notes, the Supreme Count
decided Bskimos were [ndiams. Jenness ackmowledges
stomation is a problem lor evérvone in o complex
society.

19674

“The sscent of Mount Madawana, Goodenough Tsiand ™,

Canadian Geographical Jowrnal, 74 : pp. 100-08. (OONL).
Written 30 years carlier, 1911, the article tells of 300

buttedlics Jenness sent to Oxford’s Pit-Rivers Muoseum,

and of his experiences climbing one ol the highest peaks,

Madawang, recently feared for cannibal activities.

11 bl. and wh. photos. 3 sketch maps.

1967h

Eskimo Adminisiration; 4 ;: Greenland. Areric Institure of
North America, Technical Puper No. 19 : pp. 176, (GONL),

[967c

“The Indians”. Io : Canode Edited by Earle Toppings.
Ryerion Press. Toronto : pp. 156, (OONL),

An overview by Jenness of Cannda'’s pre-European
population noting linguistics and social distinctions in
Indiun and Eskimo tribes from the Pacific to the Atlantic,

1968

Eskimo Administration, 5; Analysis and Reflections,
Aretic Institure of North America, Technical Paper No. 21 @
pp. 72, (OONL).

969

“Eskimo". Encyclopedic  Britannica, Yol 8. London :
pp. 702-5, (OONL)

Under 2 headings, “"Early Life and Customs"” and
*Eskimo Archaeology™, Jenness discusses the 50,000 peo-
ple from Bering Sea to Greenland and Labrador, exclu-
ding Aleut people, but including the Siberian shore. He
datez Thule culture from Mathiassen's findings: Dorset
from his own. Very good bibliography.

1970a

“The Canadian Eskimo™. Umited States and Canada, a
Humdbook, Book 2. Anthony Blond Limited. London, ULK,
{Listed on Collins/Taylor list as “in press™; umable to
trace; may never have been published),

1970k

Foreword to Bunks Land Story. Yellowknife. Centennial
Centre. (Listed on Collins/Taylor list as “in pres"™;
unable to trace; may not have been published).




Diamond Jenness

by Graham W. ROWLEY (1)

DIAMOND JENNESS, CC, the outstanding authority on
the Eskimos and Indians of Canada, died at his home at
Cascades, near Ottawa, on 29 November 1969,

He was bom in Wellington, New Zealand, in 1886 and
went to school and university there, graduating from
Victoria University College with first class honours in
classics. A scholarship then took him to Balliol College,
Oxford, where he followed his BA (Lit Hum) with o
Diploma in Anthropology in 1911. This led to an an-
thropological expedition among the northern d'Entrecas.
tegux Islands of New Guinea. Soon after he returned to
New Zealand, he was invited to join the Canadian Arctic
Expedition, organized by Vilhjalmur Stefansson, as an
cthnologist, and he spent the period from 1913 to 1916,
first among the Eskimos on the northern coast of Alaska,
then with the Copper Eskimos, mainly in Victoria Island.
In 1916 he returned south to join the Canadian Army and
served overseas with the artillery, After the war he was
appointed an ethnologist on the siaff of the Nutional
Museum of Canads and became Chiel of the Anthropolo-
gical Scction in 1926, As well as directing the anthropo-
logica]l work atl the museum, he carried out ethnological
studies among the Sekani, Carrier, Const Salish, and
Sarcee Indians, and made archaeological investigations in
Alacka and Newfoundiand.

During the Second World War, Jenness served first
with the Dependants’ Allowanece Board and then successi-
vely as Deputy Director ol Intelligence in the Rayal
Canadian Asr Foree und Chiel of the Tnter-Service
Topographical Section. Subsequently he was responsible
for the organization of the Geographical Bureau, where he
was Director of Research until he retired in 1947, Few
scholars can have had a more active retirement. He
continued his many snthropological and geogmaphical
interests and, in particular, studied the economy of the
island of Cyprus and prepared a series of monographs on
the administration of Eskimo affoirs in Alnskn, Canada,
Labrador, and Greenland.

Jenness made contributions of the first imponance in

(1) Reprintad from “Obitoary™ in Polor Recond, vol. 13, n* 96,
p 361362

many fields. He wrote with a clarity and literary style that
mude his publications a delight to read, His reports on the
Copper Eskimos and how they lived