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PREFACE 

In the beginning, it was decided that the Polar Continental Shelf Project 
would not proliferate scientific journals. Many studies under many disci
plines would be undertaken or supported by PCSP and scientists would be 
allowed the freedom to select where they would publish the results of their 
investigations. It was assumed that the scientist knew where he would qet 
the best exposure and gain the most respect amonqst his colleagues. There
fore, it was decided that PCSP would not initiate a series of publications 
under its own flag. The only request PCSP has made to scientists is that 
they submit copies of their publications to the PCSP office. 

You now have in your hands the first PCSP publication in the form of a 
bibliography. Through this medium we hope to allow those interested in 
the Canadian Arctic to become aware of the sci enti fie efforts of many i ndi
viduals and agencies. We hope that this itemization of scientific litera
ture may be the starting place for new research in the Arctic and a worth
while and useful compilation of what has been undertaken in the past. 

The material in this bibliography has been set out by discipline with an 
author index. We readily admit that there may be some dispute amongst our 
colleagues as to where some papers should be filed, but in our wisdom we 
have tried to make an intelligent allocation. If there is no abstract to 
an original paper it has been impossible to include it in this bibliography. 
The abstracts have been reproduced with all the mistakes and eccentricities 
of the original publication; we hope that we have not added any new ones. 
We have made no changes in the literary or editorial style of the original 
abstracts although, as an aside, it is our opinion that many editorial 
changes, spelling corrections, etc. could have been made. 

We point out also that we can see shortcomings in the layout of this vol
ume before it goes to press, but we have chosen to ignore them at this 
time in our desire to get this volume into your hands. They will be 
changed in subsequent volumes. 

It is our hope that this bibliography will be of use. We have already 
started to accumulate items for the second volume, and we would appreciate 
being made aware of publications we have missed and publications to come 
in the future. 

December 14, 1973 

i i i 
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ARCHEOLOGY 

0001 McGHEE, R. - 1971 
Excavation at Kittigazuit; The Beaver, Autumn, 
pp. 34-39. 

0002 SEBISTY, J .J . , PARSONS, D.E., and 
ARNOLD, K.C. - 1964 

Examination of metal relics found on Meighen Island, 
N.W.T.; Mines Br. Can., Report I.R. 64-67, 15 p. 
Two corroded tin-plate containers from one camp 
site, date unknown, and a third can from beside a 
cairn of known date were submitted by the 
Geog'raphical Branch, [lepartment of :~ines anti 
Technical Surveys to the Physical Metallurgy 
Division for metal l urgical examination of the tin
plate in an attempt to establish the probable date 
of manufacture of the containers. 
The steel used in the unknown containers was identi
fied as of acid Bessemer grade . The basis steel 
sheet apparently was manufactured by the hot pack-· 
rolling method followed by hot-dip chloride fl~x. 
Use of zinc chloride flux indicated :that the tln
plate had been manufactured since 1910 and suggested 
that the containers were more probably left by 
Stefansson in 1916 or by Dr. Krueger in 1910 than 
by Or. Cook in 1908. 

0003 TAYLOR, W.E . - 1964 
Archaeology of the McCormick Inlet site, Melville 
Island, N.W.T.; Aratia, vol. 17, No. 2, pp. 126-129. 
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0004 BARR, W., BARRETT, P.E., HUSSELL, D.J.T., 
KING, R.H. , and KOERNER, R.M. - 1968 

Devon Island programs, 1967; Aratic, vol . 21, No . 1, 
pp. 44-50. 

0005 BARRETT, P.E . , HUSSELL, D.J.T., and 
WHILLANS, I.M. - 1969 

Devon Island programs, 1968; Arctia, vol. 22, No. 2, 
pp. 158-160. 

0006 BLISS, L.C. - 1972 
Devon Island I.B .P. Project, High Arctic Ecosystem, 
Project Report 1970 and 1971; Dept. Botany, Univ. 
A ~ta., 413 p. 
The Devon Island Project began its field studies in 
May, 1'970, two to three years after most other IBP 
ecosystem studies were initiated. The Truelove 
Lowland (75°40'N, 84°40'W) was chosen because of 
its relatively rich flora and fauna for a High 
Arctic area, its established camp of the Arctic 
Institute of North America and the resulting back
ground research of the past 10 years, and the near
ness of the area to Resolute Bay, Cornwallis Island 
for logistic support. 
A series of lowlands along the northeast coast of 
Devon (sverdrup - 26 km2, Sparbo-Hardy - 86 km2, 
Skogn- 13 km2, Truelove- 43 km2) are the only 
ones in this part of the Island that contain 
relatively extensive plant cover and thus a food 
and shelter base for a diversity of animals. Plant 
cover and animal diversity are greater i n those 

lowlands with more scattered la kes (Truelove and 
Sparbo-Hardy). Simi l ar areas in central Bathurst 
Island, Sherard Bay on Melville, Mould Bay on Prince 
Patrick, protected valleys on Axel Heiberg, Fosheim 
Peninsul a and Lake Hazen areas of Ellesmere, and the 
upland southern coast of Mel ville Island are most of 
the major areas within the High Arctic (mostly north 
of 75°) with an adequate vegetation cover to support 
year-round popul ations of muskox, Peary's Caribou, 
and a variety of smaller mammals and birds. Rough 
estimates indicate that these areas com~rise less 
than 3% of the approximately 400,000 km land and 
ice area within the Canad ian High Arctic. 
The Truelove Lowland (43 km2) and Truelove Valley 
(3 .6 km2) are a rather compact unit; isolated on the 
west and north by 24 km of shoreline and on the east 
and south by steep cliffs that rise 250 to 300m to 
a plateau. Human and large mammal movement to low
lands northeast and southwest of the Truelove can 
go by sea ice 9-10 months of the year but in summer 
are restricted to going over t he edge of t he plateau. 
Thus a unique feature i s its rather precise topo
graphic limit. The south side of the Truelove Inlet 
and valley mark the edge of a depressed fault block 
on which some resistant granite outcrops occur, 
esoecially near the Truelove River delta and the 
northeast (Fig. 1). These outcrops comprise about 
12% of the lowland including some that are calcareous. 
The remainder of the lowland consists of 22% lakes, 
15% raised beach ridges, and 51% sedqe and grass 
dominated meadows. The beach ridges, approximately 
3,000 to 9,500 years old, and t he towland in general, 
result from isostatic rebound fol lowing ice ret reat 
(Barr, 1971). Barr estimates total uplift to be 
107 m and that for the first 1,000 years af ter 
deglaciation, uplift averaged 4.05 m per 100 years. 
The rate decreased steadily after the initial uplift 
and today appears to be matched by eustatic sea level 
ri se. 
The Lowland contains three large lakes, Water Lake 
(107.5 ha) adjacent to the beach ridge where the 
Base Camp is located, Char Lake (118.0 ha) to t he 
southeast, and Phalarope Lake (179.5 ha) to the 
southwest. There are an additional 10 medium size 
and many small lakes and ponds. The Truelove River, 
which originates at the Devon Icecap, approximately 
20 km inland, lies along the southern border of the 
Lowland. It is not known at this t ime what influence 
it has on the lowland climate, especially during June 
break-up. The Gully River which flows north from a 
mid-point along the east cliff-face is a much smaller 
stream . Small streams also interconnect t he lakes 
and in general drain to t he west. 
The biological diversity i s considerable for a loca
tion at this latitude. There are approximately 95 
species of vascular plants (Barrett, personal commun
ication) 91 species of mosses and 170 species of 
lichens (Richardson, personal communication) . Li chens 
oredominate on the drier beach ridge surfaces and 
within the rock outcrops while mosses dominate in 
the sedge meadows and al ong streams . The greatest 
diversity of vascular plants occurs in the rock out
crops and drier meadows . The vascular flora of beach 
ridges (ca. 15 species) and the plateau (ca . 12 
species) is much smal ler. There are 17-18 species 
of breeding birds nesting i n the lowland . Many 
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species ar~ insectivores but there are also herbi
vores (Snowy owl and Peregrine falcon). Mammal 
diversity is relatively large for terrestrial High 
Arctic areas. The only mammal not present is 
Peary' s Caribou but these animals occurred in the 
recent past. The species present include collared 
lemming, arctic hare, and muskox as herbivores; and 
shorttail weasel, arctic fox, and arctic wolf as 
carnivores . The latter two species are present for 
only a relatively few days per year (25 to 100) on 
the Lowland. The large lakes, which are not being 
studied, contain arctic char, some more than 50 em 
in length . 
The Lowland ecosystem is being studied through an 
integrated, multidisciplinary approach. It was 
established at the start of the study that the two 
major habitat types, sedge meadows and beach ridges 
are central to the location and functioning of many 
species . Through a systematic inspection of a series 
of meadows and beach ridges, a representative one 
of each was selected and designated as the Intensive 
Study Site. Within each site a 5 x 5 m grid network 
was established and divided into areas for : observa
tion only (controls), no~-destructive sampling, and 
destructive sampling. A sufficient number of 
destructive sampling plots were established in 1970 
to permit the random selection of plots for each of 
the four years of planned research. The intensive 
research programs for meteorology, soils, energy 
and water flux, plant production (both cryptogam 
and vascular), photosynthesis, invertebrates, 
decomposition and surface manipulation were all 
established on plots within these two habitats . 
It was recognized that a number of meadows and beach 
ridges must be investigated for the data collected 
to be representative of the biological diversity 
within the population of meadows and beach ridges . 
To this end, where appropriate (meteorology, soils, 
plant production, invertebrates, lemming) a series 
of meadows and beach ridges were chosen for less 
detailed study and were designated as Extensive 
Study Sites. 
Details on the actual grid pattern (see Peters and 
Walker soils report) and the location of the 
intensive and extensive program for each study can 
be found in the respective reports. 
Because of the importance of the rock outcrops to 
lemming, weasel, fox and several bird species, it 
wa s agreed to study two or three of them in an 
extensive program during 1972 and 1973. 
In order to tie together the total biology and 
habitat types in the lowland, it was recognized that 
detailed aerial photography needed to be flown and 
a stereoscopically corrected orthographic map pre
pared . This will permit accurate mapping of many 
lowland features, biologic and topographic. Details 
of this project are included in this report . 
The major objectives of the project are: 
1. To determine the system's efficiency in captur

i nq and utilizing energy; 
2. To determine the environmental and biological 

limiting factors for the growth and development 
of key animals and plants; 

3. To develop models of population numbers and 
standing crop (weight, calories, nitrogen) for 
the major biological components of the Lowland 
System; 
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4. To determine the limits of degrading and restor
ing plant-soil portions of the system by various 
manipulations ; 

5. To develop dynamic understanding and models of 
High Arctic Ecosystem function and the limits 
to its functioning induced by natural and arti
ficial stresses. 

This report of the first two years of research 
includes information on the major components of the 
system: 1) abiotic (geology , meteorology, permafrost, 
soils, C02 , energy and water flu xes); 2) history of 
the vegetation; 3) primary producer (vascular plants, 
lichens, mosses); 4) production processes (photo
synthesis, nitrogen fixation) ; 5) consumers (hervi
vores, insectivores, carnivores) ; 6) decomposers 
(soil microflora and microfauna); 7) manipulation 
studies (simulated grazing , fertilization, and soil 
surface manipulations); and 8) data synthesis, 
systems analysis and modelling . New units added in 
1972 are hydrology, invertebrate bioenergetics, and 
primary production in rock outcrops . The basic 
objective is an understanding of the terrestrial 
portion of thi s High Arctic system. 
No portion of this report may be reproduced without 
specific approval of the Project Director. Informa
tion contained herein may be cited, recognizing that 
the data are preliminary. This report is printed as 
an interim summary prior to the completion of the 
project in 1974. 

0007 BLISS, L.C. - 1972 
Devon Island, Canada, High-Arctic Ecosystem; 
Biological Conservation, Elsevier Pub. Co. Ltd., 
pp. 229-231. 

0008 BLISS, L.C . - 1972 
I.B.P. Hiqh Arctic Ecosystem study, Devon Island; 
Arctic, vol. 25 , No . 2, pp . 158-161 . 

0009 BLISS, L.C . , and TEERI, J .A. - 1~71 
Devon Island Programs 1970; Arctic, vol . 24, No . 1, 
pp. 65-67 . 

0010 BLISS, L.C . , and WEIN, R.W. - 1972 
Ecological problems associated with Arctic oil and 
gas development; ~oc. Can. Nor thern Pipeline Res. 
Conf., Feb. 2-4, 1972, N.R.C. Assoc. Comm. Geotech. 
Res., Tech. Hem. 104, pp. 65-77. 
The Canadian Arctic covers 2.5 million km 2 , about 
23 percent of the country . In this vast area there 
are great differences in topography, climate and 
biota. These point to the need for different land 
uses and land use regulations within an area and 
between areas. Vast areas of the Arctic Islands can 
be handled quite differently in exploration proce
dures than in the Low Arctic of northern Yukon and 
the Mackenzie Delta, yet small areas in the islands 
are comparable in terrain and bioti c sensitivity to 
those of the Delta . 
Data will be presented from some of the ecological 
research being conducted by government agencies, 
industry, and university groups to determine the 
environmental limi ts of Arctic exploration, oil and 
gas field development, and the impact of pipelines 
on arctic and subarctic ecosystems. Preliminary 
comparisons on seismic operations, use of summer and 
winter roads, revegetation trials and recovery of 



vegetation from spillage of crude oil or diesel fuel 
can now be made with landscape units of the Delta 
and, in some cases, between the Delta and the Arctic 
Islands. Data will also be presented on the Devon 
Island IBP High Arctic Ecosystem study, including 
information on how a natural eco6ystem functions and 
some of the limits to its manipulation . 

0011 BURSA, A.S. - 1964 
XOfoidinium arcticum, a new Dinoflagellate; 
Phycologia, vol. 4, No. 1, pp. 8-14. 
A new species of dinoflagellate from the Arctic 
Ocean, Kof~idinium arcticum, is described. Closely 
similar to the warm-water K. veZeZZoides Pavillard, 
it is nevertheless clearly distinct on the basis of 
several morphological characters. Although placed 
in the dinoflagellates, it differs structurally 
from typical members of the group. Its bipolarity 
is defined by the location of the cytostome which 
possibly corresponds functionally to the dorso
ventral area of other dinoflagellates. 

D012 COLEMAN, R.W. - 1972 
Certain aquatic plant-invertebrate interrelation
ships from Newfoundland, Canada; Abstract, 35th 
Annual Mtg., Amer. Soc. Limnology & Oceanography, 
March 19-22, Tallahassee, Florida. 
From a biological survey of certain areas of 
Newfoundland in 1967 the following algae were 
collected: Alaria sp., Blidingia minima, Chorda 
filum, Dictyposiphon lubrica, Enteromorpha intest
inalis, Fucus distichus, Fucus distichus subsp. 
edentatus, Fucus spiralis, Fucus vesiculosus, 
Halosaccion ramentaceum, Monostroma fuscum, Pilayella 
littoralis, Polysiphonia urceolata, Porphyra umbil
icalis, Rhodomela confervoides, Rhodymenia palmata, 
Scytosiphon lomentaria, Spongomorpha arcta, Ulothrix 
flacca and Urospora mirabilis. The following 
invertebrates were collected: Ulothrix flacca, 
Buccinum undatum, Galliopius laeviusculus, Caprella 
septentrionalis, Gamerellus angulosus, Gamarellus 
homari, Gammarus oceanicus, Gammarus serosus, Hyale 
nilssoni, Hyalella azteca, Idothea baltica, Ischy
rocerus anguipes, Jaera sp., Lacuna vincta, 
Littorina littorea, Littorina saxatilis, Lunatia 
heros, Macoma balthica, Margarites groenlandicus, 
Mya arenaria, Hytilus edulis, Nucella lapilla and 
Nucella lapilla forma imbricata . Interrelationships 
of these organisms are discussed and illustrated. 
Dr. R. Tucker Abbott, Dr. Robert K. Lee and Dr. Don 
Steele identified specimens. 

0013 GRAINGER, E.H . - 1962 
Arctic Unit of Fisheries Research Board of Canada 
field activities in 1960; Polar RecoPd, vol. 2, 
No. 72, pp. 277-278. 
The objectives of the Arctic Unit remain the assess
ment of fisheries and aquatic mammal resources in 
the Arctic Regions, and the establishment of a basis 
of biological information for their rational manage
ment. Knowledge of the zoogeography and ecology of 
aquatic species in the region is still incomplete, 
but it is evident that productivity is relatively 
low, and fisheries and marine mammal exPloitation 
have been developed mainly on a small scale as an 
aid to local economies. 
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The present headquarters of the unit i n Montreal are 
now inadequate and a new building is planned. In 
the field thP unit operates two small vessels, the 
49ft. diesel ketch 'Calanus' and the 38ft. explor
atory fishing vessel 'Salvelinus'. 

0014 GRAINGER, E.H . - 1965 
Zooplankton from the Arctic Ocean and adjacent 
Canadian w~ters; J. Pish . Res. Bd. Can., val. 22, 
No. 2, pp. 543-564. 
Zooplankton collections from the Arctic Ocean, the 
Beaufort Sea, and northwestern Canadian coastal 
waters are described, along with physical character
istics of the waters sampled. About 50 species are 
included. 
The collections are compared with records from the 
central Arctic Ocean and other waters adjacent to 
the present region. The species are shown to fall 
into three groups. One is characteristic of the 
surface water of the Arctic Ocean, one of the 
Atlantic water and to a lesser extent the deep layer 
of the surface water of the Arctic Ocean, and one of 
the shallow oeripheral seas of the Arctic Ocean. 
The surface water group includes eight species which 
account for more than 95% of the copepod individuals 
found in the surface layer, and which appear to be 
the only cooepods which breed in the surface layer 
of the central Arctic Ocean. The same species are 
the major constituents of the zooplankton found in 
the waters of the Canadian arctic, from the Arctic 
Ocean to Davis Strait. The deeper Atl antic species 
of the Arctic Ocean, more numerous as species but 
far less numerous as individuals than those of the 
surface water, occur only very rarely in the surface 
layers, show no evidence of breeding there, and 
appear to be almost entirely absent from Canadian 
archipelago waters inside the shelf. Clear continu
ity of the Arctic Ocean surface fauna through the 
waters of the Canadian arctic is shown, along with 
the almost total exclusion from archipelago waters 
of the deeper Atlantic fauna. This intrusion of 
Atlantic species into the waters of arctic Canada 
appears to be almost entirely restricted to the 
southeast part of the region, especially Hudson 
Strait and adjacent waters. 
Development rates of two copepods in the Arctic 
Ocean, MicrocaZanus pygmaeus and. CaZanus gZa~aZis, 
are discussed. 

0015 GRAY, D.R. - 1970 
The killing of a bull muskox by a singl e wolf; 
Arctic, val. 23, No. 3, pp. 197-199. 
Although there are many reports in the literature 
describing successful attacks of the wolf (Canis 
lupus) on muskoxen (Ovibos moschatus), the followinq 
observation of a sinple, male wolf attackinq and 
killinq a lone bull muskox is, to m_y knowledpe, 
unique (see Hone and Tener for a review). The kill
inq was observed from a 1istance of aporoximately 1 
mile, using a 15 x 60 spottinq scope, rlurinq a study 
of the behaviour of muskoxen (Ovibos moschatus uxwdi ) 
on Bathurst Island, Northwest Territories. 

0016 GRAY, D.R. - 1973 
Social organization and behaviour of muskoxen (Ovibus 
moschatus) on Bathurst Island, N.W.T.; unpub. Ph.D. 
Thesis, Univ. Alberta, 212 p. 
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The social organization and behaviour of a free
living high arctic population of muskoxen (Ovibos 
moschatus ) was studied during summer and winter . 
The study population size was lowest in early summer 
and rose to about 100 in early winter. Limited 
resightings of tagged muskoxen suggest frequent 
movements between the study area and other grazing 
areas on the island. Few solitary bulls and no 
calves or year lings were observed between May 1968 
and May 1970. Sex ratios in herds approximated 
equality and few single-sex herds were seen. 
The activity cycle for muskoxen consisted of alter
nating periods of feeding and resting-rumination of 
about 150 minutes duration. Activity within most 
herds was synchronized but large winter aqqregations 
did not show this same synchrony. Some animals 
remained together as a single herd or part of 
several different herds for up to three months. 
Other herds were less stable with much mixing, join
ing and splitting of herds occurring. During most 
daily feeding movements leadership was not evident 
but certain individuals did influence other herd 
movements. 
Grooming and drinking were infrequent . Feeding 
behaviour in winter was variable, depending on 
snow conditions, but usually consisted of removing 
snow cover by pawing. In winter herds grazed in 
broad valleys rather than on wind-swept hillsides . 
No evidence of grouping during winter sto~s was 
noted. 
A linear dominance hierarchy was present among the 
bulls of herds studied intensively. Displacements 
from winter feeding craters and the initiation and 
outcome of butting and charging interactions were 
closely related to the dominance position of the 
individuals. Broadside displays and gland-rubbing 
displays were usually performed by dominant bulls. 
The dominant bull acted as herd leader in situations 
of disturbance and during some herd movements. Join
ing of two herds occurred with no overt interactions, 
after dominance or threat displays by a dominant 
bull or after a clashing fight between two dominant 
bulls. Behaviour patterns seen during between-herd 
interactions also occurred in interactions with 
caribou, humans and attacking wolves . Behaviour 
patterns apparently unique to the muskox are the 
rubbing of the preorbital gland against the foreleg 
and the pressing together into a line or rough 
circle as a defence against predators. 
During the expected rutting season, no copulations 
were seen. Muskox bulls performed sniffing, lip
curling and foreleg kicking and only rarely, mount
ing behaviours. Many courtship behaviours were 
performed by dominant bulls. Cows did not appear 
receptive. The sex ratio in herds remained the 
same and no harem-formation or tending-bond behav
iour was observed. An increase in completeness of 
courtship behaviour and the presence of calves in 
1971 indicate a return to a breeding condition in 
the population. 

0017 HEYLAND, J.D. - 1972 
Vertical aerial photography as an aid in wildlife 
population studies; 1nt Can. Symp . Remote se~c. , 
pp. 121-136. 
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The advantages and disadvantages of visual censuses 
of wildlife populations are discussed. It is noted 
that oblique photographs have limited use in census 
procedures and are most useful for panoramic, 
illustrative purposes . It is suggested that verti
cal photography provides the best method of census
ing many animal and bird populations. Vert ical 
photography of the population of Greater Snow geese, 
during the spring and fall migration periods along 
the St. Lawrence River, has made it possible to 
accurately census the geese, distinguish young from 
adults, to separate family units, to determine 
ranges of brood sizes and mean broods, and to obtain 
age ratios. Experimental vert ical photography has 
shown that several species of waterfowl, some ter
restrial ungulates, narwhal, and beluga could proba
bly be accurately censused using this technique. 

0018 LEE, R. K.S. - 1973 
General ecology of the Canadian Arctic benthic 
marine algae; Arctic, vol. 26, No. 1, pp. 32-43. 
The Canadian Arctic marine flora i s basical ly a 
regional extension of Atlantic species. As the 
extreme envi ronmental conditions of l ow temperature, 
low salinity and long periods of darkness intensify 
towards the western and northern parts of the 
Canadian Arctic, there is a marked reduction i n the 
number of species . The protective cover of sea ice, 
together with the seasonal development of a low 
salinity layer from ice melt, hinders mixing between 
water layers, and nutrient replenishment is appar
ently a critical problem. Communities are generally 
small and isolated l argely because of substrate 
limitations . A population may be extens ive and 
dense, but this is attributed to the small number of 
species and the relative ineffectiveness of most of 
these in competing for the available space. Fol l ow
ing seasonal ice mel t, the intertidal habitat in 
colder regions remains unsuitable for algal growth, 
because of its exposure to a combi nation of adverse 
climatic and oceanograph ic conditions. The decreas
ing diversity of species, as the physical conditions 
become more adverse, together with the nearly com
plete absence of endemics, indicate a low level of 
adaptation, and the arctic commun i ties are j udged 
to be ecolog ically immature. 

0019 LEE, R.W. - 1966 
Ecological study of the Mould Bay marine algae; 
unpub. M.A. Thesis, Univ. Mass . , 47 p. 
The influence of sal i nity, bottom type, and espe
cially illumination on the distribution of the 
benthic algae in an i ce covered arcti c marine envi
ronment (Mould Bay, Prince Patrick Island, 76°N, 
120°W) was studied in the summer of 1964. In this 
hitherto phycological ly unexamined region of the 
Canadian Archipelago 31 speci es of attached marine 
algae were found, all of which are common to the 
Atlantic flora. 
After winter salini ties of ca. 34 °/oo, the majority 
of attached subli t toral a&gae were exposed to sal in
ities as low as 15 to 20 /oo in July and earl y 
August when runoff from melt was high. Three 
species of algae were found restricted to the upper 
sublittoral and littoral zones where the salinity 
was commonly less than 3 °/oo. 



On bottoms illuminated by more than 200 ft-c (daily 
average intensities) algae occurred equally on the 
three sedimentary bottom types (sand, firm mud, and 
soft mud) which predominate in Mould Bay. At inten
sities as low as 10-20 ft-c few species and little 
plant mass were recovered from the soft mud bottoms 
in contrast to the other bottom tynes. 
Several actively growing attached algae were recov
ered from bottoms receiving ca. 8 to 15 ft-c in 
June and July. No plant life was found on bottoms 
illuminated by less than 5 ft-c. Assuming that the 
respiratory needs of arctic multicellular algae are 
satisfied by ca. 5 ft-c, photosynthesis alone miqht 
explain the observed growth of attached algae in 
Mould Bay. An estimation of the seasonal variation 
in submarine illumination at Mould Bav in 1964 is 
presented. It is suggested that an obligate photo
autotrophic form of nutrition may be sufficient for 
algal growth and survival in spite of extremely low 
light intensities followed by almost total darkness 
for over half the year. 

0020 MacDONALD, S.D. - 1970 
The breeding behaviour of the rock ptarmigan; The 
Living Bird, Cornell Lab. Qrnithology, pp. 195-238. 
All arctic birds seem to acquire a special beauty 
on their breeding ground, and once removed from it 
their plumage loses its brilliance and its evanes 
cent vitality which is its characteristic. When 
we think of birds that are truly beautiful, few of 
us even cons ider the Rock Ptarmigan. Its basic 
white plumage of the cold months seems purely utili
tarian, as does the drab, cryptically colored brown 
of the summer. To appreciate what a splendid crea
ture the Rock Ptarmigan really is, one must see it 
in life in its arctic environ~ent. The winter 
plumage, so flat and chalky white in museum skins, 
is vivid in the 1 iving bird. ~Jhen the arctic sun 
is low, the delicate blues and pinks of the wind
sculptured snow impart to it an opalescent glow; 
against the blue of the sky or rlark bare ground the 
ptarmigan can be dazzling white. The brown plumage 
against the tundra is truly a marvel of camouflage, 
and a simple description of the exquisite blending 
of soft, earth colors conveys a sterile image as 
compared with the bird in life. 
Throughout the short arctic spring and summer the 
Rock Ptarmigan molts almost continuously and three 
distinct plumages are recognized (Salomonsen, 1950-
1951) . In early spring its immaculate whiteness 
matches the snow in the strong liqht of the arctic 
day. As the snow melts and extensive areas of bare 
ground appear, the appearance of patches of brown 
plumage on the bird keeps pace with the disaroear
ance of the snow. Again, in autumn, the piebald 
plumage matches the piebald landscape; and as winter 
advances, the fresh white plumage, now flushed with 
pale pink, harmonizes with the new snow in the low 
light of the declining sun . 
The Rock Ptarmigan (r.agopu:; mutu::), a circumpolar 
grouse, is the most boreal of the three ptarmigan 
in Canada (Godfrey, 1966). There its breeding 
range extends to the edge of the Arctic Ocean. This 
paper deals with the life history and behavior of 
a high-arctic population on Bathurst Islan~. 
Northwest Territories, and is based on 1etailed 
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field studies from 18 ·~ay to 15 Auqust 1968 and dur
ing May and June 1969. The colleagues and sturlents 
who assisted me either one or both summers were: 
David F. Parmalee, Philip Taylor, Oavid Gray, Pierre 
Lamothe, and C.G. Hampson. 

0')21 !1acDOr-IALD, S.D., AND PARMELEE, D.F. - 1962 
Feeding behaviour of the Turnstone in Arctic Canada; 
British Birds, vol. 55, op. 240-243. 
This short paper has been written in response to the 
editorial comments following the interestin~ obser
vations by D.G. Bell and Bernard King on "Turnstones 
feeding on bread" (Brit . Birds, 54: 325-126). 
In 1955 we soent six months on northern Ellesmere 
Island, ~orthwest Territories, conducting field 
studies to obtain information for the National 
Museum of Canada on the breeding cycles of birds in 
the far north. The principal area of investigation 
1~as Fosheim Peninsula, two thousand square miles of 
mountains and tunrlra plain to the north of the 79th 
oarallel. Base camp was the joint Canadian-U.S. 
~leather Station of Eureka (80°00'N, 85°56'W). Ourinq 
the season we recorded 23 species of birrls, and 
obtained nesting data on all except three of these. 
One of the species studied in detail was the 
Turnstone (Arenaria interpres). 

0022 MAYFIELD, H.F. - 1973 
Black-bellied Plover incubation and hatching; Wilson 
BuH., vol. 85, No. 1, pp. 82-85. 
Black-bellied Plover incubation and hatching. -The 
Black-bellied Plover (SquataroZa aquatarola) has 
been little studied on its nestinq ground in the 
Arctic. There has been some confusion about its 
usual incubation period, and so far as I am aware 
no one previously has watched the bird from a blind 
for any considerable time during incubation and 
hatchinq. Therefore, I am summarizinq observations 
made in 1970 and 1971 mainly on two nests located 
in the interior of Bathurst Island, N.W.T., Canada. 

0023 ~cALPINE, J.F. - 1961 
Preliminary report on the insects of the Isachsen 
area, Ellef Ringoes Island, 1960; IIT'ctic Ci'Y'cuZar, 
vol. 14, No. 4, 2 p. 

0024 McALPINE, J.F. - 1964 
Arthropods of the bleakest barren lands: composition 
and distribution of the Arthropod fauna of the north
western Queen Elizabeth Islands; Can. Entomoloair.t, 
vol. 96, rlo. 1-2, pp . 127-129. 
The Northwestern Queen Elizabeth Islands, i.e., 
Meighen, Ellef Rinqnes, Amund Ringnes, King 
Christian, Lougheed, Borden, Mackenzie King, and 
Brock, constitute the most barren part of the high 
arctic fell field. ~Jithin this group, the richest 
area is at Isachsen on Ellef Rinqnes Island; there 
the relief is higher and the variety of habitats 
greater and richer than at any other place on any 
of these islands. Despite this relative richness, 
hor1ever, Isachsen has the coldest summer climate of 
any arctic weather station (July mean, about 3R°F.) 
and the smallest arthropod fauna (55 species of 
spiders, mites, collemboles and insects, according 
to studies conducted there in 1960) of any locality 
investiqated during the Northern Insect Survey. 
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0025 McALPINE, J.F. - 1965 
Insects and related terrestrial invertebrates of 
Ellef Ringnes Island; Arctic, vol. 18, No. 2, 
pp. 73-103. 

0026 McDONALD, I.J., QUADLING, C., and 
CHAMBERS, A.K. - 1963 

Proteolytic activity of some cold-tolerant bacteria 
from Arctic sediments; Can. J. Miarobio?.ogy, vol. 9, 
pp. 303-315. 
A number of Gram-negative cold-tolerant bacteria 
capable of growth on agar at 0°C but not at 25°C 
were isolated from Arctic littoral and marine sedi
ment samples. Eight of these organisms able to 
hydrolize gelatin were chosen for study. Taxonomi
cally these organisms consisted of an unidentified 
but closely related group of seven cultures and a 
single Pseudomonas strain. Culture supernatants of 
these Arctic organisms contained proteinases that 
hydrolyzed gelatin, casein, and e-lactoglobulin, 
but not bovine plasma albumin. When casein was the 
substrate, the proteinases were most active at pH 
7.0 to 8.0 between 30o and 40oc and were inhibited 
by ethylenediaminetetraacetic acid. The proteinases 
were relatively heat-labile; the activity of the 
most heat-labile was reduced by 90% in 20-30 minutes 
at 40aC and that of the most heat-stable by 90% in 
45 minutes at 50°C. Proteinases of the unnamed 
group of Arctic organisms were characterized by a 
low tempenatuPe chanacteristic and possession of 
high enzymic activity at low temperatures. Presum
ably such organisms can convert protein to simple 
nitrogenous compounds in the Arctic environment. 

0027 MILLER, F.L., RUSSELL, R.H., and 
URQUHART, D.R. - 1973 

Preliminary surveys of Peary caribou and muskoxen 
on Melville, Eglinton, and Byam Martin Islands, 
Northwest Territories, 1972; Prel. Report, Can. 
lvitdlife Serviae, CWSC 1422, 51 p. 
In 1972 the Northwest Territories Game Management 
Service advised the CWS that they were considering 
plans for harvesting Peary caribou (Rangifer 
tarandus pearyi) on Melville Island by Eskimos, and 
requested an evaluation of the possible impact on 
the caribou population. Because of the N.lLT. 
G.M.S. request investigations were begun there. 
Aerial surveys in 1972 were carried out by CWS on 
Melville Island and the adjacent islands of 
Eglinton (lat. 75045'N, long. ll8°30'W) and Byam 
Martin (lat. 75°20'tl, long. 104020'~1). 
The only extensive aerial survey of muskoxen 
(Ovibou moschatus) and caribou on the Queen 
Elizabeth Islands, N.W.T., was conducted by CWS in 
the summer of 1961 (Tener, 1963). Tener (1963) 
estimated that in July, 1961 almost half of the 
total Peary caribou on the Queen Elizabeth Islands 
were on Melville Island (lat. 75030'N, long. 
111 ooo I W). 

0028 SAVILE, D.B.O. - 1961 
Bird and mammal observations on Ellef Ringnes 
Island in 1960; Natural Hi1;tory Papers, Nat. "'us. 
Can., No. 9, 6 p. 
Collared lemmings were plentiful and arctic weasels 
occasional. Peary caribou and ringed seal were 
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scarce. One white-faced musk-ox was doubtfully 
reported. Breeding birds, in decreasing abundance, 
included Snow Bunting, Brant, Long-tailed Jaeger, 
Rock Ptarmigan, Knot, Baird's Sandpiper, Glaucous 
Gull, and perhaps Hoary Redpoll. The breeding bird 
density near Isachsen was estimated to be aa. 0.15 
adults per 10 acres. In sandy parts of the island 
the density must have been even less. It is thought 
that a high lemming population contributed to the 
breeding success of several birds through diversion 
of predation pressure. 

007.9 STIRLING, I., and JONKEL, C. - 1972 
The great white bears; Nature Canada, vol. 1, No. 3, 
pp. 15-18. 
The polar bear, like the muskox and Peary caribou, 
is a year-round resident of the Far North. Once 
thought to be in danger of extinction, it now 
appears to be safe throughout most of its range. 
In Canada, this range extends from the permanent 
pack ice of the Arctic Ocean and the high arctic 
islands to southern James Bay at the same latitude 
as Calgary. In fact, the area between Cape Churchill 
and the Nelson River in ~anitoba is one of the 
largest and most concentrated polar bear denning 
areas in the world. 

0030 TIDMARSH, W.G. - 1973 
The Copepoda (Calanoida, Cyclopoida) of northern 
Baffin Bay and southern Nares Strait: Their distri
bution and aspects of their biology; Arctia Inst. 
N. Ame:r., Sc. Rept. No. 3, 181 p. 
Plankton samples collected at sixty stations in 
northern Baffin Bay and southern Nares Strait be
tween 1968 and 1970 are analyzed. Thirty-six copeood 
species are identified. Their distributions are con
tra 11 ed by bathymetric and oceanoqraphi c features of 
these regions. Distributions of indicator species 
reflect the movement of water masses. Zoogeography 
is discussed. Six species belong to the Atlantic 
fauna; three are Atlantic expatriates. Thirty species 
belong to the Arctic fauna; six are Arctic Basin ex
patriates. Differences between the relative impor
tance of several species in the Arctic Ocean and 
Baffin Bay communities are discussed. 
Life cycles of nine species and adult female sizes of 
four species are analyzed and related to the presence 
of the North Water. The open water has a greater ef
fect on reproduction than on growth in two herbivo
rous Calanus species. The effect is less marked in 
Metridia longa and is neqligible in deeper living 
carnivores and omnivores. 
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0004 BARR, W., BARRETT, P.E., HUSSELL, D.J.T., 

KING, ~.H., and KOERNER, R.M. - 1968 
Devon Island f)rograllls, 1967; Arctic, vol. 21, i~o. 1, 
op. 44-5(). 

0031 BARRETT, P.E., and TEERI, J.A. - 1973 
Vascular plants of the Truelove Inlet reoion, flevon 
Island; Arctic, vol. 26, No. 1, pp. 58-67. 
Ninety-three species of vascular plants are recorded 
from a 16 sq. mile coastal lowland on the northern 
coast of Devon Island, Northwest Territories. The 



following taxa are apparently new records for Devon 
Island: Cystopieris fragilis, Woodsia alpina, Equise
tum variegatum, Poa alpigena, Carex amblyorhyncha, 
Draba oblonga~ Saxifraga tenui~ Epilobium arcticum, 
Hippuris vulgaris, Pedicularis lanata, Puccinellia 
vaginata var. paradoxa. These additions bring the 
total known flora of Devon Island to 115 species. The 
Truelove flora is part of the High Arctic biogeo
graphic element of the Canadian Arctic Archipelago. 
However, a distinct element of species of more 
southerly distribution is present probably due to 
the moderating influence of the lowland environment. 

0005 BARRETT, P.E., HUSSELL, D.J.T., and 
WHILLANS, I.M. - 1969 

Devon Island Programs, 1968; Arctic, vol. 22, No. 2, 
pp. 158-160. 

0032 BLISS, L.C . - 1971 
Arctic and alpine plant life cycles; Ann. Rev. 
Ecology & Systematics, val. 2, pp. 405-438. 
Of the world's major biomes, tundras, including 
Antarctica and Greenland, occupy about 1St of the 
land surface. These treeless areas, above treeline 
(alpine) or beyond treeline latitudinally (arctic), 
contain relatively few plant species. The plants 
that are preadapted to tundras have been selected 
by environmental regimes that contain less biologi
cally usable energy than in other biomes. Yet Hare 
(78) has shown that even in the Canadian Archipelago 
the Arctic is not a heat sink on a yearly basis, 
for solar radiation amounts to 35-40 kilolangleys/ 
year (0-5 kly/year in net radiation), compared with 
15-20 kly/year at treeline in Alaska and Keewatin. 
While altitudinal and latitudinal treeline conforms 
quite well to the 10°C mean for the warmest month, 
Bryson (46) reports that the northern limit of trees 
also corresponds with the southern limit of the 
arctic frontal zone in summer. This dynamic bound
ary may be controlled by vegetational differences 
in albedo and surface roughness. 
The functioning of plants, as influenced directly 
and indirectly by temperature, becomes central in 
determining the various strategies that have evolved 
to enable them to cope with these heat-deficient 
ecosystems. The purpose of this review is to bring 
together recent information and theories on the 
adaptive mechanisms which enable plants to survive 
and function in environments with cool, short sum
mers and cold, long winters - save for tropical 
alpine environments where "winter" comes nearly 
every night - and, where possible, to relate these 
findings to the pattern of species and communities 
in different tundras. 
Much research has been done in recent years on the 
floristics, plant communities, soils, ecophysiology, 
and now the ecosystems of different tundras. A few 
key books and articles that speak to this background 
of information are those of Schroeter (169), 
S~rensen (176), Polunin (150, 152), Bliss (31), 
Tikhomirov (189), Tranquillini (195), Billings & 
Mooney (27), Johnson (97), and Heal (79). 
A renewed interest in arctic ecology has occurred 
with oil and gas discovery in Siberia, Alaska, and 
Canada in the past several years, interest which 
now focuses on the fragility of arctic ecosystems 
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and their ability to maintain themselves in a rea
sonably steady state with the impact of man and 
machines. A good deal of this concern centers on 
the ability of plants to reinvade disturbed sites, 
and thus studies of adaptive mechanisms and life 
cycle strategies become central. 

0006 BLISS, L.C. - 1972 
Devon Island I.B.P. Project, High Arctic Ecosystem, 
Project Report 1970 and 1971; Dept. Botany, Univ. 
Alta., 413 p. 
Abstract under 0006 

0007 BLISS, l.C. - 1972 
Devon Island, Canada, High-Arctic Ecosystem; 
BiologicaZ Conservation, Elsevier Pub. Co. ltd., 
pp. 229-231. 

0008 BLISS, l.C. - 1972 
I.B.P. High Arctic Ecosystem study, Devon Island; 
Arctic, vol. 25, No. 2, pp. 158-161. 

0009 BLISS, L.C., and TEERI, J .A. - 1971 
Devon Island Programs 1970; A~ctic, vol. 24, No. 1, 
pp. 65-67. 

0010 BLISS, L.C., and WEIN, R.W. - 1972 
Ecological problems associated with Arctic oil and 
gas development; Proc. Can. Northern PipeZine Res. 
Conf., Feb. 2-4, 1972, N.R.C. Assoc. Comm. Geotech. 
Res., Tech. ~em. 104, pp. 65-77. 
Abstract under 0010 

0033 BLISS, l.C., and WEIN, R.W. - 1972 
Plant community responses to disturbances in the 
western Canadian Arctic; Can. J. Bot., vol. 50, 
No. 5, pp . 1097-1109. 
Data are presented on several current studies being 
conducted in the Mackenzie Delta and the Arctic 
Archipelago in relation to oil and gas exploration. 
Tundra fires destroy most of the aboveground plant 
cover and result in significant increases in depth 
of the active layer . Fire stimulated the growth and 
flowering of Eriophorum vaginatum subsp. spissum and 
Calamagrostis canadensis. The recovery of dwarf 
heath shrubs from rhizomes was relatively rapid while 
lichens and mosses showed no early recovery. Crude 
oil spilled in different plant communities killed 
the leaves of all species, yet regrowth occurre~ on 
some woody species the same summer and more species 
showed regrowth the second summer. Oil spi l led in 
early winter (October) and in wet sedge communities 
in summer appeared to be most detrimental. 
Percentage plant removal has been significantly 
reduced with changed seismic technology in the past 
6 years. Native species, often from rhizomes, 
reinvade all lines though recovery on peats and by 
native grasses appears most rapid. Winter roads of 
compacted snow were less detrimental to wetland 
sedge communities than to upland dwarf shrub-sedge
heath ones. Upland sites, which were dry in summer, 
were more difficult to revegetate . The revegetation 
studies indicated that 100 kg/ha of elemental nitro
gen and 200 kg/ha of phosphorus treatment was best 
and that early spring or late fall seeding was 
essential. About five perennial plus two annual 
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grass species in varying mixtures grew best in the 
reseeding trials. The supply of available n·itrogen 
appears to strongly limit plant growth of native 
species while phosphorus does not. Most of these 
nutrients are retained in the organic mat, thus any 
disturbance that destroys this mat will seriously 
modify normal nutrient cycling and greatly increase 
the need for fertilizer in revegetation. 
In the High Arctic most soils are wet during snow 
melt and thus subject to surface disturbance by 
vehicles. In the polar deserts, silty and sandy 
soils dry rather rapidly and show less evidence of 
disturbance later in summer. Lowland areas where 
there is a more complete cover of plants on wet 
shallow peats or silty soils are subject to rutting 
throughout the summer as in the Low Arctic. With 
surface disturbance there is much less thaw of the 
permafrost than occurs in the Delta. 
The different plant community- topographic - soil -
ground ice landscape units or systems respond dif
ferentially to the different surface disturbances 
tested to date. This is true in both the Low and 
High Arctic. 

. 
0034 COLEMAN, R.W., and FERGUSON, J.S. - 1972 
Southern Northwest Territory, Canada willows; 
Abst~act, 84th Session, Iowa Acad. Sc., April 28-29, 
Univ. Iowa. 
The following willows were collected in the summer 
of 1966 from various areas of southern Northwest 
Territory, Canada; Salix bebbiana Sarg., Salix 
gZauca L., Salix interio~ Rowlee and Salix plani
folia Pursh. Salix bebbiana Sarg. was the commonest 
species of the study area, being reported in over 
70% of the collections. Biological notes on these 
plants are discussed and illustrated. Dr. George 
W. Argus identified these specimens. 

0035 ELCOCK, W., BARRETT, P., and 
TEERI, J.A. - 1972 

Devon Island Programs 1971; Arctic, vol. 25, No. 2, 
pp. 155-158. 

0036 ELCOCK, W., HOYER, M., BARRETT, P., and 
SCHULTEN, R. - 1973 

Devon Island programs 1972-1973; Arctic, vol. 28, 
No. 1, pp. 81-82. 

0037 HARE, F.K., and RITCHIE, J.C. - 1972 
The boreal bioclimates; Amer. Geog. Soc. N.Y., July, 
pp. 333-365. 
Perhaps within the next decade - and certainly 
within what is left of this century - the Boreal 
forest of North America (Fig. 1) will be massively 
altered by economic invasion. Already the southern 
margin has suffered widespread cutting by loggers 
who practice their craft with the· ruthlessness so 
typ·ica 1 of our continent's pioneers. The tundra to 
the north is threatened by the search for oil and 
natural gas. Communication lines increasingly 
thread the forest. The last great cohesive wilder
ness is about to be irreversibly altered. There is 
little time left to record its nature. 
Several reasons, other than the imminence of human 
invasion, make this a good time to review the 
forest's status, and especially its links with 
climate. The two decades that have intervened since 
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an earlier study of this formation have seen exten
sive field investigations of its structure all 
around the pole, not least in North America. Fresh 
evidence is accumulating from satellite data, which 
reveal detail not accessible by any other technique. 
And the climatologist can now present a good esti
mate of the ener~.v and moisture regimes in the 
Boreal zone. This review is directed toward the 
bioclimate, interpreting that term much as Dansereau 
does, with a spatial as well as a temporal component. 
We believe that regular links exist among climate, 
vegetation, and soil in this zone and that these 
links constitute complex zonal systems rather than 
simple linear controls of the living cover by 
climate. 

0038 HATTERSLEY-SMITH, G. - 1961 
North-western Queen Elizabeth Islands (Polar 
Continental Shelf Project and Geographical Branch, 
Department of Mines and Technical Surveys); in Can. 
Geophys. Bull., No. 14, pp. 96-98. 

OD39 HILLS, L.V., and OGILVIE, R.T. - 1970 
Picea banksii n. sp. Beaufort Formation (Tertiary), 
northwestern Banks Island, Arctic Canada; Can. J. 
Bot., vol. 48, No . 3, pp. 457-464. 
Picea cones of late Tertiary age, from northwestern 
Banks Island, Arctic Canada, are described and 
illustrated. Extremely good preservation allowed 
measurements on cone length and width, scale length 
and width, seed wing length, and bract length, width, 
and number of teeth. In addition, ratios such as 
scale length to width; seed length to width; seed 
length; and bract length to scale length are 
calculated. 
Comparison is made with extant species of Picea and 
it is concluded that the fossil is most closely 
related to Picea gZauca. It is suggested that a 
Picea gZauca type was ancestral to many Northern 
Hemisphere spruce. 

004D JANKOVSKA, V., and BLISS, L.C. - 1972 
Pollen and macroscopic analysis of a peat mound 
profile, Truelove Lowland; in Devon Island I.B.P. 
Project High Arctic Ecosystem Project Report 1970 
and 1971, Dept. Botany, Univ. Alta., pp. 105-112. 
Because of logistic difficulties and the general 
shallow nature of peats, Post-Wisconsin paleobotani
cal information from the High Arctic is scanty 
(Fredskild 1969, Hegg 1963). Peat depths in many 
lowlands are only 10 to 20 em and in most upland 
areas less than 5 em. The raised center polygons in 
the "Truelove Lowland with peats 1.5 to 2.0 m in 
thickness thus provide a unique opportunity for 
pollen analyses. 
Peat mounds, approximately 5 ha in area are located 
on the north side of Phalarope Lake, southwest of 
the AINA Base Camp. They have been subjected to 
continuous frost activity which reworked the area 
into a topographically distinct net of high centred 
peat polygons, 1-2 m high and with deep ice wedges. 
The diameter of the polygons ranges from 5 to 15 m 
maximum active layer depth is 20 to 25 em. 

0041 KUC, H., and HILLS, L.V. - 1971 
Fossil mosses, Beaufort Formation (Tertiary) 
Northwestern Banks Island, Western Canada Arctic; 
can. J. Bot., vol. 49, No. 7, rp. 1089-1094. 



Thirteen fossil mosses belonging to eight genera 
were extracted from a woody sapropel found in the 
upper Beaufort Formation, northwestern Banks Island, 
Western Canadian Arctic. All belong to extant 
species. 
On the basis of the enclosing strata, moss fossils, 
and associated organic remains it is concluded that 
the sediments were deposited in a small, shallow 
body of water, in which lake sedimentation was both 
preceded and terminated by alluvial sedimentation. 

0042 MASON, W.R.M., SHEWELL, G.E., and 
CODY, W.J. - 1972 

A plant collection from the southern interior of 
Banks Island, N.W.T.; Can. FieZd-NaturaZist, vol. 
86, No. 4, pp. 363-367. 
In the summer of 1968, the Entomology Research 
Institute, Canada Agriculture, with the cooperation 
of the Polar Continental Shelf Project, Department 
of Energy, Mines and Resources, put a two-man field 
party in the southern interior of Banks Island, the 
most westerly island of the Canadian Arctic 
Archipelago. 
Although the objectives of the expedition were 
mainly entomological, opportunity was taken by both 
members to make plant collections as circumstances 
allowed. Since the 122 species collected are all 
from one inland site and include 14 additions to 
the island flora, the results are presented here. 
They raise the number of species known from Banks I. 
to 186. 

0043 RITCHIE, J.C. - 1972 
Pollen analysis of Late-Quaternary sediments from 
the Arctic treeline of the Mackenzie River Delta 
region, Northwest Territories, Canada, in Climatic 
changes in Arctic areas during the last ten-thousand 
years, Aeta. Univ. Outanka, vol. 3, Geol. 1, pp. 
253-271. 
The uplands immediately east of the delta of the 
Mackenzie River in northwest Canada are promising 
for investigations of late-Quaternary (Holocene} 
climate, particularly using palynological evidence. 
Firstly, they are traversed by the mean July posi
tion of the Arctic front and there is some evidence 
of a positive correlation between this broad cli
matic feature and the transition from northern 
boreal forest to tundra (Bryson 1966, Krebs and 
Barry 1970, Hare and Hay 1971}. This particular 
segment of the forest-tundra transition is charac
terized by steep gradients of climatic factors. 
A further reason for anticipating informative paleo
ecological data is that the area was free of ice 
early in the late-Wisconsin (Mackay 1963, Fyles 
1967}, and these authors suggest that the northern 
segment of the Tuktoyaktuk Peninsula was probably 
beyond the northern limit of Wisconsin ice (Fig. 1, 
after Fyles 1967 and Glacial Map of Canada 1968). 
And finally, the abruptness of the transition from 
forest to tundra in this area (Fig. 1), reflecting 
the relatively small shifts in the positions of the 
Arctic front between summer and winter, with the 
resulting sharp gradient of climatic change, leads 
one to expect that changes in late-Pleistocene 
climate might be reflected clearly in pollen spectra 
from sections of primary sediment. 
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Mackay and Terasmae (1963) report the pollen strati
graphy of two truncated sections of bog peat, 14C
dated at 8,000 and 7,400 years (a further basal 
sample from one of these sections has been analysed 
recently from a sample collected by Dr. M. Kuc, 
yielding an older date-11,500 ± 160 GSC 1514; per
sonal communication from Dr. Kuc). The pollen dia
grams show slight changes in the assemblages from 
which the authors suggest a 'decidedly tentative 
sequence of climatic events'. In view of the clear 
evidence presented below of marked changes in pollen 
stratigraphy in sections of late-Pleistocene sedi
ment recovered from adjacent sites, it is possible 
that the bog sites analysed by Mackay and Terasmae 
(op.cit.) were less sensitive in registering 
regional vegetation change than limnic repositories. 
Ritchie (1972) has shown from a survey of modern 
pollen spectra in the area that while surficial lake 
muds record the regional pollen rain with reasonable 
consistency between samples within vegetation zones, 
terrestrial moss polsters vary widely in response 
to very local effects. 

0044 RITCHIE, J.C., and HARE, F.K. - 1971 
Late-Quaternary vegetation and climate near the 
Arctic tree line of northwestern North America; Quat. 
Res., vol. 1, No. 3, pp. 331-342. 
Earlier studies in Alaska and northwest Canada have 
shown inconsistent evidence for the expected north
ward extension of the Arctic tree line during the 
Hypsithermal Interval. Only megafossil evidence 
has supported this suggestion; the palynological 
findings have been inconclusive. The Tuktoyaktuk 
Peninsula, in the Northwest Territories of Canada, 
offers critical sites for studies of late-Pleistocene 
ecology, because of its geological, biotic, and 
climatological features. Palynological and mega
fossil evidence is presented from sites on the 
Tuktoyaktuk Peninsula, indicating northward advance 
of the Arctic tree line during the period 8500-5500 
B.P. Relative pollen frequencies of a core of lake 
sediment suggest a late-Pleistocene sequence as 
follows: 12,900-11,600 dwarf birch tundra; 11,600-
8500 forest tundra; 8500-5500 closed-crown spruce
birch forest; 5500-4000 tall shrub tundra; 4000-
present dwarf birch heath tundra. These results 
suggest that during the Hypsithermal Interval the 
Arctic Front (July position) was further north, over 
the Beaufort Sea, a displacement from its present 
position of about 350 km. The Tuktoyaktuk Peninsula, 
presently occupied by tundra, and dominated by the 
Arctic airstream in July, was apparently under 
forest, with warm, moist Pacific air during the 
Hypsithermal Interval. 

0045 SAVILE, D.B.O. - 1960 
Limitations of the Competitive Enclusion Principle; 
Saienee, vol. 132, No. 3441, p. 1761. 
Under severe conditions in the arctic the physical 
environment frequently overrides biological competi
tion, allowing essentially random occurrence of 
plants without distinct associations and with the 
frequent coexistence of related species that have 
extremely similar requirements. Furthermore, a 
mixed population may be so advantageous in reducing 
disease incidence as to offset competition. 
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0046 SAVILE, D.B.O. - 1961 
The botany of the northwestern Queen Elizabeth 
Islands; Can. J. Botany, vol. 39, pp. 909-942. 
Ellef Ringoes Island has a confirmed flora of 49 
vascular plants and five parasitic fungi. The adja
cent islands have less diversity of habitat and 
probably have even poorer floras. There are no 
endemics and the plants are extremely depauperate. 
The summer climate at Isachsen is colder than at 
any other station in the Canadian arctic. Although 
there are no convincing indications that Ellef 
Ringoes I. was overrun by a Wisconsin continental 
ice sheet, it cannot have escaped being snow-covered. 
The light cover of snow and ice on the outer islands 
was quickly lost in the postglacial xerothermic, 
which enabled plants to spread along the periphery 
of the archipelago. The numerous plants that occur 
southwest and northeast of these islands but not in 
them indicate that postglacial cold periods, prob
ably accompanied by at least partial snow cover of 
the outermost islands, have driven out many species. 
Nearctic refugia are aiscussed and it is indicated, 
by analysis of distribution patterns, that no 
refugia occurred in the Canadian arctic archipelago. 
The region has been colonized from the Peary Land 
refuge, the Yukon-Alaska refugia, and from south of 
the retreating ice sheets. 

0047 SAVILE, D.B.O., and PARMELEE, J.A. - 1964 
Parasitic fungi of the Queen Elizabeth Islands; Can. 
J. Botany, vol. 42, pp. 699-722. 
Fifty-six species, subspecies, and varieties of 
parasites are recorded from 23 locations, most from 
Isachsen in Ellef Ringnes I., Jacobsen-McGill Base 
in western Axel Heiberg 1., and Hazen Camp in 
northern Ellesmere I. Previously published reports 
are assembled. Climatology and biogeography, as 
they relate to the fungi, are briefly discussed. 
PUccinia poae-nemoralis ssp. hyparcti ca Savile, 
Ustilentyloma eZeuropogonis Savile (sp. et gen. nov., 
Ustilaginaceae), and MycosphaereZZa oxyriae Savile 
are named. CZaste~sporium caricinum and Column
ophora rhytismatis are newly reported from the 
arcfic. 

0048 STUTZ, R.C., and BLISS, L.C. - 1973 
Acetylene reduction assay for nitrogen fixation 
under field conditions in remote areas; Plant and 
Soil, vol. 38, No. 1, pp. 209-213. 
A method for intensively sampling soil for nitrogen 
fixation potential using acetylene reduction assay 
is discussed. Acetylene was generated from calcium 
carbide. Soil cores were incubated in Mason jars 
with specially adapted lids. Air samples from the 
jars were stored and transported over dry KOH in 
10 ml serum vials. The method overcomes many prob
lems associated with other sampling procedures, and 
produces statistically reproducible data. 

0049 WILCE, R.T. - 1967 
Heterotrophy in Arctic sublittoral seaweeds: an 
hypothesis; Botanica Marina, vol. 10, No. 3/4, 
pp. 185-197. 
Facultative heterotrophy is suggested as a means 
by which deep-growing, attached, perennial, high 
arctic marine algae adapt to their environment. As 
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background for this suggestion brief comparisons are 
made between the marine environments and algal vege
tations of the high arctic and the New England and 
Canadian Maritimes. 
The parameters of light and temperature are described 
for two high arctic areas; sea ice and snow condi
tions are presented for these regions, and for the 
general area north of 75°N. lat. in the Canadian 
archipelago. 
Photosynthesis and respiration in high arctic marine 
alqae are discussed in terms of the relevant liter
ature. Photosynthesis is ruled out for these plants 
for many months of the year, if not completely. 
Energy values of light penetrating even to the rela
tive shallow depths of 30-50 M. is extremely low 
and may be present at these depths for less than 
two months of the year. With temperature essentially 
constant at -1.5° to -1.75°C. cold adaptation is 
necessary; the question of seasonal dormancy is 
discussed. 
Numerous references are cited that demonstrate the 
occurrence of facultative herotrophy in pigmented 
unicellular algae. Some examples are described of 
seemingly impossible habitats for "photoautotrophs" 
in which populations of pigmented unicellular and 
filamentous marine algae have been found. 
Sources of dissolved carbon which may serve as sub
strate for the suggested facultative heterotrophs 
in the high arctic marine habitats are listed. Ref
erences are discussed which take both sides of the 
issue that active uptake of substrate in low (i.e., 
normal for seawater) concentration by pigmented uni
cells occurs under heterotrophic environmental con
ditions. It is concluded that facultative hetero
trophy may be essential to benthic pigmented peren
nial algae which l ive under the stress of the deep
water high arctic marine environment. 
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0006 BLISS, L. C. - 1972 
Devon Island I.B.P. ~roject, Hiqh Arctic Ecosystem 
Project Report 1970 and 1971; Dept. Botany, Univ. ' 
Alta., 413 p. 
Abstract under 0006 

0008 BLISS, L.C. - 1972 
I.B.P. High Arctic Ecosystem study, Devon Island; 
A~ctic, vol. 25, No. 2, pp. 158-161. 

0050 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer, Part A, Physical climatolo~y; Meddelanden 
Fran, "!eteroloqiska Institutionem, lJppsala Univ., 
Report No. 107, 83 p. 
The analysis is based on climatological and micro
meteorological measurements made mainly at an ele- . 
vated observation-place (Ice Cap Station, 1.3 km 
above M.S.L.) in the area of superimposed ice forma
tion on the northwest slope of the ice cap. Compar
ative measurements were temporarily made in differ
ent parts of the ice cap. The structure of the 
wind-field over the ice cap, especially in situa
tions with katabatic winds, was investigated by 
means of pilot balloons. 



In the middle of the summer the low-lying parts of 
the ice cap and the outlet glaciers are invaded by 
air of temperatures above freezing. Since the 
temperature of the ice cannot rise further than to 
melting-point, an advection inversion develops above 
the surface. Over the high-lying parts of the ice 
cap the air temperature in general stays well below 
freezing. Here the radiation climate is the factor 
which dominates the temperature stratification in 
the surface layer. At Ice Cap Station the conditions 
are intermediate in this respect; air temperatures 
above freezing were obtained in about 40% of all 
temperature readings at screen level in July. 
When discussing the climate on an ice cap one natu
ral question arises: How does the snow surface 
affect the air temperature above it? Surface inver
sions of varying magnitude were represented by 75% 
of all profile observations during the period from 
about mid-May to the end of August. Lapse condi
tions in the surface layer generally prevailed in 
situations with air temperatures below freezing and 
overcast skies. With a clear sky there was a marked 
diurnal variation of the surface inversion. A small 
inversion was ususally left also in the middle of a 
clear day in spite of a net incoming radiation flux 
of the order of 0.1 ly/min at the frozen snow-· 
surface at that time. This state of affairs is 
closely connected with the other vertical energy 
fluxes at the snow-surface, viz. the latent heat 
transport and the energy transport in the snow. 
Because of the radiative properties of the snow, the 
temperature of the uppermost snow-surface is on the 
average a few degrees lower than the temperature at 
a small depth below the surface. The relatively 
low surface temperature favours inversions in the 
low layer also in situations with a net incoming 
radiation. 
During "radiation nights" the inversion amounted to 
between 5 and 10°C as measured between the 0.1 and 
9.5 m levels of the meteorological mast. Katabatic 
winds - with an approximately downslope direction 
and with a wind maximum at a low level above the 
snow-surface - then caused a flow of cold air from 
the central parts towards the outskirts of the ice 
cap. The vertical extent of the cold air and also 
the speed of the katabatic wind increased with the 
distance from the top of the ice cap. As a conse
quence, in situations with strong inversions the 
air temperature at screen level on the top plateau 
was generally a couple of degrees higher than the 
screen temperature on the slopes at altitudes sev
eral hundred metres below the top plateau. Because 
of the turbulent structure of the katabatic wind 
and also because of the dynamical pressure-heating 
and the divergence of the sinking air the greater 
part of the surface inversion was confined to a 
shallow layer (<10m) over the ice cap. The verti
cal extent of the flow with a downhill velocity 
component was of the order of a few dekametres. 
The speed of the katabatic wind as measured at the 
level of the wind maximum (3-8 ml at Ice Cap Station 
typically amounted to 4-6 m sec- in the middle of 
"radiation nights". On steep slopes the speed of 
the katabatic flow was higher; a low drift was 
observed to be a normal feature in some areas of 
the ice cap during "radiation nights". The katabatic 
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force (acting on the air within the surface inver~ 
sian) seemed to effectively increase the wind speed 
in the surface layer only as long as the wind speed 
was less than 8 m sec-1 at the 10m level. With 
stronger winds the surface inversion was destroyed 
and the katabatic force became insignificant. The 
katabatic winds had a negligible effect on there
distribution of snow over the ice cap. When the 
gradient winds were strong there were often long 
lee-waves superposed on the general flow over the 
ice cap. During these conditions super-gradient wind 
speeds in the surface layers were observed within 
a zone below the top region on the lee-side of the 
ice cap. The strong winds had important effects on 
the accumulation pattern on the ice cap. 
The climate on the ice cap tended to become increas
ingly moist and cloudy towards the end of the summer. 
The diurnal variation of the relative humidity was 
barely noticea~le; in the mean values a weak maximum 
appeared at 18 -21h L.S.T. The diurnal variation of 
the water-vapour pressure was more marked with a 
maximum at about noon and a minimum at about mid
night. During inversion conditions the katabatic 
winds caused a decrease of the humidity in the sur
face layer, which is reflected in the variations 
noted above. 
The mean cloudiness as well as the frequency of fog 
showed a marked variation with wind direction at lee 
Cap Station. The fog was mainly induced by the oro
graphic lifting of the air; radiation fog, and for 
that matter advection fog, were rarely observed. 
When a surface inversion formed, the drying effect 
of the katabatic wind generally seemed to prevent 
the formation of radiation fog. 
After the main snow melt on the plateau-lands sur
rounding the ice cap a relatively great difference 
between the surface temperatures of the ice and the 
bare land appears. As a result of this Cumulus 
clouds indicating convergence in low layers often 
formed over the marginal zone of the ice cap. The 
convergence was caused by a katabatic wind from the 
ice cap and an anabatic wind from the plateau-land. 
The "edge effect" could in certain weather situations 
be very conspicuous: A ring of towering Cumulus 
clouds could encircle the ice cap while there were 
practically no clouds at all over the rest·of the 
ice cap and the plateau-land. 

0051 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer. Part B. Wind- and temperature-field in 
the low layer on the top plateau of the ice cap; 
Meddelanden Fran, Meteorologiska Institutionem, 
Uppsala Univ., Report No. 108, 43 p. 
Observations of the vertical variation of wind speed 
in near-neutral stratifications show an increase of 
the roughness parameter z0 from about 5.10-5 to 
l.lo-3 m when the wind speed at the 5 m level 
decreases from 6-7 m sec-1 to 2-3m sec-1. The 
increase of z0 is suggested to be related to the 
flow conditions at the rear of the snow dunes. Snow 
dunes were characteristic features of the surface 
relief in the observation area. 
A comparison of the vertical variation of wind speed 
with the "log-linear" equation by Monin and Obukhov 
gives average values of the parameter a' (= KH/KM a) 
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amounting to 6-7, when the stability, as expressed 
by the Richardson number, is less than ca 0.15. With 
increasing stability the deviations from a log-linear 
relationship becomes increasingly apparent. Further
more, the vertical variation of temperature and wind 
speed in situations with very stable stratifications 
suggests that the similarity theory by Monin-Obukhov 
is not applicable, at least not for the local condi
tions. With great temperature differences between 
the upper and lower levels of the mast there are 
often indications of sharp inversions or thermo
clines at an intermediate level above the snow sur
face. Possible causes of the observed profile fea
tures, especially the influence of the local condi
tions, are discussed. 

0052 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer. Part c. On the katabatic winds over the 
north-west slope of the ice cap. Variations of the 
surface roughness; Meddelanden Fran, Meteorologiska 
Inst., Uppsala Univ., Report No. 109, 43 p. 
When the surface consisted of fine-grained frozen 
snow in spring, the z0-velues on the average 
amounted to ca 1.10-~ m. At the end of the ablation
seasons, when the surface consisted of large meltin~ 
ice grains (diameter 1-3 em), z0-values of ca 1.10-
cm may be considered as representative. 
The surface at Ice Cap Station was inclined ca 2° 
to the horizontal. In situations with 1 ight winds 
aloft and a surface inversion amounting to more 
than a couple of degrees Celsius as measured between 
the 0.1 and 9.5 m levels of the meteorological mast 
it was generally found that a katabatic flow pre
vailed in the surface layer. Contrary to ordinary 
gradient winds in the surface layer the katabatic 
winds are characterized by a rapid decrease with 
height of the shearing stress; i.e. the component 
along the fall-line of the slope. Together with 
other properties of the katabatic winds (see below) 
this had important bearings on the turbulent struc
ture and therefore also the structure of the inver
sions over the main part of the ice cap. 
During "radiation nights" with strong inversions a 
thermo-cline generally appeared at approximately 
the same height as the wind maximum in the vertical; 
the tendency to formation of thermo-clines was more 
pronounced over the sloping surface at Ice Cap 
Station than over the quasi-horizontal surface in 
the top region of the ice cap. The visual observa
tions as well as the profile observations indicated 
that the turbulent mixing between the cold air below 
the thermo-cline and the warm air above was markedly 
reduced or extinguished. Since the thermo-cline 
reduced the vertical turbulent transport of heat 
and since the wind speed was relatively high (typi
cally ca 3m sec-l at the 1m level) the turbulence 
in the cold air next to the surface was relatively 
intense. The stratification in the lowest metre or 
metres could generally be described as near-neutral 
or moderately stable in situations when the total 
surface inversions amounted to more than, say, 10°C. 
The profile measurements showed that the vertical 
variation of wind speed and temperature approached 
a logarithmic law with decreasing height. Deviations 
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from an exactly logarithmic variation could, however, 
generally be observed below the l m level. 
The stability conditions in situations with kataba
tic flows and the magnitude of the forces influenc
ing the air in the inversion layer over the sloping 
surface are discussed. An analytical description 
of the profiles in the lowest layer above the snow
surface is given together with equations for the 
vertical heat flux during inversion cond i tions. A 
comparison of the vertical heat flux determined over 
the quasi-hori zontal surface of the top plateau wi th 
the heat flux obtained at Ice Cap Station is al so 
included. 

0053 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer. Part 0. On the vertical turbulent fluxes 
of water vapour at ice cap station; Meddelanden Fran, 
Meteorologiska Inst., Uppsala Univ., Report No. 110, 
29 p. 
The vertical turbulent flux of water vapour E at the 
snow surface is calculated by means of three-hourly 
determinations of 
1. wind speed at a low level (0.5-1.0 m) 
2. water-vapour pressure at 1.5 m 
3. temperature profiles for indirect determination 

of the temperature and water-vapour pressure at 
the snow surface. 

The temperature of the snow surface is determined by 
extrapol ation of temperature-profiles down to the 
snow surface. The method is "calibrated" by refer
ence to the conditions over melting snow. Humidity 
profiles measured with Assmann psychrometers at 
different l evels are also utilized in the analysis 
of the humidity-field in the layer below the 1.5 m 
level. The calculations of E are furthermore based 
on a formula for the vertical variation of KM· which 
was developed in Part C. It is assumed that ~ ~ KE 
in the layer considered (z < 1.5 m). This assump
tion should be reasonable bearing in mind that rela
tively indifferent stability conditions usually pre
vail in the lowest layer at Ice Cap Station also in 
situations with strong inversions. The discussion 
includes a comparison with a semi-empirical model 
suggested by Sverdrup. The variations of E in dif
ferent weather situations are described. During the 
relatively warm summer of 1962 the net evaporation 
amounted to~ em (w.e.). During the relatively 
cold summer of 1963 the net evaporation was 1.4 em 
(w.e.). 

0054 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer. Part E. Radiation climate; Meddelanden 
Fran, Meteorologiska Inst., Uppsala Univ., Report 
No. 111, 111 p. 
In spring practically all surfaces in the Devon 
Island region are covered with snow which is very 
pure and which has a high albedo (80-90%). In sum~ 
mer the snow is generally removed by melting except 
in the highest parts of the ice cap, where discon
tinuous melting occurs during short periods only. 
The radiation climate is subject to a profound 
change in connection with the snow melt on and out
si~e the ice cap. The main topic of this paper is 
the relationship between the variations of the 



radiation fluxes and the albedo at an observation
place on the north-west slope of the ice cap at an 
altitude of 1.3 km above M.S.L. and at a distance of 
ca 10 km from the margin of the ice cap. The radia
tion climate is described by means of measurements 
with the Angstrom pyrheliometer, two standard models 
of pyranometers (Eppley and Moll-Gorczynski), the 
Beckman & Whitley net radiometer and also photo
cells in combination with filters. The photo-cells 
are used for determinations of the albedo, the pen
etration of light into the snow pack, and the inten
sity of light from different parts of the sky. 
Considerable difficulties have been experienced in 
the analysis of the radiation data. Because of a 
failure with a recording potentiometer only instan
taneous measurements of the radiation fluxes have 
been obtained. However, the instantaneous measure
ments were made regularly and are available in a 
relatively large number. The greatest troubles 
were caused by errors in the measurements with 
some of the standard instruments. In connection 
with the measurements of the direct solar intensity 
simultaneous calibrations of the Eppley and Moll
Gorczynski pyranometers were made . When applying 
Liljequist's method for calculation of the calibra
tion constants for radiation from a clear and an 
overcast sky respectively it was found that the 
outputs of the Eppley pyranometer were subject to 
substantial errors. Various experiments were 
carried out to elucidate the causes of the errors 
and to determine the corrections required to get us 
usuable results. All measurements with the Beckman 
& Whitley net radiometer were rejected in connection 
with a discussion of the sources of error. The 
values of the net radiation given here are therefore 
partly determined by indirect methods. 
As to the rest of the contents it may be mentioned 
that, because of the pure air (B= 0.015) over the 
ice cap, an opportunity is given to discuss the 
absorption by water vapour in an atmosphere which 
is almost free from light-scattering aerosols. In 
some respects the results of the pyrheliometric 
measurements given here differ from the results of 
previous measurements in the polar regions. A 
proposal is made to improve the Angstrom-Hoelper 
method for determining the turbidity parameters B 
and W. 

0055 HOLMGREN, B. - 1971 
Climate and energy exchange on a sub-polar ice cap 
in summer. Prt F. On the energy exc hange of the 
snow surface at ice cap station; MeddeZanden Fran, 
Meteorologiska Inst., Uppsala Univ., Report No. 112 , 
53 p. 
Micro-meteorological measurements at an observation
place situated at 1.3 km above M.S .L. on the north
west slope of the Devon Island ice cap are utilized 
to study the interplay between the energy transfers 
above and below the snow surface in var ious weather 
situations. The calculations of the energy budget 
is checked by summing up all energy flu xes during 
three observation-periods covering the summers of 
1962 and 1963. The difference between the sum of 
all energy sources and the sum of all energy sinks 
appeared to be of the same order of magnitude as 
the expected measuring errors. 
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By means of temperature-depth profiles observed at 
short time-intervals the mechanisms of energy trans
port within the frozen as well as the melting snow 
pack are discussed. Special attention is given to 
the development of melt-water streams because of 
their vital role in the ablation process: Among 
other factors the rate of melting is important for 
the formation of melt-streams. The evaooration w~s 
found to be small. 
A necessary but not sufficient condition for more 
noticeable melting on a sub-polar ice cap is that 
the air temperature rises above freezing. Advection 
of warm air is the initiating (and also the maintain
ing) factor in the melting process. The total annual 
accumulation and the total annual ablation are of a 
small order of magnitude; less than ca 25 em (w.e.) 
during the three budget years when the studies were 
undertaken. In fact, it was found that a few days 
with relatively strong melting could be of decisive 
importance for the outcome of the annual mass bal
ance. The greatest energy incomes and also the 
greatest rates of melting (2-3 em w.e. per day) were 
always observed on days with strong winds and advec
tion of warm and humid air over the ice cap. This 
weather type typically appeared in connection with 
frontal cyclones causing advances of warm air from 
the south-to-west sector as seen from the ice cap. 
Air temperatures above freezing were furthermore 
generally observed, when extensive warm-cored anti
cyclones dominated the weather conditions during 
the main summer-period. However, the rates of melt
ing in the high-lying areas of the ice cap were 
small during fine-weather periods. 
Many of the cyclones approaching the Devon Island 
region belong to the so called Baffin Bay type 
(following an approximately south-to-north track 
along the western flank of Greenland). When these 
cyclones influenced the weather on the ice cap the 
air temperatures at the 1.3 km level were well below 
freezing. Glaciological observations by Koerner 
(1966) indicated that the cyclones over Baffin Bay 
in autumn and winter caused a marked increase of the 
accumulation on the east-to-south side of the ice 
cap. The Baffin Bay cyclones therefore seem to 
favour glacierization on Devon Island, no matter the 
season when they appear. 

0056 HOLMGREN, B., and WELLER, G.- 1973 
Studies of the solar and terrestrial radiation 
fluxes over Arctic pack ice; Geophys. Inst., Univ. 
Alaska, ARPA No. 1783, 11 p. 
Our studies have concentrated on determining the 
physical characteristics of pack ice, clouds and 
aerosols as they affect the Arctic radiation regime. 
At Barrow, flights through stratus clouds with air
craft mounted continuous cloud particle samplers 
have determined number and mass densities, particle 
size distributions and ice crystal contents of these 
clouds over a wide temperature range. Simultane
ously, light intensity and reflectivity measurements 
have been carried out to determine the optical prop
erties of these clouds. 
Aircraft-mounted photometers have provided measure
ments that have allowed deduction of aerosol pro
files up to 13,000 feet; on two occasions these were 
extended up to 35,000 feet aboard flights by the 
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NASA CV-990 aircraft to the Arctic Ice Dynamics 
Joint Experiment (AIDJEX) camp in the Beaufort Sea. 
Although the air is fairly "clear" over the Arctic 
Ocean, ice crystal and other aerosols are present, 
and are important in scattering incoming radiation. 
In addition to measurements of ice nuclei concentra
tions at Barrow, actinometric observations were 
made on numerous occasions at the AIDJEX camp, 
occasionally through ice crystal clouds advected 
from open leads. 
Routine monitoring of components of the radiation 
balance have been carried out at Barrow, Ice Island 
T-3 and the AIOJEX camp. Coupled with this were 
studies of surface inhomogeneities, such as hummocks, 
snow dunes, leads and pressure ridges, and the 
effects of these features on the surface albedo and 
temperature. Of particular interest were the meas
urements over refreezing leads, both artificially 
made and natural ones, showing extraordinary modifi
cation of the radiation balance during the freezing 
process. Light extinction measurements in snow, 
ice and sea water, using photocells, allowed the 
construction of a typical extinction nomogram for 
these studies. • 
One important part of our work has been theoretical 
modeling in order to synthesize our observations of 
radiation fluxes and of surface and atmospheric 
radiation characteristics. For infrared fluxes we 
have developed a fairly elaborate model which allows 
computation of radiation transfers in an atmosphere 
with several cloud layers, for short wave fluxes we 
have so far developed a rough model which shows the 
effect of a thin cloud layer on the radiation bal
ance of the earth-atmospheric system at various 
latitudes and seasons. 
Our main research efforts were accounted for in the 
Annual Report (Technical Report No. 2), where the 
overall research objectives were also described. 
In the present report we comment on a few measure
ments which had not been subject to analysis when 
the Annual Report was written. 
Our original intention was that this project should 
develop into a broad study of the radiation regimes 
of the Arctic which could be related to such consid
erations as the heat budget of the Arctic Ocean and 
the stability of the Arctic climate. We feel that 
our basic approach has been sound and that we have 
made progress in attaining our objectives. We 
regret that our research has ended prematurely. 

0044 RITCHIE, J.C., and HARE, F.K. - 1971 
Late-Quaternary vegetation and climate near the 
Arctic tree line of northwestern North America; 
Quat. Res., val. 1, No. 3, pp. 331-342. 
Abstract under 0044 

EQU I P!!.ENT 

0057 ANDERSON, N.M., and MAHAFFY, R.J. - 1969 
A comparison of Decca and astronomical positions; 
Po:ar Cont. Shelf Proj., internal report, 56 p. 
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0058 BOURNE, I. A., HAGG, E. L., and 
POAPS, G.E. - 1966 

Problems associated with the use of the 1.7 Mc/s 
"Hi-Fix" navigation system near Alert, N.W.T.; 
Polar Cont. Shelf Proj., internal report, 24 p. 

0059 COLBY, L.R. - 1969 
Report of the Polar Continental Shelf Project, 
Department of Energy, Mines and Resources, Trials of 
a CC7 air cushion vehicle in Canada,May-August 1969; 
Dept. Transport, Chapt. 6, pp. 36-62. 
A Cushioncraft CC-7 hovercraft was tested in the 
area surrounding Tuktoyaktuk, N.~I.T., between July 
9th and 27th, 1969. The purpose of the tests was 
to determine the usefulness of the machine as a 
self-contained scientific research support vehicle 
on the arctic tundra and coastline, and also to 
assess the amount of damage to vegetation and ter
rain caused by the passage of a small hovercraft 
under summer conditions. 

0060 COLBY, L.R. - 1971 
Performance evaluation of a Cushioncraft CC7 hover
craft in t he Mackenzie River Delta area; Can. 
Aeronautics & Space J.> vol. 17, No. 3, pp. 83-87. 
During the period 9 July to 27 July, 1969, a 
Cushioncraft CC7 hovercraft was tested in the 
Mackenzie River Delta and surrounding district cov
ering a distance of 702 mi . in Arctic summer 
conditions. 
In general the craft performed well over water and 
on low flat land with vegetation up to two feet 
high. The CC7 had difficulty when travelling over 
fully developed high centre polygon fields and was 
unable to climb slopes greater than 1:7. For ~eneral 
overland travel the craft was found to be limited to 
reconnoitered routes. 
Little evidence of destruction to the vegetation 
cover was found after 50 ci rcuits had been completed 
around a selected course, across various types of 
tundra vegetation and terrain. 
Several problems, wh ich emerged early in the trials, 
were present throughout the test period and may have 
prevented a full evaluation of the potential capa
bilities of the vehicle. These problems included 
an unexpectedly high fuel consumption, low engine 
performance due to the clogging of filters with 
organic debris, and poor passenger visibility when 
the craft was in motion . 

0061 COM PUTING DEVICES CANADA LIMITEQ - 1961 
Report covering analysis of Polar Continental Shelf 
Projects Decca Navigator Lambda Chain 1961 opera
tions; Polar Cont. Shetf Proj., internal report, 
83 p. 
The report is based on data procured from (a) a 
stationary receiver, continuously and automatically 
recording pattern readings at the main base located 
at Isachs~n on Ellef Ringnes Island, (b) Mobile 
receivers set up at various established control 
points located around the E. S. and W. coasts of 
Ellef Ringnes Island and (c) individual records 
maintained at the respective Master, Red and Green 
transmitting stations, the receiver maintenance base 
and by the various field parties. 



Such a report cannot be conclusive. It is based on 
information obtained over a very small area of the 
Arctic and therefore can only theoretically be 
applicable to that area. However, the analysis of 
all data obtained in the Polar Shelf area will pro
vide basic information of tremendous value for the 
prediction of low frequency radio aid accuracies 
and the study of propagation behaviour in the 
Canadian Arctic. 

0062 EATON, R.M. - 1959 
Decca lane identification, an analysis; Pola~ Cont. 
Shelf P~oj., internal report, 3 p. 

0063 EATON, R.M. - 1964 
Experience with Hi-Fix hyperbolic in the Canadian 
Arctic; Pol~ Cont. Shelf ~oj., internal report, 
30 p. 

0064 EATON, R.M. - 1965 
Experience with Hi-Fix hyperbolic in the Canadian 
Arctic; Supp. Inte~. Hydrog~aphia Rev .• vol. 6, 
pp. 39-49. 
Early in 1962 the Canadian Hydrographic Service 
supplied a Hi-Fix chain for the airborne hydro
graphic surveys carried out in the Canadian Arctic 
Archipelago by the Polar Continental Shelf Project. 
It was used there in hyperbolic form for a survey 
by spot echo sounding through ice in Penny Strait 
during 1962, and in 1963 for the regular survey of 
Hell Gate (figure 1) by the helicopter-towed echoH 
sounding technique described elsewhere 1 • Norm
ally, the Hi-Fix transmitter stations are manned by 
technicians or visited daily, but at Hell Gate the 
stations were run unmanned, and visited only for 
servicing at 1 to 2 week intervals. 
This paper describes modifications to the standard 
equipment, insta1lation for unattended operation, 
trials to determine maximum range, the stability of 
the patterns, accuracy and position plotting. 
Although the Polar Continental Shelf Project has 
used Hi-Fix only for airborne surveys in the Arctic, 
the experience gained is thought to be relevant to 
hydrographic surveys by other craft and in other 
latitudes. 
Where variable errors are discussed the largest 
likely figure is given, with perhaps 95% probability 
that the actual error will be smaller. The reason 
for this is that a hydrographic surveyor is con
cerned that the maximum error in position of any 
sounding shall not exceed a prescribed limit. In 
this connection he does not consider the probable 
error, which is not applicable to the single obser
vation for a sounding fix , and which should not be 
applied to the mean of all the fixes of a survey, 
since the mariner using the chart relies on every 
printed detail. 

0065 GOTRO, N. - 1962 
Tellurometer speeds north mapmaking; Publia Wks. in 
Can., July. 

0066 HUGGETT, W.S., and MORTIMER, A. - 1971 
Observations obtained on a Magnavox satellite navi
gation receiver in high latitudes; Env. Can., Mar. 
Sci. Div., Pac. Mar. Sc. Report 71-4, 34 p. 

EQUIPMENT 

From observations made at the optimum latitude for 
the number of satellite passes per day, the percent
age of useful passes and their degree of reliability 
are assessed. The degree of reliability that can be 
expected from a satellite fix for real-time naviga
tion decisions, without the benefit of off-line data 
processing, is shown. Comparisons are made between 
satellite fixes obtained in Latitude 70°N. and Lati
tude 49°N. The criteria for rejecting fixes is also 
discussed. 

0067 HUNT, F.P. - 1961 
Report on tellurometer operation in the Canadian 
Arctic - 1959, 1960, 1961; Pol~ Cont. Shelf Proj., 
internal report, 3 p. 

0068 HUNT, F.P. - 1964 
Hudson Bay Oceanographic Project: site survey and 
ground lay out for Decca Lambda transmitters on the 
western shore of Hudson Bay; Pol~ Cont. Shelf ~j. , 
internal report, 3 p. 

0069 JOLLYMORE, P.G. - 1969 
A portable digital sounding system for Arctic use; 
AtZ. Oaean. Lab., Bed. Inst., report BI 1969-11, 
35 p. 
The purpose of this report is to describe how a T.H. 
Gifft Co. Model STP-1 transceiver, and a Hewlett
Packard Model 3734A counter, have been made into a 
portable digital echo sounder for deep water sound
ings in areas where the water is covered by a thick 
layer of ice. 
This project was undertaken to satisfy a request by 
the Polar Continental Shelf Project (P.C.S.P.) per
sonnel for a sounder capable of determining water 
depth in excess of 100 fathoms, from the ice surface. 
Simplicity, light weight and proven reliability dic
tated the choice of components used to form the 
system. 

0070 KERR, A.J. - 1959 
Observations on the tellurometer used in sub-zero 
temperatures; Pola~ Cont. Shelf P~oj., internal 
report, 3 p. 

0071 LINDSAY, D.G., COLBY, L.R., and 
ROOTS, E.F. - 1968 

Report on tests carried out in connection with the 
1968 Arctic voyage of Alexbow-equipped barge L.A. 
Learmonth; Polar Cont. SheZf Proj., internal report, 
18 p. 

0072 O'NEILL, J . , and ROOTS, E.F. - 1959 
Report on RAT; Pola~ Cont. SheZf Proj., internal 
report, 7 p. 
The experiences of a Topographical Survey winter 
field party in northern Ontario, and of the Polar 
Continental Shelf Project field party on Ellef 
Ringoes Island, N.W .T., in connection with the use 
of the Canadair RAT, are described. It is concluded 
that, although the design has several commendable 
principles, there are serious undesirable features. 
The vehicle as presently constructed is too complex 
and not sufficiently robust for general field service 
on snow or soft ground . 
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0073 PULKKINEN, H.W. - 1973 
Hydrographic surveying with air cushion vehicles, 
trials repo rt : evaluation of modified retractable 
fixed strut echo sounder; Polar Cont. Shelf Proj., 
internal report, 46 p. 
This report is a compilation and condensation of the 
technical reports written by persons taking part in 
trials of the Depth Sounding System designed for 
Hovercraft SRN-5 and SRN-6. 

0074 SCHAEFFER, R.L., BROOKS, E.N., and 
POWELL, A. - 1970 

Trip to Franklin Bay, N.W.T., Canada to observe 
operation of an SR.N6 hovercraft; Naval Ship Res. & 
Devel. Centre, internal report, 43 p. 

0075 YEATON, G. - 1970 
Hovercraft operations in the Beaufort Sea; in Ninth 
Annual Hydrographic Conference, 27-29 January, 
Ottawa, pp . 263-271. 

GENERAL 

0076 AUTAIR - 1961 
Report on helicopter operations for Polar Continental 
Shelf Project 1961; Polar Cont . Shelf Proj., 
internal report by Autair Helicopter Services 
Limited, 33 p. 

0077 COLLIN, A.E., and ROOTS, E.F. - 1960 
Investigations of the Canadian Arctic Continental 
Shelf; Polar Cont. Shelf Proj., internal report, 
10 p. 
The Department of Mines and Technical Surveys of 
Canada has embarked upon a continuing programme of 
survey and research in the continental shelf areas 
of Arctic Canada. The area to be investigated 
includes the continental shelf lying offshore from 
the Canadian Arctic islands and mainland between 
the borders with Greenland and Alaska, together with 
parts of the outer islands of the Arctic Archipelago 
and the straits and channels between the islands, 
and parts of the continental slope and adjacent 
portions of the Arctic Ocean basin. This programme, 
known as the Polar Continental Shelf Project, 
embraces the fields of oceanography, submarine geol
ogy, gravity, geomagnetism, seismology and seismic 
sounding, physical geography, glaciology, marine 
biology and related subjects, terrestrial botany 
and entomology, together with the topographic and 
hydrographic surveys fundamental to most of the 
other studies. Various branches and units of the 
Canadian government, including the Hydrographic 
Service, the Topographical Survey, the seismic, geo
magnetic, and gravity divisions of the Dominion 
Observatory, the Geographical Branch, the Geological 
Survey, the Fisheries Research Board, and the 
Department of Agriculture are cooperating in the 
project. 
With a programme so diverse in scope, operating in 
a vast region about which very little is known in 
many important scientific fields and where any kind 
of study encounters serious logistic and technical 
problems, the Polar Continental Shelf Project is 
attempting to bring various scientific disciplines 
to bear in concert upon some of the important 
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problems of t he area. Thus several teams, making 
quite different types of studies, are working in the 
same area simultaneously, and are attempting to 
build up a balanced, many-sided picture of selected 
portions of this little-known part of the world. 
For this reason as well as because of practical con
siderations, the project is concentrating first on 
a systematic, rel ati vely thorough study of a 350-
kilometer-wi de "block" of the continental shelf area 
in about the middle of the Canadian Arcti c Ocean 
front. It is planned that subsequent "blocks" will 
be investigated in turn until t he entire region has 
been covered. A reconnaissance party went to the 
area in 1959, and the first full-scale programme of 
survey and research got under way in March 1960. 
About 50 men are in the field at the present time. 

0078 GANTCHEFF, G.S. - 1971 
Study and investigation on the knowledge to 1971 of 
the effects of oil spills on the Arctic environment; 
Polar Cont. Shelf ~oj., internal report, 104 p. 
One of t he s ignificant events in the history of 
Canada, and an event that may profoundly alter the 
course of development of the nation and its standing 
among other nations , has been the discovery of the 
possibility of very large deposits of petroleum in 
the Arctic regions . This possibility, which has yet 
to be proven, has nevertheless changed the attitude 
of the Canadian public, industry and government 
toward the northern part of their country. Large 
sums of private and public money have been invested 
or committed to a region that was previously ignored 
or given only token attention; the pace of explora
tion, investigation, and technological innovation 
designed to overcome operational probl ems of north
ern regions has been accelerated dramatically. With 
the growth of hopes for economic profi ts from the 
north there has grown a parallel concern that exploi
tation of the mineral wealth, and particularly the 
industrial and commercial activities connected with 
that exploitation, may have serious undesired eff ects 
on the environment of the north, and on the people 
who live t here. There is reason to fear that unless 
the development of northern petroleum resources is 
undertaken with full understanding of the special 
environmental characteristics and processes of the 
north, the undesired effects may not only make the 
development excessively costly and ultimately self
defeating in the short or long term, but they may 
also work to the disadvantage of the local people 
and seriousl y impair the value of the land for other 
purposes. Together with other agencies of the 
Government of Canada, the Department of Energy, 
Mines and Resources is actively engaged in obtaining 
information on the environment of the northern 
regions, and on the manner in which this environment 
may affect, or be affected by, activities connected 
with the development, transportation, and use of 
northern energy and mineral resources. 
Among the concerns about the ef fects of exploitation 
of petroleum deposits i n the Arctic, one of the most 
serious is that of a large spill of crude oil and 
its effect on the mari ne or terrestrial environment 
and its ecology. There have not yet been any known 
large spills of oil in Arctic regions; this has been 
fortunate, but it has not qiven us any direct exper
ience in the behaviour of large amounts of free oil 



on the ice-covered ocean or on land underlain by 
permafrost . From a few small accidental spills, 
from limited controlled testing, and from theoreti
cal considerations it would appear that because of 
low temperatures, lack of sunlight, and the presence 
of ice on the water or in the soil, the spreading 
behaviour, chemical and physical changes and effects, 
and biological consequences of a large oil spill in 
the Arctic would be quite different from one in 
temperate regions. Such information as there is 
on this subject is widely scattered, inconclusive, 
and sometimes contradictory. More ' r,f.Jm<: ~ ion is 
urgently needed; this should come f fvil :.y::·. >m~atic 
research, based on the fragmentary k:i:)Wledge already 
gained. 
With these considerations in mind, the Polar 
Continental Shelf Project of the Department of 
Energy, Mines and Resources commissioned Worldwide 
Natural Resources Management Company, Limited 
(NAREMCO) to compile all available information on 
the effects of oil spills on Arctic or low
temperature environments, plus information about t~~ 
behaviour of oil in other conditions that mi ght bt: 
extended or extrapolated to Arctic conditions. The 
terms of reference for the study were discussed and 
approved by a Departmental Committee on Oil Spills, 
which set up an ad hoc review group , consisting of 
representatives of the Inland Waters Branch and 
Marine Sciences Branch (both at that time branches 
of the Department of Energy, Mines and Resources) 
and the Polar Continental Shelf Project, to monitor 
the study. During the course of the study, NAREMCO 
submitted progress reports at regular intervals, 
and held extensive discussions with the monitoring 
group on the scope and emphasis of the investiga
tions. While the study was in progress, the Inland 
Waters Branch and Marine Sciences Branch were trans
ferred to the new Department of the Environment ,b~t 
the monitor group remained in contact ~lith t he 
study. 

0079 ROOTS, E.F. - 1959 
Polar Continental Shelf Project; Polar Cont. Shelf 
~oj., internal report, 3 p. 

0080 ROOTS, E.F. - 1959 
Interim report on field work, Polar Continental 
Shelf Project,March 1959; Polar Cont . Shel f Pro:! , 
internal report, 16 p. 

0081 ROOTS, E.F. - 1959 
The Canadian Continental Shelf Expedition; Polar 
Cont. Shelf Proj . , internal report, 1 p. 

0082 ROOTS, E.F. - 1959 
Polar Continental Shelf Project; Polar Cont. Shelf 
~oj., internal report, 4 p. 

0083 ROOTS, E.F. - 1959 
The Polar Continental Shelf Project, 1959; Polar 
Cont. Shelf Proj., internal report, 6 p. 

0084 ROOTS, E.F. - 1959 
The Polar Continental Shelf Project, 1959; Polar 
Cont. Shelf Proj., internal report, 8 p. 
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0085 ROOTS, E.F. - 1960 
Polar Continental Shelf Project, 1960 season, r eport 
of progress; Polar Cont. Shelf Proj., i1:tern~ 1 
report, 4 p. 

0086 ROOTS, E.F . - 1960 
Polar Continental Shelf Project, 1960 season. mid
season summary report; Polar Cont. Shel f Pro,j., 
internal report, 1 p. 

0087 ROOTS, E.F. - 1960 
The Polar Continental Shelf ?reject , 1959 ; The 
Arctic Ci rcular, vol. 12, No. 3, pp. 32-38 . 

0088 ROOTS, E.F. ~ 1960 
Canadian Polar Continental Shelf Project, 1959; 
Polar Record, vol. 10, No. 66, pp. 275-276. 

0089 ROOTS, E.F. - 1962 
Polar Continental Shelf Project, Progress and pro
gramme summary; Polar Cont. She l f Proj. , internal 
report, 11 p. 

0090 ROOTS, E.F. - 1962 
The Polar Continental Shelf Project; Pol~ Cont. 
Shelf ~oj . _. ~peech to Roy. Geog. Soc., Jan. s. 1962, 
27 p. 

0091 ROOTS, E.F . - 1962 
Polar Continental Shelf Project; Polar Co::: . -~w·'.' 
~oj., internal report, 7 p. 

0092 ROOTS, E.F. - 1962 
Polar Continental Sheif Project; i n Government 
Activities in the North - 1961, Dept. Ind. Aff. N. 
Oe·;el., Advisory Comm. N. Devel., pp. 3~- 11.3 . 

0093 ROOTS, E.F. - 1962 
canadian Polar Continental Shelf ~rej ect, 1959-62: 
Polar Record, vol . 2, ~:(\. 72, pp. 270-276. 

0094 ROOTS, E. F. - 1963 
Polar Continental Shelf Project; in Government 
Activities in the North - 1962, Dept. Ind. Mf . N. 
Devel., Advisory Comm. N. Oevel . , pp. 68-75. 

0095 ROOTS, E.F. - 1965 
Tentative list of field investigations. 1965 season; 
Polar Cont. Shelf ~oj., internal report, 15 p. 

0096 ROOTS, E.F. - 1965 
Summary of work done, 1959-65; Polar Cont . She l f 
~oj. , internal report, 15 p. 
In the fo i low1ng report the various activities of 
the Polar Continental Shelf Project are briefly sum
marized, by disciplines. The studies carried out 
wholly by the Project, or by Departmental agencies 
with a major contribution from the Department, are 
listed first, in alphabetical order . This is fol
lowed by a brief mention of n.iscellaneous or minor 
activities, and of r~searches of other agencies for 
which the Polar Continental Shel f Proj~ct has pro
vided facilities or f i eld support. 
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0097 ROOTS, E.F. - 1965 
Canadian Polar Continental Shelf Project: 1963; 
Polar Record, vol. 12, No. 81, pp. 738-741. 
The object of the Polar Continental Shelf Project, 
which began operations in 1959, is to carry out a 
long-term investigation of the continental shelf to 
the north and west of the Canadian Arctic archipel
ago and of the waters above it, together with the 
islands of the archipelago when relevant, and the 
straits and sounds between the islands. From 1939 
to 1963 work has been concentrated in the region 
between Meighen Island and Brock Island, extending 
about 200 km out to sea and the same distance back 
into the archipelago; but individual programmes 
have been carried out throughout all the Queen 
Elizabeth Islands and extended to Banks Island and 
northern Greenland. As the area of extensive 
research moves to the south-west, at the rate of 
about 150 km a year, it is expected that most of 
the specialized research will be carried out at 
widely separated centres chosen for their suitabil
ity for the purpose. 

0098 ROOTS, E.F. - 1965 
The limits of geography; Geog. J., vol. 131, Part 3, 
pp. 444-446. 
Over the years it has become the custom for the 
recipient of the Patron's medal to reply on behalf 
of all those whom the society has so graciously 
honoured at its annual meeting. One does not even 
ask leave of the other recipients to speak for 
them. - Their only recourse, it would seem, is to 
become a Patron's Medallist in turn and get their 
own back - a sort of striving to become Head Boy 
so that you can dole out the treatment that you 
once received from other Head Boys. Perhaps this 
is what is meant when the society states that these 
awards are intended to be a spur to further endeav
our in our chosen fields. 

0099 ROOTS, E.F. - 1965 
Polar Continental Shelf Project; in Government 
Activities in the Nort~ 1964, Dept. Ind. Aff. N. 
Devel ., Advisory Comm. N. Devel ., pp. 66-72. 

0100 ROOTS, E.F. - 1966 
Polar Continental Shelf Project; in Government 
Activities in the North, 1965, Dept. Ind . Aff . N. 
Devel ., Advisory Comm. N. Devel., pp . 77-84. 

0101 ROOTS, E.F. - 1967 
Yukon Centennial projects - a variety of survey prob
lems; The Can . Surv., vol. 21, No. 3, pp. 250-259. 

0102 ROOTS, E.F. - 1967 
Polar Continental Shelf Project; in Government 
Activities in the North,1966, Dept. Ind. Aff. N. 
Devel ., Advisory Comm. N. Devel . , pp. 57-63. 

0103 ROOTS, E.F. - 1968 
Canadian Polar Continental Shelf Project, 1966; 
Polar Record, vol. 14, No. 89, pp. 192-194. 
The responsibility of the Polar Continental Shelf 
Project is to carry out a long-term investigation 
of the continental shelf lying to the north and 
west of the Canadian Arctic Archipelago and of the 
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waters above it, together with the islands of the 
archipelago where relevant, and the straits and 
sounds between the islands. The investigation is to 
comprise mainly those fields of survey, and subjects 
of research, for which the Department of Energy, 
Mines and Resources is responsible in other parts 
of Canada, wherever such study is not more economi
cally and efficiently pursued as a separate self
contained operation; but it is also designed to 
include, or to support, worthwhile researches in 
fields outside those normally supported by the 
Department, if such researches could not otherwise 
be carried out. Emphasis is placed on field research 
and on surve.v, but ba~ic laboratory or theoretical 
research is carried on as needed to aid in the inves
tigations, or in the interpretation of field data; 
and equi pment or technique development or experimen
tation is undertaken as relevant. In addition, the 
facilities of the Project are made available, under 
certain condi tions, to approved university and other 
non-Government research groups . 

0104 ROOTS, E.F. - 1968 
The Polar Continental Shelf Project - 1968; Aratic 
Circutar, vol. 18, Nos. 1 and 2, pp. 24-25. 

0105 ROOTS, E.F. - 1968 
The role of logist ics in northern research; in Proc. 
2nd Nat. N. Res. Conf., Whitehorse, Aug. 26-27, pp. 
65-77. 

0106 ROOTS, E.F. - 1968 
Polar Continental Shelf Project; in Government 
Activities in the North- 1967, Dept. Ind. Aff. N. 
Devel ., Advisory Comm. N. Devel., pp. 48-53 

0107 ROOTS, E.F . - 1969 
Informal remarks; in Polar Plan Conference, Virginia, 
Sept. 29-0ct. 2, A.I .N.A., pp. 114-117. 

0108 ROOTS, E.F. - 1969 
The operation and management of Arctic scientific 
activities : lessons from the Polar Continental Shelf 
Project; Abstraat, Soc. Expl. Geophys., Calgary, 
Sept. 14-18. 
The Polar Continental Shelf Project, which has com
pleted its tenth field season, is the largest sus
tained scientific activity attempted in the Arctic 
by western nations. Lessons from its experiences 
may apply to other Arctic technical activities. 
The Project is a semi-independent operational group 
established to achieve a long-term investigation of 
the continental shelf and adjacent regions of Arctic 
Canada in cooperation with other government agencies 
and by conducting independent research as necessary. 
Its program is designed to be flexible and adaptible 
to the changing priorities of national policy and 
the requirements of industry. Over the past ten 
years the achievements of t he Project in undertaking 
control surveys, regional studies and researches in 
many fields have justified the premise that a number 
of investigations sharing logistics facilities and 
management can be more economical and scientifically 
effective than the same activities carried out sep
arately. The operations have provided exper ience 
in the technical, economic, and management problems 



imposed by the Arctic environment. In comparison 
with temperate regions, logistics are more expensive, 
but not necessarily more difficult; operational 
management is more difficult , though not necessarily 
more expensive. The investigation of a new area 
passes through several stages : - exploration, recon
naissance, problem research, and development or 
testing -, each with its optimum tactics a.nd organ
ization. From the planning and management aspect, 
Arctic activities have three unusual and important 
characteristics: (1) the physical constraints of the 
environment may upset the traditional relationships 
between time, money, and results : (2) the cost of 
labour may not be related to the job but may be con
trolled by the effectiveness with which a southern 
social environment is transplanted or substituted : 
and (3) the natural environment is so delicate and 
the consequences of destructive human activity so 
severe that operational decisions must consider not 
only immediate results but possible long- term 
effects quite outside the subject of the operation . 

0109 ROOTS, E.F . - 1969 
Cold Water and Man; in Conference on Man in Cold 
Water, Montreal , l~ay, pp. 1-7. 

0110 ROOTS, E.F. - 1969 
Polar Continental Shelf Project; i n Government 
Activities in the North - 1968, Dept. Ind. Aff. N. 
Devel., Advisory Comm . N. Devel ., pp. 97-102. 

0111 ROOTS, E.F . - 1970 
Polar Continental Shelf Project; in Government 
Activities in the North - 1969; Dept. Ind. Aff. N. 
Devel . , Advisory Comm. N. Devel . , pp. 104-110. 

0112 ROOTS, E. F. - 1971 
Polar Continental Shelf Project; in Government 
Activities in the North- 1970, Dept. Ind. Aff. N. 
Devel., Advisory Comm. N. Devel., pp . 62-65. 

0113 VAN STEENBURGH, W.E. - 1961 
The scientific exploration of Canada's Arctic 
Islands; New Scientist, No. 241, pp. 792-795. 
Since the war there has been a quickening of scien
tific activity in the archipelago of the Far North. 
Research stations and expeditions whose interests 
range from weather forecasting to archaeology are 
engaged there. The first drillings in search of 
oil and natural gas may begin in the islands this 
sumner. 

0114 VAN STEENBURGH, W.E. - 1963 
The Polar Continental Shelf Project; in Symposium on 
Geophysics in Government, Can. Min . Met. Bull . , 
May, pp. 19-22, and Trans. C. I.M.M., vol. 66, pp. 
198-201. 
The Polar Continental Shelf Project was initiated in 
1959 to provide an administrative and logistic 
vehicle for research in the physical sciences of 
the land, sea and channel areas of the Arctic 
Archipelago . Most of the scientists are supplied 
on secondment from the professional branches of the 
Department. The yearly expeditions number some 
eighty scientists and sub-professional staff, and 
they are supported by a fleet of fixed-winged 
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aircraft and helicopters. Accurate positioni ng is 
obtained by the use of a Decca Lambda navigational 
system which is moved as the area of interest is 
shifted. The Project is designed to accommodate not 
only physical scientists, but to provide facilities 
for other scienti sts who may have an interest in the 
area under study . 
The main research scope of the Project includes topo
graphical surveys, hydrography, oceanography, geol
ogy, including marine sedimentary studies, gravity, 
magnetics, seismology, glaciology and geography. 

0115 VAN STEENBURGH, W.E. - 1967 
The Polar Continental Shelf Project; Polar Cont. 
Shelf Proj., internal report, 16 p. 
The Polar Continental Shelf Project was authorized 
by the Canadian Government, by Cabinet Directive, on 
April 5, 1958. It was designed to conduct general 
mapping, oceanographic, hydrographic, geological, 
geophysical, geographical and related studies, to be 
undertaken on the Arctic Ocean Continental Shelf, on 
the islands of the Archipelago, and in the channels. 
It was to act as a logistic instrument for all divi 
sions of the Department of Mines and Technical 
Surveys (Energy, Mines and Resources) in conducting 
research in the Arctic r egions of Canada. It was to 
supply logistic support and facilities to other 
agencies conducting research in the area. 
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0116 BARNETT, D.H., FORBES, D.L., and 
WHYTOCK, J. K. - 1970 

Generator Lake, Baffin Island; in Generator Lake, 
Baffin Island, N.W.T . and Tasiujaq Cove, Ekalugad 
Fiord, Baffin Island, N.W.T. 1968, Can. Oceanog. 
Data Centre, C.O.D.C . Ref. 22-68-777, No. 1, 27 p. 

0006 BLISS, L. C. - 1972 
Devon Island I.B . P. Project, High Arctic Ecosystem, 
Project Report 1970 and 1971; Dept. Botany, Univ . 
Alta. , 413 p. 
Abstract under 0006 

0117 BROAD, D.S. - 1968 
Lower Devonian Heterostraci from the Peel Sound 
Formation, Prince of Wales Island, Northwest 
Territories; unpub. MSc. Thesis, Univ. Ottawa, 138 p. 
Devonian vertebrate faunas representing Osteostraci, 
Heterostraci, Arthrodir.a, Acanthodii and 
Crossopterygii were obtained from the conglomerate, 
sandstone and carbonate facies of the Peel Sound 
Formation of Prince of Wales Island, Arctic Canada. 
One locality examined in detail shows a conformable 
passage between the conglomerate facies and the 
underlying Read Bay Formation. Heterostracan faun
ules from the basal 450 feet of Peel Sound sandstone 
and conglomerate include thi rteen species repre
senting the families Cyathaspididae, Corvaspididae, 
Traquairaspididae and Pteraspididae. Included are 
the new genera Torpedaspis and Pseudotraquai raspis, 
and the new species Traquairaspis rambaZdi and 
Pteraspis (Simopteraspis ) arctica. A reconstruction 
of the cyathaspidid Torpedaspis gen. nov. is 
attempted on evidence from an entire specimen. 
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Comparison with similar heterostracan faunas else
where in the world strongly suggests a Downtonian 
and Ditonian age for the conglomerate facies; hence 
the base of tne formation at this locality approxi
mates to the Siluro-Devonian boundary. Vertebrate 
faunas elsewhere suggest a probable Early and Middle 
Devonian age for the sandstone and carbonate facies. 
Heterostraci are common at sixteen stratigraphically 
separated sandstone horizons. Their distribution sug
gests that populations occupied a near-shore brack
ish environment which was repeatedly destroyed by 
periodic influx of coarse clastics due to rapid but 
intermittent uplift of the Boothia Arch. 
A progressive facies change and abrupt faunal change 
from the Ludlovian Read Bay Formation to the 
Downtonian and Dittonian Peel Sound Formation indi
cates change from shallow marine conditions (char
acterized by invertebrates) through transitional marg
inal brackish conditions (characterized by abundant 
Heterostraci) to fluviatile conditions. 

0118 CHRISTIE, R.L., COOK, O.G., NASSICHUK, ILW., 
TRETTIN, H.P., and VORATH, C.J. - 1972 

The Canadian Arctic Islands and the Mackenzie Region; 
Guidebook A66, 24th Int. Geol. Cong., 146 p. 
The Canadian Arctic includes one of the largest 
archipelagos of the world: the land and enclosed 
marine waters are more than 650,000 square miles in 
area; almost 950,000 square miles (243,200 km2 ) if 
the offshore continental margin and slope are 
included. This sparsely vegetated and thinly popu
lated region extends about 1,500 miles (2400 km) 
from southeastern to western extremities, and 1,200 
miles (1920 km) from the mainland of North America 
to the northern tip of the northernmost island. 
Although, in the past, the Canadian Arctic was one 
of the world's most inaccessible regions and the 
scene of journeys involving incredible hardships, 
accessibility now has increased greatly through a 
network of air routes and airfields. Ice-breakers 
and ice-strengthened ships reach, almost annually, 
the larger islands and the settlements along the 
north coast of the mainland. Systematic geological 
study of the archipelago by the Geological Survey of 
Canada began in 1947; since about 1959 there has 
been an increasing pace of geophysical and surface 
exploration and of wildcat well drilling. The major 
oil discovery in northern Alaska in }g68 resulted in 
an even greater increase in oil exploration in the 
Canadian Arctic, both on the mainland and in the 
islands. 
The Mackenzie region includes some 200,000 square 
miles (512,000 km2) of plains, mountains, and up
lands. The broad Mackenzie River, flowing northward 
to the Arctic Ocean, provided a natural highway for 
early exploration and today carries substantial 
heavy freight traffic. Many small communities lie 
along the Mackenzie River and on the large Great 
Slave and Great Bear Lakes. Access along the 
Mackenzie valley by boat and winter road, depending 
on the season, is routine. Air transport from sev
eral centres allows quick access to almost all parts 
of the region. 
The northern limit of trees passes through the north
ern part of the region, as does the southern limit 
of continuous permafrost. 
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The economic development of the Arctic Islands and 
adjacent regions poses problems in an age of aware
ness of potential disruption to a delicate local 
ecological balance, and to the life style of the 
indiqenous people. The modernization and exploita
tion of this 'new' area is on view to the world, so 
that it may be a showcase either of an enlightened, 
balanaced development or of a new disaster area in 
the process of formation. 

0119 COAKLEY, J.P. - 1966 
History and bottom sediments of Stanwell-Fletcher 
Lake, Somerset Island, N.W.T.; unpub. MSc. Thesis, 
Univ. Ottawa, 83 p. 
Stanwell-Fletcher Lake lies in a post-Cretaceous 
graben on the east side of the Boothia Arch, Somerset 
Island, Northwest Territories. The lake site was 
formed by glacial excavation of a down-faulted block 
of relatively soft Cretaceous (?) rocks, and the 
history of the area can be traced through three 
stages as post-Pleistocene uplift proqressed; marine, 
estuarine, and the present lacustrine stage. The 
last stage is believed to have commenced approxi
mately 5,000 years ago. 
Since that time, the saline water formerly occupying 
the lake site has been completely replaced by fresh 
water, largely through circulation durin!! the estu
arine stage. The lack of chemical stratification 
and the isothermal nature of the lake indicate effi
cient circulation and hence oxygenation of the water 
in spite of the year-round ice-cover. 
In general the bottom sediments of Stanwell-Fletcher 
Lake are unlaminated, fine-grained deposits oxidized 
to a reddish-brown colour at the surface. Poor sort
ing and positive skewness are the rule even in the 
seasonally ice-free, wind-agitated margins. Silt 
and mud predominate in the central portions of the 
lake, whereas the marginal areas are generally sandy. 
The distinctness of these two groupings of sediments 
is attributed to differing modes of transport and 
deposition, namely, bottom traction and seasonal 
deposition of the sand as opposed to slow, year
round settling out of the mud. Surface organic car
bon averages 2.3%, and total carbonates less than 1%. 
The appearance downward in the cores of apparently 
detrital dolomite and in situ foraminiferal tests is 
accompanied by an increase in mean grain size. The 
higher energy estuarine phase is believed to have 
been operative at that time. 
The cold climate retards chemical weathering and 
limits the duration of sediment transport by streams. 
The rate of sedimentation in the lake is therefore 
low and sorting is poor because the ice-cover mini
mizes winnowing by wave activity. Chemical and bio
logical processes in the water are inhibited by the 
low temperatures with the result that autochthonous 
sediments such as organic matter and precipitated 
carbonates (marls) are insignificant in the deposits. 
As chemical breakdown of clay-producing minerals is 
minimal, the clay minerals present were mechanically 
derived from source rocks ~n the area. 

0120 COAKLEY, J.P., and RUST, B.R. - 1968 
Sedimentation in an Arctic lake; J. Sed. Petrology, 
vol. 38, No. 4, pp. 1290-1300. 



Stanwell-Fletcher Lake is 400 miles north of the 
Arctic Circle, covers 131 square miles, and is over 
100m deep. Its size and the severe climate 
restrict summer melting of ice to the margins. The 
ice insulates the water, which remains essentially 
isothermal, warming slightly from 1.3 to 1.6°C. dur
ing the summer. Inflowing water is nearer 4°C, and 
therefore sinks and mixes with the lake water, a 
process which maintains thermal and chemical homoge
neity in the lake and oxy9enates the surficial bot
tom sediment. 
Sedimentation is very slow because of the short 
period of stream flow and the low organic activity 
in the lake. Silty sand derived from river bed 
loads accumulates on shallow marginal deltas and 
shelves. The sediment is poorly sorted because ice 
cover prevents wave action and removal of the fine 
material to deeper water. Mud, derived largely from 
the suspended loads of rivers, settles slowly in 
the central part of the lake. Faint laminae in the 
shelf sands may be varves, but the deep water mud 
is structureless. Evidently seasonal sedimentary 
variations do not affect the center of the lake, 
probably because ice cover minimizes transporting 
currents. 
The oxidation-reduction boundary in the sediment is 
at 5-20 em, deeper than in temperate lakes, because 
of oxidation at the lake bottom and slower reduction 
within the sediment. 

0121 DEWIS, F.J. - 1971 
Relationship between mineralogy and trace element 
chemistry in sediments from two fresh water deltas 
and one marine delta within the Mackenzie River 
drainage basin; unpub. MSc. thesis, Univ. Calgary, 
98 p. 
Sediment samples from two northern Alberta fresh 
water deltas (one in Lake Claire and one in Lake 
Athabasca) and from the marine Mackenzie River delta 
were analysed for mineralogical composition and 
abundance of the trace elements B, Cu, Zn, Ni, Li 
and Mn. In both the marine and fresh water deltas 
the total clay content of the samples correlated 
highly with the trace elements studied. The con
centration of B and total clay in the bottom sedi
ments from all three deltas was found to increase 
with distance from the mouth of each delta (the 
increase was less well-defined by Cu, Zn, Ni, Li 
and Mn). The variations in trace element concentra
tions in the two fresh water deltas are a result of 
variations in total clay content. The slopes of 
regression lines, computed for the boron and total 
clay content of the fresh water and marine delta 
sediments, were found to be equal which indicated 
that it was unlikeJy boron adsorption was a signif
icant factor in controlling the boron content of 
sediments in the marine Mackenzie River delta. Dis
criminant function analysis showed that the fresh 
water and marine delta sediments were not statisti
cally different based on their boron and total clay 
content. Mineralogical and enemical differences in 
the source material of the fresh water and marine 
deltas are believed to be responsible for the dif
ferences between the fresh water and marine delta 
sediments rather than any adsorption mechanism. 
The low temperature of the Mackenzie River delta 
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environment may be a factor in the lack of boron 
adsorption in the marine delta. 

0122 DEWIS, F.J., LEVINSON, A.A., and 
BAYLISS, P. - 1972 

Hyorogeochemistry of the surface waters of the 
Mackenzie River drainage basin, Canada-IV. Boron
salinity-clay mineraloqy relationships in modern 
deltas; Geochimica et Cosmochimica Acta, vol. 36, 
pp. 1359-1375. 
Bulk sediment samples from two northern Alberta 
fresh water deltas and from the marine Mackenzie 
River delta were analysed for mineralogy and the 
trace elements B, Cu, Zn, Ni, Li and Mn. In both 
the marine and fresh water deltas the total clay 
content of the samples correlates highly with the 
trace elements studied. The concentration of B and 
total clay in the bottom sediments from all three 
deltas increases with distance from the mouth of 
each delta (the increase is less well-defined for 
Cu, Zn, Ni, Li and Mn). The trace element varia
tions in the two fresh water deltas result from var
iations in total clay content. If the two similar 
fresh water deltas were preserved in an ancient 
environment, they could be mistaken for a marine 
delta based solely on the boron content of the whole 
rock analyses as the boron content ranges are anal
ogous to those reported for modern and ancient mar
ine deltas. 
The slopes of regression lines, computed between the 
boron and total clay content of the fresh water and 
marine delta sediments are equal, which indicates 
that boron adsorption from sea water is not a signif
icant factor in controlling the boron content of sed
iments in the marine Mackenzie River delta. Although 
the separation of the marine and fresh water regres
sion lines is statistically significant, discrimi
nant function analysis shows that the mineralogical 
and chemical differences of the samples can be 
explained better by variations in the source area 
rather than by their occurrence in either the fresh 
water or marine deltas. The low water temperature 
of the Mackenzie River delta environment, and low 
silica content of the Mackenzie River, may be fac
tors in the small boron increase in the marine delta 
for an alternative adsorption explanation. 
The boron content of shales and other fine-grained 
sediments may be useful to determine distance from 
a stand line, but its usefulness as an indicator of 
paleosalinity is questionable. 

0123 DINELEY, D.L. - 1965 
Notes on the scientific results of the University of 
Ottawa expedition to Somerset Island, 1964; Arctic, 
vol. 18, No. 1, pp. 55-57. 
The general aim of the expedition was to study the 
geology and geomorphology of northern Somerset 
Island, with a view to extending work into other 
parts of the Precambrian highlands in later field 
seasons. 
The expedition arrived at Somerset Island on 11 June 
1964 and left on 14 August. A rapid examination by 
helicopter of the north coast between Aston Bay and 
Prince Leopold Island provided valuable data on 
local topography, surficial and solid geological 
formations and eskimo sites. 
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0124 DINELEY, D.- 1966 
Geological studies in Somerset Island, University 
of Ottawa expedition, 1965; Aratia, vol . 19, NO . 3, 
pp. 270-277. 
Geological studies around Aston Bay and Limestone 
Island, Stanwell-Fletcher Lake, and Creswell Bay in 
Somerset Island include the structure of the Pre
Cambrian metamorphic basement, the stratigraphy, 
sedimentology, and palaeontology of the Aston and 
Hunting formations, the Palaeozoic rocks, and the 
younger strata north of Stanwell-Fletcher Lake. 
The Recent sedimentology of the lake and local 
Quaternary features are investigated. 

0125 DINELEY, D.L. - 1971 
Arches and basins of the southern Arctic Islands of 
Canada; Proa. Geol. Assoa., vol. 82, Part 4, pp. 
411-444. 
In the southern islands of the Canadian arctic arch
ipelago and on the adjacent mainland three types of 
terrain predominate- uplands of crystalline rocks, 
plateaux of flat-lying strata, and lowlands of 
younger, relatively undisturbed strata. Forming 
the eastern boundary of tbe region lie the Baffin
Ellesmere mountains adjacent to Baffin Bay and 
Davis Strait, and to the north-west are the arctic 
ocean lowlands. Each of these major areas is pro
foundly different from the others in its geology, 
and these differences reflect crustal behaviour 
since Pre-Cambrian time. In the southern arctic 
islands region, several major northerly projecting 
basement features, the Minto, Wellington, Boothia 
and Melville-Southampton Arches separate the shallow 
Palaeozoic accumulations of the Wollaston, Victoria 
Strait, Jones-Lancaster and Foxe Basins. The Minto 
and Wellington Arches contain Pre-Cambrian sedimen
tary strata with some lavas and sills which are 
relatively little disturbed. In contrast, the 
Boothia and Melville-Southampton Arches are largely 
composed of granitic gneisses and greenschists much 
folded along north-south and north-east-south-west 
lines respectively . Early 'post-Archean' sediments 
and numerous basic intrusives of uncertain age also 
occur. The rocks of these arches have a complex 
Pre-Cambrian history and the Boothia Arch was ele
vated dramatically in late Silurian-early Devonian 
and again possibly in Tertiary times. 
Facies variation within the strata of the basins 
gives little indication of positive movement of the 
arches in early Palaeozoic time. The influence of 
the Canadian Shield to the south and the developing 
Franklinian Geosyncline to the north were more 
important in facies control. Much of the deposition 
within the basins was of shallow water carbonates 
with some fine clastics and, at least locally, evap
orites. Many kinds of lime-secreting and other 
organisms influenced sedimentation and biogenic 
rocks are common. This region seems also to have 
been occupied by some of the earliest-known verte
brate faunas, and it may have been a centre of 
Silurian agnathan radiation. 
In late Silurian-early Devonian time an orogeny 
sharply elevated the Boothia Arch and may have . 
established the Cornwallis Fold Belt. The Si luro
Devonian Peel Sound Formation, spreading from the 
Boothia Arch into the Victoria Strait, ?Melville 
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and Jones-Lancaster Basins, exhibits lateral facies 
changes from alluvial fans through fluvial to marine 
strata. 
Little is known of the geological histo~y of the 
area from Devonian until Quaterna~y times. It is 
thought to have been a broadly positive area under
going denudation and shedding sediment northward to 
the Sverdrup Basin. Nevertheless, Cretaceous 
Tertiary sediments occur in a few small outcrops far 
north of what has been regarded as the shoreline of 
those times. On Somerset Island the oresence of 
Lingula in such strata may indicate a· connexion with 
the Sverdrup Basin sea or with open water to the 
south. Sediment transport southward from the north
ern side of Barrow Strait is suggested near the axis 
of the Boothia Arch in southern Somerset Island. 
Fault activity at a later date is perhaps a rejuven
ation of earlier trends of movement. 
The recently suggested isostatic origin of these 
arches or uplifts seems to be in accord with the 
facts, and appears to indicate that a wide area of 
relative isostatic equilibrium now exists between 
the Franklinian Geosyncline and the (Canadian Shield) 
craton, but that this was not the case in Palaeozoic 
time. 

0126 DINELEY, D.L., and RUST, B.R. - 1968 
Sedimentary and paleontological features of the 
Tertiary-Cretaceous rocks of Somerset Island, Arctic 
Canada; Can. J. Earth Sai., vol. 5, pp. 791-799. 
A 300m succession of non-marine clastic rocks, 
herein termed the Idlorak Formation, lies in a 
graben on the Precambrian basement of Somerset 
Island, Arctic Canada. The indigenous microflora 
is probably late Cretaceous or Tertiary in age. 
Abraded fish remains, reaching 65 em in length, 
include arthrodires, other placoderms, and cross
opterygians, which were probably derived locally 
from former outcrops of Upper Devonian rocks. 
Eighty percent of the Idlorak Formation is well
sorted quartz sandstone; the remainder is shale, 
siltstone, and minor conglomerate. Abundant large
scale cross-stratification indicates fluvial trans
port from the north, and the presence of Lingula 
suggests a marginal coastal environment such as a 
delta. The larqely arenaceous Griper Bay Formation 
and equivalent formations, now nearly 400 km to the 
north. may have formerly extended southward to pro
vide the bulk of the source material. 

0127 DIXON, O.A., WILLIAMS, S.R . , and 
DIXON, J. - 1971 

The Aston Formation (?Proterozoic) on Prince of 
Wales Island, Arctic Canada; Can. J. Earth Sai., 
vol. 8, No. 7, pp. 732-742. 
Substantial exposures of a thick basal sedimentary 
sequence, the Aston Formation of Somerset Island, 
occur on eastern Prince of Wales Island and incorpo
rate at least 2600 ft (793 m) of arkose, subarkose, 
and orthoquartzite, with minor dolostone, chert, and 
murlstone. The detrital sediments , derived from con
temporary uplands on the site of the present Boothia 
Arch, accumulated in shallow marine to lagoonal 
environments. A thin, extensive, and distinctive 
stromatolitic dolostone in the two major exposures 
of the formation has an environmental and possibly 



a regional time-stratigraphic significance. Gabbro 
dikes and sills, some of them exceeding 1000 ft 
(305 m) in thickness, intrude the Aston Formation. 

0128 DIXON, J., WILLIMAS, R., and TURNER, S.- 1972 
Stratigraphical setting of the Silurian thelodonts 
from Prince of Wales Island, Northwest Territories; 
Lethaia, vol. 5, pp. 281-282. 
Additional and corrected information is given 
regarding the stratigraphy and palaeoecology of 
the thelodont-bearing sequence on Prince of Wales 
Island. The thelodont fauna is not older than latest 
Wenlockian. 

0129 EMBRY, A.F. - 1970 
A late Devonian reef tract on northeastern Banks 
Island, N.W.T.; unpub. MSc. thesis, Univ. Calgary, 
121 p. 
The exposed Upper Devonian succession on northeast
ern Banks Island, N.W.T. is 3700 feet thick and has 
been c6rrelated with the Griper Bay Formation. It 
consists mainly of terrigenous clastic rocks which 
were deposited in a marine shelf to coastal complex 
environment. The source area was located to the 
west. The age of the exposed section ranges from 
the base of the Frasnian to the Middle Famennian. 
Devonian strata have been moderately deformed, and 
north-south trending folds and normal faults are 
present. Deformation occurred during the 
Mississippian, and the structures were reactivated 
in the Tertiary. 
A 200 foot carbonate unit occurs in the middle of 
the succession. It has been herein named the Mercy 
Bay Member and is of Middle Frasnian age. It con
tains many organic buildups and represents a 
Devonian reef tract. The reef tract was located on 
the western shelf of an exogeosyncline which 
extended along the margin of North America between 
the stable craton and a western tectonic highland. 
The main facies changes in the Mercy Bay Member 
occur in an east-west direction. The organic build
ups in the eastern part of the study area, which is 
the seaward edge of the reef tract, are narrow, 
linear bioherms which trend north-south. They are 
encase~ in younger terrigenous clastic rocks. To 
the west, the organic buildups, which are biohermal 
in the lower part and biostromal in the upper part, 
are more numerous. The lower bioherms trend east
west, and the inter-biohermal strata, which consist 
of dark, fine-grained, argillaceous limestones, are 
penecontemporaneous. The organic buildups on the 
western edge of the outcrop area are larger and are 
biohermal. The shoreward edge of the reef tract is 
not exposed . 
The lower portion of all the organic buildups is 
composed of corals and tabular stromatoporoids which 
built biogenetic banks in the quiet and intermediate 
energy zones. These energy zones are postulated to 
have been below 30 feet of water depth. The upper 
portion is composed of massive stromatoporoids which 
built rigid reefs in the high energy zone (above 30 
feet). Successive sea level rises allowed the reefs 
to grow upward. The cessation of reef growth was 
caused by a rise in sea level and an influx of 
terrigenous sediment. 
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The Griper Bay Formation appears to be a potential 
producer of hydrocarbons. The main potential reser
voirs are the high energy coastal complex sandstones 
and possibly the organic buildups of the Mercy Bay 
Member. 

0130 EMBRY, A.F., and KLOVAN, J.E.- 1971 
A late Devonian reef tract on northeastern Banks 
Island, N.W.T.; Bull. Can. Pet. Geol . , vol. 19, 
No. 4, pp. 730-781. 
The Upper Devonian Weatherall Formation, outcropping 
on northeastern Banks Island, N.W.T., contains a 
200-ft-thick limestone unit here termed the Mercy 
Bay Member. The member is Middle to Late Frasnian 
in age. Gyrfalcon Bluff has been chosen as the 
type section. 
Mercy Bay Member outcrops on the extreme northeast
ern portion of Sanks Island, and many excellent 
exposures permit detailed paleogeographical and 
paleoecological studi es. The member contains numer
ous organic build-ups and represents a Late Devonian 
reef tract located in the marine-shelf environment 
of an exogeosyncline situated between a tectonic 
highland to the northwest and a stable craton to the 
southeast. 
The main facies changes in the Mercy Base Member 
occur in an east-west direction. The organic build
ups in the eastern part of the study area are narrow, 
linear bioherms trending north-south. They are 
encased in younger terrigenous clastic rocks. To 
the west the organic build-ups, which are biohermal 
in the lower part and biostromal in the upper, are 
more numerous. The lower bioherms trend east-west. 
Penecontemporaneous interbiohermal strata consist of 
dark, fine-grained argillaceous limestone. Organic 
build-ups on the western edge of the outcrop area 
are bioherms which trend north·south. 
The lower portion in all organic build-ups consists 
of corals and tabular stromatoporoids. These are 
interpreted as biogenetic banks constructed in the 
quiet and intermediate-energy zones (water depths 
more than 30ft). The upper portion is composed of 
massive stromatoporoids. This facies represents 
rigid reefs constructed in the high-energy zone 
(above 30 feet). Successive sea-level rises al lowed 
the reefs to grow upward. Cessation of reef growth 
was caused by an influx of terrigenous sediment 
related to the seaward migration of the northern and 
western shorelines. 
The outcropping organic build-ups of the Mercy Bay 
Member are tightly cemented, but frequent bitumen 
occurrences indicate that they were once oil-bearing. 
Organic build-ups of the Mercy Bay Member probably 
occur in the subsurface to the west. 

0131 EMBRY, A.F., and KLOVAN, J.E. - 1972 
Absolute water depth limits of late Devonian paleo
ecological zones; Sonderdruak aus der Geologisahen 
Rundsahau, vol. 61, No. 2, pp. 672-686. 
A refined scheme of reefal limestone classification, 
which places more emphasis on the >2 mm components 
(conglomeratic fraction) and on the mode of organic 
binding, allows for a more detailed facies descrip
tion of organic buildups. The classification has 
been applied to late Devonian organic buildups which 
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outcrop on northeastern Banks Island, Canadian 
Arctic Archipelaoo. The distribution ~nrl sequences 
of facies in one organic buildup has led to the 
determination of absolute water depth limits of 
three major Late Devonian paleoecological zones . 
Corals were the dominant fauna below 70 feet (21 m); 
tabular stromatoporoids flourished between 70 feet 
(21 m) and 30 feet (9 m) of water depth; massive 
stromatoporoids were the dominant fauna between 30 
feet (9 m) and sea level. The main controlling 
factor on the depth limits of the zones was wave 
energy (normal wave base, 30 feet 9 m ; storm wave 
base, 70 feet 21m ). 

0132 EVERETT, K.R. - 1968 
Soil development in the Mould Bay and Isachsen areas, 
Queen Elizabeth Islands, ~rthwest Territories, 
Canada; Inst. PolaP Studies, Rep. No. 24, Ohio State 
Univ., 75 p. 
Soils developed on the fine-grained sedimentary 
rocks of the Western Queen Elizabeth Islands illus
trate well the weakening of the soil-forming pro
cesses with increasing latitude. Most of the soils 
of the Mould Bay area, Pr.ince Patrick Island, are 
thin with weak morphological and chemical profiles . 
In contrast to the Tundra soils of northern Alaska 
and Victoria Island, the desertic soils of Prince 
Patrick Island are low in organic matter. They 
have developed largely under the processes of salin
ization and calcification. Their complex, mosaic 
associations reflect the dominant influence of 
subtle drainage changes. 
The soils of the Isachsen area of Ellef Ringnes 
Island are similar to those of Prince Patrick Island. 
However, profile development is even less well 
defined. The degree of expression of the soil
forming processes here has been reduced to almost 
nothing. 
The soils and soil-forming factors are expressed 
better on Prince Patrick Island, partly because of 
its more southerly latitude and somewhat more 
coarse-grained parent materials, and partly because 
the soil-forming factors there have had a greater 
uninterrupted period over which to operate. 

0133 FRENCH, H.M. - 1970 
Soil temperatures in the active layer, Beaufort 
Plain; Aratia, vol. 23, No. 2, pp. 229-239 . 
This paper describes soil temperatures measured in 
the active layer on slopes of varying orientations 
in northwest Banks Island during the summer of 1968. 
High soil temperatures often in excess of 60°F. at 
a depth of 1 inch are not uncommon in areas under
lain by Beaufort Formation and reflect the high 
thermal conductivity and low heat capacity of these 
materials . The relation between the microclimates 
of slopes of varying orientations and the asymmet
rical nature of the valleys of the region is briefly 
discussed . 

0134 FRENCH, H.M. - 1971 
Ice cored mounds and patterned ground, southern 
Banks Island, western Canadian Arctic; GeogPafi ska 
Ann. , vol. 53, Ser. A, pp. 32-38. 
Small hydrolaccoliths are described which occur 
within low centred ice wedge polyqons on poorly 
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drained meadow tundra (Kellett) soils in the Masik 
Valley. It is suggested that the process of ice 
segregation is brought about by a contraction of 
the water saturated layer under cryostatic pressure 
and that the upstanding ice wedges, which bound 
the polygons, form the boundaries to the closed sys
tem. There is some similarity, therefore, between 
these features and the closed system pingos of the 
Mackenzie Delta with respect to genesis. 

0135 FRENCH, H.M. - 1971 
Slope asymmetry of the Beaufort Plain, northwest 
Banks Island, N.W.T., Canada; Can. J. Earth Sci., 
vol. 8, No. 7, pp. 717-731. 
The Beaufort Plain of northwest Banks Island is cur
rently being dissected by a series of valleys which 
portray a striking asymmetry of their slopes. In 
most valleys aligned in a direction northwest south
east, the steeper slope faces towards the southwest. 
The importance of both fluvial and degradational 
processes is stressed in the interpretation of these 
valleys. The asymmetry is the result of differing 
microclimates existing upon differently exposed 
slopes, which favors the development of solifluction 
processes on the northeast facing slopes. Conse
quently, the stream moves laterally towards the 
slope producing the least colluvium. The southwest 
facing slope is then undercut and steepened in angle 
through the operation of fluviothermal erosion pro
cesses. The microclimatic differences on the two 
slopes can be related to the dominant westerly winds 
in this part of the arctic which (a) deposit snow 
preferentially on the lee sides of valleys during 
the winter and (b) promote evaporation from exposed 
slopes during the summer. 

0136 FRENCH, H.M. - 1972 
The proglacial drainage of northwest Banks Island; 
The Musk-ox, Pub. No. 10, pp . 26-31 . 
The object of this paper is to describe the major 
preglacial drainage features of northwest Banks 
Island (Figure 1) . Fieldwork undertaken in 1968 
involved the field mapping and aneroid surveying of 
landforms in the vicinity of Ballast Brook. together 
with a brief examination of the surficial deposits. 
Subsequent air photo interpretation has extended the 
study area to include the extreme coastal regions 
around Bar Harbour and Cape Prince Alfred. 

0137 FYLES, J.G. - 1965 
Surficial geology, western Queen Elizabeth Islands; 
in Report of Activities: Field, 1964, Geol. Surv. 
Can., Paper 65-1, pp. 3-5. 

0138 FYLES, J.G. - 1966 
Quaternary stratigraphy, Mackenzie Delta and Arctic 
Coastal Plain; in Report of Activities, May to 
October, 1965, Geol. Surv. Can., Paper 66-1, pp. 
30-31. 

0139 FYLES, J.G. - 1967 
Winter Harbour moraine, Melville Island; in Report 
of Activities, May to October. 1966, Geol. Surv. 
Can., Paper 67-1, Part A, pp. 8-9 . 



0140 FYLES, J.G. - 1967 
Mackenzie Delta and Arctic Coastal Plain; in Report 
of Activities, May to October, 1966, Geol. Surv. 
Can., Paper 67-1, Part A, pp. 34-35. 

0141 FYLES, J.G., HEGINBOTTOM, J .A. , and 
RAMPTON, V.N. - 1972 

Quaternary geology and geomorphology, Mackenzie 
Delta to Hudson Bay; 24th Inte~. GeoZ. Cong., 
Excursion A-30 guidebook, 23 p. 
This field trip has two interrelated objectiv~s 
involving facets of the geomorphology and Quaternary 
geology of the Arctic Coast and Lowland, Interior 
Plains, and Shield regions of northwest Canada. 
First, it is intended to illustrate the occurrence 
of permafrost and ground ice and attendant geo
morphic features; second, to provide an overview of 
the glacial and related landforms that are striking 
features of the landscape and to review the glacial 
history of the region. 
The landscape of northwestern Canada, within the 
Coastal Plain, Interior Plains, and Shield regions 
is characterized by a striking array of geomorphic 
features relating to permafrost, glaciation, and 
changes in level of lakes or the sea. These features 
are particularly obvious because much of the area is 
treeless and of low relief and because of the wide
spread use of air travel. The glacial features are 
the product of the Continental or Laurentide ice 
sheet and originated, in a general way, from a simi
lar sequence of events during the same time interval 
as the much better known glacial features of south
ern Canada and northern U.S.A. The trip is intended 
to illustrate these landforms and their regional 
pattern from aircraft, and to include an aerial tran
sect from the limit of Laurentide glaciation in the 
Mackenzie Delta region to the central part of the 
ice sheet area in the vicinity of Hudson Bay , cross
ing the site of the last glacier remnants west of 
Hudson Bay (Fig. 1). 
The field trip and guidebook were planned to com
prise two distinct parts: (1) a traverse by aircraft 
along the route outlined in Figure 1 with an accom~ 
panying guidebook dealing basically with features 
visible from an aircraft following this specific 
route, and (2) more detailed treatment of the lower 
Mackenzie region including specific information for 
sites illustrating the principal elements of the 
geomorphology and Quaternary geology at Inuvik and 
near Tuktoyaktuk. 
This published guidebook deals only with the second 
portion of the proposed trip, in the lower Mackenzie 
region. Because the trip will not take place, the 
route log for the other part of the trip (i.e. the 
traverse by aircraft) has been omitted as it appears 
to be of little relevance other than in the context 
of the trip itself. This "omitted" portion of the 
guidebook relies heavily on those sections of 
Geology and Economic Minerals of Canada (fifth 
edition, 1970) dealing with Physiography (Bostock, 
197Da) and Quaternary geology (Prest, 1970) and on 
the accompanying Physiographic Map of Canada 
(Bostock, 1970b) and Glacial Map of Canada (Prest, 
Grant and Rampton, 1968) . Interested readers are 
referred to these sources of information. 
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0142 GIGUERE, J.F. - 1968 
Element distribution in coexisting pyroxenes from 
granulite rocks of southeast Stanwell•Fletcher lake 
area, Somerset Island, District of Franklin, N.W.T.; 
unpub. MSc. Thesis, Univ. Ottawa. 
Part 1: The area studied is situated on Somerset 
Island, District of Franklin, N.W .T. 
Most of the rocks in this area are Proterozoic meta
morphics of granul i te facies. It is suggested that 
these rocks were formed as the result of relatively 
high temperature and water pressure, and l ow confin
ing pressure for the granulite facies. 
Part II : The distribution of magnesium, bivalent 
and trivalent iron, manganese, titanium and calcium 
between coexistinQ orthopyroxene and calcic pyroxene 
in the granulite rocks was studied. 
From the shape of the best fit coefficient of dis
tribution curve with respect to magnesium and biva
lent iron, it is concluded that the distribution of 
these ions in orthopyroxene is not ideal. 
The coefficient of distribution of manganese with 
respect to magnesium and bivalent iron was found to 
decrease towards unity, that is, approach ideality 
with increasing temperature. 
It is suggested that an exchange equilibrium exists 
between trivalent iron and titanium, provided that 
titanium is assumed to be trivalent. 
Calcium is not involved in an exchange equilibrium 
in coexisting pyroxenes. 
A tentative geothermometer is proposed on the basis 
of the coefficient of distribution of magnesium with 
respect to bivalent iron, and of the coefficient of 
distribution of manganese with respect to magnesium 
and bivalent iron . From this geothermometer, a 
range of temperatures and pressures for published 
pyroxene pair analyses in granulitic rocks is estab
lished. The temperatures and pressures range approx
imately between 680°C with a pressure of 5200 Atm 
and 760°C with pressure of 3000 Atm. 
With this geothermometer, the values for the rocks 
from the Stanwell-Fletcher Lake area are 785°C with 
corresponding pressure of 3,050 Atm. 

0143 GIGUERE, J.F. - 1972 
Coexisting pyroxens in some granul ite-facies gneisses 
from Somerset Island; Can. Minerat., vol. 11, pp. 
548-551. 
The Precambrian rocks of Somerset Island in the 
Canadian Arctic consist mainly of a variety of high
grade gneisses and granulites (Blackadar 1967). In 
1964 and 1965, the University of Ottawa Arctic 
Expedition, led by D.L. Oineley, obtained informa
tion on the Precambrian geology between Stanwell
Fletcher lake and Creswell Bay, and numerous speci
mens were collected. This report describes seven of 
the specimens and presents chemical data on the con
tained orthopyroxene and calcic pyroxene. 
The rocks of the study-area consist of a variety of 
light to dark coloured gneisses, amphibolites, and 
migmatites, all of which consist of various combina
tions and proportions of quartz, plagioclase, potas
sium feldsoar, orthopyroxene, calcic pyroxene, horn
blende, biotite, and garnet . Sillimanite and kyanite 
are uncommon and sapphirine is rare. Rocks with horn
blende and biotite are interlayed with roc ks that ~o 
not contain these minerals, and all the roc ks are 
assigned to the granulite facies. 
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The mineral assemblages and proportions found in 
seven specimens of gneiss are listed in table 1. 
The composition of the contained plagioclase ranges 
from An 30 to An 55. 

0144 HENOCH, W.E.S. - 1964 
Preliminary geomorphological study of a newly dis
covered Dorset culture site on Melville Island, 
N . ~J.T.; AI'ctic, vol. 17, Mo. 2, pp. 120-125. 

0145 HORN, D.R. - 1963 
Marine geology, Peary Channel,District of Franklin, 
Polar Continental Shelf Project; Geol. SUI'v. Can., 
Paper 63-11, 33 p. 

0146 HORN, D.R. - 1967 
Recent marine sediments and submarine topography, 
Sverdrup Islands, Canadian Arctic Archioelaqo; 
unpub. Ph.D. Thesis, Univ. Texas, 362 p. 
Submarine topographic features of the channels 
sounds , fiords, and bays can best be explained as 
the products of extensive glacial excavation of a 
pre-existing drainage system. Trouqhs, hanging 
troughs, strings of desps or basins, terminal sills, 
linear rises and depressions, and oversteepened 
deltas are considered direct or indirect evidence 
of glacial scour. Following glaciation, a negative 
movement of the Sverdrup Basin was accompanied by 
flooding of the northern part of the Archipelago . 
Only the upper portions of former interfluvial areas 
remained above sea level. These topographic highs 
are the present-day islands of the Canadian Arctic 
Archipelago. 
Statistical analyses of beach, fluvial, deltaic, 
and offshore marine sediments reveal characteristics 
that may be unique to polar deserts and ice-covered 
seas . Textures of beach and fluvial sediments are 
a function of associated relief and parent material. 
The deltaic environment is defined as that portion 
of the sea floor extending from the mouth of a river 
to approximately 3,200 feet from shore . Deltaic 
sediments show a progressive decrease in grain size 
seaward. Size distribution is related to the set
tling velocities of particles of different diameters. 
Offshore sediments have uniform textural properties. 
They are a combination of silt and clay (settled 
from suspension), and a minor but significant por
tion of sand- to granule-sized sediment (ice-rafted). 
An increase in mean grain size on the crests of sub
marine topographic highs suggests that winnowing by 
currents is taking place over these features. Two 
large areas of the sea floor lack a cover of Recent 
sediment. 
Organic carbon constitutes 0.84 to 2.14% of the 
offshore sediments. A dual source, terrigenous and 
phytoplanktonic, may explain the relatively high 
percentage of organic carbon. There is a positive 
correlation between percent organic carbon and 
amount of clay in the samples . 
Results of semiquantit~tive clay-mineral analyses 
of source rock , fluvial, neltaic, and offshore mar
ine sediments indicate that montmorillonite, kaolin
ite, and illite are the dominant clay minerals. In 
this northern region, there is no change in clay 
mineralogy during weatherinq and transport. It is 
suggested that this may be characteristic of 

26 

weathering under polar desert conditions. The min
eralogy of parent materials on the islands controls 
the clay mineral distribution in offshore areas. In 
Louise Fiord, well-crystallized kaolinite is differ
entially flocculated close to shore. 
A study of the roundness of quartz grains of sand, 
silt, and clay size reveals that the distribution 
of this property is bimodal. Coarse and medium 
sands are well rounded, fine sands throuqh coarse 
silts are angular, and fine silt and clay-sized par
ticles are well rounded. High roundness of grains 
in the medium to coarse sand qrades is attributed 
to abrasion. Well rounded quartz in the silt-clay 
size ranqe is considered to be a product of solution. 

0147 IQBAL, J. - 1972 
Sedimentology and distribution of benthonic foramini
fera in M'Clure Strait (Canadian Arctic Archipelago); 
unpub. MSc. Thesis, Dalhousie Univ. 
M'Clure Strait is one of the main interisland chan
nels in the Canadian Arctic Archipelago. These chan
nels owe their origin to a pre-Pleistocene fluvial 
drainage system which was modified by the Pleistocene 
glaciers and subsequently inundated as these qla
ciers retreated. 
Recent benthonic foraminifera in the M'Clure Strait 
have been studied from 40 grab samples. The fora
miniferal assemblage is essentially similar to those 
reported from the adjacent areas of the Eastern 
Arctic. Distinct North Atlantic (sub-arctic) affin
ities are also apparent. A total of 74 species 
belonqing to 48 genera and 27 families have been 
identified, described and illustrated. Of these 57 
species are calcareous and the remaining 17 are are
naceous. Predominant species are : Saoaammina 
sphael'ica, CI'ibrostomoides s ubglcboaus, Trochammina 
nana, TI'ochammina quadl'iloba, Cibioides lobatulus, 
Islandiella teretis, Islandiella noroPossi, and 
Islandiella islandica. 
The rose Bengal staininq technique gave very 
ambiguous results and it was not possible to dis
tinguish living specimens with confidence. Conse
quently, the entire population has been treated as 
a thanatocoenose. 
Sedimentary analysis of 36 samples reveals that the 
Recent sediments in M'Clure Strait are predominantly 
muds and clays with small amounts of coarse material 
(sand and gravel) occurring in a random distribution 
irrespective of depth and distance from shore. This 
is considered to be the result of extensive ice
rafting, which is the dominant mode of sediment 
transoortation in the area. 
The environmental oarameters studied to evaluate 
and correlate the associated foraminiferal distribu
tion were: bathymetry, sediment distribution, tem
perature ann salinity. Visual analysis failed to 
correlate the random and patchy distribution pat
terns of the predominant species with these environ
mental parameters . Only very broad generalizations 
permit the grouping of the fauna into (a) Calcareous, 
(b) Arenaceous, and (c) Mixed . Total population 
appears to be the result of faunal mixing caused 
by extensive ice-rafting, winnowing and current 
activity. 
The application of Factor Analysis brings out three 
definite faunal assemblages (or thanatotopes) based 



on such factors as depth, distance from shore, 
nature of the substrate and test composition. 
Thanatotope I is exclusively arenaceous, decreases 
away from shore and shows some preference for fine
grained substrates. The indicator species for this 
assemblage are: Cribrostomoides arassimargo, 
Saaaorhiza ramosa, TeztuZaria earZandi and genus 
Trochammina. Thanatotope II is predominantly calcar
eous, increases away from shore and is found in silt 
and sandy silt substrates. The indicator species 
for this assemblage are: Astrononion gaZZowayi, 
Cibicides ZobatuZus, CassideZZa aompZanata, Eponides 
tener, fissurina semimarginata, Hyperammina eZonqata .. 
genus IsZandieZZa, Lagena Zaevis, OoZina hexagona, 
PZanispirinoides buccuZentus, QuinqueZocuZina Gemi
nuZum and TriloauZina trihedra. Thanatotope III is 
a mixture of calcareous and arenaceous species which 
agree in their consistent occurrence in all types 
of sediments, from clay to gravelly sand, and almost 
universal occurrence in their areal distribution. 
The indicator species for this assemblage are: 
Buccella frigida, Cibicides Zobatulus, Cribrosto
moides subgZobosus, Elphidium bartletti, genus 
IslandieZla, Lagena meridionaZis, MeZonis zaandami, 
NonioneZZa auricula, genus Reophaz, and Saccammina 
sphaerica. 

0148 JAHN, A. - 1972 
Tundra polygons in the Mackenzie Delta area; in 
Hans-Poser-Festschrift, Verlag Erich Goltze, 
Gottingen, pp . 285-298. 
Investigations carried on in the tundra of the 
Mackenzie Delta validate the differentiation of the 
four basic types of polygons (polygonal net): high 
and low, concave and convex. The evolution of poly
gons and their transformation - from low into high 
and from concave into convex - occur through dis
turbances in morphological-and-climatic equilibrium 
of the tundra with the concurrent change of depth 
of the seasonally thawed layer. Such transformations 
are conditioned by changes in heat (thermal) balance 
of the ground, local or regional, or else by changes 
of denudational balance on inclined surfaces. 

0149 JAHN, A. - 1972 
Some regularities in thermokarst development; in 
Processus Periglaciaires Etudies sur le Terrain, 
Symp. Inter. Geomorphologie, Liege, vol. 67, pp. 
167-176. 
Thermokarst processes in permafrost areas depend on 
heat (thermal) balance of the ground. The layer 
that thaws in summer (the active layer of the perma
frost) acts as insulator by protecting ground ice 
from thawing. The presence of the acti ve layer 
counteracts thermokarst processes. On the other 
hand, a removal or incision of this layer by erosion 
and denudation (including solifluction), facilitate 
thermokarst action. 
Morphological action may thus be detected in poten
tial thermokarst areas by examining the ratio heat 
(thermal) balance (Btl to denudation balance (Bd) 
in every place of the area. 
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0150 J0URNAUX, M.A. - 1969 
Phenom~nes periglaciaires dans le Nord del 'Alaska et 
du Yukon; BuZZ. Assoc. Geog. Francais, No. 368-369, 
pp. 337-350. 
Invited to stay in Alaska and i n Yukon, the author 
presents many pictures of landscapes and exposes 
some problems of periglacial morphology: ice in soil 
and in particular ice wedges and pingoes; oriented 
lakes and their evolution; frost boils of clay or 
silt, a . s .o. 

0151 KERFOOT, D.E., and MACKAY, J.R . - 1972 
Geomorphological process studies, Garry Island, 
N.W.T . ; in Mackenzie Delta Area Monograph, ed. 
D.E. Kerfoot, 22nd Inter. Geog. Cong., pp. 115-130. 

0152 KLOVAN, J.E., and EMBRY, A.F.- 1971 
llooer Oevonian stratigraphy, northeastern Banks 
Island, N.W.T.; BuZZ. Can. Pet. GeoZ .• vol. 19, 
No. 4, pp. 705-729. 
Devonian strata of northeastern Banks Isl and consist 
of 3700 feet of sandstones, siltstones, and shales, 
with minor but spectacular carbonate reef buildups. 
These strata range in age from lowermost Frasnian to 
mid-Famennian and are time equivalents of the 
Melville Island Group of Melville Island. The 
sequence of environments represented by these rocks 
may be related to the development of a northerly 
derived clastic wedge prograding southward through 
time. The area underwent Ellesmerian deformation, 
which produced gentle folds and normal faults which 
were re-activated during Tertiary deformation. 

0153 KNIGHT, R.J., and CHURCH, M. - 1970 
Tasiujaq Cove, Ekaluqad Fiord, Baffin Island, 1968; 
in E.M.R. Can. Ocean. Data Centre 1970 Data Record 
Series No. 1, Sect . 2, pp. 35-39. 

0041 KUC, M., and HILLS, L.V. - 1971 
Fossil mosses, Beaufort Formation (Tertiary) North
western Banks Island, Western Canadian Arctic; Can. 
J. Bot •• vol . 49 , No. 7, pp. 1089-1094. 
Abstract under 0041 

0154 LAMOTHE, C., and ST.-ONGE, D.- 1961 
A note on a periglacial process in the Isachsen area, 
N.W.T.; Geog. Bull., E.M.R., No. 16, pp. 104-119. 
In several regions of the Canadian Arctic, the melt
ing of ground-ice triggers erosional processes that 
bring about the removal of larqe quantities of uncon
solidated material on steep valley walls. As a 
result, large hollows are rapidly excavated by mud 
flows. Measurements made on Ellef Ringoes Island 
show that the back wall of such a hollow retreated 
by as much as 10 m in one season. These orocesses 
are considered to be among the most rapid erosional 
agents now active under the present periglacial 
morphoclimatic conditions of the High Arctic. 

0155 MACKAY, J.R. - 1970 
Disturbances to the tundra and forest tundra environ
ment of the western Arctic; Can. Ceotech. J., vol. 7, 
No. 4, pp. 420-431 . 
The more important physical disturbances to the tun
dra environment are discussed with examples. Thermo
karst subsidence, not thermal erosion, is shown to 

27 



GEOLOGY 

be the dominant result of man-induced disturbances, 
such as those caused by the bulldozing of seismic 
lines and firebreaks. It is shown that a clear dis
tinction between thermokarst subsidence and thermal 
erosion is necessary, if the causes of the disturb
ances are to be prevented and minimized, or the 
results treated. The typical surface disturbance 
to the tundra results in a deepening of the active 
layer. Therefore, foreknowledge of the effect of a 
disturbance on deepening the active layer, together 
with information on the ice content of the oerma
frost affected, makes it possible to predict the 
amount of therrnokarst subsidence likely to take 
place. Three practical examples of three types of 
ground disturbance are given: a fire near Inuvik, 
N.W.T.; a patch of vegetation trampled and killed 
by a dog at Garry Island, i'ULT.;and seepage down a 
walking trail in an ice-wedge area at Garry Island, 
N.W.T. The effects of the disturbances are illus
trated and discussed. 

0156 MACKAY, J.R. - 1971 
The origin of massive icy beds in permafrost, west
ern Arctic coast, Canada;- Can. J. Earth Sei., vol. 
8, No. 4, pp. 397-422. · 
Massive beds of ground ice are shown to exist along 
the arctic coastal plain east of the Alaska-Yukon 
boundary for a distance of at least 500 km. The 
massive ground ice can be seen in both undisturbed 
and glacially disturbed Pleistocene sediments. An 
examination of several thousand seismic shot hole 
logs, from drill holes of 15 to 35m in depth, also 
corroborates the widespread occurrence of ground 
ice. The icy beds typically have an ice content, 
defined in terms of the weight of ice to dry soil, 
in excess of 200% for sections as much as 35 m 
thick. A theory is presented which suggests that: 
the ice is of segregation origin; the source of 
excess water was from the expulsion of ground water 
during the freezing of sands; and high pore water 
pressures, favorable to ice segreqation, developed 
beneath an aggrading impermeable permafrost cover. 
Permafrost aggradation may have occurred either on 
an exposed sea floor during a period of sea level 
lowering which would have accompanied a glacier 
advance, or following a warm interval in which there 
had been deep thaw. Similarities in the origin of 
pingo ice and massive ice are discussed. 

0157 ~CKAY, J.R. - 1972 
The world of underground ice; Ann. Assoc. Amer. 
Geog., vol. 62, No. 1, pp. 1-22. 
Underground ice is restricted to permafrost areas 
where its distribution is sporadic and often unpre
dictable. A knowledge of the distribution and 
abundance of underground ice is essential to north
ern development, because a variety of man induced 
disturbances can cause underground ice to thaw, 
often with serious consequences. The criteria for 
a classification of the principal types of under
ground ice are the source of the water prior to 
freezing and the processes which transfer water to 
the freezing plane. The origin of massive icy 
bodies in the western Arctic of North America is 
explained by a water expulsion theory. The excess 
water now found in the icy bodies is attributed to 

water expelled from coarse textured sediments by the 
downward growth of permafrost. The suggested mecha
nism is illustrated by three pingos which have grown 
since 1950. The role of glaciation in the formation 
of relic offshore permafrost in relatively shallow 
Arctic coastal areas is examined. The evidence 
suggests that offshore permafrost is present in some 
shallower portions of the Beaufort Sea from north
eastern Alaska eastwards to the high Arctic islands 
of Canada. If offshore permafrost with underground 
ice is present, then thermal disturbance problems 
must be taken into consideration in future offshore 
exploration. KEY WORDS: Aggradational ice, Epige
netic ice, Ice, Massive iee, Offshore permafrost, 
Pingo ice, Segregated ice, Underground ice. 

0158 MACKAY, J.R. - 1972 
Offshore permafrost and qround ice, southern 
Beaufort Sea, Canada; Can. J. Earth. Sci., val. 9, 
No. 11, pp. 1550-1561. 
The distribution and origin of offshore permafrost 
is discussed for the southern Beaufort Sea. Two 
types of permafrost are identified: permafrost which 
is in thermal equilibrium with negative sea bottom 
temoeratures, and disequilibrium permafrost, which 
is not in equilibrium with either positive or nega
tive sea bottom temperatures. The origin of perma
frost is considered in terms of the Quaternary 
period when coastal areas were exposed to cold air 
temperatures and then submerged. The effect of warm 
river waters, primarily from the ~ackenzie River, is 
shown to ameliorate coastal water temperatures and 
may be responsible for a thin active layer at some 
sites. Water quality and oxygen isotope ratios are 
given for some samples. The evidence suggests that 
some relic land permafrost, with ground ice, is 
present beneath the southern Beaufort Sea. Perfor
ated permafrost should be present, but not extensive 
thermokarst depressions. By inference, permafrost 
probably underlies much of the Canadian Arctic 
waters although ground ice is likely restricted to 
a relatively few shallow coastal zones. 

0159 MACKAY, J.R. - 1972 
Permafrost and ground ice; in Proc. Can. Northern 
Pipeline Res. Conf., Feb. 2-4, Nat. Res. Council 
Can. (NRCC 12498), pp. 235-248. 
The ~errnafrost terrain of northwest Canada has a 
great variability in its ground ice content. Exten
sive areas are largely ice free, and construction 
there can orobably be handled by conventional means. 
Other areas contain abundant ground ice, of several 
types, down to the depth which is subject to therma 1 
disturbances induced by construction or hot buried 
pipelines. Therefore, the distinctive oermafrost 
problems are those involving high ice content ground, 
such as its distribution, both vertically and hori
zontally, and its engineering properties, when 
frozen and thawed. 
All ground ice formed either during the growth of 
permafrost or subsequently thereafter. An attemot 
is made to discuss, in broad terms, some aspects 
relating to the growth of permafrost and the origin 
of ground ice in the Yukon Coastal Plain, Mackenzie 
Delta area, and Lower Mackenzie Valley. It is sug
gested that research into the origin of ground ice 



could contribute toward~ a more economical mapping 
program. a fuller understanding of the properties of 
frozen ground and a better prediction of thermal 
disturbances. 

0160 MACKAY, J.R. - 1973 
The growth of pingos. western Arctic coast. Canada; 
Can. J. Earth Sci., vol. 10, No. 6, pp. 979-1004. 
The growth rates of 11 closed system pingos have 
been measured, by means of precise levelling of 
permanent bench marks anchored well down into perma
frost. for the 1969-1972 period. As pingo growth 
decreases from the summit to the base, growth of the 
ice-core decreases from the center out to the periph
ery. The pingos have grown up in the bottoms of 
lakes which have drained rapidly and thus become 
exposed to permafrost aggradation. The specific 
site of growth is usually in a small residual pond 
where permafrost aggradation is retarded. The size 
and shape of a residual pond exercises a strong 
control upon the size and shape of the pingo which 
grows within it. The ice-core thickness equals the 
sum of the pingo height above the lake flat and the 
depth of the residual pond in which the pingo grew. 
Pingos tend to grow higher rather than both higher 
and wider. Pingos are believed to qrow more by 
means of ice segregation than by the freezing of a 
pool of water. The water source, and the associated 
positive pore water pressure, result from permafrost 
aggradation in sands and silts in the lake bottom 
under a closed system with expulsion of pore water . 
The fastest growth rate of an ice-core, for the 
Western Arctic Coast, is estimated at about 1.5 m/yr, 
for the first one or two years. After that. the 
growth rate decreases inversely as the square root 
of time. The largest pingos may continue to grow 
for more than 1000 yr . Four growth stages are sug
gested. At least five pingos have commenced growth 
since 1935. As an estimate, probably 50 or more 
pingos are now growing along the coast. 

0161 MACKAY, J .R., RAMPTON, V.N., and 
FYLES, J.G. - 1972 

Relic Pleistocene permafrost, western Arctic, 
Canada; Science, vol. 176, pp. 1321-1323. 
Icy layers and interbedded frozen sediments along 
the Arctic Coastal Plain of northwestern Canada 
have been subjected to glacial deformation. Radio
carbon dates indicate that the deformation took 
place more than 40,000 years ago. 

0162 MARLOWE, J.I. - 1968 
Sedimentology of the Prince Gustaf Adolf Sea area, 
District of Franklin; Geol. Surv. Can., Paper 66-29, 
83 p. 
The Prince Gustaf ~dolf Sea area is located on the 
continental shelf bordering the Arctic Ocean. It is 
underlain principally by moderately deformed silt
stone, sands tone, and sha 1 e formations of Mesozoic 
to Tertiary age that form part of the Sverdrup Basin 
structural province, and by unconso lidated sand and 
gravel of the Arctic Coastal Plain (Beaufort 
Formation). The physical setting is dominated bv a 
polar climatic regime, which maintains an ice cover 
over the area throughout most of the year. 
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Physio9raphic features of the area suq~est that the 
sea bottom has been exposed previously to subaerial 
~rocesses of erosion. On a broad scale, channels 
form a dendritic pattern, the gradient of which is 
qenerally toward the Arctic Ocean. Smaller scale 
features suggest that ice action has been effective 
in shaping the present sea bottom. An island shelf 
and slooe occurs around all the land masses of the 
area and forms a nickpoint in the bottom profile 
that may represent a stillstand of sea level 300-400 
metres deeper than the present level. 
Under present conditions, sand is transported from 
the islands by ephemeral streams and deposited in 
relatively shallow deoths near shore . Mud covers 
the greater part of the area. However, sandy layers 
occur in the sub-bottom at nearshore stations. indi
catin~ that hydraulic energy levels at those sta
tions have been higher in the oast than they are at 
present. Sediment textures coarsen with depth in 
cores from throughout the area and suqgest that 
there was a general lowering of energy levels durinq 
the deposition of the sediment contained in core 
samples. Increasing depth of water associated with 
a transgressive sea is inferred from these data. 
Core samples show that two major stratigraphic units 
are oresent in the sediment of Prince Gustaf Adolf 
Sea.· These are (1) an uoper, yellow-brown, gener
ally structureless unit containing foraminiferal 
remains and abundant oxidized, detrital pyrite; and 
(2) an underlying. grey unit that contains fine bed
ding structures, fresh. detrital pyrite, and no 
faunal remains. Contacts between these units are 
generally transitional, and commonly do not coincide 
with textural changes. Characteristics of the two 
units indicate that they were deposited in widely 
differinq sedimentary environments. In the lower 
unit, the absence of faunal remains and the presence 
of fresh, detrital pyrite and fine depositional 
structures sugqest a restricted, reducinq environ
ment in whi ch there was little or no life. Very 
fine, cyclical laminae in this unit indicate that 
qlaciers or ice caps may have dominated the sedi
mentary environment during the deoosition of the 
unit. Beds of the uoper unit, however, aopear to 
have been deposited in a relatively well-oxyqenated 
environment in which an abundant microfauna existed. 
The change from restricted to open, ventilated con
ditions probably was a result of an incursion of 
water from the Arctic Ocean over topographic sills 
into the Prince Gustaf Adolf Sea area. The distri
bution of foraminifera in the upner unit may be 
related to former current patterns. 

0163 ~RLOWE, J.I. , and VILKS, G. - 1963 
Marine qeology, eastern part of Prince Gustaf Adolf 
Sea, nistrict of Franklin; Geol. Surv. Can., Paper 
63-22, 23 p. 
This preliminary report is based on field observa
tion and a partial compilation of data from the 
marine geology program carried out during the summer 
of 1962 in Prince Gustaf Adolf Sea and adjacent 
channels. The study is part of a regional project 
initiated in 1960 in conjunction with the Polar 
Continental Shelf Project (Pelletier, 1962). The 
area of investigation (Figure 1) includes the east 
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r.alf of Prince Gustaf Adolf Sea, Maclean Strait, 
Desbarats Strait, and the sea between Ellef Ringnes 
and Bathurst Islands, all in the District of 
Franklin. 
The purpose of the study was to provide data that 
will lead to an understanding of the sedimentary 
environment and to the reconstruction of the recent 
physiographic history of the area. To do this, 
sediment samples were collected from the sea bottom 
in the inter-island channels, from selected areas 
in the near-shore zone, and from the beds of streams 
discharging into the areas of potential interest. 
In the inshore phase of the proqram, traverses were 
made in a seaward direction from the shoreline 
(located by means of the tide crack in the ice). On 
large delta fronts, three radiating traverses were 
laid out to investigate longshore, as well as sea
ward variations in bottom sediment. To provide 
greatest sample cov~rage in the area of maximum 
expected sediment variation, samples were collected 
at logarithmically spaced intervals extendin9 to a 
maximum distance of 2 miles from shore. Access 
holes were cut in the ice with a power auger and a 
snapper sampler was Towered and raised by means of 
a hand winch and tripod~ A total of forty-nine 
samples was collected du'ring the inshore ohase of 
the program, covering the area from Hospital Bay 
to Noice Peninsula. 
Coring operations in Prince Gustaf Adolf Sea and 
adjacent seas were carried out by a two-man party 
using a light coring rig and a Sikorsky S-55 heli
copter. Traverses were made from Ellef Ringnes 
Island to the midline of Prince Gustaf Adolf Sea, 
and to Bathurst, Lougheed and Cameron Islands 
(Figure 2). Samples were taken by means of a grav
ity corer with a 6-foot core barrel. The maximum 
length of core obtained was about 3 feet, althou(jh 
the corer commonly penetrated the bottom with its 
full length. Compaction of sediment in the nose of 
the corer appar~ntly prev~nted better recovery. 
In the final stage of the proqram, sixteen streams 
that empty into the marine areas covered by the 
inshore and offshore phases of the program were 
selected for their apparent large volume of sedi
mentary delivery. The beds of these streams were 
sampled from head to mouth and samples of outcrop 
were collected wherever significant lithologic 
changes occurred. During this part of the program, 
transportation was provided by a Bell helicopter 
and positions were located with the aid of aerial 
photographs. 
Collection of samples in the near-shore zone was 
carried out by Vilks, who is responsible for the 
identification and analysis of microfauna in this 
paper. Sea-bottom cores and streambed samples were 
collected by Marlowe, who is responsible for the 
physiographic and sedimentological interpretations. 

0164 McCANN, S.P., and OWENS, E.H. - 1969 
The size and shape of sediments in three Arctic 
beaches, southwest Devon Island, N.W. T., Canada; 
APctic and ~Zpine Rec., vol. 1, ~o. 4, pp. 267-278. 
The general characteristics of arctic beaches are 
considered. Sample data on size distribution 
characteristics and roundness due to abrasion of 
modern beach material from three neaches in the Cape 
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Ricketts-Radstock Bay area of southwest Devon Island 
are presented. The area is one of limited wave 
action due to the inhibiting effects of sea ice. 
Sorting and roundness values of the beach material 
provide indirect measures of wave energy and allow 
comparisons to be made with beaches in other environ
ments. Changes in mean size, sorting and roundness 
values both along and across the beaches suggest 
longshore transport by wave action. 

0165 ~cOONALO, B.C., and LEWIS, C.P. - 1972 
Geomorohic and sedimentologic processes of rivers 
and coast, Yukon coastal plain; in Envir. Soc. Prog. 
Northern Pioelines of the Task Force on Northern Oil 
Development', internal report. 
The orimary objective of the study was to obtain, 
for the Yukon coastal ~lain between the Mackenzie 
delta and the Alaskan border (Figure 1), reconnais
sance data about modern river and coastal environ
ments which would be of use in makinq decisions 
about future develooment in the area. Soecific 
objectives can be conveniently divided into two 
parts: those concerned with rivers and those con
cerned with coasts. 

0166 McDONALD, a.C., and LEWIS, C.P. - 1973 
Sedimentary and geomorphic processes, Yukon coastal 
plain; in Report of Activities, Part A: April to 
October 1972, Geol. Surv. Can., Paper 73-l,Part A, 
DO. 233-235. 
The major objective of this project is to examine 
the modern sedimentary environments of the coast and 
rivers of the Yukon Coastal Plain (Fig. 1) from the 
r~ackenzi e Delta, west for about 1~0 km, to the 
Alaska border (part of NTS 117 S. ~1. and 117 S. E.). 
The study focuses on the types, magnitudes and fre
quencies of erosional and depositional processes 
presently active in the area. This information, in 
turn, will be used to assess their potential imnact 
on various human activities. 

0167 MIALL, A.D. - 196q 
The sedimenta~y history of the Peel Sound Formation, 
Prince of Wales Island, Northwest Territories; unpub. 
Ph.D. Thesis, Univ. Ottawa. 
The continental and marine sediments underlying most 
of Prince of Wales and adjacent islands were termed 
the Peel Sound Formation by Blackadar and Christie 
(1963). They are upturned against the Boothia 
Uplift in the Cornwallis Fold Belt, a north-south 
axis along the eastern margin of the island. In 
this study the formation has been divided into Upper 
and Lower parts. The Lower Peel Sound (Lower 
Devonian, up to 600 feet thick) consists of lime
stones. sandstones and shales transitional from the 
underlying Read Bay Formation (Silurian), and is 
exposed along the Cornwallis Fold Belt. The transi
tion is found at all localities except near the 
north end of the island where Peel Sound beds rest 
with angular unconformity on the Read Bay. 
The Upper Peel Sound Formation comprises five dis
tinct facies which are in part lateral equivalents 
and form a series of north-south belts across the 
island. They are, in westward order: the Conglomer
ate, Conglomerate-Sandstone, Sandstone, Sandstone
Carbonate and Carbonate Facies. The conglomerates 
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(up to approximately 1000 feet thick) overlie the 
Lower Peel Sound in the Cornwallis Fold Belt, but 
the bases of the other facies successions are not 
exposed. Fossils from the Sandstone-Carbonate and 
the Carbonate Facies have been dated as mainly 
Lower-Middle Devonian . 
The clastic rocks of the Peel Sound Formation were 
formed as a result of uplift along the Boothia axis, 
which began to rise in earliest Devonian times caus
ing deposition of littoral sands in the predomi
nantly marine carbonate Lower Peel Sound succession. 
The base of the Peel Sound is drawn at the first 
conglomerate or redbed unit. Continuing uplift 
formed a major landmass, and clastic sediments 
derived therefrom were deposited as fluvial sands 
and alluvial fan wedges interbedded with marine and 
marginal marine sediments. 
Orogenic uplift reached a peak at the beginning of 
Upper Peel Sound (mid-Lower Devonian) times. The 
volume and grain size of clastic detritus increased 
sharply, a wide alluvial plain developed alonqside 
the Boothia Uplift, and the coastline receded 12-28 
miles (19-45km) to the west. In the east, along the 
mountain front, coarse fanglomerates were deposited. 
Outlines of some of the fans have been drawn from 
maps of clast distribution and size variations, and 
the conglomerates are interpreted as debris flood 
deposits. Clast types are all from Paleozoic and 
Proterozoic rocks of the Boothia Uplift area. 
Fan deposits wedge out westwards into the 
Conglomerate-Sandstone Facies. Debris flood con
glomerates were replaced by sands and silts depos
ited by braided streams. Fining upward cycles were 
formed by channel migration and infill. Sedimentary 
structures suggest a low stream sinuosity . 
In the Sandstone Facies streams were probably of 
high sinuosity, but some horizontally bedded sand
stones are thought to have been formed by sheet-like 
floods that overrode stream channels and reached 
upper regime (planar bed) flow. 
Red fluvial deposits are present up to approximately 
28 miles ( 45 km) from the Boothia Uplift. In the 
area of the Sandstone-Carbonate Facies rivers built 
short-lived deltas 5-10 miles (8-16 km) into the 
sea. Their deposits are inter-bedded with carbon
ates and shales interpreted from lithologic and 
faunal evidence as marine and estuarine in origin. 
Sandstone-shale sequences were probably formed in 
coastal barrier complexes. These conclusions are 
based on comparisons with sediments of modern 
coastal regions, particularly the Mississippi Delta 
area. 
The carbonate rocks are mainly dolomite, the origin 
of which is uncertain. The marine carbonates were 
probably laid down in a very quiet , shallow sea. 
Uplift along the Boothia axis probably slowed down 
or ceased during the late Peel Sound times. The 
post-Middle Devonian history of the area is unknown. 

0168 MIALL, A.D. - 1970 
Devonian alluvial fans, Prince of Wales Island, 
Arctic Canada; J. Sed. Petrology, val. 40, No. 2, 
pp. 556-571. 
Lower-Middle Devonian continental conglomerates, 
with minor sandstones, form a belt 150 miles long 
and up to 10 miles wide in eastern Prince of ~ales 
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Island, bordering an uplifted area of Lower 
Paleozoic and Precambrian rocks (Boothia Uolift). 
The succession forms part of the Peel Sound 
Formation; it reaches 1000 feet in thickness and 
towards the west the coarse clastics intertongue 
into sandstones, which in turn grade into shales and 
carbonates. Conglomerate clast types and directional 
sedimentary structures indicate derivation from the 
Boothia Uplift. 
The conglomerates are poorly sorted and mean grain 
size lies in the pebble range, comparing closely 
with modern alluvial fan deposits. Areal variations 
in clast lithologies are interpreted in terms of 
dispersal on eleven alluvial fans. Areal variations 
in qrain size and clast roundness are interpreted as 
inter-fan in origin (gross differences between adia
cent fans). ~easurements of maximum clast size 
revealed intra-fan changes, namely decrease with 
distance of transport. 
Clast changes in vertical section are attributed to 
varying rates of uplift anr! erosion in the source 
area. 
Comparison of grain size and textural character
istics of the conglomerates with those of modern 
deposits suggests a debris flood mode of origin. 

0169 MIALL, A.D. - 1970 
Continental marine transition in the Devonian of 
Prince of Wales Island, Northwest Territories; Can. 
J . Earth Sci., val. 7, No. 1, pp. 125-144. 
In eastern Prince of Wales Island the Peel Sound 
Formation is subdivided into upper and lower members 
on the basis of lithology. The upper member com
prises five laterally equivalent north-south facies 
belts which are in westward order: 
1) Conglomerate Facies: cobble and boulder conglom
erates deposited on alluvial fans mainly by the 
action of debris floods . 
2) Conglomerate-Sandstone Facies: interbedded con
glomerate, fine to coarse red sandstone and red 
siltstone in a repeated fining-upward succession, 
deposited by low sinuosity braided streams. Cyclic 
sedimentation is attributed to channel migration and 
infill. 
3) Sandstone Facies: the presence of laterally exten
sive planar cross sets suggests point bar deposition 
in high sinuosity streams. Tabular bedded sandstone 
was deposited by stream floods in upper regime flow. 
4) Sandstone-Carbonate Facies: streams flowing west
ward formed small deltas, accumulating red, pink, 
and buff sandstones as topset deposits, interbedded 
with dolomites containing marine fossils, and clean 
washed gray sandstones, shales and dolomites with 
ostracods, pelecypods, gastropods, and Lingula, 
indicatinq an estuarine environment. 
5) Carbonate Facies: dolomites with abundant marine 
fauna and limited clastic content. SedimP.ntary struc
tures indicate quiet, shallow water conditions. 
Paleocurrent evidence indicates an easterly source, 
confirmed by conglomerate clasts derived from the 
Boothia Uplift, an area of Lower Paleozoic and 
Proterozoic rocks extending northwards from the 
Boothia Peninsula to Somerset Island. 
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0170 MIALL, A.D. - 1970 
A new Lower Devonian rock unit in the Canadian 
Arctic Islands: Discussion; Can. J. Earth Sci.> val. 
7, No. 3, pp. 1027-1029. 
Vertebrate fossils from clastic rocks of the Peel 
Sound Formation on north-central Prince of Wales 
Island indicate that rocks as young as Emsian may 
be present, contrary to the statement of Ormiston 
(1969) that Siegenian to Emsian carbonate sediments 
on northwestern Prince of Wales are the youngest 
rocks present on the island. A revised cross
section through northern Prince of Wales shows 
Ormiston's carbonates as a facies variation of the 
Peel Sound Formation, which rests on the underlying 
Read Bay Formation with a generally gradational con
tact, not a regional unconformity. 

0171 OWENS, E.H. - 1969 
The ~rctic beach environment, south-west Devon 
Island, N.~l. T.; unpub. r~Sc Thesis, McMaster Univ., 
152 p. 
Investigations have been carried out in the southern 
Queen Elizabeth Islands, rLW.T., to determine some 
of the features and characteristics of the beach 
environment in that area or the Canadian Arctic 
Archipelago. Analysis of beach material from three 
locations, mapping, profiling, measurement of tidal 
cycles, and a study of ice conditions have provided 
some insight into the processes acting upon these 
beaches. The period when those wave processes which 
operate freely at lower latitudes are active in the 
study area is less than two months in the year. The 
role of ice in preventing wave generation and 
restricting wave action in the littoral zone greatly 
reduces the level of marine processes in this shel
tered environment. Numerous ice-push ridges were 
recorded and mapped, but the characteristics of the 
beach result primarily from the action of infrequent 
storms. Comparisons with other arctic areas, Cape 
Thompson and Point Barrow, Alaska, and the Sverdrup 
Islands, indicate the variety of conditions which 
exist within the arctic region. These may be 
related to exposure, or fetch, and the distribution 
and movement of sea ice which determines the length 
of time for which waves processes can operate in 
the littoral zone. 

0172 OWENS, E.H., and McCANN, S.B. - 1970 
The role of ice in the Arctic beach environment with 
special reference to Cape Ricketts, southwest Devon 
Island, Northwest Territories, Canada; Amer. J. Sci., 
vol. 268, pp. 397-414. 
The effects of ice on the form of the beach zone at 
Cape Ricketts, southwest Devon Island, in particular 
in the formation of ice mounds and ice-push ridqes, 
are described. Consideration of meteorological ·data 
for Resolute, Cornwallis Island, and of ice cover 
data for the Barrow Strait-Lancaster Sound sea area 
provides information for a broader discussion of the 
role of ice in the beach environment. 

0173 PELLETIER, B.R. - 1961 
Polar Continental Shelf Project, western Queen 
Elizabeth Islands, District of Franklin, 1961; GeoZ. 
Surv. Canada> unpub. Top. Rept. ~o. 47, 8 p. 
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The purpose of this report is to summarize the 
activities of that part of the submarine geology 
unit of the Geological Survey of Canada which is 
participating in the Polar Continental Shelf Project 
(Frontispiece). Programs and results of the past 
two field seasons are reviewed and references are 
made to earlier reports and to projected publica
tions of the near future. Future programs for field 
work and laboratory studies are presented with con
clusions regarding these researches and the applica
tions attempted. 

0174 PELLETIER, B.R. - 1962 
Submarine geology program, Polar Continental Shelf 
Project, Isachsen, District of Franklin; GeoZ. Surv. 
Can.> Paper 61-21, 10 p. 
The purpose of this report is to describe the organ
ization and working methods of a submarine geology 
project that commenced in April 1960 in the inshore 
and offshore waters of the western Oueen Elizabeth 
Islands, District of Franklin (Fig. ·1). This proj
ect, including the field and laboratory work, was 
organized by officers of the Geological Survey under 
the direction of the co-ordinator of the Polar 
Continental Shelf Project, and was carried out in 
collaboration with scientists from other federal 
agencies attached to the shelf project. 

0175 PELLETIER, B.R. - 1963 
Contributions of the Marine Geoloqy Unit of the 
r.eoloqical Survey of Canada to the Polar Continental 
Shelf Project, District of Frankl in, 1962; GeoZ. 
Surv. Canada> Unpub. Top. Rept. 69, 15 p. 
The purpose of this report is to summarize the acti.v
ities of that part of the marine geology grouo of 
the Geological Survey of Canada which is participat
ing in the Polar Continental Shelf Pro.iect (Frontis
piece). Programs and results of previous field 
seasons were reviewed earlier (Topical Reoort 47), 
and are summarized here together with current proj
ects. Future programs for field and laboratory 
studies are also presented. Some conclusions and 
apolications involvinq the earlier research programs 
are given by means of illustrations. These illus
trations demonstrate the direction that certain 
orograms in the future will take. References are 
made to earlier reports and to projected publica
tions of the near future. 

0176 PELLETIER, R.R. - 1965 
Bottom studies on the Arctic Continental Shelf 
(Polar Continental Shelf Pro.iect); in Report of 
Activities: Field, 1964, Geol. Surv. Can., Paner 
65-l, p. 12. 

0177 PELLETIER, B.R. - 1966 
Development of submarine physiography in the 
Canadian Arctic and its relation to crustal move
ments; in Continental Drift, Roy. Soc. Canada Spec. 
Pub. No.9, ed. G.n. Garland, Univ. Tor. Press, op. 
77-101. 
This report deals primarily with the development 
of submarine physiograohy in the Canadian Arctic 
(Fig. 1), and is based on the hypothesis of Fortier 
and Morley (1956) that the Arctic Archipelaqo is a 



geological unity and that the net~1ork of inter
island channels is a submerged river system of 
Tertiary age, which previously drained a continuous 
land mass (Fig. 2). The new soundings, and the 
palaeontological and lithological evidence obtained 
with bottom grabbers and cores, offer additional 
support to the general theory of subaerial erosion 
of a pre-existing single land mass by streams. Cer
tain lines of topographic evidence indicate that 
modification of such river valleys by valley gla
ciers also took place (Pelletie~ 1961, 1962, 1963; 
Horn, 1963) and was followed by widespread submer
gence. This submergence was followed by an interval 
of post-Pleistocene emergence, according to the 
comprehensive study of relict strand lines and 
raised marine deposits carried out by Craig and 
Fyles (1960). This emergence may be continuing 
although the gravity data of Sobczak (1963) tenta
tively indicate that the western part of the 
Archipelago and adjacent continental shelf may be 
in isostatic equilibrium. 

0178 PELLETIER, B.R. - 1966 
Canadian Arctic Archipelago and Baffin Bay, Part B. 
Bathymetry and Geology; in Encyclopedia Oceanography, 
Encycl. Earth Sci.,vol. 1, pp. 160-167. 

0179 PELLETIER, B.R . - 1967 
Sedimentation in Arctic waters of the western Queen 
Elizabeth Islands; District of Franklin, Canada; 
Mar. Sed., vol. 3, No. 4, pp. 90-99. 
This report is a preliminary statement of continuing 
studies of sedimentation carried out since 1960 in 
Canadian Arctic waters under the direction of the 
Polar Continental Shelf Project (Department of 
Energy, Mines and Resources). The program includes 
investigations in the following sedimentary environ
ments: lacustrine, fluvial, inshore deltaic, inshore 
non-deltaic, channel, and offshore marine (i.e. 
Arctic continental shelf). The major area of study 
is in the western portion of the Queen Elizabeth 
Islands (Figure 1). 

0180 PELLETIER, B.R. - 1970 
Earth sciences studies in Arctic marine waters, 1970; 
Bedford Institute Ocean Science Reviews 1969/70, 
pp. 11-24. 

0181 PELLETIER, B.R., and SHEARER, J.M. - 1972 
Sea bottom scouring in the Beaufort Sea of the 
Arctic Ocean; in 24th Int. Geol. Cong., Sect. 8, 
pp. 251-261. 
Marine geological investigations undertaken during 
the symmers of 1970 and 1971 in the Beaufort Sea 
with echo-sounding and side-scan sonar equipment 
have shown the sea bottom to be composed mainly of 
linear scratches of varying width, depth and length. 
Churning and scouring by ice islands and pressure 
ridges as they scrape the bottom are thought to be 
the origin of these features. In many areas, gen
erally in depths of water between 10 and 30m, the 
bottom is marked by systems of parallel scours. 
This is thought to be a result of one or more pres
sure ridges moving as a solid unit with the Arctic 
pack ice. 
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The frequency of occurrence of scouring along the 
ship's track is similar and at a maximum (15 to 20 
scours/km) for all depth ranges between 10 and 50 m. 
Below 50 m the frequency of occurrence decreases, 
with no scours observed at depths >75 m. The above 
data are difficult to reconcile with observations 
made from submarines of the actual depth distribu
tion of pressure ridge keels . This disparity is 
thought to be due to the cumulative nature of scour
ing on the bottom. Depending upon the rate of sedi
mentation at any given point, deep scours (maximum 
observed relief about 10m) which may be the result 
of scouring in earlier post-glacial times (lower sea 
level) may still possess some topographic expression. 
Unless these rel ict scours are recoqnized, anoma
lously high results would be obtained for the pres
ent amount of scouring at various depths. 

0182 PISSART, A. - 1966 
Etude de quelques pentes de 1 'Ile Prince Patrick; 
Ann. Soc. CeoZ. Belgique, val. 89, Bull. No. 5-10, 
po. B377-B402. 
La description de quelques pentes de I'ile Prince 
Patrick (76° lat. N.), c'est-a-dire d'une r~gion 
periglaciaire typique ne pr~sentant pratiquement 
aucune trace de morphologie glaciaire, devoile 
quelques particularit~s de 1 'evolution des versants 
sous ce climat froid. 
Un orocessus essentiel est 1 'accumulation de la 
neige aux endroits sous le vent. Au printemps, 
1 'eau de fonte donne naissance a des ph~nom~nes de 
ruissellement et de solifluxion qui rnod~lent des 
creux de nivation, particuli~rernent bien developpes 
dans les sables tr~s fins. 
La solifluxion parait nettement plus efficace sur 
les pentes fa i bles que sur les pentes fortes car, 
paradoxalement, les pr~mieres ont une capacite de 
transport plus grande que les secondes. Au d~gel, 
l 'humidite y persiste, en effet, beaucoup plus long
temps. Il en resulte souvent 1 'existence d'une 
rupture de pente tr~s brutale au pied des versants 
raides, aspect rappelant parfoi s la rnorphologie des 
pays arides. 
Les differences lithologiques sont generalernent tr~s 
bien mises en valeur par les processus periglaciai res 
et les replats structuraux sont souvent aussi bien 
dega9es que dans les regions arides. 
L'etude d'un versant passant lateralernent d'un 
glacis de solifluxion ~ une longue pente concave, 
entaillee de chenaux, souligne que les divers 
facteurs regissant 1 'evol ution des pentes reagissent 
1 'evolution des pentes reagissent les uns sur les 
autres et ce cas simple rnontre combien il est 
difficile de comprendre le faconnernent des versants. 

0183 PISSART, A. - 1966 
Le role geomorphogique du vent dans la region de 
Mould Bay (Ile Prince Patrick - N.W.T. -Canada); 
Ann. de Geomorphologie, val . 10, No . 3, pp. 222·236. 
J. Tricart etA. Cailleux (1961, p. 214) ont 
souligne 1 'importance du vent dans de nombreuses 
regions periglaciaires arctiques. Cette action est 
d'apr~s eux considerable dans ces regions etant 
donne: 
1. 1 'absence de vegetation, 
2. la frequence des vents violents, 
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3. la faiblesse des prE!cipitations, 
4. la concentration de 1 'eau par le gel qui a pour 

effet de dessecher la surface du sol, 
5. la fourniture d'une grande quantitE! de dE!bris 

fins par la gE!livation. 

0184 PISSART, A. - 1967 
Les modalites de 1 'ecoulement de 1 'eau sur 1 'Ile 
Prince Patrick; Biul. PePy~lacjalny, No. 16, pp. 
217-214. 
The author discusses some characteristics of stream 
flow under an Arctic climate, that of Prince Patrick 
Island, in the extreme north of Canada. The more 
important of these are, the melting of the snow 
while the air temperature remains below 0°C, the 
flow of water below snow patches which washes the 
surface of the soil underneath, the commencement of 
stream flow, in spring in beds that are still choked 
with snow, and the prevention of all stream erosion 
for a considerable time during maximum discharqe by 
ice which covers the stream bed. 
From source to mouth, valleys often show: (1) an 
open cross-section, found in the zone where the vol
ume of debris brought down the valley sides by mass 
movement is too great for· ·the transporting capacity 
of the stream; (2) a V-profile which begins when 
stream flow is sufficient to carry away the debris 
brought down the slopes; (3) a wide bed, which after 
the floods of the general thaw have subsided, is 
characterized by braided flow. 

0185 PISSART, A. - 1967 
Quelques rE!sultats de 1 'E!tude des versants de 1 'Ile 
Prince Patrick; in Symp. Intern. de GE!omorphologie, 
Liege-Louvain, June 8-16, 1966, pp. 215-227. 
The study of some slopes on Prince Patrick Island 
shows some characteristics of the slopes evolutions 
under an arctic climate. 
An important action is the accumulation of snow in 
snowpatches below which appear nivation hollows; 
these are very large in fine-grained sands. 
Flowing of water below snow patches washes the sur
face of the frozen ground underneath and, because 
the temperature of this water is 0° centigrade, 
there is no thawing and no development of solifluc
tion. After the melting of the snow, the ground 
often remains covered with fine, washed debris. In 
a few places, the flowing of water following desic
cation cracks gives features similar to "lapi~s". 
The evolution of steep slopes where water does not 
remain, is slower than that of gentle slopes where 
solifluction is very active. For this reason, a 
sharp knick point, like in arid countries, often 
appears at the lower part of abrupts. 
Lithological differences clearly appear and struc
tural sufaces have a very large extent. Slopes are 
most often concave or convex. Plane facets do not 
seem to be more frequent than in Belgium; their 
inclinations gather around two main values: 30 to 
32 degrees which is the equilibrium slope of gravity 
talus, and 5 to 7 degrees which seems the lower 
limit of solifluction "en loupes" (solifluction 
lobes); below this value, solifluction still works, 
but more slowly and in continuous sheets. 

34 

0186 PISSART, A. - 1967 
Les pingos de 1 'Ile Prince-Patrick (760N-1200W); 
Geog. Bull., vol. 9, No. 3, pp. 189-217. 
More than 150 pingos have been observed on Prince 
Patrick Island. The majority of these domes of 
injected ice may be divided into two distinct groups: 
The first group is made up of more than 100 pingos 
located on the surface of the island's summit at an 
altitude of about 100 metres. They are aligned in 
two parallel rows of domes, circular in ground plan, 
whose heiqht and diameter do not exceed 13 metres 
and 250 metres respectively. Presenting no positive 
trace of present day evolution and showing no rela
tionship with the topography, these forms exist in 
the valleys as well as on the summits. They are 
possibly related to some deeo geological structure. 
The second group of pinqos is made up of domes at 
an altitude close to sea level and situated at the 
head of two bays more than 90 km distant from each 
other. In this group particularly are elongated 
pingos resembling eskers as well as those with the 
characteristic circular shape. Observed cuts have 
shown the arrangement of layers in the sides of the 
pinqos as well as the core of injected ice. They 
aopear to have developed following a definite change 
of sea level which drowned the bay and resulted in 
the melting of the upper permafrost. The later re
establishment of the permafrost may have begun with 
the appearance of this injected ice. 
Other pinqos of a different type have also been 
recognized on the island. 

0187 PISSART, A. - 1968 
Les polygones de tundra de 1 'Ile Prince Patrick; i n 
M~lanqes de Geographie, val. 1; pp. 151-163. 
L'auteur montre la vari~tE! d'aspect des polygones 
~e fentes de gel d'une ile de 1 'archipel Reine 
Elisabeth. A cot~ de "low center polygons" et de 
"high center polygons" g~n~ralement localis~s sur 
la surface plane de terrasses fluviatiles, existent 
d'autres polygones peu apparents qui couvrent toute 
la surface occup~e par les sables et graviers de la 
formation de Beaufort. Ces structures s'~tendent 
aussi bien sur les versants que sur les sommets et 
les fonds de vallE!es. Elles apparaissent comme un 
rE!seau polygonal dessin~ par une simple dE!pression 
de quelque em. de profondeur qui correspond tantot 
a des coins de qlace et de sables, tantot a des 
coins de sables et de graviers. IT s'aqit alors de 
"ground veins" ou "sand wedge polygons" semblables 
a ceux qui ant ~tE! dE!crits plusieurs fois au cours 
des derni~res ann~es. La distinction entre les deux 
types de formes uniquement d'apr~s la morpholoqie ne 
parait pas possible. 
Les coins de glace des polygones de tundra s'~larq
issent parfois consid~rablement en provoquant de 
grands glissements de terrain qui affectent le perma
frost lui-meme. 

018B PISSART, A. - 19~8 
Les polygones de fente de gel de 1 'Ile Prince 
Patrick; Biul.. PePylac,jalny, No. 17, pp. 171-180. 
The author describes the variety of form and struc
ture of frost fissure oolygons on an island in the 
Queen Elizabeth Archipelago. Polygons formed by 
wedges of ice, by wedges of mineral soil and by 
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wedges of sand and ice have developed together under 
the present-day climate. Sections through several 
of these structures are described. The conditions 
determining which type of polygons has developed, 
appear to be primarily the granulometry of the soil 
and its humidity during the summer. 

0189 RAMPTON, V.N. - 1971 
Ground ice conditions: Yukon coastal plain and adja
cent areas; in Report of Activities, Part B: November 
1970 to March 1971, Geol. Surv. Can., Paper 71-18, 
pp. 128-130. 

0190 RAMPTON, V.N. - 1972 
An outline of the Quaternary geology of the lower 
Mackenzie region; in Mackenzie Delta Area Monograph, 
22nd Inter. Geograph. Cong., pp. 7-14 . 

0191 RAMPTON, V.N. - 1972 
Surficial deposits of portions of the Mackenzie 
Delta (107C), Stanton (107D), Cape Dalhousie (107E), 
and Malloch Hill (97F) map-sheets; in Mackenzie 
Delta Area Monograph, 22nd Inter. Geograph. Cong., 
pp. 15-27. 
Investigation of the surficial deposits of the 
Mackenzie Delta, Stanton, Cape Dalhousie, and 
Malloch Hill map-sheets between 1965 and 1966 by 
Fyles (1966, 1967) and myself (Rampton 1970, 1971), 
has resulted in the production of geology maps at a 
scale of 1:125,000 (Rampton 1972a). The objective 
of this paper is to reduce the data presented on 
these maps to a scale where one can obtain an over
all picture of the distribution of surficial materi
als and geomorphic features. For the Quaternary 
history of the area, the reader is referred to 
Mackay (1963) and Rampton (this volume pp. 7-14). 

0043 RITCHIE, J.C. - 1972 
Pollen analysis of Late-Quaternary sediments from 
the Arctic treeline of the Mackenzie River delta 
region, Northwest Territories, Canada; in Climatic 
changes in Arctic areas during the last ten-thousand 
years, Acta. Univ. Ordanka, vol. 3, Geol. 1, pp. 
253-271. 
Abstract under 0043 

0192 ROOTS, E.F. - 1963 
Progress report - Investigations related to the 
general field of interest of the International Upper 
Mantle Project; Pola~ Cont. Shelf P~oj., internal 
report, 2 p. 

0193 ROOTS, E.F . - 1963 
Report of investigations by the Polar Continental 
Shelf Project related to upper mantle problems; 
Po~r Cont. Shelf Proj., internal report, 6 p. 

0194 ROOTS, E.F. - 1969 
Geology of Western Queen Maud Land; Arne~. Geog. 
soa., Plate VI, Folio 12-Geology, Antarctic Map 
Folio Series . 
Western Queen Maud Land forms the western part of 
the Atlantic sector of the continental mass of East 
Antarctica. It is bounded on the north by the 
Antarctic basin of the South Atlantic Ocean and on 
the west by the Weddell Sea to Ross Sea depression. 
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The region inland from Princess Martha Coast (longi
tudes 2°E to 6°Wl was investigated by the field 
parties of the Norwegian-British-Swedish Antarctic 
Expedition of 1949-1952 (Roots, 1952, 1953). 

0195 ROOTS, E.F. - 1970 
Arctic Canada, Greenland, and the northernmost 
Atlantic Ocean; in Polar Research, A Survey, Nat. 
Acad. Sci., Washington, pp. 17-48 . 

0196 ROY, S.K., and HILLS, L.V. - 1972 
Fossil woods from the Beaufort Formation (Tertiary), 
northwestern Banks Island, Canada; Can. J. Bot., 
vol. 50, No. 12, pp. 2637-2648. 
Fossil woods belonging to the Pinaceae (Pinoxylon 
aZbiaauloides Greguss, 1954; Picea beaufortense sp. 
nov.; Lariaioxylon occidentaZoides sp. nov.; 
Abietoxylon koreanoides sp. nov.; A. t~aumatiductus 
sp. nov.) and a single representative of the 
Eleagnaceae (Eleagnaceoxylon shepherdioides gen. et 
sp . nov.) are described and illustrated. Two main 
conclusions are derived from this investigation. 
They are (1) the fossil woods of the Beaufort 
Formation are very similar to the woods of some 
extant arborescent species of northern North America 
and northeastern Asia and (2) the fossil flora indi
cates a temperate climate similar to that of the 
present-day boreal forest. 

0197 RUST, B.R. - 1968 
Deformed cross-bedding in Tertiary-Cretaceous sand
stone, Arctic Canada; J. Sed. Petrol., vol. 38, No. 
1, pp. 87-91. 
Cross-beds in sandstone near Stanwell-Fletcher Lake, 
Somerset Island, Arctic Canada are deformed into 
regular structures which resemble recumbent folds. 
The majority of deformation axes are orientated per
pendicular to the dip of undeformed cross-beds, and 
overturning is always in the downcurrent direction. 
In some cases there is a gradual transition from 
deformed to undeformed cross-beds in both the upcur
rent and downcurrent directions. These features are 
considered as most satisfactorily explained by defor
mation due to the overriding drag of a mass of sedi
ment moved by the current. 

019R RUST, B.R., and COAKLEY, J.P. - 1970 
Physico-chemical characteristics and postglacial 
desalination of Stanwell-Fletcher Lake, Arctic 
Cana~a; Can. J. Earth Sai., vol. 7, No. 3, pp. 
900-911. 
Stanwell-Fletcher Lake is a cold monomictic Arctic 
Lake, essentially isothermal at about 1.5°C, with 
almost complete ice cover throughout the ~ear . The 
annual heat input is about 11,000 cal em- , much 
less than that of dimictic Arctic lakes. The lake 
is isochemical, with very low ionic concentrations. 
The lake basin was formed during the Pleistocene by 
glacial scouring of soft sediments from a graben. 
As the ice retreated the basin filled with sea water, 
and became a fjord. Subsequent isostatic uplift 
raised the marine shorelines to 150m above present 
sea level; the uplift curve indicates emergence of 
the f.iord sill and termination of estuarine condi
tions about 3500 years ago. Tidal influx persisted 
for about 1100 years before the lacustrine phase 
started. 
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Comparisons with modern fjords and coastal meromic
tic lakes suggest that most of the salt left the 
lake during its lacustrine phase . The mechanism was 
probably entrainment of salt water into a deep fresh
water current flowing over the chemocline due to 
convective circulation in summer. 

0199 ST-ONGE, D.A. - 1959 
Polar Continental Shelf Project Geographical Branch 
participation; Polar Cont. Shelf Proj., internal 
report, 12 p. 

0200 ST-ONGE, D.A. - 1959 
Note sur 1 ·~rosion du gypse en climat p~riglaciaire; 
Rev. Can. de G~og., vol. 13, Nos. 3-4, pp. 155-162. 
Five gypsum diapirs pierce the Mesozoic sedimentary 
rocks of Ellef Ringoes Island. One of these, the 
Isachsen dome, was visited by the Author in May 
1959. Under either temperate or warm and humid 
climates gypsum is generally associated with low
relief karst features. On Ellef Ringoes Island, 
however, the gypsum domes rise to 125 metres above 
the low plain. It seems that under the present 
periglacial morphoclimati£ conditions now prevailing 
on the island, the permafrost, the low rainfall, the 
absence of chemical erosion and the low frost
shattering index of gypsum combine to make gypsum a 
very resistant rock. 

0201 ST-ONGE, D.A. - 1960 
Polar Continental Shelf Project Geomorphological 
research; Polar Cont. Shelf Proj., internal report, 
21 p. 

0202 ST-ONGE, D.A. - 1961 
The ground ice in the Deer Bay Area, Ellef Ringoes 
Island, Northwest Territories; in Geology of the 
Arctic, Univ. Toronto Press, vol. II, p. 1092. 
Extensive ground ice mantled by 0.3 to 0.6 m of 
silts occurs in the Deer Bay area on Ellef Ringoes 
Island in the Canadian Arctic Archipelago. Profiles 
from construction pits and observations made on 
river-bank exposures and mudflows suggest that this 
ground ice is continuous in areas below 75 m above 
sea-level. The possibility of its origin owing to 
burial of sea ice is discussed. 

0203 ST-ONGE, D.A. - 1962 
La cartographie g~omorpholgique de la r~gion 
d'Isachsen, Ile Ellef Ringoes, T.N-0; unpub. extract 
D.Sc Thesis, Univ. Catholique de Louvain, Belgique, 
15 p. 

0204 ST-ONGE, D.A. - 1964 
Les formes de nivation del 'Ile Ellef Ringoes, 
Territoires du Nord-Ouest; in Acta Geographica 
Lovaniensia, vol. 3, pp. 287-304. 
Cet article r~sulte d'observations faites au cours 
de trois ~t~s pass~s sur 1 'ile Ellef Ringoes T. N.-0. , 
comme membre du Programme d'~tude de la Plateforme 
Continentale Arctique. 
L'ile Ellef Ringoes fait oartie de l'archipel de la 
Reine Elizabeth du Nord canadien. L'ile est form~e 
de roches relativement tendres (schistes et gr~s) 
du Mesozo1que, localement injectees de dykes et de 
sills de gabbro. Lors de l 'orog~n~se alpine ces 
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terrains furent faiblement pliss~s. mais localement, 
1 'ascension de noyaux diapiriques de gypse permien 
provoqua d~s deformations plus importantes. 
Dans le nord de 1 'fle et ~ de rares endroits dans 
le centre de celle-ci, les formations pliss~es sont 
recouvertes d'un epandage alluvial, qui date pro
bablement de la fin du Tertiaire. 
L'ile Ellef Ringoes fait partie des Basses Terres 
de 1 'Arctique canadien. Les parties les plus 
~levees du relief ne depassent que rarement 300 
m~tres d'altitude absolue. Le relief, decoupe par 
les nombreux cours d'eau exploitant une structure 
differenciee, ne porte aucune trace de glaciation. 
11 semble que le relief a evolue durant la majeure 
partie du Pleistoc~ne sous un regime morphoclima
tique periglaciaire. 
Malgre les faibles precepitations, moins de 100 mm 
par annee, les formes de nivation sont nombreuses 
et variE!es. 

0205 Sf-ONGE, D.A . - 1964 
Three Canadian geomorphological maps; abstract, 20th 
Inter. Geog. Cong., London, p. 35. 
Two of these maps show the Island of Ellef Ringoes. 
One shows the whole island at the scale of 1:250,000 
and demonstrates the overwhelming imporance of flu
vial erosion in sculpturing the present relief. 
Although indisputable glacial forms are absent, the 
raised beaches suggest an isostatic uplift of about 
30m. during the last 8,000 years. The second map 
of the island at a scale of 1:30,000 shows the area 
around Isachsen, with the importance of structural 
control of relief clearly visible. The widespread 
periglacial forms are also shown. The final map {by 
S.H. Richard) is of the !-lyngard Area, Saskatchewan, 
scale 1:250,000. The map shows the surface materi
als and land forms of this heavily glaciated area, 
and the meltwater channels and lake plains provide 
evidence of the pattern of deglacierization. 

0206 ST-ONGE, D.A . - 1964 
Problems of geomorphological map legends and their 
value to optimum land utilization; Geog. Bull., No . 
22' pp. 1-10. 
Geomorphological mapping has many scientific and 
economic applications. However, it is presently 
hindered by the fact that no adequate legend has yet 
been devised. This paper discusses legends now in 
use in various countries, and evaluates their use
fulness to optimum land utilization. 

0207 ST-ONr.E, D.A. - 1965 
Notes on the geomorphological maps of Ellef RinQnes 
Island; in Proc. Inst. Panamericano de Geog. e Hist, 
Ottawa, pp. 97-112. 
Since Lozinski (1909) defined the "periglacial facie" 
a vast literature has developed describing landforms 
both active and fossil, associated with cold cli
mates . In most cases, only selected landforms were 
studied: various types of patterned ground, congeli
fluction, nivation and so on . Few authors, however, 
have both described and mapped all the landforms in 
a given high Arctic area. This approach, neverthe
less, is essential if the relative importance of 
each process active in cold climate areas is to be 
assessed (Robitaille, 1960) . The influence of 
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lithology on a given agent of erosion, for example, 
can best be brought out by detailed geomorphological 
mapping of a suitable region. 
During the summers of 1959-61 the wri ter carried out 
detailed mapping and studies of process on Ellef 
Ringnes Island . Thi s island, with an area of 5,139 
sq. mi., is located in the north central part of the 
Queen Elizabeth Islands. In addition to the Arctic 
Ocean which washes its northern shore, the island is 
surrounded, in a clockwise direction by the follow
ing water bodies: Peary Channel, Hassel Sound, 
Danish Strait and Prince Gustaf Adolf Sea. 

0208 ST-ONGE, D.A. - 1965 
La g~rphologie de l'Ile Ellef Ringnes, Territoires 
du Nord-Ouest, Canada; Geog. Br. M & T.S. Can . , 
Paper 38, 58 p. 

0209 ST-ONGE, D.A. - 1968 
Geomorphic maps; ~ncycZ. Geomorphology, R.W. 
Fairbridge, Reinhold, pp. 388-403. 

0210 ST-ONGE, D.A. - 1969 
Ni vat ion landforms ; Geo Z. SUPu. Can. , Paper 69-30, 
12 p. 
The numerous rock types on Ellef Ringnes Island in 
the Queen Elizabeth Islands, N.W.T. makes it pos
sible to study the influence of lithology on land
forms resulting from the activity of a given pro
cess. Nivation, a combination of frost shattering, 
gelifluction and sheet wash,carves a series of land
forms which vary according to the type of rock in 
which they occur. Lithology, in determining debris 
size , controls the agents of removal and conse
quently the nature of the nivation landform. 

0211 SHEARER, J .M., MACNAB, R.F., PELLETIER, B.R., 
and SMITH, T.B . - 1971 

Submarine pingos in the Beaufort Sea; Science, vol. 
174, pp. 816-818. 
Numerous underwater mounds found on the continental 
shelf of the Beaufort Sea are thought to be pingos 
(hills that have a central core of ice) which have 
formed in the marine environment subsequent to 
oceanic tran sgression . 

0212 TEDROW, J .C. F. - 1966 
Polar desert soils; Soil Sci. Soc . Amer. Proc., vol. 
30, No . 3, pp. 381-387. 
The northern extremeties of ice- free land are man
tled primarily with Polar Desert soil s . Polar 
Desert soil s are sparsely colonized by vascular 
plants and in many instances the organic component 
scarcely enters the soil system . Low temperature, 
relatively dry soil conditions, a desert pavement, 
mildly acid to alkaline reaction, and salt efflores
cences commonly characterize the Polar Desert soils. 

0213 TEDROW, J.C . F. - 1968 
Pedogenic gradients of the polar regions; J. Soil 
Sci., vol. 19, No. 1, pp. 197-204. 
Soils of the polar regions are divided into three 
zones - Arctic Brown, Pol ar Desert, and Cold Desert. 
The Arctic Brown soil coincides approximately with 
the arctic tundra belt, the Polar Desert zone i s 
penecontiguous with the high arcti c, and the Cold 
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Oesert zone is represented by the ice-free sectors 
of Antarctica. The zones are broad and diffuse. 
Well-drained soils of the southern sectors of the 
Arctic Brown soil zone have embryonic podzolic affin
iti es whereas soils of the northern portions of this 
same zone exhibit a low temperature calcification 
process akin to a cold steppe condition . Vascular 
plants form a continuous mat in the Arctic Brown 
soil zone but within the Polar Oesert soil zone they 
are patchy or at times completely lacking. In the 
Polar Desert soils algae and diatoms appear to be 
the main contributors of soil orqanic matter . The 
Cold Desert soils of Antarctica are virtually void 
of organic matter. The above three soil zones , in 
effect, are sectors of a pedogenic gradient. Pro
gressing from the northern frinqes of the forested 
land, to colder climates, precipitation decreases, 
organic matter content of the soil decreases, and 
soil pH values tend to increase. In the Polar 
Desert soils, alkaline reactions are common whereas 
the Cold Desert soils of Antarctica are usually 
saline. Polar Desert soils and Cold Desert soils 
have many morphologic affinities. Tundra and Bog 
soils dominate areally in the main tundra belt but 
are confined to the local swales and depressions in 
the high arctic. Both Tundra and Bog soils tend to 
have higher pH values as one progresses to colder, 
drier climates. Neither Tundra nor Bog soils have, 
as yet, been recorded in Antarctica. 

0214 TEDROW, J.C.F. - 1972 
Soil morphology as an indicator of climatic changes 
in the Arctic areas; Acta Univ. OuZuensi s, vol. 3, 
Geol. 1, pp. 61-74. 
The possibilities of using pedologic information to 
reconstruct past climates of the arctic region are 
considered. The arctic region is divided into three 
soil zones : (1) Polar Desert, (2) Subpolar Desert 
and (3) Tundra, with zonal boundaries corresponding 
approximately to high arctic, mid-arctic and low 
arctic, respectively. Within each zone, four genetic 
varieties of soil are listed. The old landscapes of 
the far north of North America including Greenland, 
have certain soil properties which suggest a past 
warmer climate. The time under consideration in 
these sectors, however, is .Early Pleistocene or pos
sibly Late Tertiary. Within the Tundra and Polar 
Desert soil Zones , buried organic matter was studied 
with respect to age and pollen composition. Ages of 
the buried organic matter ranged from 1,200 to 
10,600 yr. B.P. Pollen from the buried organic lay
ers is similar to that of the present with some bur
ied samples indicating possibly warmer conditions. 
The buried organic matter which is as much as 4 feet 
deep probably reached its present position during a 
warmer episode at which time there was deeper sea
sonal thaw in the soil, which in turn would suggest 
warmer summer temperatures. Several cases of buried 
soil profiles are considered along with paleoclimate 
implications. In Alaska, one soil buried beneath 
Early Wisconsin (Wurm) drift and one buried beneath 
rlune sand (3,840 yr. B.P. ) showed soil features sim
ilar to those soils presently in the area. One bur
ied soil from northern Sweden indicated past climate 
that was warmer and more moist. 
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0215 TEDROW, J.C.F., BRlJGGEM-\NN, P.F., and 
WALTON, G.F. - 1968 

Soils of Prince Patrick Island; Arctic Inst. N. 
Amer., Res. Paper No. 44, 82 p. 
Prince Patrick Island, one of the more northerly 
islands of the Canadian Arctic Archipelago, centers 
approximately on 76°45'N., 119°30'W. The island is 
referred to botanically as a rock desert or fell 
field, geographically as high arctic, and pedologi
cally as a region of Polar Desert soils. Unlike the 
main tundra belt to the south, the landscape has a 
pronounced desert-like aprearance with closed vege
tation confined to the lower, wet rositions. r,enetic 
soils in decreasing abundance are Polar Desert, 
Tundra (Upland and Meadow) and Bon. A few isolated 
examples of Arctic Brown soil are -present. Polar 
Desert soils are characterized by a desert pavement 
and a poorly defined A-B-C horizon sequence. llsually 
Polar Desert soils have hioh oH values, high levels 
of soluble constituents and at times free salts are 
present. Organic matter in Polar Oesert soils is 
apparently contributed largely by algae. Tundra 
soils, confined mainly to the lower positions, are 
comparatively shallow-developed, attesting to the 
rigorous regional climate. 
Clay minerals consist of an illite-vermiculite
montmorillonite mixed-layer mineral, vermiculite, 
illite, kaolinite, and clay-size ~uartz with vermic
ulite conce~trated at the surface. 
Buried organic matter from two Tundra soils yielded 
C-14 dates of 5600 and 8460 years B.P. and containe~ 
saZix, Cyperaceae, GraminP.ae, Picea, AZnus and other 
pollen. Local soils maos for 3 sectors and a recon
naissance soil map baserl on field studies and aerial 
photography are given for the entire island. 

0216 TEDROW, J.C.F., and THOMPSON, C.C. - 1969 
Chemical composition of polar soils; BiuZgtyn 
PerygZacjaZny, No. 18, pp. 169-181. 
For pedologic purposes the polar regions are divided 
as follows: (1) Arctic Brown soil zone, which occu
pies that terrain between the tree line and the 
high arctic, (2) Polar Desert soil zone, which is 
contiguous with the high arctic, and (3) Cold Oesert 
soil zone of Antarctica. In going from the Arctic 
Brown soil zone to the colder, drier, polar deserts 
of the high arctic and finally to the cold deserts 
of Antarctica, one encounters certain pedogenic 
changes. Soils of the northern fringes of the for
est zone tend to have weak podzolic affinities, but 
in progressing to cooler, drier conditions, the 
soils could be described as being a variety of cold 
steppe. Soils of the high arctic and of the antarc
tic continent have many features in common with 
those of the temperate deserts. Representative deep, 
well-drained (zonal) soils from each of the regions 
were analyzed for organic matter, oH values, Si, Al, 
Fe, Ca, Mg, Na, K, Cl, Cu, Co, B, Ga, Pb, Zr, Ni, 
Sn, Zn, Mo, Mn, V, Cr, Sr, and Ti. Zonal soil pro
cesses of the polar regions are briefly discussed. 

0217 THOMAS, J.F.J. - 1960 
Chemical quality of surface waters of Ellef Ringoes 
Island, N.W.T. collected during the summer of 1960; 
M. t. T.S. Min. Proc. Test Rep. f4PT 60-123, internal 
report, 11 p. 
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This report covers the chemical analyses of ten sur
face waters collected by Mr. St. Onqe and associates, 
Polar Continental Shelf Project, Department of Mines 
and Technical Surveys during the summer of 1960. 
Also included are the analytical results obtained 
on five composite samples of one stream water and a 
few test results on melted samples of glacial ice. 
All waters were collected from streams or QlaciP.rs 
on Ellef Ringnes Island, N.W.T. · 
The waters were chemically analysed by standard meth
ods of water examination and the usual relatively
complete analysis was done on the samples, whenever 
sufficient water was available. Separate samples 
were not received for the determination of iron and 
manganese. 

021~ THO~AS, J.F.J. - 1960 
The total concentration of sediments in stream sam
ples from Ellef Ringoes Island, N.W.T., collected 
June and July, 1960; M. & T.S. Min. Proe. Test Rep. 
MP'l' 60-107, internal report, 8 p. 

0219 TRETTIN, H. - 1969 
A Paleozoic-Tertiary fold belt in northernmost 
Ellesmere Island aligned with the Lomonosov Ridge; 
(;eoZ. Soc. Amer. BuZZ., vol. 80, pp. 143-148. 
A south-trending belt of sialic Paleozoic rocks on 
the northern coast of Ellesmere Island lines up with 
the Lomonosov Ridge. It was deformed {1) in Middle 
Ordovician or earlier time, (2) between the Late 
Silurian and the Middle Pennsylvanian, and {3) in 
the Tertiary. The Paleozoic movements elevated ter
rane continuous with the Lomonosov Ridge relative 
to terrane on the east, but the Tertiary movements 
did not cause such relative uplift. About 40 km 
inland, the south-trending orogen terminates against 
east-trending structures, that conform with the pre
dominant structural grain of northern Ellesmere 
Island. The zone of structural intersection, marked 
by Early Devonian (or older) ultrabasic intrusions 
and a Tertiary graben, was repeatedly a site of 
crustal extension. 

0220 TUKE, M.F., OINELEY, D.L., and 
RUST, B.R. - 1966 

The basal sedimentary rocks in Somerset Island, 
N.W.T.; Can. J. Earth Sci., vol. 3, pp. 697-711. 
In northwest Somerset Island quartz sandstones of 
the Aston formation and dolostones of the overlying 
Hunting formation rest unconformably on metamorphic 
basement rocks. Except for stromatolites and trace 
fossils the formations are unfossiliferous, and 
their age has been interpreted as Proterozoic by 
previous authors. 
The Aston sandstones pass conformably upward into 
the Hunting dolostones, which are conformably over
lain by Ordovician strata. A similar succession 
with Middle Cambrian trilobites at the base occurs 
on Boothia Peninsula. It is therefore suggested 
that the Aston and Hunting formations compri se a 
Palaeozoic succession continuous with the fossilif
erous Ordovician rocks. This hypothesis does not 
appear to be incompatible with regional interpreta
tions of Proterozoic-Palaeozoic relationships. 
The sedimentary structures anrl petrology of the 
Aston sandstones suggest that they were derived from 



the basement rocks and deposited in a shallow marine 
environment. Sedimentary structures and stromato
lites in the Hunting dolostones show that they were 
laid down in coastal lagoons and tidal flats. 

0221 TURNER, S., and DIXON, J . - 1971 
Lower Silurian Thelodonts from Prince of Wales 
Island, Northwest Territories; Lethaia vol. 4, pp . 
385-392. > 

Thelodont scales, determined as Thelodus laevis 
(Pander), Logania martinssoni Gross, and Phlebolepida 
gen. et sp. indet., and other agnathan remains have 
been found in the dolomite-limestone sequence of 
the Transition Beds between the Allen Bay and Read 
Bay Formations . This thelodont association is typi 
cal of the Middle and Lower Upper Silurian of Osel 
and Gotland, and its presence therefore provides 
evidence for the upper age limit of the transition 
beds. 

0222 VILKS, G. - 1964 
Foraminiferal study of East Bay, Mackenzie King 
Island, District of Franklin; GeoZ. Surv. Can., 
Paper 64-53, 26 p. 
The area of this study was chosen to provide infor
mation on the Foraminifera of an Arctic inshore 
environment. Results show that the population is 
dominated by arenaceous agglutinated forms and that 
the nllllber of species decreases toward the. shore 
although the number of individuals increases. Each 
of three bathymetric zones is apparently dominated 
by a particular species and the whole population is 
indicative of a cold environment with lengthy ann
ual ice cover. 

0223 VILKS, G. - 1969 
Recent foraminifera in the Canadian Arcti c; 
Mi cropaleontology, vol . 15, No. 1, pp. 35-60. 
The Recent foraminifera in the ice-covered seas of 
the Canadian Arctic were found to be distributed in 
two bathymetric zones with their common boundary at 
about the 200-metre isobath . The information was 
used to support a theory of a regional lowering of 
sea level during the Holocene. The rate of sedi
mentation during the past 8000 years is indicated 
to be 4.4 em. per 1000 years. 

0224 VILKS, G., ANTHONY, E.H. , and 
WILLIAMS, W.T. - 1970 

Application of association-analysis to distribution 
studies of Recent Foraminifera; Can. J. Earth Sci ., 
vol. 7, No. 6, pp. 1462-1469. 
Counts of species of foraminifera from 75 samples 
of sediment from East Bay, Mackenzie King Island, 
in the Canadian Arctic were converted to a matri x 
of presence-absence data (56 species X 75 stations). 
These were submitted to both normal and inverse 
association-analysis as a preliminary test of the 
application of that multivariate method to problems 
in marine ecology. The results are compared with 
observations made at the time the survey was carried 
out . Although the pattern of sampling was not the 
most suitable for association-analysis, the results 
indicate that the method may prove quite informative. 
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0225 WAGNER, F.J.E. - 1962 
Faunal report, submarine geology program, Polar 
Continental Shelf Project, lsachsen, District of 
Franklin; Geol. Surv. Can., Paper 61-27, 10 p. 

0226 WAGNER, F. J .E. - 1964 
Faunal report- II, marine geology program, Polar 
Continental Shelf Project, lsachsen, nistrict of 
Franklin; Bed. Inst. Ocean., Report 8.1.0. 64-1, 
15 p., unpub. ms. 
This report is the second on material collected by 
Geological Survey of Canada personnel in conjunction 
with the Polar Continental Shelf Project. The area 
of study covers a section of the floor of the Arctic 
Qcean off the western edge of the Queen Elizabeth 
Islands. The lines of traverse extend seaward about 
115 miles northwest from Ellef Ringoes Island and 
about 95 miles northwest from the tip of Borden 
Island. Because this area overlaps part of that sam
pled in 1960, nine of the 1960 stations are repeated, 
along with the twenty new stations located in 1962. 
Eight of the stations are located on drowned head
lands, three in the intervening channels, si xteen 
on the continental shelf and two on the continental 
slope (see Fig. 1). nepths of water at these sta
tions are between 180 metres and 1239 metres, with 
the majority being in the 350- to 600-metre range. 

0227 WAGNER, F.J.E. - 1972 
Molluscan fauna as indicators of Late Pleistocene 
history, southeastern Beaufort Sea; 24th Int. Geol. 
Cong., Sect. 8, pp. 142-153. 
One hundred and forty-nine grab samples were exam
ined from the Beaufort Sea area bounded by latitudes 
68°45'10"N and 71°34'18"N and longitudes 128°19 'W 
and 140°37'W. Of these, 97 were collected from CSS 
Hudson between August 26 and September 20, 1970; the 
remaining 52 samples were obtained on a helicopter 
operation during April 1971. Molluscs were obtained 
from 95 of these 149 samples. Fossil molluscs were 
picked from 8 of the 52 Hudson cores, and were also 
collected from four localities on Herschel Island 
and one locality at Kay Point, Yukon Territory. 
Molluscs from a depth of 10 to 30 em in one core 
have been radiocarbon-dated at 700±180 years B.P., 
and from the 400- to 406-cm interval in another core 
gave an age of 3530±240 years B.P. A comparison of 
foss il molluscs from the cores with the recent fauna 
suggests that 3500 years ago sea level was apProxi
mately 270 m lower than at present, and 700 years 
ago it was approximately 15 m lower than now. 

0228 YARRANTON , G.A., and RITCHIE, J.C.,- 1972 
Sequential correlations as an aid in placing Pollen 
zone boundaries ; Pol len and spores, vol . 14, No . 2, 
pp. 213-223. 
On propose d'etablir les limites d'une zone pollin
ique en se basant sur la presence de depressions 
dans un graphique de coefficients de correlation 
continue d'une colonne stratigraphique. Les veri
tables limi tes de zone peuvent ~tre distinguees des 
simples oscillations par 1 'examen de la correlation 
entre les echantillons de chaque cote de la varia
tion. La methode a ete appliquee aux donnees paly
nologiques d'une coupe du Pleistoc~ne superieur 
orovenant du nord-ouest de 1 'Arctique canadien. Une 
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comparaison des zones, ~tablies par corr~lation, 
avec les zones originales, determin~es subjective
ment, a montr~ qu'en moyenne les premi~res sont a 
la fois plus uniformes int~rieurement et plus dis
continues que les derni~res. 
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0229 ANORIEUX, P. - 1966 
Resistivity studies in glaciers and ice caps; Ice, 
No. 20, p. 9. 

0230 BERKHOUT, A.W.J. - 1970 
The gravity anomaly field of Prince of Wales, 
Somerset and northern Baffin Islands, District of 
Franklin, Northwest Territories; Pubt. Dom. Observ., 
vol. 39, No. 7, pp. 179-209. 
The area of study covers approximately 360,000 km2 , 
comprising Somerset, Prince of Wales, and northern 
Baffin Islands. A total of 2700 gravity observa
tions at intervals of 10 to 15 km are included. 
Major negative anomalies occur on Borden and Brodeur 
peninsulas, in the area east of Agu Bay, on north
eastern Somerset Island, and on northwestern Prince 
of Wales Island. These lows are explained by the 
presence of Upper Proterozoic metasedimentary rocks 
which underlie some of the lows, but are covered by 
Lower Paleozoic rocks elsewhere. An important con
clusion is that during Upper Proterozoic time vast 
basins existed which were the sites of accumulation 
of clastic sediments. The observed gravity field 
outlines these basins and suggests that they may be 
interconnected. 
A northerly trending gravity high is associated with 
the Boothia Uplift and two parallel highs occur to 
the west of it, all three being separated by gravity 
lows. The density contrast between crystalline 
rocks of the uplift and the adjacent Paleozoic rocks 
is not sufficient to explain the change of gravity 
over the Boothia Uplift. It is suggested that three 
northerly trending basement uplifts exist, separated 
by graben in which Upper Proterozoic quartzitic 
rocks occur. The Boothia Uplift became active again 
in Paleozoic time and overthrusts the quartzitic 
rocks in the west; this is reflected by observed 
negative anomalies along its western flank. 
The gravity high over Prince Regent Inlet may 
reflect a basement fault block beneath the Paleozoic 
rocks, whereas adjacent gravity lows represent the 
depressed areas occupied by thick deposits of Upper 
Proterozoic quartzi tic rocks. 
The northerly and northeasterly trends of the two 
systems of basement fault blocks cut across the 
generally easterly (Archean) trend of basement 
structures, as on Baffin Island. Similar observa
tions have been made in the Canadian Shield. These 
unusual trends may possibly originate along ancient 
orogenic zones with northerly and northeasterly 
trends. 
Several smaller, local anomalies occur. Two gravity 
highs on Prince of Wales Island are probably caused 
by mafic intrusions and a gravity low on Bylot 
Island is explained by light Mesozoic sedimentary 
rocks. 

40 

0231 BERKHOUT, A.W.J., and SOBCZAK, L.W. - 1967 
A preliminary investigation of gravity observations 
in the Somerset and Prince of Wales Islands Arctic 
Canada with map; Gravity map series No. 81, Dom. 
Obsel'V., 10 p. 
During the spring and summer of 1965 some 750 grav
ity observations were made in the Prince of Wales 
and Somerset Islands area. The Bouguer anomaly map 
prepared from these data displays a series of north
trending highs and lows in the central and southern 
part of the area. These anomalies are attributed to 
density variations within the crystalline basement 
rocks. Two local gravity highs over western Prince 
of Wales Island are interpreted as indicating rela
tively near-surface basic intrusions. 

0232 BERRY, M.J., and BARR, K.G. - 1971 
A seismic refraction profile across the polar conti
nental shelf of the Queen Elizabeth Islands; Can. J. 
Eal'th Sci., vol. 8, No. 3, po. 347-360. 
During the spring of 1967, a seismic refraction 
experiment was conducted from the SW tip of Prince 
Patrick Island in the Queen Elizabeth Islands of 
Arctic Canada to a point mid-way down the continen
tal slope, some 220 km from the coast. 
It was found that seismic recording on sea ice was 
plagued by unusually high background noise levels 
which could be attributed to low frequency (below 
1 Hz) oscillations of the ice pans and to the broad
band noise generated by frequent ice cracking. It 
was discovered, and is shown theoretically, that 
seismic wave propagating throuqh a water layer (the 
ocean) and incident on the ice layer from below pro
vide an exact w/2 phase shift between the horizontal 
and vertical components of surface motion. This fact 
can be used to advantage in digital processing. 
The interpretation shows a crustal model with depths 
to the M discontinuity of 28 ± 4 km at the coast, 
thinning to 15 ± 9 km at the end of the profile. The 
velocity of the mantle is measured as 8.05 ± 0.17 
km/s. Mid-way down the continental slope there are 
5.0 ± 1.63 km of sediments overlying material with 
a velocity of 5.36 ± 0.15 km/s. ~aterial of a simi
lar velocity, 5.72 ± 0.18 km/s, lies 2.7 ± 1.9 km 
beneath the surface material at the coast, where the 
surface layer has a velocity of 4.76 ± 0.4 km/s. It 
is concluded that the data support the hypothesis 
that the Canada Basin has an oceanic rather than a 
continental crust. 

0123 DINELEY, D.L. - 1965 
Notes on the scientific results of the University of 
Ottawa expedition to Somerset Island, 1964; Al'ctic, 
vol. 18, No. 1, pp. 55-57. 
Abstract under 0123 

0124 DINELEY, D. - 1966 
Geological studies in Somerset Island, University of 
Ottawa expedition, 1965; Al'ctic, vol. 19, No. 3, 
pp. 270-277. 
Abstract under 0124 

0233 FRASER, D. - 1963 
Geomaqnetic activity at high latitudes; in Axel 
Heiberg Island, Preliminary Report 1961-1962, ed. 
F. Muller et al., McGill Univ. 



A variation station which continuously recorded the 
relative variations of three orthogonal components 
of the earth's magnetic field was maintained in 
operation at the Expedition Base Camp from 28 July, 
1961, until 4 August, 1961. The records obtained 
will be used in an investigation of high latitude 
geomagnetic activity being carried on by the Dominion 
Observatory under the direction of Dr. K. Whitham. 

0234 GEOLOGICAL SURVEY OF CANA~A - 1969 
Index to map sheets, aeromagnetic series, Sheet No. 
16, 181 sheets. GeoZ. Surv. Can. 

0235 GOH, R. - 1972 
A marine magnetic survey in the ~ackenzie Bay/ 
Beaufort Sea area Arctic Canada; unpub. MSc. Thesis, 
Un i v . B r. Co 1 . 
This thesis presents an investigation of the varia
tions in the magnetic field obtained in the 
Mackenzie Bay/Beaufort Sea area of the Canadian 
Arctic. 
It was found that the variations obtained at sea 
were strikingly correlated with those recorded at 
Point Atkinson, a fixed station on land, 150 miles 
from the survey area. In addition, it was found 
that the higher frequencies present in the marine 
records were severely attenuated with respect to 
the corresponding frequencies in the Point Atkinson 
recordings. It was concluded that the Mackenzie 
Bay/Beaufort Sea area is geomagnetically anomalous 
and that this situation is probably caused by higher 
electrical conductivity material underlying the 
~1ackenzi e Bay/Beaufort Sea area, abutting lower con
ductivity material of the North American craton 
underlying Point Atkinson. This conclusion has 
important implications relating to the tectonic his
tory of the Canadian Arctic. 

0236 HAMILTON, A.C. - 1963 
Gravity measurements in Canada, January 1, 1960 to 
December 31, 1962; Publ. Dam. Observ., vol. 28, No. 
3, 34 p. 
This triennial report has been prepared for the 
Thirteenth General Assembly of the International 
Union of Geodesy and Geophysics (I.U.G.G.) on behalf 
of the Associate Committee on Geodesy and Geophysics 
which is the National Committee representing Canada 
in the International Union. It is an attempt to 
summarize the measurements of gravity and to review 
the research on gravity for the period from Jan. 1, 
1960 to Dec. 31, 1962. Annual reports have been 
published in the Canadian Geophysical Bulletin 
(Garland, Editor) and similar triennial reports 
(Hamilton, 1960; Innes, 1957) have been prepared for 
previous General Assemblies. 

0237 HATTERSLEY-SMITH, G. - 1960 
Geophysical and other studies of the Polar 
Continental Shelf Project; in Can. Geophys. Bull., 
No. 13, pp. 89-90. 

0038 HATTERSLEY-SMITH, G. - 1961 
North-western Queen Elizabeth Islands (Polar 
Continental Shelf Project and Geographical Branch, 
Department of Mines and Technical Surveys); in 
Can. Geophys. Bull., No. 14, pp. 96-98. 
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0218 HATTERSLEY-SMITH, G. - 1965 
Resistivity studies in glaciers and ice caps 
(National Research Council, in collaboration with 
Observatories Branch, Polar Continental Shelf Project 
and McGill University: P. Andrieux, University of 
Paris); in Can. Geophys. Bull., No. 18, p. 143. 

0239 HORSON, G.D. - 1962 
Seismic exploration in the Canadian Arctic Islands; 
Geophysics, vol. 27, No. 2, pp. 253-273. 
The Polar Continental Shelf Project, a broad program 
of research in the Canadian Arctic, was started in 
1959. Seismic studies were undertaken by the 
Geological Survey of Canada. Refraction and reflec
tion techniques were employed in the first stages of 
a reconnaissance program during May, June, July, and 
August 1960. 
Certain new techniques were developed during this 
seismic program in the high Arctic. The crew oper
ated from motor tobogqans in 1960 but helicopters 
will be used more extensively in the future for a 
more efficient operation. Adverse weather conditions 
such as blizzards, low temperatures, white-outs, 
wind, and rain are a hindrance to operations at var
ious times of the year. 
The sea ice appears to present no great noise prob
lem to standard recording techniques. Several air 
shots were recorded in direct comparison with sur
face shots but the gain in energy level is not 
enough to justify using the method. The records 
from various locations within the Sverdrup Basin 
indicate that both reflection ar.d refraction tech
niques are satisfactory. ~ cross-section illustrates 
the results of the 1960 program. 

0240 HOBSON, G. D., and OVERTON, A. - 1967 
A seismic section of the Sverdrup Basin, Canadian 
Arctic Islands; in Seismic Refraction Prospecting, 
Soc. Expl. Geoph., Tulsa, ed. A.W. Musgrave, pp. 
550-562. 
Seven seismic refraction profiles were completed in 
1961 in the Canadian Arctic Islands under the Polar 
Continental Shelf Project of the Department of Mines 
and Technical Surveys. These seven profiles were 
shot along a line extending from a location 30 miles 
north of Ellef Ringnes Island, along the west coast 
of this same island to a point 30 miles south of the 
island into Belcher Channel. 
The program was carried out using an S-55 helicopter 
with the supply support and major moves by Otter 
fixed-wing aircraft. Oynamite charges were success
fully detonated in depths of water to 1,285 ft with
out the use of "booster5." A Decca Survey Chain pro
vided regional navigation but this system is not 
sufficiently accurate for long-range seismic refrac
tion surveying. These seven profiles are presented 
in a cross section across the Sverdrup Basin, cor
related by seismic velocities, indicating a thick
ness of approximately 40,000 ft of sediment in the 
center of the Basin to a formation with a horizontal 
velocity of 20,000 ft/sec "Basement" or the base of 
the unmetamorphosed sediments may be 64,000 ft deep 
at this location. 
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0241 HOR~AL, R. - 1961 
Detailed gravity surveys on Ellef Ringnes and 
Meighen Islands, Queen Elizabeth Islands, Northwest 
Territories, 1960; unpub. B Sc. Thesis, Queen's 
Univ., 28 p. 
Four detailed gravity surveys were conducted in the 
summer of 1960 in the vicinity of lsachsen, Northwest 
Territories; the thickness of the Meighen Island 
Ice-Cap was determined; the intrusive rocks of the 
Isachsen area were found to be 1500 feet thick where 
they appeared as ridges and 700 feet thick where 
they were buried under the valleys; the presence of 
an intrusive body beneath Deer Bay was verified; the 
approximate thickness of the Isachesen and Dumbbell 
domes was found to be 4000 feet. The lack of proper 
maps reduced the accuracy of the dome survey but it 
was not a problem in the other surveys. 

0242 HORNAL, R.W., SOBCZAK, L.W., BURKE, W.E.F., 
and STEPHENS, L.E. - 1970 

Preliminary results of gravity surveys over the 
Mackenzie Basin and Beaufort Sea; Dept. Energy, 
Mines and Res., Gravity Map series of Earth Phys. 
Br., 12 p. and 3 maps. 
Three Bouguer anomaly maps at a scale of 1:1,000,000 
and contoured at 5 mgal intervals have been prepared 
from 6,100 gravity observations made in the Interior 
Plains and on the Beaufort Sea from latitude 600N 
to 72°N. 
The major features of the gravity field are: a grav
ity low over the Mackenzie Mountains which is attrib
uted to a thickened sedimentary sequence and a 
deeper crust-mantle boundary; a relatively positive 
anomaly of 50 mgal striking north from Trout lake 
to Great Bear Lake which reflects a ridge or trough 
of mafic rock within the Precambrian basement; a neg
ative anomaly over the Mackenzie River delta of 55 
mgal which results from the deposition of more than 
21,000 feet of Cretaceous and Tertiary sediments; 
and a circular positive anomaly of 130 m9al situated 
south of Darnley Bay which is explained by a cone
shaped basic intrusion. Smaller variations in the 
gravity field in the ~nterior Plains may be attri~
uted to changes in the depth to the Precambrian 
basement and density variations withi n the sedimen
tary co 1 umn. 

0243 HUNTER, J .A. - 1972 
A model study of reflected seismic waves from the 
bottom of the permafrost layer; in Report of 
Activities, November 1971 to April 1972, Geol. Surv. 
Can., Paper 72-1, Part B, pp. 44-46. 

0244 HUNTER, J.A . - 1973 
Shallow marine refraction surveying in the Mackenzie 
Delta and Beaufort Sea; in Report of Activities, 
Part B: November 1972 to March 1973, Geol. Surv. 
Can ., Paper 73-1, Part B, pp. 59-66. 

0245 HUNTER, J.A., BURNS, R.A . , GOOD, R., and 
BAZELEY, P. - 1972 

Shallow seismic refraction survey ~ackenzie River 
valley; in Report of Activities, May to October 
1972, Geol . Surv. Can., Paper 72-1, Part A, pp. 
86-87. 
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0246 HUNTER, J.A . , and GAGNE, R.M. - 1973 
Shallow seismic surveys, ~ackenzie Valley, Northwest 
Territori es and Ste-Scholastique, Quebec; i n Report 
of Activities ~y to October 1973, Geol. Surv. Can., 
Paper 73-1, Part A, pp. 51-52. 

0247 HUNTER , J .A.M., and f.OOO, R. - 1971 
A hammer seismic investigation of the permafrost 
layer, Mackenzie Delta; in Report of Activities, 
November 1970 to April 1971, Geol. Surv. Can . , Paper 
71-1, Part B, pp. 49-50. 

0248 HUNTER, J.A., and ROSNUK, L.- 1972 
Shallow seismic surveys, Yukon coast; in Report of 
Activities, May to October 1972, Geol. Surv. Can., 
Paper 72-1, Part A, p. 86. 

0249 JESSOP, A.M . - 1970 
How to beat permafrost problems; Oitweek, Jan. 12, 
1970, pp. 22, 24 and 25. 
Permafrost means problems in dril l ing and production . 
Knowing where the permafrost is will not solve all 
the problems, but good data will help in coming to 
grips with them. Pure science may be able to pro
vide some of the data. 

0250 JOHANNESSEN, O.M., POUNDER, E.R., SERSON , H., 
SMITH, S.D., FINLAYSON, D. , KEYS, J . , 
WEBER, J.R., and LANGLEBEN, M.P. - 1970 

Cruise report from the ice drift study in the Gulf 
of St. Lawrence 1970; McGi ll Univ. Marine Sc. Centre , 
Report No. 15, 53 p. 
M/V "STEPHENVI LLE" was escorted on March 3 into the 
ice pack between the Magdalen Islands and the Baie 
de Chaleurs in the Gulf of St. Lawrence by an ice
breaker. Four buoys with radar reflectors, anemo
meters, and suspended current meters were placed on 
nearby floes . The "STEPHENVILLE" was allowed to 
freeze into a large floe and the vessel and buoys 
drifted for 27 days in a generally so utherly direc
tion towards Prince Edward Island. 
Routine observations were made throughout the period 
of the position of the ship and buoys (by Decca nav
igator and radar), of wind velocity at different 
heights and locations, and of currents at 6 levels. 
A total of 450 hydrocasts were made us i ng an STD 
(sali ni ty, temperature, depth) recorder developed by 
the National Research Council, tooether with a few 
Nansen casts for calibrat ion of the STO instrument. 
Boundary layer studies were made using sonic anemo
meters in the air and a current profiler and current 
meters in the water. Ocean tilt was investiqated 
using a hydrostatic level ling techniq ue and the heat 
budget was studied using two profile stations. 

0251 JOHNSON, G.I.J., and LILLESTRANO, R.L. - 1972 
Deviat ion of solar culmination from meridian transit 
in polar regions; The Can. Surveyor, vol. ?.6, ~o. 4, 
P!'l · 357-36R. 
Solar culmination does not occur precisely at merid
ian passage except at the time of summer or winter 
solstice. The extent .of the devi ation between culmi
nation and meridian passage is anal yzed with partic
ular emphasis on the polar regions, where the devia
tion reaches its maximum . ~s the Pole is approached, 



a zone is reached within which no culmination what
soever occurs. Graphs are given that show the zenith 
angle difference, the local hour angle and the azi
muth angle at the time of culmination as a function 
of the observer's latitude and the time of the year. 

0252 JUDGE, A. - 1973 
The prediction of permafrost thickness; Can. Geotech. 
J., vol. 10, No. 1, pp. 1-11. 
With a knowledge of the mean annual ground tempera
tures, the general lithology at a given location and 
a regional distribution of the geothermal flux from 
the earth's interior, it is possible to make reason
able estimates of the presence or absence of perma
frost and its thickness. The prediction is compli
cated by changes of the local surface temperature 
in the past due to a variety of factors ranging from 
changes of climate to forest fires. 

0253 KLINKENBERG, H. - 1971 
Geodetic operations in Canada; reoort submitted to 
I.U.G.G., Moscow, 30 p. · 
This report on geodetic operations in Canada deals 
mainly with the activities of the Geodetic Survey 
of Canada, however, the National Research Council, 
the Gravity Division of the Earth Physics Branch, 
the Tides and Water Levels Section of the Marine 
Sciences Branch, the Mapping and Charting 
Establishment of the Canadian Armed Forces, and the 
Universities of New Brunswick, Laval and British 
Columbia are also engaged in geodetic operations or 
modest research and development activities . 
Since October, 1968, the Geodetic Survey of Canada 
has been responsible not only for first-order hori
zontal and vertical control surveys, but also for 
secondary control surveys. Before October, 1968, 
secondary control surveys were performed by the 
field section of the Topographical Survey, but as 
a result of a reorganization of the Surveys and 
Mapping Branch of the Department of Energy, Mines 
and Resources this field section has become part of 
the Geodetic Survey of Canada. 

0254 LAROCHELLE, A., and BLACK, R.F. - 1963 
An application of palaeomagnetism in estimating the 
age of rocks ; Nature, vol. 198, No . 4887, pp. 1260-
1262. 

0255 LAW, L.K., DELAURIER, J . , ANDERSEN, F. , and 
WHITHAM, K. - 1963 

Investigations during 1962 of the Alert anomaly in 
geomagnetic variations; Can. J. Phys ., vol. 41, pp. 
1868-1882. 
Magnetic variations measured at three stations 
across the strike of the anomaly in electrical con
ductivity of the earth's mantle suggested by ~lhitham 
and Andersen (1962) near Alert, Ellesmere Island, 
have been analyzed by simple potential theory. The 
anomalous internal contributions to the magnetic 
variation vector show striking confinement consis
tent with an underground current in a northeast
southwest direction at a depth between 50 and 70 km, 
a few kilometers southeast of Alert . If the anoma
lous conductor is approximated by a uniform infinite 
cylinder, the horizontal field response as a func
tion of frequency can then be explained with a 
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conductivity of ~3XlO-lle.m.u. and a cylindrical 
radius of about 50 km. The vertical field response 
is, however, an unsatisfactory fit to this model. A 
possible asymmetry is noted based on the hourly 
range data: this could be explained by the dipping 
of the real conductor under Ellesmere Island. 
Preliminary earth potential measurements show that, 
as expected, the electric field variations are abnor
mally low at Alert . 
The gravitational consequences of the cylindrical 
model are discussed and compared with two profiles 
from the same region. A Bouguer anomaly is found in 
the predicted region if certain regional gradients 
are assumed, but its magnitude is smaller than that 
predicted from the cylindrical model in hydrostatic 
equilibrium. It is clear that approximate agreement 
can be obtained with crustal thinning of some 20 km. 
The significance of the thermal anomaly thought to 
be responsible for the electrical conductivity anom
aly is discussed briefly. 

0256 LAW , L.K. , DELAURIER, J. , and 
NIBLETT, E.R. - 1973 

Geomagnetic variation anomalies; in Tectonic Styles 
in Canada, G.A.C. Spec. vol. 11, pp. 157-159. 

0257 LAW, L.K . , PATERSON, W.S.B . , and 
WHITHAM, K. - 1965 

Heat flow determinations in the Canadian Arctic 
Archipelago; Can. J. Earth Sai., vol. 2, No. 1, pp. 
59-71. 
Three heat flow determinations were made in M'Clure 
Strait between Prince Patrick and Banks Islands in 
th€ northwestern part of the Arctic Archipelago of 
Canada . The three stations lie within 55 km of a 
point some 130 km SSW. of Mould Bay, Prince Patrick 
Island, and yield a weighted mean heat flow of 0.84 
± 0.09 veal cm-2 s-1, or 57% only of the worldwide 
continental average. The measurements were made 
from sea ice in water depths of some 430 m using a 
thermal probe and portable equipment carried in a 
fixed-wing aircraft . 
Instrumental limitations and errors are discussed, 
together with environmental factors. The uncertain
ties interpreting this result as a truly subnormal 
equilibrium heat flow are outlined but it is con
cluded that the calculated systematic errors are 
unHkely to exceed 25%. Consequently in the absence 
of any known major perturbing effect, it must be con
cluded that the structure · responsible for the sup
pression of vertical magnetic field variations at 
Mould Bay observatory does not extend 130 km to the 
·south, is not produced by an anomalously high near
surface temperature , or is of late-Quaternary origin . 

0258 LILLESTRAND, R.L. - 1970 
General constant of refraction when using a Roelofs 
prism; ControL Data Corp .• internal report CDC 
TM 95243-6, 17 p. 
Astronomical atmospheric refraction can be repre
sented by an equation of the form 

'I' = R £. T s tan z - 0. "067 tan z sec 2 z + 
0 Ps T higher order terms 

where z is the measured zenith angle of the celestial 
target and R

0 
is the general constant of refraction. 
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p is the measured atmospheric pressure and Ps is 
standard pressure, in this case taken as 760 mm Hg. 
Similarly, T is the measured temperature and Ts is 
the standard temperature, in this case taken as 
273. 0 2 Kelvin. 
R0 is dependent on water vapor content to some 
extent and it is shown in the present memo that 

R
0 

= 60. "46 (4 mm water vapor) 

R
0 

= 60. "51 (0 mm water vapor) 
Under the conditions encountered during the Canadian 
North Pole Research Program of 1969 it is recom
mended that a value of 60."50 be used. 
The first two terms in the above equation for atmos
pheric refraction will yield an accuracy of 1. "0 or 
better out to a zenith angle of 80° . 
The above given values for R0 apply when using a 
Roelofs prism to view the sun . Included in the cal
culation of these values are (1) the effects of the 
spectral band pass of the green filter in the 
Roelofs prism, (2) the daylight relative visibility 
factor of the eye, and (3) the spectral energy dis
tribution of the sun as seen from the earth . 
The coefficient R0 depends on the zenith angle of 
the sun. This dependence is very weak and may be 
ignored out to a zenith angle of about 800 . Beyond 
this the variation increases sharply and depends 
increasingly on atmospheric haze and cloud condi
tions. Because of the spectral bound established 
by the band pass characteristic of the filter, even 
at 90° the effect of the assumption that R0 is con
stant is to create a maximum error of only 6 seconds 
of arc. 

0259 LlllESTRAND, R.L . , and WEBER, J.R. - 1972 
Plumb line deflection at North Pole; Abstract, pre
sented Amer. Geophys. Union, San Francisco. 
The deflection of the gravity vertical in the neigh
borhood of the Lomonosov Ridge near the North Pole 
is estimated to be g arc seconds (280m) in a direc
tion of 340E longitude. The deflection is derived 
from a comparison of sea ice drift paths, one of 
which is based on astronomical observations and the 
other on transit satellite measurements. In addition, 
acoustic ranging measurements were made from acous
tic transponders on the ocean floor . The scatter 
of individual deflection determinations yields a 
circular error probability (CEP) of about 4 arc 
seconds. The complexity of the sea ice drift, the 
nature of the measurement geometry and the irregular 
time intervals between measurements limits the accu
racy of this estimate with the existing data. Direc
tion and magnitude of this deflection implies a mass 
deficiency in the region of the Lomonosov Ridge 
reflecting a lower density material imbedded in a 
denser oceanic crust. This supports the hypothesis 
that the Lomonosov Ridge is a rafted fragment of 
continental crust . 

0260 MACKAY, O.K. - 1969 
Electrical resistivity measurements in frozen ground, 
Mackenzie Delta area, Northwest Territories; Assoc. 
Inter. Hydro Sci. , Bucarest, pp. 363-375. 
The use of resistivity as an aid in the identifica
tion of frozen rock/soil types and in mapping the 
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upper permafrost surface is discussed with reference 
to the Mackenzie Delta region, Northwest Territories. 
Apparent resistivity ranges of some identifiable 
frozen materials are tabled. Of materials sounded, 
sands and gravels have the highest resistivities, 
silts the lowest, with peats falling into an inter
mediate category. 
Variations in topography, drainage, and vegetative 
cover may be useful indicators of relative differ
ences in apparent resistivity. 
Ground temperature is an important factor affecting 
apparent resistivity; for example, resistivity doub
les for a drop of 1.5°C to 2°C in the top three 
meters of frozen gravels. 
Resistivity techniques are of use in mapping the 
upper permafrost surface, particularly in deltas 
where numerous heat sources such as channels and 
lakes influence its confiquration. Resistivity data 
complements seismic, drillhole and ground tempera
ture data in permafrost investigations. 

02n1 MILNE, A.R. - 1963 
A 90-km sound-transmission test in the Arctic; J. 
Acoust. Soc. Amer., vol. 35, No. 9, pp. 1459-1461. 
A 90-km sound-transmission test on the continental 
slope of the Arctic Ocean north of the Canadian 
Archipelago is described. Spectrum levels of sounds 
from 1-lb explosive charges vs distance are pre
sented for frequencies in the range 12 cps to 16 
kcps. Results confirm the low-pass filtering effect 
of the ice canopy and assist in the determination 
of transmission losses . 

0262 MILNE, A.R. - 1966 
Statistical description of noise under shore-fast 
sea ice in winter; J. Acoust. Soc. Amer., vol. 39, 
No. 6, pp. 1174-1182. 
Ambient noise under short-fast sea ice in midwinter 
is generated at the surface of the ice by wind 
action as well as by mechanical crackinq caused by 
declininq air temperatures. An attempt has been made 
to relate field measurements of underwater noise to 
the sources of the noise by means of a geometrical 
model of the environment. The statistical proper
ties and the spectra of the under-ice noise can be 
related to the surface density and the waveform of 
the source pressure pulses by means of the model. 

0263 MILNE, A.R. - 1972 
Thermal tension cracking in sea ice: a source of 
underice noise; J. Geoph. Res., vol. 77, No. 12, 
pp. 2177-21g2 . 
A summary is given of the important observations 
that relate the rheological properties of sea ice to 
the occurrence of surface tension cracks and explain 
how the noises produced by myriad surface cracks are 
observed under the ice. Ice-cracking noise is expec
ted where the surface of the sea ice is cold and has 
a sufficiently low salinity to approximate a brittle 
solid. This condition is more likely to occur in 
seas covered by a high oercentage of multi-year ice 
and where wind-mixing in leads was absent when the 
seas congealed. The acoustic water waves observed 
from crack-excited plate waves are described and two 
examples of single-frequency Crary wave arrivals are 
shown. A mechanism is postulated to explain the 



tendency for regularity in the spacing of pressure 
ridging in the Arctic Ocean. Thermal pre-stressing 
at the ice surface, added to flexural stresses 
caused by wind-induced flexural-gravity standing 
waves, can produce significant tensile stress maxi
mums at antinode spacings. For 3 meters of ice, 
the predicted antinode spacings are 132 meters where 
a high probability of through-the-ice fractures can 
occur. Flexural-gravity waves that propagate in the 
presence of thermal pre-stressing should produce a 
correlation of wind speed with ice-cracking noise. 

0264 MILNE, A.R., and CLARK, S.R. - 1964 
Resonances in seismic noise under Arctic sea-ice; 
BuZZ. Seis. Soa. Amer. , vol. 54, No. 6, pp. 1797-
1809. 
Spectrograms of underwater seismic noise between 0.2 
and 2.0 cps from the bottom of relatively shallow 
ice-covered seas show a line structure which indi
cates that vertical resonances occur within layers 
bounded at depth by the Mohorovicic discontinuity. 
The line structure appears with most clarity when 
recognizable transients are excluded. Under these 
quasi-stationary noise conditions, measurements of 
pressure spectra indicate that the seismic noise of 
the observed level can be generated by a vertical 
bobbing of the ice field as a whole. 

0265 MILNE, A.R., and GANTON, J.H . - 1964 
Ambient noise under Arctic-Sea ice; J. Aaoust. Soa. 
Amer., vol. 36, No. 5, pp. 855-863 . 
Underwater ambient-noise spectra and amplitude dis
tributions are described for data acquired during 
field experiments made in the spring, late summer, 
and winter within the Canadian Arctic Archipelago. 
Measurements in each case were made using a bottom
mounted hydrophone. The ice cover was fast to the 
shore during the spring and winter experiments. In 
the summer experiment, the ice cover, although 10/10, 
was free to move. The ambient noise was generally 
impulsive and at times highly non-Gaussian. The 
significant noise was the result of mechanical activ
ity associated with the ice cover . For shore-fast 
spring and winter ice, surface cracks as a result of 
thermal stresses were important; for late summer ice, 
relative motion of the floes was important . 

0266 MILNE, A.R., GANTON, J.H., and 
McMILLIN, D.J. - 1967 

Ambient noise under sea ice and further measurements 
of wind and temperature dependence; J. Acoust. Soa. 
Amer., vol. 41, No. 2, pp. 525-528. 
Measurements of underwater-pressure spectral density 
from M'Clure Strait (2-5 May 1966), the Beaufort Sea 
(31 July and 16 August 1965), and the Canada Deep 
(14 April 1965) are presented. The M'Clure Strait 
measurements, made under shore-fast sea ice, exhib
ited a variability related to air-temperature and 
wind-speed changes of a similar nature to those 
reported previously for midwinter under-ice noise. 
The great differences in the magnitude and variation 
with frequency of the ambient noise observed under 
sea ice is again illustrated with three sets of 
measurements obtained during 1965-1966. The noise 
observed under the shore-fast ice of M'Clure Strait 
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in the soringtime appeared to be governed by air
temperature and wind-speed changes in a similar man
ner to noise observed previously in the midwinter 
J.H. Ganton and A. R. ~lilne, J. Acoust . Soc. Am. 38, 

406-411 (1965) . On the other hand, measurements 
made under the moving ice cover of the Canada Deep 
in the springtime and of the Beaufort Sea in the 
summer appeared to be less amenable to description 
in terms of easily observable physical variables. 

0267 MORRISON, H.F. - 1961 
Seismic investigations in the Sverdrup Basin, Queen 
Elizabeth Islands; unpub. MSc Thesis, McGill Univ., 
76 p. 
This thesis presents the results of a reconnaissance 
seismic program carried out by the Geophysics 
Division of the Geological Survey of Canada during 
the months April to August, 1960, in the Queen 
Elizabeth Islands, N.W.T. The seismic investigations 
were a part of a conti nuing, comprehensive, Arctic 
research program directed by the Polar Continental 
Shelf Project (P.C.S.P.). The P.C.S.P. was created 
by a Federal Cabinet directive in 1959 and is a 
division of the Department of Mines and Technical 
Surveys. The sei smic operations in the summer of 
1960 were of a preliminary and reconnaissance nature 
designed to measure the thickness of the sedimentary 
section in as many localities as possible and to lay 
the foundations for detailed investigations in fol
lowing years. 

0268 NIBLETT, E.R., and WHITHAM, K. - 1970 
r~ulti-discipl inary studi es of qeomaqnetic variation 
anomalies in the Canadian Arctic; J. Geo~g. & 
Geoeleat., vol. 22, ~o. 1-2, pp. 99-111. 
Recent work on prominent magnetic variation anoma
lies in Canada is reviewed. The first of these is 
on Ellesmere Island in the Arctic Archipelago, and 
results from magneti c and magnetotelluric data col
lected in 1967 are presented. Anomalous effects -
i.e., an abnormally high level of magnetic activi ty 
coupled with a pers i stent tendency for the horizon
tal variation vector to be restricted to a single 
direction - appear to be confined to a narrow zone 
nearly 500 km long stretchi ng between Alert on the 
north coast and Eureka on the west. Recent data 
indicate that the strength of the anomaly is not 
uniform along its strike, but i s somewhat diminished 
in the central and southern portions. The main fea
tures of the anomaly have been expl ained by postu
latinq the presence of a long narrow conducti ng body 
located in the lower part of the crust. The exist
ence of such a conductor would provide a natural 
channel for currents induced over a much broader 
area. It may also imply an abrupt upheaval of i so
therms underneath El l esmere Island. Available sur
face wave dispersion and heat flow information in 
the Ellesmere Island area wil l be discussed: the 
evidence supporting a thermal explanation for the 
geomagnetic anomaly is unconvincing, but still 
ambiguous. 
The ~uld Bay anomaly is located in the eastern part 
of the Arctic Archipelago and is known to extend 
over large portions of Pri nce Patrick and Melville 
Islands. Over this area shorter period fluctuations 
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in the vertical component are very strongly attenu
ated. The presence of a massive conducting layer 
deep in the crust is postulated to explain the 
effect. Seismic, heat flow and gravity data are 
available in this area, but no clear relation to the 
geomagnetic anomaly has been found. 

0269 NIBLETT, E.R., and 1-/IHTHAt~, K. - 1973 
Geomagnetic variation anomalies, heat flow, seismic
ity; in Tectonic Styles in Canada, Geol. Assoc. Can. 
Spec. Paper 11, pp. 157-159. 

0270 NIBLETT, E.R., WHITHAM, K., and 
CANER, B. - 1969 

Electrical conductivity anomalies in the mantle and 
crust in Canada; in The Application of Modern 
Physics to the Earth and Planetary Interiors, ed. 
S.K. Runcorn, vol . 8, No. 3, pp. 155-172. 
Three prominent magnetic variation anomalies have 
been found in Canada and subjected to detailed study. 
Two of these are located in the Arctic Archipelago 
and the third lies in· the Cordillera in southern 
British Columbia. 
The first anomaly, at Alert on the northern end of 
Ellesmere Island, was 6iscovered by Whitham, Loomer, 
and Niblett from the records of a temporary magneto
meter station established there for the IGY. Higher
quality data became available after a permanent mag
netic observatory was set up late in 1961. The 
standard magnetograms at Alert (recording speed 2 
em/hour) display an abnormally high level of irregu
lar magnetic activity and also a persistent tendency 
for the horizontal variation vector to be confined 
to a single direction. The main features of the 
anomaly have been explained by postulating the pres
ence of a massive highly conducting body in the 
lower part of the crust. Field experiments in the 
vicinity have indicated that the structure may be 
several hundred kilometres long with a cross-section 
scale length of roughly 100 km. 
The second Arctic anomaly is at Mould Bay on Prince 
Patrick Island and was discovered after the estab
lishment of a permanent magnetic observatory there 
in 1961. Here the outstanding feature of the mag
netograms is the absence of shorter-period fluctua
tions in the vertical component. The existence of 
a large subterranean conductor - a horizontal slab 
perhaps a few hundred kilometres in extent - is 
again suggested in order to explain the effect. At 
this location supporting evidence for an anomalous 
structure deep in the crust or in the upper mantle 
is available from seismic observations. 
In southern British Columbia a series of field 
observations by the University of British Columbia 
and the Dominion Observatory have shown that along 
east-west profiles across the Cordillera from the 
coast to the Alberta plains, the vertical force 
variations are consistently smaller west of longi
tude 118° (approximately) than they are to the east 
of this meridian. Similar effects have been observed 
on east-west profiles farther to the south in the 
United States and it has been found that the western 
Cordillera region may be generally characterized by 
small vertical force variations and low seismic P~ 
velocities, while the eastern Cordillera and plains 
area is characterized by higher values of these 
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parameters. These observations suggest that the 
physical properties of the deep crust or upper man
tle under the eastern and western Cordillera are not 
the same, and that two broad structural regimes may 
be separated b.Y a narrow transition zone. 

0271 OVERTON, A. - 1965 
Seismic refraction surveys, western Queen Elizabeth 
Islands and polar continental mar~in; in Report of 
Ar.tivities,November 1965 to April 1966, Geol. Surv. 
Can.,Paper 66-2, pp. 20-24. 

0272 OVERTON, A. - 1970 
Seismic refraction surveys, western Queen Elizabeth 
Islands and oolar continental marQin; Can. J. EaPth 
Sci., vol. 7, No. 2, op. 346-365. · 
The Arctic seismic program of 1964 and 1g65 co~ 
prised two refraction profiles between Prince 
Patrick Island and Melville Island, and one refrac
tion profile extending 192 km onto the ocean north
west of Brock Island. Numerous intermediate layer 
(P1) and upper mantle (Pn) events were also recorded 
on paths not confined to the profiles, thus allowing 
a "time-term" analysis for these events. 
High-velocity layers within the sedimentar.v section 
cause a velocity inversion problem, whereb.Y the 
lower velocity and depth of the underlying basement 
comolex is not revealed by the seismic refraction 
method. The bottom of the basement complex is marked 
by the intermediate layer having a compressional 
wave velocity of about 6.25 km/s and depths near 
10 km. 
Velocit.Y of Pn events is 8.18 km/s and these were 
recorded near ·the critical distance at one station, 
providing an estimate of the time-term to depth con
version factor of 9.56 km/s. Pn events traversing 
Cglinton Island and the west coast of Melville Island 
show excess times of 0.6 s to 3 s. This re~ion of 
apparently low mantle velocit.Y may be related to the 
geomagnetic variation anomaly reported near by. 
The average time-term of 3.67 s represents an average 
crustal thickness of 35 km. Some variation in crus
tal time-terms is caused by differing thicknesses of 
low velocity sediments rather than undulations on the 
crust-mantle interface. The time-term of 3.07 s for 
the most distant shot on the ocean profile does not, 
by itself, su~gest a thinner crust than similar val
ues among the islands; this is shown to be a possi
ble interpretation problem. 
A negative correlation between crustal time-terms and 
Aouguer gravity values is noted to be partly du<! to 
the effect of varying proportions of low-velocity -
low-density rocks and high-velocity - high-density 
rocks within a few km of depth. 

0273 PATERSON, H.S.B., and LAW, l.K. - 1966 
Additional heat flow determinations in the area of 
Mould Bay, Arctic Canada ; Can. J. EaPth Sci., vol . 
3, ~~- 2, pp. 237-246. 
Seven determinations of geothermal heat flow were 
made in the general area of southern Prince Patrick 
Island in the Canadian Arctic Archipelago. Measure
ments were made from sea ice in water depths of 
between 200 and 600 m. The mean heat flow for the 
two stations on the continental shelf in the Arctic 
Ocean was 0.46 ± 0.0~ ~cal cm-2 s-1. The mean heat 



flow for the five stations in the channels to the 
east of Mould Bay was 1.46 ± 0.16 ~cal cm- 2 s-1. The 
instrument anc field methods are described. Errors 
due to the instrument and to the environment are 
discussed. 

0181 PELLETIER, B.R., and SHEARER, J.M. - 1972 
Sea bottom scouring in the Beaufort Sea of the 
Arctic Ocean; in 24th Int. Geol. Cong., Sect. 8, 
pp. 251-261. 
Abstract under 0181 

0274 PICKlYK, D.O. - 1969 
A regional gravity survey of Devon and southern 
Ellesmere Islands; Dom. Obsei'V., E.~1.R., Grav. Map 
Series No. 87, 10 p. 
During the summer of 1967, a Dominion Observatory 
field party in co-operation with the Polar 
Continental Shelf Project made a regional gravity 
survey of Devon Island east of longitude 99°W and 
southern Ellesmere Island east of longitude 88°W 
(Figure 1). Baumann Fiord in the west and Makinson 
Inlet in the east mark the northern limits of the 
survey of Ellesmere Island. Stations were also 
established on Coburg Island and Philpotts Island. 
Some 463 stations were occupied during the survey 
which was part of the Observatory's continuing pro
gram to map the Arctic Islands. 
The results of the survey are presented as a Bouguer 
anomaly map (in pocket) at a scale of 1:500,000. 
Some earlier results obtained by the Observatory in 
1961 and 1962 (Sobczak, et aZ., 1963) are incorpo
rated in the map. 

0275 POULIN, A.O. - 1972 
On the thermal nature and sensing of snow-covered 
Arctic terrain; unpub. Ph.D. Thesis, McGill tlniv., 
235 p. 
Aerial imagery in the 8-14 micrometer spectral band 
was obtained of selected areas of the North American 
Arctic above the 75th parallel during three periods: 
early winter, mid-winter and early spring, 1963-1964. 
Questions arisin~ from analysis of the imagery led 
to a winter experiment in which study was concen
trated on the temperature differences that develop 
at shorelines, but a number of secondary studies 
were also conducted. Aerial radiometric data and 
photographs were correlated with ground data which 
included subsurface temperatures in the soil, ice 
and snow on both sides of a shoreline. A classifica
tion system for thermal features exhibited by arctic 
terrain and preliminary criteria for seasonal maps 
were developed. It was found that: _(1) a thenmal 
condition, named the "cold fringe effect", develops 
late in winter that allows the identification of 
areas where sea and lake ice is frozen to the bot
tom, (2) it may be possible to map snow depths from 
surface temperature on undisturbed ice, and (3) use
ful infrared data can be obtained under very hazy 
and moderately windy conditions. Secondary studies 
included solar heating effects and infrared trans
mission through haze. Numerous examples of thermal 
imagery are included, and recommendations for future 
research are given. Six appendices present basic 
principles; thermal and radiation properties of snow, 
ice and soil; data; and description of equipment. 
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0276 PRAUS, 0., OELAURIER, J.M., and 
LAW, L.K. - 1971 

The extension of the Alert geomagnetic anomaly 
through northern Ellesmere Island, Canada; Can. J. 
EaPth Sci., vol. 8, No. 1, pp. 50-64. 
Earlier studies have shown that the anomaly in geo
magnetic variations in the vicinity of Alert at the 
north end of El lesmere Island is compatible with a 
narrow band of induced electric currents flowing in 
a northeast-southwest direction in the earth's crust 
or upper mantle. The present analysis of magnetic 
recordings obtained at 11 sites in Ellesmere Island 
during 1967 indicates that the Alert anomaly extends 
to the southwest as far as Eureka, a distance of 
475 km. The anomaly has its greatest effect at Alert, 
and its "strength" diminishes by a factor of 2 or 
3,225 km to the southwest. Its half-width up to 
this point is about 50 km. The anomalous zone curves 
to the west near Greely Fjord 300 km southwest of 
Alert and appears to broaden near Eureka. The path 
of the anomaly closely follows the structural trends 
of the near vertical, tightly-folded strata of the 
Franklinian geosyncline un~erlying the whole Lake 
Hazen Plateau region of northern Ellesmere Island. 
Evidence for the extension of the anomaly through 
Ellesmere Island includes the near reversal of ~iese 
vectors on opposite sides of the zone. the confine
ment of the horizontal magnetic variation and its 
polarization transverse to the direction of strike, 
and the large contrast between apparent resistivi
ties observed inside and outside the zone. 

0192 ROOTS, E.F. - 1963 
Progress report - Investigations related to the 9en
eral field of interest of the International Upper 
Mantle Project; PoZaP Cont. Shelf Pro.; ., internal 
report, 2 p. 

0193 ROOTS, E.F. - 1963 
Report of investigations by the Polar Continental 
Shelf Project related to upper mantle problems; 
PoZar Cont. Shelf Proj., internal report, 6 p. 

0195 ROOTS, E.F. - 1970 
Arctic Canada, Greenland, and the northernmost 
Atlantic Ocean; in Pol ar Research, A Survey, Nat. 
Acad. Sci., Washington, pp. 17-48. 

0277 ROSS, n.B. - 1969 
Characteristics of the qround wave attenuation func
tion for highly inductive surfaces; in Proc. Conf. 
on Environmental effects on antenna performance, 
Boulder, Col., July, pp. 85-88. 
The numerical distance p between two dipoles over a 
plane surface depends on wave frequency, path geom
etry and surface impedance. The parallel polarized 
surface fields of the ground wave are proportional 
to the attenuation function F(p), which exhibits 
oscillations and rapid phase changes with range over 
a hiqhly inductive surface, due to the existence of 
a trapped surface wave. Twenty-four values of p (of 
an infinite number) which make F equal to zero are 
qiven. 
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0278 SANDER, G.W., and OVERTON, A. - 1965 
Deep seismic refraction investigation in the 
Canadian Arctic Archipelago; Geophysics, vol . 30, 
No . 1, pp. 87-96. 
During 1962 and 1963, the Dominion Observatory con
ducted refraction seismic surveys in the i slands 
north of the Canadian mainland. These surveys are 
part of a project of the Government of Canada to 
explore the Polar Continental Shelf. The operation 
consisted of three stationary recording uni ts and a 
shooting party which traversed the frozen sea in a 
tractor train . Three refraction-seismic profiles 
form a continuous section from the Canadian Shield 
through the Franklinian Geosyncline and the Sverdrup 
Basin to the Arctic Ocean. Post Devonian sediments 
in the Sverdrup Basin were found to be 10 km thick. 
The lower, basic portion of the crust is indicated 
by a velocity of 7.3 km/sec at a depth of 24 km and 
the base of the crust at 38 km. 

0279 SANDER, G.W., OVERTON, A., and 
BATAILLE, R.D. - 1964 

Seismic and magnetic investigation of the Deep Bay 
crater; R.A.S.C. Jour., val . 58, No . 1, pp. 16-30. 
Topographic, geological and geophysical evidence 
suggest that the structure of Deep Bay in 
Saskatchewan is the result of the explosion of a 
meteorite. 
The underground structure of the buried crater was 
studied by a refraction seismic survey and was found 
to be 2,000 ft. deep and six miles in diameter. The 
crater appears to be filled with relatively soft 
sediments, possibly Mesozoic shales. Seismic veloc
ities of 15,000 ft./sec. were measured within the 
Precambrian rocks under the crater and in its vicin
ity, against a velocity of 20,000 ft./sec. at greater 
distances from the structure. 
The low ve~ocity of propagation of seismic waves 
within these rocks must be due to fractures result• 
ing from the explosion of the meteorite. The zone 
in which the Precambrian rocks are fractured was 
found to extend for three miles beyond the crater 
and to great depth under the structure. 
A ground magnetometer survey permitted an independ
ent estimate of the depth of the Precambrian rocks 
under the central portion of Deep Bay and correlates 
well with the seismic results. Both geophysical 
methods reveal a structure which conforms closely 
to the shape of a meteorite crater. 

0280 SHEARER, J.M. - 1971 
Preliminary interpretation of shallow seismic reflec
tion profiles from the west side of Mackenzie Bay, 
Beaufort Sea; in Report of Activities, Part B: 
November 1970 to March 1971, Geol. Surv. Can.,Paper 
71-l,Part B, pp. 131-138. 

0211 SHEARER, J.M., MACNAB, R.F., PELLETIER, B.R., 
and SMITH, T.B. - 1971 

Submarine pingos in the Beaufort Sea; Science, vol. 
174, pp. 816-818. 
Abstract under 0211 

0281 SOBCZAK, L.W. - 1963 
Regional gravity survey of the Sverdrup Islands and 
vicinity with map; Groav. Map Sel'ies Dom. Observ., 
No. 11, 19 p. 
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The results of gravity surveys carried out in 1959 
and 1960 are presented in the form of an anomaly map 
from which five profiles are drawn to analyze the 
major features of the Bouguer anomal y field. The 
observations are correlated with magnetic and geo
logical information and the interpretation of the 
gravity data is based on measured densities and den
sities computed from seismic velocities. Qn the 
basis of a density contrast of 0.14 gm/cc and an 
anomaly change of 63 mgals over a distance of 120 
miles, the calculations indicate depths to basement 
varying from 6,800 feet near lsachsen to possibly 
42,000 feet near the axis of the Sverdrup Basin. A 
broad positive Bouguer anomaly over Peary Channel is 
partly attributed to a corresponding broad lens of 
basic rocks extending from an outcrop on the Fay 
Islands. A sharp negative anomaly over Peary Channel 
north of the Dumbbell gypsum dome suggests a similar 
but larger submerged dome. 

0282 SOBCZAK, L.W . - 1965 
Completed gravity program, P.C.S.P., 1965; PoZaP 
Cont. Shelf Proj . • internal report, 16 p. 
The purpose of the gravity survey this year was to 
establish and extend a homogeneous network of grav
ity stations over the sea ice of the Arctic Ocean 
and Ballantyne Strait and over the land area of 
Somerset Island and Pri nce of Wales Island as pro
posed by Sobczak {1964). A total of 1250 gravity 
stations were occupied in these areas. Nearly 500 
gravity observations were taken over the sea ice 
including a traverse 230 miles in length with sta
tion intervals of 20 miles at a bearing of 335 
degrees from Cape Andreasen. Over Somerset Island 
and Prince of Wales Island 750 gravity observations 
were completed at intervals of 6 to 8 miles. The par
ticipating members, dates, instruments and number of 
stations in the va r ious areas of the survey are sum
marized in Table I and the areas completed from 1960 
to 1965 on the P.C.S.P. are outlined in Figure 1. 
A control station network consisting of 10 primary 
stations was established over Somerset Island and 
Prince of Wales Island as indicated by Figure 2. 
This is an extension of the earlier control network 
completed in 1963. 
Two new procedures, a turbine engine helicopter, the 
Bell 204B, and a depth recorder, the Dual channel 
Oscillo-riter, were employed to extend the gravity 
survey efficiently and to record the deeper water 
depths quickly over the sea ice of the Arctic Ocean. 

0283 SOBCZAK, L.W., STEPHENS, L.E., WINTER, P.J., 
and HEARTY, O.B. - 1973 

Gravity measurements over the Beaufort Sea , Banks 
Island and Mackenzie Delta with Map No. 151 -
Mackenzie Delta - Banks Island; G~v. Map Series 
Earth Phys. Br., E. M.R. Canada, 16 p. 
The Earth Physics Branch has made about 7,700 grav
ity measurements over the Beaufort Sea, Banks Island 
and Mackenzie Delta between 1969 and 1972. ~easure
ments were made both on land and on the sea ice of 
the Beaufort Sea. The major feature of the free air 
gravity anomaly map is an arcuate high of about 100 
mgal which is one of many elliptical anomalies along 
the continental margin. These anomalies are explained 
by a thinning of the crust at the continental break. 



The Bouguer anomaly field over Banks Island is 
highly variable with anomalies varying from +30 to 
-40 mgal along northerly trends. These anomalies 
may be related to Precambrian basement structure of 
the Prince Patrick Uplift. Bouguer anomalies east 
of the Mackenzie Delta reveal a spectacular circular 
positive anomaly of 115 mgal located south of Darnley 
Bay. The source of this anomaly has been attributed 
to a buried intrusion. Generally, however, exten
sive gravity lows in the Kugmallit Bay and Mackenzie 
Bay areas are underlain by thick clastic sedimentary 
sequences. 
The land and ocean regions of the map area are near 
isostatic equilibrium as shown by the mean free air 
anomaly of 5.5 mgal. This suggests that major exten
sive sedimentary basins may be compensated while 
local basins 50 km wide or less maintain a distinct 
gravity expression. 

0284 SOBCZAK, L.W., and TAYLOR, G.J. - 1970 
Results of a differential Omega test in the Mackenzie 
River delta; Geophysics, vol. 35, No. 3, pp. 514-520. 

0285 SOBCZAK, L.W., and WEBER, J.R. - 1970 
Gravity measurements over the Queen Elizabeth Islands 
and polar continental margins; Grav. Map Ser. Earth 
Phys. Br., Nos. 115-116, 14 p. 
The Dominion Observatory has made about 8,800 grav
ity measurements over the Queen Elizabeth Islands 
anJ Arctic Ocean between 1960-1968. Measurements 
were made both on land and on the sea-ice of the 
ocean and inter-island areas. 
The Bouguer anomaly field shows that negative anoma
lies occur over sedimentary basins and mountainous 
areas, positive anomalies occur along moderately 
folded regions and large positive anomalies occur 
over the ocean. With the exception of the anomalies 
over the ocean and mountainous regions, the anomalies 
correlate well with (1) changes in lithologies of 
Paleozoic and Precambrian rocks, (2) evaporite and 
basic rocks, and (3) changes in thicknesses of 
clastic and carbonate sediments. 
The Archipelago region west of 90°W longitude has a 
mean elevation of 15m and an average Bouguer anom
aly of 6 mgal and appears to be in isostatic equi
librium. This suggests that the large thickness 
(10 km) of clastic sediments is compensated. 

0286 SOBCZAK, L.W., and WEBER, J.R.- 1973 
Deep structure and geophysical characteristics, 
Gravity field, Isostatic conditions, Total magnetic 
field, Deep structure; in Tectonic Styles in Canada, 
ed. H. Trettin, Geol. Assoc. Can., pp. 149-157. 

0287 SOBCZAK, L.W., WEBER, J.R., GDODACRE, A.K., 
and BISSON, J- L. - 1963 

Preliminary results of gravity surveys in the Queen 
Elizabeth Islands with maps, No. 12-Sverdrup Islands, 
No. 13-Prince Patrick Island, No. 14-Melville Island, 
No. 15-Devon Island; Grav. Map Series Dom. Obs., 
2 p. with maps. 
During the field seasons of 1960, 1961, and 1962 
officers of the Dominion Observatory, joined with 
those of the Polar Continental Shelf Project, in 
extensive gravity surveys in the Queen Elizabeth 
Islands. The current interest of the petroleum 
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exploration industry in these regions make it desir
able that the geophysical information obtained on 
these surveys be released to the public as soon as 
possible. Therefore, the gravity data for some 3250 
stations have been compiled in the form of Bouguer 
anomalies and four preliminary contour maps, Nos. 12, 
13, 14, and 15, prepared for immediate release. 
The gravity stations on land and water were estab
lished at approximately 10-km intervals; their posi
tions are indicated on the maps by single and double 
circles. The former represent detail stations, and 
the latter control stations. The locations and num
bers of the control stations are illustrated separ
ately in Figure 1. Principle Facts of all stations 
and description of control stations are available 
upon request from the Dominion Observatory. 

0288 SOBCZAK, L.W., WEBER, J.R., and 
ROOTS, E.F. - 1970 

Rock densities in the Queen Elizabeth Islands, 
Northwest Territories; Geot. Assoc. Can. Proc., vol. 
21, pp. 5-14. 
Results of 1900 density measurements of crystalline, 
carbonate, and clastic rocks from the Queen Elizabeth 
Islands are presented graphically and in tables. The 
data were compiled directly from sampling of surface 
rocks and rock material from drill-holes,and indi
rectly by relating densities to seismic velocities 
and from detailed gravity profiles across topographic 
features. 
The weighted mean densities of the Precambrian crys
talline rocks, and of the Paleozoic carbonate rocks 
of the Franklinian miogeosyncline and Arctic Lowlands 
are each 2.76 g/cm3. The Paleozoic evaporite rocks, 
sampled mainly in the Bathurst Island area but 
common throughout the Franklinian miogeos{ncline, 
have a weighted mean density of 2.56 n/cm . The 
Franklinian clastic rocks exhibit a range of density, 
in part apparently related to age and/or depth of 
burial; the Silurian clastics have a weighted mean 
density of 2.62 g/cm3 and the Devonian clastic rocks 
2.51 g/cm3 • In contrast, the Mesozoic clastic rocks 
of the Sverdrup basin have a weighted mean density 
of 2.32 g/cm3 • 

0289 SPECTOR, A. - 1966 
A gravity survey of the Melville Island ice caps; 
J. Glaciology, vol. 6, No. 45, pp. 393-400. 
A gravity survey was made in June of 1963 of four 
ice caps on western ~elville Island, Canadian Arctic 
Archipelago. Ice thicknesses were interoreted from 
Bouguer anomalies at 138 stations. The regional 
gravity field of the area has a simple form and is 
associated with a uniform bedrock geology. Because 
of this, the interpretation of the gravity data 
was greatly simplified in comparison with the more 
usual glaciological problem. It was found that 
greatest ice thicknesses ranged from 30 to 50 m., 
filling hidden valleys or depressions under the main 
ice-ca~ body. Ice-cap volumes ranged from 0.2 to 
1.0 km . 

0290 SPECTOR, A., and HORNAL, R.W.- 1970 
Gravity studies over three evaporite piercement 
domes in the Canadian Arctic; Geophysics, vol. 35, 
No. 1, pp. 57-65. 
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Reconnaissance gravity surveys over three evaporite 
piercement domes in the Canadian Arctic Islands have 
been interpreted. Each dome was considered as a 
right-vertical cylinder divided into two homogeneous 
regions, a high density anhydrite zone (2.9 gm/cm3) 
overlying a low density gypsum and/or rock salt zone 
(2.3 gm/cm 3 ) . The cylinder is surrounded by a sed
imentary sequence which has a uniform density of 
2.4 gm/cm3 • Interpretation involved a least-sum-of
squares approach to estimate the thickness of the 
anhydrite and gypsum-rock salt zones . The three 
sets of estimates gave a range of 200 to 550 m for 
the anhydrite thickness and a range of 700 to 5500 m 
for the vertical extent of domes. In each case the 
depths were less than expected on the basis of esti
mates from seismic and geological data. Possible 
explanations for this are: (a) the cross-sectional 
area of each dome decreases with depth; (b) the 
existence of a transition zone where a gradation 
occurs between the high and low density zones; and 
(c) the effective density contrast of the low den
sity zone is less than 0.1 gm/cm3. 

0291 STEPHENS, L.E., SOijCZAK, L.W., and 
WAINWRIGHT, E.S. - 1972 

Gravity measurements on Banks Island, N.W.T. with 
map No. 150 - Banks Island; Grav. Map Series Earth 
Phys. BI'., 4 p. 
The regional gravity survey of Banks Island was 
completed in 1971 in response to requests from the 
oil industry. The survey of Banks Island is an 
important link between previous gravity surveys to 
the north and south, the results of which have 
already been published in the Gravity Map Series of 
the Earth Physics Branch by Sobczak and Weber (1970) 
and Hornal, Sobczak, Burke and Stephens (1970) 
respectively. On Banks Island, stations were located 
at intervals varying from 6 to 8 miles as in previ
ous surveys designed to complete the national grav
ity mapping program. A gravity control network was 
established on the island to provide an accurate 
gravity datum for the survey and for more detailed 
surveys carried out by the oil industry. 

0292 TANNER, J.G. - 1967 
Gravi ty measurements in Canada,January l, 1963 to 
December 31, 1966; Pubt. Dom. Observ., vol. 36, No. 
2, pp. 143-159. 

0293 TANNER, J.G., and GIBB, R.A. - 1971 
Gravity measurements in Canada,January 1, 1967 to 
December 31, 1970; Publ. Earth Phys . BI'., E.M.R., 
vol. 42, No. 2, pp. 25-46. 

0294 WEBER, J.R. - 1963 
Discussion of Dr. Ostenso's paper; in Proc. Arctic 
Ba s in Sympos ium, October , 1962, Hershey, Pa., Arctic 
Inst . N. Amer. and Off. Naval Res . U.S. Navy, pp . 
41-45. 

0295 WEBER, J .R. - 1963 
Gravity anomalies over the Polar Continental Shelf; 
Contrib. Dom. Observ., vol. 5, No. 17, pp. 3-10. 
As part of the Polar Continental Shelf Project a 
gravity survey was carried out over the continental 
shelf north of the Sverdrup Islands. Using decca 
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navigation 350 stations were observed, the outer
most stations being located over the conti nental 
slope some 250 km from shore. A free air anomaly 
map and a bathymetric chart are presented. A very 
large positive anomaly feature of 120 mgals . running 
parallel to the continental sl ope wa s discovered. 
The anomaly is discussed and interpreted as the 
effect of the transition of the crust from continen
tal to oceanic domain. 

0296 WEBER, J.R. - 1970 
The measurement of ocean-tilt by hydrostatic level
ling in the Gulf of St. Lawrence, preliminary 
results; Polar Cont. Shelf Proj., internal repor t, 
10 p. 
During the month of March the author and his assist
ant, Mr. Lynn Colby from the Polar Continental Shelf 
Project were invited to participate in the ~roject 
"Ice Drift Studies in the Gulf of St . Lawrence -
1970". Thi s project was jointly sponsored by the 
Marine Sciences Center of McGill University, the 
Bedford Institute, and the Geophysics Section of the 
Defence Research Establishment Ottawa . The puroose 
of the project was to try and determi ne the wind 
stress, the water stress, the internal ice stress, 
the pressure gradient force and the Coriolis force 
on an ice floe, t hat is t hose fi ve quantities whi ch 
make up the equation of motion, and to compare the 
calculated drift path with the actual drift path of 
the ice floe as determined from Decca. The fourth 
quantity in the equation of motion, the pressure 
gradient force, is the result of the tilt of the 
ocean surface which in turn may be caused by the 
Coriolis force, by atmospheric pressure gradients, 
or by changes in salinity and temperature in the 
ocean water. The ocean tilt is believed to be of 
the order of up to about 5 x 10-s radians. We devel
oped a hydrostatic level ling system which for the 
first time allows to measure ocean tilt directl y. 
Our contri bution towards the project was to deter
mine the tilt of the ocean surface alona the drift 
path. -

0297 WEBER, J.R. , and LILLESTRAND, R.L.- 1971 
Measurement of tilt of a frozen sea; Nature, val . 
229, No. 5286, pp. 550-551. 

0298 WHITHAM, K. - 1963 
An anomaly in geomagnetic variations at Mould Bay in 
the Arctic Archipelago of Canada; Oeophys. J . Roy. 
Astro. Soc., vol. 8, pp. 26-43. 
Standard-run magnetograms ob t ained from Mould Bay , 
Prince Patrick Island, demonstrate a striking 
absence of vertical magneti c f ield variations corre
sponding to an anomalous steepening of the verti cal 
field power spectrum. Assumi ng the presence of a 
sheet conductor at depth, it i s estimated f rom the 
frequency dependence of the spectrum that a 20 km 
thick layer with a conductivity about 10-11 e.m.u. 
is required near the bottom of the crust. There 
appears to be no evidence for such a highly conduct
ing crust. Anomal ous temperatures di ff icult to 
reconcile with a stable region are required to . 
explain the anomaly by semi conduction processes. The 
extent of the Mould Bay anomaly is as yet unexplored. 



Russian results (Zhigalov 1960), and a search of 
Arctic magnetograms available here, show that severe 
attenuation of the vertical field fluctuations 
occurs over the deep ocean basins. It is concluded 
that the magnitude of the attenuation found on drift
ing stations can be explained by the presence of the 
conducting ocean, with reasonable estimates of the 
wavelength of the inducing field . However, it 
appears unlikely that the MOuld Bay results can be 
so explained. 

0299 WHITHAM, K. - 1964 
Anomalies in geomagnetic variation in the Arctic 
Archipelago of Canada; J. Geomag. and Geoelect., 
vol. 15, pp. 227-240. 
Two unusual features of geomagnetic variations have 
now been discovered in the Arctic Archipelago of 
Canada. The first anomaly at Alert on Ellesmere 
Island is characterized by abnormally high levels of 
irregular magnetic activity and a persistent direc
tional characteristic of the vector horizontal dis
turbance. An adequate ionospheric explanation has 
not been found. Recent papers have given an exola
nation of the gross characteristics of the Alert 
magnetograms in terms of induction in a large anom
alous conductor in the upper mantle striking oaral
lel to the channel separating north Ellesmere Island 
from Greenland. Field ex?eriments followed by simnle 
potential and spectral response analyses confirm the 
existence of a gross conductor. In this paper the 
uncertainties in and shortcominns of the first-order 
explanation and minor modifications are stressed, 
and an alternative solution involving induct ion in 
the conducting mantle and a highly conducting cir
cuit examined. The alternative solution appears to 
be even more inadequate. 
The second anomaly at Mould Bay, Prince Patri ck 
Island, is characterized by the striking absence of 
shorter-period vertical field magneti c variations. 
Assuming the presence of a sheet conductor at depth 
it has been estimated earlier from the frequency 
dependence of the power spectrum that a 10- 20 km 
thick layer with a conductivity near lQ-llemu is 
required near the bottom of the crust or in the 
upper mantle. The assumptions in deriving this 
explanation are outlined, and theoretical curves 
shown which demonstrate that the neglect of reason
able conductivity above and below the anomal ous 
layer appears justified. Results are shown applying 
the same technique to plane earth induction in a 
non-anomalous area, and to one magneto-telluric sit
uation of current interest. 

0300 WHITHAM, K. - 1965 
Geomagnetic variation anomalies in Canada; J. Geomag. 
and Geoe lect., vol. 17, No. 3-4, pp. 481-498. 
Anomalies in geomagnetic variations in the Arctic 
Archipelago are first discussed. The gross charac
teristics of the Alert (Ellesmere Island) anomaly 
can be explained by a number of models involving a 
100 km upheaval of the 1400-1500°C isotherm to 
within 25-30 km of the surface. The solution is not 
unique and may be in error by as much as 60%. How
ever the response parameters most useful have been 
clearly defined. Magnetotelluric investigations 
lead to unusually high conductivities and a large 

GEOPHYSICS 

anistropy as expected . However a detailed synthesis 
of the magnetic variation results with the magneto
telluric analysis has not proved possible. At the 
present time, no self consistent explanation is 
known, but recent aeromagnetic and other data do not 
support any compositional explanation. 
The suppression of the vertical field fluctuations 
at Mould Bay, Prince Patrick Island has been investi
gated further and the finite areal· extent of the 
anomaly to the east has been demonstrated. Negative 
heat flow experiments and seismic investigations are 
described and their consequences outlined. A summary 
of the experimental variation and magnetotelluric 
data, now being examined, is given. The latter again 
qualitatively confirms the existence of a gross con
ductor, but at the present time it is not known if 
this is thermal or compositional in origin. 
Ex~eriments by the University of Toronto and the 
Dominion Observatory in southeastern Canada are des
cribed, which show that, within a confidence level 
of 20~. there are no gross anomalies in the region 
of Southern Ontario from London to Ottawa, or across 
the Logan fault in Western Quebec. However, work by 
the University of British Columbia indicates appre
ciable conductivity anomalies of a varied nature 
from Crescent Valley , in southern British Columbia 
to Lethbridoe, in southwestern Alberta. Current 
investigations of a coast effect off Vancouver Island 
are also outlined. 
It aopears clear that considerable theoretical 
advances are necessary to clarify which, if any, of 
the unusual features found are related to abnormal 
temperatures in the upper mantle. Where an inte
grated qeophysical approach has been attempted in 
Canada, no self consistent explanation has yet been 
found. 

0301 WHITHA~, K., and ANDERSEN, E.- 1962 
The anomaly in geomagnetic variations at Alert in 
the Arct ic Archipelago of Canada; Quart . J. Roy . 
As tro . Soc ., vol. 7, pp. 220-243. 
The anomaly, first noted during the I.G.Y., in the 
level of irregular magnetic activity at Alert on 
Ellesmere Island, Canada, has been investigated fur
ther. Analysis of the characteristics of three
component records and extensive field work in the 
Arctic Archipelago have shown no evidence that Alert 
is oart of an inner zone of enhanced magnetic activ
ity·. A superposed epoch analysis of irregular mag
netic activity has indicated it is unlikely that the 
Alert result is related to the mechanism oroducing 
polar cap absorption. An anomalous induced contribu
tion to the observed magnetic fluctuations mus t 
therefore be considered. Despite the complexity of 
magnetic disturbance inside the polar cap, and the 
pauci ty of available data, it is shown that the mag
nitude, directional characteristics and approximate 
frequency dependence of the variations are consis
tent with the hypothesis of a larqe anomalous body 
striking parallel to the channel separating north 
Ellesmere Island from Greenland. Appreciable thinning 
of the crust, and a large heat flow anomaly would be 
exoected . No other geophysical data are available 
in this logistically difficult region to support or 
refute this hypothesis. Until sufficient data are 
available for a sati sfactory potential analysis the 
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model must be regarded as quite speculative in view 
of the tectonic stability of the region. 

0302 WHITHAM, K., and ANDERSEN, F. - 1966 
Magneto-telluric experiments in northern Ellesmere 
Island; Geophys. J. Roy. Ast~o. Soc., vol. 10, No.4, 
pp. 317-345. 
During the 1963 field season, a magneto-telluric 
experiment was successfully undertaken at and near 
Alert, in northern Ellesmere Island. ·Analysis of 
the results shows that the electric field is very 
strongly confined to a direction nearly N-S, that a 
strongly inhomogeneous or anistropic situation 
exists with the electric field in phase (±5°) with 
the horizontal magnetic field for periods between 
240 and 6000 s, and that the electric to magnetic 
field ratio is constant and very small (0·12(6)mV 
km- 1y-l)in the same period range. At Lake Hazen, 
150 km to the SW approximately, the experimental 
data is of poorer quality, but the inhomogeneity or 
anisotropy is weaker, the mean direction of the elec
tric field between 20 and 30°E of N, the phase 
advance of the electric over the magnetic field 
nearly 45° and the electric to magnetic field ratio 
is frequency dependent. The magnetic variations 
measured at Lake Hazen suggest an extension along 
strike of the Alert anomaly. 
The Alert results are not consistent in inhomogene
ity, phase and frequency dependence with earlier mod
els used to explain the magnetic variation anomaly 
observed in northern Ellesmere Island. Equally an 
interpretation of the magneto-telluric results in 
terms of a near surface plane conductor with a very 
large height-integrated conductivity =6(·3)xl0-6 emu 
is not consistent with the earlier magnetic varia
tion results, fails to explain the inhomogeneity or 
anistropy, and makes no geological or common sense. 
The inductive situation is very complex and it 
appears that boundary arguments must be very impor
tant and need theoretical elucidation . At the present 
time no self-consistent hypothesis can be derived: 
some of the problems in deducing one are demon
strated in the text using illustrative calculations. 

0303 WYDER, J., HUNTER, J., and RAMPTON, V. - 1g73 
Geophysical investigations of surficial deposits at 
Tuktoyaktuk, N.W.T.; Geol. Surv. Can., open file 
no. 128, 10 p. 
In April of 1971, the Geological Survey of Canada 
started a program to investigate the potential use
fulness of surface resistivity, selected borehole 
geophysical tools, and seismic refraction and reflec
tion in the Mackenzie Valley transportation corridor. 
The results of the borehole geophysics and seismic 
refraction surveys undertaken at Tuktoyaktuk, NWT 
are presented here. A drilling and coring program 
was undertaken at sites where geophysical investiga
tions were conducted. 
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0304 ANDREWS, J.T., and BARNETT, D.M. - 1972 
Analysis of strandline tilt directions in relation 
to ice centers and postglacial crustal deformation, 
Laurentide ice sheet; Geografiska Annale~, vol. 54, 
Ser. A, pp. 1-11. 
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Tilt directions on former water planes (marine and 
glacial lake) for 36 sites within the area of the 
former Laurentide I~e Sheet are projected toward the 
geometrical center of the ice sheet. Six zones are 
indicated on the basis of tilt intersections; of 
these, at least five have been considered as glacial 
dispersal centers at one time or another. The six 
zones are: Central Hudson Bay, southeastern Hudson 
Bay/James Bay, central Labrador-Ungava, northwest 
Hudson Bay, east of Great Slave Lake, and between 
the St. Lawrence and James Bay. All have geograph
ical proximity to lows on the Free Air gravity anom
aly map, but only two are indicated on current maps 
of postglacial uplift and rates of recovery. Late
glacial movement of ice centers might cause the 
migration of the loci of postglacial uplift; there 
is some evidence for such events but more informa
tion is required. The areas of tilt intersections 
form a broad U around Hudson Bay with one in the 
center. The U follows the present height of land 
and could reflect the Laurentide ice divide at its 
maximum stage. In this interpretation the maximum 
and late-glacial ice divides are not geographically 
displaced. 

0305 ANDRIEUX, PIERRE - 1965 
Les methodes electriques de prospection appliquees 
~ l 'etude de la glace et des glaciers, resultats 
obtenus de 1962 a 1g55; unpub. Dip. d'Eng. 
Geophysicien, Univ. de Strasbourg, 83 p. 
Le 10 Juin 1956, un groupe de chercheurs du Labora
toire de G~physique Appliqu~e de la Faculte des 
Sciences de Paris, s'installait au refuge de 
Konkordia Platz, sur le glacier d'Aletsch, en Suisse. 
Pour la premi~re fois sur un glacier alpin, des 
mesures ~lectriques et des enregistrements tellur
iques etaient realises. Cette experience devait 
etre dan 1 'esprit de ses promoteurs, et de L. 
Cagniard en particulier, le point de depart d'une 
nouvelle methode d'investigation de la glace, des 
glaciers et des regions polaires. 
Depuis, en Antarctique, au Canada, au Groenland, en 
U.R.S.S., en Suisse, des Dizaines de sondages elec
triques ont et~ tentes sur la glace. La plupart de 
ces nouveaux prospecteurs electriciens ont reussi a 
determiner des epaissurs; parfois ils ant echoue. 
Finalement, tous ou presque, en sont arrives a s'inte
resser a la r~sistivit~ de la glace et de la neige, 
plutot qu'aux resultats de 1 'application du proc~de 
geophysique lui-meme. 
En 1962, sur 1 'initiative de A. Bauer et sous la 
responsabilite du Laboratoire de G~physique 
Appliquee de la Faculte des Scien~es de Paris, j'ai 
repris les mesures de 1957. Ce rapport presente les 
resultats de sondates electriques en des reqions de 
latitudes tr~s differentes, de profils de potentiel, 
d'un carottage ~lectrique dans un puits de 120 m de 
profondur, d'entregistrements telluriques sur une 
ligne de 3 Km et d'enregistrements journaliers de la 
resistivite; parall~lement, des resultats obtenus en 
laboratoire sur des echantillons de glace artifi
cielle et publies par ailleurs sont ici rassembles; 
une correlation entre ces deux series de travaux est 
amorcee. De nouvelles experiences sont proposees; 
elles concernent les Physiciens du Solide, les 
Glaciologues et les Geophysiciens. 



0306 ANORIEUX, PIERRE - 1970 
Les methodes electriques de prospection appliquees 
a 1 ·~tude de la glace et des glaciers, resultats 
obtenus de 1962 a 1965; Comite National Francais 
des Recherches Antarctiques, No. 24, 62 p. 
Abstract under 0305 

0307 ARNOLD, K.C. - 1959 
Chronological summary of work done on Meighen Island 
by the Polar Continental Shelf Project - 1959; Potar 
Cont. SheZf ~oj., internal report, 25 p. 

0308 ARNOLD, K.C. - 1964 
Hvem oppdaget Meighen - oya ?; Soertrykk av 
Polarboken, pp. 126-128. 

0309 ARNOLD, K.C. - 1964 
Report on glaciological mapping, with special refer
ence to the mapping of the Meighen Island ice cap; 
Polar Cont. SheZf Proj., internal report, 32 p. 

0310 ARNOLD, K.C. - 1965 
Aspects of the glaciology of Meighen Island, 
Northwest Territories, Canada; Jour. GZaciotogy, 
val. 5, No. 40, pp. 399-410. 
Meighen Island lies in the centre of the north coast 
of the Queen Elizabeth Islands and fronts on the 
Arctic Ocean. An ice cap of about 76 km. 2 covers 
about one-tenth of the island. Its greatest thickness 
of 150 m.occurs under the summit,near the south end, 
which was 268m. above sea-level in 1960. The northern 
half of the ice cap is less than 30m. thick; and the 
total volume is of the order of 2,000 X 106m. 3. 
Precipitation is low in the northern Queen Elizabeth 
Islands, and Meighen Island lies in an area where 
summer temperatures are lowest. In the winters of 
1959-60, 1960-61 and 1961-62, the snow accumulation 
was 12.6, 18.2 and 14.1 em. of water equivalent. 
Some snowfall remained on the higher part of the 
ice cap in the cold summer of 1961; but the ice cap 
diminished in volume in each year; by 36 X 106, 
72 X 106, 22 X tOG and 91 X 106m.3 in the 1959, 
1960, 1961 and 1962 ablation seasons. 
If the conditions of these four seasons were main
tained the ice cap would disappear in about 100 yr. 
However, a radio-carbon dating of a saxifrage exposed 
by the retreat of the ice from a small nunatak near 
the northern edge gave a date of less than 100 yr., 
and it appears that the existence of the ice cap 
might be sensitively related to recent climatic 
change. 
Careful surveys were made in 1959, 1960 and 1961 in 
an attempt to detect movement in the ice cap. Une
quivocal evidence is not available from these sur
veys; but the stake network has been maintained and 
another survey has recently been completed. 

0311 ARNOLD, K.C. - 1966 
The glaciological maps of Meighen Island, N.W.T.; 
Can. J. Earth Sci., vol. 3, No.6, pp. 903-908. 
The small ice cap on Meighen Island has been studied 
since 1959 by scientists working with the Polar 
Continental Shelf Project, Department of Mines and 
Technical Surveys, Ottawa. The Surveys and Mapping 
Branch of the same Department has produced a glacio
logical map of the ice cap, at the scale of 1:25,000, 
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from specia 1 photography taken from. a height of 
2,280 m in 1960, and a 1:50,000 map of the whole 
island, showing features of glaciological interest, 
from standard mapping photography taken from a 
height of 9,150 min 1959. The control, photography, 
and compilation methods used in producing these maps 
are discussed, and an account is given of the spec
ial features shown on them. 

0312 ARNOLD, K.C., and MACKAY, O.K.- 1964 
Different methods of calculating mean daily tempera
tures, their effects on degree-day totals in the 
high arctic and their significance to glaciology; 
Geographical BuZZ., Canada, No. 21, pp. 123-129. 
When the range of temperatures is close to the freez
ing point, different methods of determining mean 
daily temperatures can cause disparities in melting 
and freezing degree-day totals. On the basis of 
data collected under such conditions, the dispari
ties are examined and their relevancy to glaciologi
cal studies is considered. 

0004 BARR, W., BARRETT, P.E., HUSSELL, D.J.T., 
KING, R.H., and KOERNER, R.M.- 1968 

Devon Island programs, 1967; Aratia, vol. 21, No. 1, 
pp. 44-50. 

0005 BARRETT, P.E., HUSSELL, D.J.T., and 
WHILLANS, I.M. - 1969 

Devon Island Programs, 1968; Aratic, vol. 22, No. 2, 
pp. 158-160. 

0313 DORT, W., ROOTS, E.F., and 
DERBYSHIRE, E. - 1969 

Firn-ice relationships, Sandy Glacier, Southern 
Victoria Land Antarctica; Geografiska Annater, vol. 
51, Ser. A, pp. 104-111. 
Sandy Glacier, occupying the head of a 3 km by 1 km 
cirque valley, is composed of a unique alternation 
of ice layers and sand layers. The sand was appar
ently brought by occasional very strong winds from 
Onyx River outwash 5 km away and 1,200 m lower. Pits 
dug in the accumulation zone revealed 115-210 em of 
firn and sand layers directly overlying glacier ice 
that also contains sand layers. It is believed that 
not long ago there was no cover of fi rn on any part 
of this glacier. Accumulation appears to have recom
menced oerhaps 2-3 decades before the present. 

0314 ENGLAND, J.H., and ANDREWS, J.T. - 1973 
Broughton Island- a reference area for Wisconsin and 
Holocene chronology and sea level changes on eastern 
Baffin Island; Boreas, vol. 2, No. 1, pp. 17-32. 
Broughton Island is 50 km from the eastern margin of 
the 6,000 km2 Penny Ice Cap. During the early 
Wisconsin (>54,000 BP) Broughton Island was only 
partly glaciated; sea level at that time was ca. 
+72 m. A younger glacial readvance is delimited by 
lateral moraines and glacio-marine deposits 1 4C 
dated at 24,100±850 BP; sea level was +18 m. During 
the last Wisconsin the glaciers terminated some dis
tance inland from Broughton Island and sea level at 
9,850±250 BP was +5 m on Broughton Island. The head 
of Maktak Fiord, which presently contains a major 
outlet glacier from the Penny Ice Cap, was deglaci
ated about 6,000 BP. 
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0315 HATTERSLEY-SMITH, G. - 1960 
Glaciological studies by Geographical Branch, 
Department of Mines and Technical Surveys on the 
Polar Continental Shelf Project; in Can. Geophys. 
Bull., No. 13, pp. 88-89. 

0038 HATTERSLEY-SMITH, G. - 1961 
North-western Queen Elizabeth Islands (Polar 
Continental Shelf Project and Geographical Branch, 
Department of Mines and Technical Surveys); in Can. 
Geophys. Bull., No. 14, pp . 96-98. 

0316 HATTERSLEY-SMITH, G. - 1962 
Western Queen Elizabeth Islands (Polar Continental 
Shelf Project and Geographical Branch, Department 
of Mines and Technical Surveys); in Can . Geophys. 
Bull., No . 15, pp. 100-101. 

0317 HATTERSLEY-SMITH, G. - 1963 
Western Queen Elizabeth Islands (Polar Continental 
Shelf Project, Department of Mines and Technical 
Surveys); in Can. Geophys. Bull., No. 16, p. 120. 

0318 HATTERSLEY-SMITH, ~. - 1964 
Western Queen Elizabeth Islands (Polar Continental 
Shelf Project, Department of Mines and Technical 
Surveys); in Can. Geophys . Bull . , No . 17, pp. 
130-131. 

0319 HATTERSLEY-SMITH, G. - 1965 
Devon Island (Arctic Institute of North America); 
in Can . Geophys . Bull., No. 18, pp. 138-139. 

0320 HATTERSLEY-SMITH, G. - 1965 
Melville Island (Polar Continental Shelf Project: 
W.S.B. Paterson and F. P. Hunt); in Can. Geophys. 
Bull . , No . 18, p. 139 . 

0321 HATTERSLEY-SMITH, G. - 1965 
Meighen Island (Polar Continental Shelf Project: 
W,S.B. Paterson); in Can. Geophys. Bull., No. 18, 
p. 139. 

0322 HATTERSLEY-SMITH, G. - 1965 
Ice Islands (Polar Continental Shelf Project and 
Geographical Branch, Department of Mines and 
Technical Surveys: D. lindsay) ; in Can . Geophys . 
Bull., No. 18, pp. 142-143. 

0323 HENOCK, W.E.S. - 1964 
Postglacial marine submergence and emergence of 
Melville Island , N.W.T.; Ceog. Bu~Z . , No. 22, pp. 
105-126. 
This paper presents some of the results of a detailed 
investigation of emerged features on Melville Island 
that was carried out during the summer of 1962. 
Extensive coverage of the area was made possible by 
aircraft support. 
The writer sums up previous observations on the 
evidence of glaciation and, on these and his own 
observations, postulates a multiple glaciation. He 
describes postglacial emerged features and the dif
ficulties encountered in correlating them. 
He discusses the significance of seven radiocarbon 
dates of samples collected on the island and uses 
them to construct a preliminary u~lift curve. This 

curve indicates that over the last 2,000 years 
uplift has been negligible and that Melville Island 
is near isostati c equilibrium. Thi s comparatively 
early regression of postglacial sea from its coast 
is also corroborated by recent permafrost research 
at Winter Harbour. 

0324 I~EN , A. - 1972 
Measurements of water pressure in moulins as part of 
a movement study of the White Glacier, Axel Heiberg 
Island, Northwest Territories , Canada; J. GZaciology, 
vol. 11, No. 61, pp. 53-58. 
In 1970 water pressure wa s measured in several mau
l ins on the White Glacier. Pressure variations i n 
some moulin channels extended over the full measur
ing range of the instruments (0-1 and 0-2 bar above 
atmospher ic pressure), even at depths of less than 
50 m below the surface. Measurements at different 
depths showed that total pressure var iations were 
sometimes ~reater than this. The pressure data are 
compared with variations i n the surface velocity of 
the glacier. 

0325 IVES, J . - 1963 
Canada, glaciological research in 1962: (b) Meighen 
Island, (c) Sea ice stud i es ; Ice, No . 11 , p. 8. 

0326 KAHN, M. - 1966 
Compte rendu or~liminaire des observations effec
tuees par la m~thode des tests chimiques dans 
1 'Arctique Canadien; Po Zar Cont. She Zf Proj., i nter
nal report, 32 p. 
"Compte rendu pr~l imina ire des observations effec
tu~es par la ~thode des tests chimiques dans 
1 'arctique canadien a la surface et dans les gla
ciers de 1 'ile Baffin, l'ile Meighen, 1 'Ile Axel 
Heiberg avec les resultats numeriques". 

0327 KOERNER, R.M. - 1966 
Accumulation on the Devon Island ice cap, Northwest 
Territories, Canada; J. Glaciology, vol . 6, No . 45, 
pp . 383-392. 
The pattern of accumulation on the Devon Island ice 
cap is described. There is an area of minimum accum
ulation encircling the highest part of the ice cap 
and 100-200 m. below it. Below this zone, accumula
tion gradually increases to a maximum near the ice
cap ed~e. The overall pattern is related to snow 
transport by katabatic winds. There is a reqional 
accumulation pattern of hiqh accumulation (ca. 40 .0 
em. water equivalent) in the south-east part of the 
ice cap and an area of low acc~ulation (ca. 11.0 em. 
water equivalent) in the north-west . This east
south-east to west-north-west accumulation gradient 
is related to cyclonic activity to the east in 
Baffin Bay, and it is probably intensified by the 
presence of open water in the same area . 

0328 KOERNER, R. t~. - 1966 
Devon Island; Ice, No . 20, p. 6. 

0329 KOERNER, R.M. - 1967 
Devon Island; Ice, No. 23, p. 6. 



0330 KOERNER, R.M. - 1968 
Fabric analysis of a core from the Meighen ice cap, 
Northwest Territories, Canada; J. G~eioZogy, vol. 
7, No. 51, pp. 421-430. 
Ice samples from a 121 m core, representing the 
total thickness of the Meighen Ice Cap near its 
highest point, were studied for ice fabric, firn-
and dirt-layer distribution. The absence of a 
strongly preferred fabric between the surface and 
the base of the ice cap at the core site suggests an 
absence of past or present ice movement at this 
point. From the variations of ice texture, firn-
and dirt-layer distribution with depth it is con
cluded that the ice cap post-dates the climatic opti
mum and has never been much thicker than it is at 
present. There is a possible relic ablation surface 
at a depth of 50 m which is estimated to be at least 
500-600 years old. 

0331 KOERNER, R.M. - 1970 
The mass balance of the Devon Island ice cap, 
Northwest Territories, Canada, 1961-66; J. GZaaioZogy, 
vol. 9, No. 57, pp. 325-336. 
Methods used in measuring the mass balance of the 
Devon Island ice cap are described. The use of dyes 
and melt trays is recommended in the superimposed
ice and firn zones of sub-polar glaciers. The north
west part of the ice cap was studied in most detail 
and has had a slightly negative net balance for the 
period 1961-66. An inverse relationship between 
mean net balance (on) and elevation of the equilib
rium line in the north-west part of the ice cap 
indicates that the mean net balance there would be 
zero with an equilibrium line at 920 m (±80 m) ele
vation. Accumulation on the ice cap is greatest in 
the south-east but the measurements suggest that the 
mean net balance there is similar to the mean net 
balance on the rest of the ice cap. It is concluded 
that the present accumulation pattern must have 
existed for several hundreds, and possibly thousands 
of years. A study of firn stratigraphy and of var
iations in the elevation of the firn and equilibrium 
lines indicates that between 1961 and 1966 only 1962 
had a more negative mean net balance than the aver
age value for the period 1934-60. During the same 
26 year period the net balance at 1787 m elevation 
has varied, but summer conditions do not appear to 
have changed significantly. 

0332 KOERNER, R.M. - 1970 
Some observations on superimposition of ice on the 
Devon Island ice cap, N.W.T. Canada; GeogPa f iska 
AnnaZer, . vol. 52A, No. 1, pp. 57-67. 
The zone of superimposed ice formation is defined 
and divided into two sub-zones, one of continuous 
and the other of discontinuous superimposed ice for
mation. Layering in superimposed ice is discussed 
and it is evident that an annual increment may con
sist of a series of layers which can occur in vari
ous orders according to the melt and freezing con
ditions obtaining. A laboratory analysis of super
imposed ice did not reveal any valid method for divi
sion into annual layers. A crystal analysis indi
cates there is an increase in the mean crystal size 
and the standard deviation from this mean with de
creasing altitude between the firn edge and the 
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equilibrium line. Below the latter the pattern is 
reversed. This phenomenon is used to determine a 
long period equilibrium line . 

0333 KOERNER, R.M. - 1972 
Specific electrolytic conductivity of snow and deep 
core samples from the Canadian Arctic Archipelago; 
in Inter. Symp. on Role of Snow and Ice in Hydrology, 
Banff, 13 p. 
The Specific Electrolytic Conductivity of several 
snow and deep core samples from the Canadian Arctic 
Archipelago has been measured. The resul ts show 
maximum conductivity values from autumn and mid-late 
winter snow. Percolation of melt-water in warm sum
mers greatly reduces the magnitude of these varia
tions. The high conductivity values in winter are 
believed to be caused by a decrease of the snow to 
soluble material ratio due to a lower snow accumula
tion rate and a smaller snow grain in winter. Riming 
contributes to high conductivity values in autumn . 
There are significant variations of conductivity in 
the cores from the Devon Island ice cap and the 
Meighen Ice Cap. The cause of the Devon variations 
is unknown but those in the Meighen core are attrib
uted to soluble material being blown on to the ice 
cap from surrounding ice-free terrain. No signifi
cant regional variations of electrolytic conductiv~ 
ity of snow in the Canadian Archipelago have been 
found. 

0334 MULLER, F. - 1966 
Axel Heiberg Island; Ice, Ho. 20, pp. 7-8. 

0335 MULLER, F. - 1967 
Axel Heiberg Island; I ce, No. 23, pp. 7-8. 

0336 MULLER, F. - 1973 
Axel Heiberg Island, N.W.T., McGill University; Iee, 
No. 41, p. 5. 

0337 PATERSON, W.S.B. - 1963 
Movement in Melvil l e ice caps; PoZar Cont . She Zf 
Proj., internal report . 
Positions of al l markers were determined in 1963. 
Positions of certain ones (those where surface slope 
and/or ice thickness were greatest) were redetermined 
in 1966. Each marker was observed from two survey 
stations, all three angles of the triangle bein9 
measured . Table 1 gives differences (1963-1966) in 
seconds of the angles at the two survey stations, 
the lower numbered station being listed firs t . 
A reasonable figure to take for experimental inaccur
acy is 10 seconds. This corresponds to a distance 
of 0.75 foot at 3 miles, which is about the maximum 
distance between marker and survey station. Three 
differences exceed 10 seconds, namely W6 from 182, 
S11 from 195, and S32 from 207. The first is unlike
ly to represent a genuine effect as i t would impl y 
movement parallel to a contour. The others imply 
movement of 0.7 and 0.5 feet respectively in the 
down-slope direction. However the stake at S11 was 
broken and replaced in 1965 and the displacement 
could have occurred then. The displacement of S32 
may well be qenuine as the difference in angle (37 
seconds) is much greater than the difference at any 
other marker. But such small displacements could be 
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due to bending of the stake by snow creep or by 
accumulation of rime, or warping, rather than to 
ice flow. 
The conclusion is that at no point on the ice caps 
did the movement exceed 1 foot or, in other words, 
the velocity does not exceed lOcm yr-1 . 

0338 PATERSON, W.S.B. - 1963 
Project "Bo 1 d Survey"; ground observations; Polar 
Cont. Shelf Proj., internal report. 

0339 PATERSON , W.S.B . - 1964 
Variations in velocity of Athabasca Glacier with 
time; J. Glaciology, vol. 5, No. 39, pp. 277-285. 
The physical setting of the Athabasca Glacier is 
described. Ablation of ice from the glacier con
tributes roughly 40 per cent of the annual outflow 
from the lake at the terminus . Variations of ice 
velocity, measured over periods ranging from a week 
to four months, are discussed. Few if any of these 
variations can be explained by changes of ice thick
ness. Variations in the amount of water at the gla
cier bed provide a plausible explanation however, 
and the data lend some support to Weertman's ideas 
on this subject. Variati6ns in annual velocity of 
the glacier are not correlated with stream flow, but 
passage of a kinematic wave provides an explanation 
of these variations. The wave is attributed to a 
climatic change which began about 1938. 

0340 PATERSON, W.S.B. - 1966 
Test of contour accuracy on a photoqrammetric map 
of Athabasca Glacier; Can. J. Earth Sci ., vol . 3, 
No . 6, pp . 909-915. 
An independent survey of the positions and eleva
tions of 59 surface markers set in the lower part 
of Athabasca Glacier permits assessment of the accur
acy of contours on a large-scale map of the glacier. 
The root mean square difference between the eleva
tion at each marker as determined from the survey 
and from the map was 49 em. This is an upper limit 
to the standard error of the contours. It is less 
than three times the theoretical error and about 15% 
of the contour interval . 

0341 PATERSON, W.S.B. - 1966 
Mass balance studies on glaciers in western Canada 
by G. 0strem, Comments; Geog. BuZZ., vol. 8, No.4, 
pp. 383-385. 

0342 PATERSON, W.S.B. - 1966 
Meighen Island; Ice, No. 20, pp . 6-7. 

0343 PATERSON, W.S.B . - 1967 
A temperature profile through the Meighen ice cap, 
Arctic Canada; in Commission of Snow and Ice, Bern, 
sept.-Oct . , pp. 440-449. 
Temperatures were measured in a 121 m borehole 
through the small (85 km2 ) ice cap on Meighen Island, 
Arctic Canada. The ice cap iz virtually stagnant: 
thus advection of ice is not a factor in determining 
the temperature distribution. Temperatures below 
10m depth were in the range -16 to -18°C. Below 
100m, temperature varied linearly with depth at a 
rate which corresponds to a geothermal heat flux of 

56 

0.8xl0-6cal cm-2 sec-l. The shape of the temperature
depth curve over the range 20 to 100 m can be ex
plained if one assumes that (1 ) the mean annual temp
erature at the surface has decreased by some 1.5°C 
since the year 1940 and (2) the mean annual surface 
temperature was increas i ng durinq the period 1880-
1940, the total increase being about 3.soc. 

0344 PATERSON, W.S.B. - 1968 
Glacier surges; Can. Alpine J., pp. 220-223. 
The Centennial Expedition enabled mountaineers to 
visit some of the most spectacular mountains in 
North America. It also incidentally enabled them to 
see, in Steele and Walsh Glaciers, examples of a 
rare and spectacular form of glacier behaviour, a 
surge . Many must have wondered why some glaciers 
behave in this way. This article will not provide 
any answers : the causes of glacier surges are still 
unknown. But perhaps a brief summary of what we do 
know may be of interest. 

0345 PATERSON, W.S.B. - 1969 
The Meighen ice cap, Arctic Canada : accumulation, 
ablation and flow; J. Glaciotogy, vol. 8, No. 54, 
pp. 341-352. 
Accumulation on the Meighen Ice Cap appears to be 
about normal for the region, but ablation seems ab
normally low. Statistical analyses of several years' 
data reveal the following trends: accumulation in
creases towards the north; ablation decreases with 
increase of elevation, decreases towards the north 
and west, and is greater on south-facing slopes than 
elsewhere. Because ice movement is very small, these 
trends explain the surface topography of the ice cap 
quite well . Other topics discussed are the signifi
cance of changes in the margins of a stagnant ice 
cap, and the rate at which net mass balance changes 
with elevation. 

0346 PATERSON, W.S.B. - 1970 
The application of ice phys i cs to glacier studies; 
in Proc. Workshop Seminar, Can. Nat. Comm. Int. 
Hydro. Decade, pp. 43-46. 

0347 PATERSON, W.S.B. - 1970 
The sliding velocity of Athabasca Glacier, Canada; 
J . Glaciology, vol . 9, No. 55, pp . 55-63. 
A method of estimating sliding velocity is presented. 
It rests on few assumptions, one of which is that 
longitudinal strain-rate varies linearly with depth. 
The flow law of ice is not used. To apply it, the 
sliding velocity at one point must be known. The 
method i s used to calculate the slidinq veloci ty at 
twelve points on Athabasca Glacier. These values 
are not related to calculated basal shear stresses. 
Thus one or more of the followinq statements must be 
true: (1) basal shear stress cannot be calculated by 
the conventional formula, (2) the roughness of the 
glacier bed varies from place to place, (3) sliding 
velocity does not obey Weertman's formula. Analysis 
of seven published measurements of sliding velocity 
leads to the same conclusion . 

0348 PATERSON, W. S.B. - 1971 
Temperature measurements in Athabasca Glacier, 
Alberta, Canada; J. Glaciology, vol. 10, No. 60, pp . 
339-349. 



The temperature in the ablation area of Athabasca 
Glacier is about -0.5°C at a depth of 10 m. Below 
17m the temperature is slightly below the calcu
lated pressure melting point (average difference 
0.01 deg) in some places. Heat produced by ice defor
mation is calculated as a function of depth in two 
bore holes. Only in about the lower half of the 
glacier thickness is this heat sufficient to main
tain the ice at the observed temperature as the 
hydrostatic pressure is reduced by ablation. Freez
ing of water within the ice must provide heat for 
this purpose elsewhere in the glacier; it must also 
provide heat to maintain the deeper ice close to the 
melting point even though the 10m temperature is 
negative. The minimum water content needed is esti
mated to be between 0.5 and 1%. It is argued that 
most of this water must be water trapped between 
grains when the ice formed from firn. The small 
difference from the pressure melting temperature 
measured below 17 m probably arises either from impu
rities or because, as a result of heat supplied for 
pressure-melting of ice around air bubbles, the ice 
is at the melting point corresponding to the bubble 
pressure rather than to the hydrostatic pressure. 

0349 PATERSON, W.S.B. - 1972 
Laurentide ice sheet: estimated volumes during Late 
Wisconsin; Rev. Geophys. and Space Phys., vol. 10, 
No. 4, pp. 885-917. 
Estimates are made of the volumes of the Laurentide 
ice sheet and the Innuitian ice sheet (covering the 
Canadian Arctic Islands north of latitude 74°N) from 
18,000 to 6000 B.P. Relevant parts of the existing 
theory of flow in an ice sheet are first reviewed. 
Two limiting models are considered: a steady-state 
ice sheet, the dimensions of which do not change 
with time, and a stagnant ice sheet that thins at 
the same rate everywhere. Formulas relating ice 
thickness to radius and volume to area are given. 
The relation between area and volume of six existing 
ice sheets is examined to guide the choice of numer
ical parameters. The history of the Laurentide and 
Innuitian ice sheets is reviewed to help decide 
which model (or whether a combination of the two) is 
more appropriate at different times. Their volumes 
and thicknesses are then calculated from areas meas
ured on a recent map of 'speculative' positions of 
the ice margins. Volume estimates for the Laurentide 
ice sheet are 26.5 X 106 km3 at maximum, 17.5 X 106 
km3 at 11,800 B.P., and 6 X 106 km3 at 8500 B.P. The 
sea entered Hudson Bay shortly before 8000 B.P. and 
Foxe Basin a few hundred years thereafter. This 
divided the ice sheet into separate Keewatin, 
Labrador, and Foxe-Baffin ice sheets, which had an 
estimated total volume of 106 km3 at 7500 B.P. The 
Keewatin and Labrador sectors had disappeared by 
about 6000 B.P. The volume of the Jnnuitian ice 
sheet at maximum is estimated at 106 km3. It had 
decreased to its present-day value of 5 X 104 km3 
by about 8000 B.P. Maximum errors in these figures 
are estimated at between ±16% and ±20% at different 
times, plus an unknown amount for inaccuracies in 
the map of the ice margins. From maximum until about 
12,000 B.P. the volume of the Laurentide ice sheet 
decreased much more rapidly than its thickness. If, 
at the ice sheet maximum, bedrock below its center 
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in Hudson Bay was in isostatic equilibrium, between 
150 and 390 meters of uplift must have occurred be
tween 9000 and 8000 B.P. Melting of ice in the 
Laurentide and Innuitian ice sheets between 15,000 
and 6000 B.P. can account for a rise in sea level of 
between 56 and 76 meters. 

0350 PATERSON, W.S.B. - 1972 
Temperature distribution in the upper layers of the 
ablation area of Athabasca Glacier, Alberta, Canada; 
J. Glaciology, vol. 11, No. 61, pp. 31-41. 
Ten-meter temperature measurements show that 
Athabasca Glacier is temperate in the accumulation 
area but not in the ablation area. An important fac
tor in determining whether all the ice will reach a 
temperature of 0°C by the end of summer is how much 
of the layer of ice, cooled during the previous win
ter, is removed by ablation. However, calculations 
show that, even when allowance is made for ablation, 
not enough heat is conducted into the ice to brinq 
it all to the melting point. As recent work suq
gests that ice at 0°C is permeable to water, latent 
heat released by refreezing of percolating melt 
water is considered; it appears likely that this pro
cess is an insignificant heat source in the ablation 
area. Available data show that the penetration of 
solar radiation can probably also be neglected. The 
question of how widespread temperate glaciers are is 
discussed; it is predicted that in most, if not all, 
glaciers there is a region below the equilibrium 
line where, because ablation is low, the glacier is 
not strictly temperate. 

0351 PATERSON, W.S.B. - 1972 
Glacier Ice; book review by Paterson; Amer. Met. 
Soc., vol. 53, No. 3, pp. 270-271. 

0352 PATERSON, W.S.B. - 1972 
Athabasca and Saskatchewan Glaciers; Guidebook, Int. 
Symp. Role of Snow and Ice in Hydrology, Banff, pp. 
88-91. 

0353 PATERSON, W.S.B., and Hllt>IT, F.P. - 1966 
Melville Island; Ice, No. 20, p. 6. 

0354 PATERSON, W.S.B., and HUNT, F.P. - 1967 
Melville Island; Ice, No. 23, pp. 6-7. 

0355 PATERSON, W.S.B., and KOERNER, R.- 1967 
Meighen Island; Ice, No. 23, p. 7. 

0356 PATERSON, W.S.B., and KOERNER, R.M. - 1972 
Devon Island• Ice, No. 38, p. 5. 

0357 PATERSON, W.S.B., and KOERNER, R.M. - 1973 
Devon Island ice cap; Ice, No. 41, pp. 4-5. 

0358 PATERSON, ~J.S.B., and LUNDGAARD, L. - 1g72 
Melville Island; Ice, No. 38, p. 5. 

0359 PATERSON, W.S.B., and SAVAGE, J.C. - 1970 
Excess pressure observed in a water-filled cavity in 
Athabasca Glacier, Canada; J. Glaciology, vol. 9, 
No. 55, pp. 103-107. 
During drilling in the Athabasca Glacier in April 
1968, a cavity containing water was punctured at a 
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depth of 9.2 m below the ice surface. Upon removing 
the drill, water gushed from the bore hole for about 
55 s indicating an excess pressure of at least 0.25 
bar within the cavity. The surrounding ice was 
slightly below the pressure melting point, and the 
excess pressure was apparently generated by the 
reduction in volume of the cavity caused by freezing 
of some of the water within it. 

0360 ROOTS, E.F. - 1961 
Glaciological activities; Polar Cont. Shelf Proj., 
internal report, 3 p. 

0361 ROOTS, E.F. - 1962 
North-Western Queen Elizabeth Islands; Ice, No. 9, 
p. 2 

0362 ROOTS, E.F. - 1964 
Western Queen Elizabeth Islands; Ice, No. 14, p. 7. 

0363 ROOTS, E.F.- 1965 
Western Queen Elizabeth Islands; Ice, No. 17, p. 5. 

0364 ROOTS, E.F.- 1965, 
Eastern Queen Elizabeth Islands; Ice, No. 17, p. 5. 

0365 WEBER, J.R., and ANORIEUX, P. - 1970 
Radar soundings on the Penny ice cap, Baffin Island; 
J. Glaciology, vol. 9, No. 55, pp. 49-54. 
The first successful radar echo soundings through 
glacier ice in Canada were carried out by the 
Dominion Observatory in 1965 on an outlet glacier of 
the Penny lee Cap in Baffin Island. An unmodified 
440 MHz SCR-718 radar altimeter was used, of the 
type that is readily and inexpensively available on 
the surplus market. The radar soundings were gener
ally in agreement, within the range of the reading 
accuracy of the oscilloscope (±15m), with depths 
obtained seismically, gravimetrically, and by the 
electrical resistivity method. The minimum and max
imum recorded depths were 45 m and 550 m, respec
tively. The pip positions on the standard oscillo
scope were recorded visually. This recording method 
was not satisfactory, but for future use the instru
ment could easily be modified to incorporate a larger 
oscilloscope with continuous photographic recording. 
Use of the relatively high carrier frequency of 440 
MHz (compared with the more customary frequency of 
about 35 MHz) allows the use of smaller antennas and 
results in better resolution of the bedrock surface. 
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0366 ENGLAND, J. - 1973 
The first expeditions to Lady Frankl in Bay, north
east Ellesmere Island, N.W.T., Canada; Arctic and 
Alpine Res., vol. 5, No. 2, pp. 133-144. 
Hotes dating from the British Arctic Expedition of 
1875 and the U.S. Army's Lady Franklin Bay Expedition 
of 1881 to 1884 were found by the author on Ellesmere 
Island. The first note, typed on board H.M.S. 
Discovery by Captain Stephenson on March 10, 1876, 
was found in 1971 in a cylinder near the cairn on 
the summit of Mt. Campbell, Bellot Island. Two 
other notes were found together in one cylinder at 
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Record Point on Archer Fiord in 1972. The first of 
these is dated August 15, 1882, and was deposited by 
Lt. J.B. Lockwood, U.S.A., of the Lady Franklin Bay 
Expedition, who removed an earlier note left by Lt. 
Archer, RN, from H.M.S. Discovery in the spring of 
1876. Lockwood returned to Record Point the following 
spring and on April 29, 1883, deposited an extensive 
handwritten note prepared at Fort Conger on March 26, 
1883, by Lt. A.W. Greely. The Greely/Lockwood note 
describes the excellent conrlition of the exoedition 
personnel and their accomplishments at that time. It 
also includes meteorological observations from August 
1881 to July 1882. Facsimilies of the notes appear 
in the paper. The history of the two expeditions is 
briefly recounted and the tragic end of the Lady 
Franklin Bay Expedition described. Only seven out of 
r,reely's party of 25 survived the winter of 1883-84 
after the failure of a supply ship to reach them in 
1883. 
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0367 ANDERSON, N.~. - 1966 
Observations and tests with Hifix over sea ice; 
Polar Cont. Shelf Proj., internal report, 27 p. 
This report describes the observations and tests of 
a Hifix survey on the Lincoln Sea and Robeson Channel 
1 oca ted bebteen northern E 11 esmere Is 1 and and 
Greenland. The Hifix chain was initially established 
to provide positioning control over the Lincoln Sea, 
later, the Hifix stations were relocated in Robeson 
Channel where further tests 11ere carried out alonq 
with some reconnaissance hydrography. 
The aims of the tests were to investigate the radio 
transmissions of the Hifix system over the sea ice in 
this area. The necessity of these tests resulted when 
it was found that the system did not provide suffi
cient range for the sur.vey. A range of 60 miles was 
anticipated;a maximum range of 20 miles was attained. 

0368 ANDERSON, N.M. - 1967 
Hovercraft towed depth sounding system trials; in 
Trials of an SK-5 hovercraft for the Canadian Coast 
Guard, by R.E.F. Lewis, J.W. Storr and F.C. Brewer, 
Oef. Res. Bd. DRML Report No. 667. 
A helicopter towed depth sounding system developed by 
tile Polar Continental Shelf Project was used for the 
hovercraft towing trials. The system was developed 
for hydrographic surveys in the Canadian Arctic. A 
hovercraft promised advantages over the helicopter 
for towing this system, e.g., the hovercraft could tow 
downwind, would have decidedly better weight carryinq 
and space characteristics, and would be safer. 

0369 BOLTON, M. - 1971 
Hydrographic operations in the Beaufort Sea; Can. 
Surveyor, vol. 25, No. 2, pp. 115-123. 
During 1970, the Marine Sciences Branch mounted a 
major charting program in the Canadian Western 
Arctic, concentrated in the Beaufort Sea. The inten
sive activity of the oil industry provided much of 
the impetus for this increased scientific effort. 
This paper briefly describes prior charting activi
ties in the area, discusses the 1970 operations in 
some detail, and speculates on future requirements. 
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Detailed hydrographic surveys were carried out from 
CSS Baffin and CSS Parizeau; the Polar Continental 
Shelf Project conducted a shorebased hovercraft 
operation. 

0370 DOUGLAS, G.R. - 1966 
Test Report; weight depressor underwater body; Polar 
Cont. Shelf Proj., internal report, 18 p. 
Since 1963 the hydrographic section of the Polar 
Continental Shelf Project has used a depressor-wing 
type of underwater body for echo sounding purposes. 
This type of body is limited in practice to 15 knots 
after which it becomes unstable. Tow tension at this 
speed was approximately 350 pounds. 

0371 EATON, R.M. - 1g60 
Steering committee, hydrographic surveys of Polar 
Shelf Project; Polar Cont. Shelf Proj., internal 
report, 1 p. 

0372 EATON, R.M. - 1g61 
Hydrographic report, 1961; Polar Cont. Shelf Proj., 
internal report, 4 p. 

0373 EATON, R.M. - 1963 
Airborne hydrographic surveys in the Canadian Arctic; 
Int. Hydrographic Rev., vol. 40, No. 2, pp. 45-51. 
"None of us had ever seen waters so absolutely impos
sible to navigate as this Sound". This was how the 
Norwegian explorer SVERDRUP described Hell Gate, in 
the Canadian Arctic Archipelago, when he discovered 
it in 1899. That he later sailed through it in a 
ship's boat illustrates the way in which the Arctic 
becomes less forbidding on acquaintance. 
In 1g6o the hydrographic section of the Polar 
Continental Shelf Project began to survey the pre
dominately ice covered waters of the Archipelago 
north of Parry Channel (parallel of 75°N), and in 
three years covered 190,000 sq. km of sea with 
soundings spaced 2-10 km apart. This was reconnais
sance work, but techniques were evolved which will 
lead to the attempt, in 1963, to survey Hell Gate 
to normal standards of accuracy and thoroughness 
solely by airborne methods; the survey should be 
finished before the arrival of an icebreaker on her 
annual passage to re-supply the weather reporting 
station at Eureka, 350 km further north. 
This article describes the environment; echo sound
ing through ice; profile sounding by towing from a 
helicopter in open water; and position fixing in 
helicopters. 

0374 EATON, R.M. - 1963 
Techniques in Arctic hydrographic survey; Polar 
Cont. Shelf Proj., internal report, 7 p. 

0375 EATON, R.M. - 1964 
Hydrographic section report 1963; Polar Cont. Shelf 
Proj., internal report, 3 p. 
Continuing the development of techniques of hydro
graphic chart-making in ice-encumbered waters, a 
standard survey was made for the first time by pure
ly airborne methods. Hell Gate, a channel 15 miles 
long by 4 miles wide between Ellesmere and Devon Is., 
in Lat. 77°N. Long. 90°W., was surveyed on a scale 
of 1:50,000. About 800 Km. of continuous profile 
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sounding lines were run, spaced at 500 metre inter
vals throughout the channel, by towin~ echo sound
ing fish behind the helicopters; in addition hori
zontal and vertical control was established for pho
togrammetric mapping of the coastline and topography; 
limited observations were made of the vertical and 
horizontal tidal movement; accuracy calibration was 
carried out on the Hi-Fix Decca to determine the 
order of error in position of a fix, and long range 
trials were run to determine the maximum coverage; 
all beaches which might be used for landing from the 
sea were described; and notes were taken for Sailing 
Direction. 

0376 EATON, R.M., and ANDERSON, N.M. - 1963 
Hydrographic report 1962, Part I - Introduction, 
Part II- Lambda party,Part III - Hi-Fix party; 
Pola~ Cont. Shelf Proj •• internal report, 12 p. 

0069 JOLLYMORE, P.G. - 1969 
A portable digital sounding system for Arctic use; 
Atl. Ocean. Lab., Bed. Inst., report Bl 196g-11, 
35 p. 
Abstract under 0069 

0377 O'SHEA, J. - 1971 
Polar Continental Shelf Project Hydrographic Section 
final field report February-April 1970; Polar Cont. 
Shelf Proj., internal report, 16 p. 
The 1970 Winter Survey on the Beaufort Sea was a con
tinuation of the hydrographic program undertaken in 
1g69. 
Through-the-ice spot soundings were taken on a 4 
mile grid, using Decca Lambda for positiontfixing 
and 2 Bell turbo-jet helicopters for transportation. 
As in previous years, Dominion Observatory partici
pated, concentrating their major effort from the 
ocean camp. An additional gravity observer, sup
ported by a Bell G4 helicopter, collected data in 
those areas of the Beaufort Sea where Baffin and 
Parizeau planned to operate during the~r months. 

0073 PULKKINEN, H.W. - 1973 
Hydrographic surveying with air cushion vehicles, 
trials report: evaluation of modified retractable 
fixed strut echo sounder; Polar Cont. Shelf Proj., 
internal report, 46 p. 
Abstract under 0073 

0378 ROOTS, E.F. - 1g70 
Bathymetric requirements in the Arctic Ocean; in 
Ninth Annual Hydrographic Conference, 27-29 January, 
Ottawa, pp. 273-286. 
The Arctic Ocean has several characteristics that 
make it unique among world oceans. The distinctive 
climate on its surface; its predominantly ice-covered 
state; its comparative isolation, surrounded by 
major land masses and with relatively restricted 
connections to other oceans, are well known facts 
of geography. Among the unique characteristics of 
the Arctic Ocean are the uses to which man has put 
it, and the effects that it has had on human activi
ties. Not least of these effects have been those in 
the field of hydrography. The type of hy~ro~raphic 
work done in the Arctic Ocean, the means by which 
it is done, and the uses to which the hydrographic 
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information is put, have in the main been different 
from those of other oceans. It may be of interest 
to look briefly at the part hydrography has played 
in man's knowledge and use of the Arctic Ocean and 
adjacent waters and the present and future responsi
bilities of hydrographers in that region. 

0379 WADE, G.E. - 1971 
Polar Continental Shelf Project Hydrographic Section 
Final Field Report 1971; Can. Hy~o. Serv., internal 
report, 35 p. 
The 1971 field operation consisted of three separate 
assignments. The first was a continuation of the 
1970 Hydrographic program in the Beaufort Sea - the 
completion of through-the-ice sounding using heli
copters as a means of transportation and Decca 
Lambda as a positioning system. Second assignment 
consisted of obtaining through-the-ice soundings in 
Robeson Channel in the vicinity of Wrangel Bay. This 
was a continuation of the P.C.S.P. Hydrographic oper
ation of 1967. Third, was a request for soundings 
around Hans Island in Kennedy Channel. 
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0380 KOERNER, R.M. - 1970 
Weather and ice observations of the British Trans
Arctic Expedition 1968-9; Weather, vol. 25, No. 5, 
pp. 218-228. 
Between 21 February 1968 and 29 May 1969 four men 
under the leadership of W.W. Herbert traversed the 
Arctic Ocean between Barrow, Alaska and a small 
island off the coast of Spitzbergen (Fig. I). The 
expedition used four sledges and dog teams and was 
supplied by air-drops by the U.S. Naval Arctic 
Research Laboratories in the early part of the jour
ney and then by the Canadian Armed Forces. The 
author was glaciologist on the expedition. This 
article is an account of the weather conditions and 
scientific observations recorded on the journey. The 
results shown are based on a preliminary analysis of 
some of the data. 

0381 MACKAY, O.K., and ARNOLD, K.C. - 1965 
Access to Meighen Island, N.W.T.; Arctic, vol. 18, 
No. 3, pp. 194-198. 
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0382 APOLLONIO, S. - 1973 
Glaciers and nutrients in Arctic seas; Science, vol. 
180, May 4, pp. 491-493. 
Significantly higher concentrations of nitrate and 
silicate were found in glaciated South Cape Fiord 
than in unglaciated Grise Fiord, in the Canadian 
Arctic, or in adjacent Jones Sound. No significant 
differences in phosphate concentrations were found. 
Glacial activity apparently enriches the concentra
tions of those nutrients most critically limiting 
for arctic phytoplankton requirements. 
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0383 AVIS, R.A., and COACHMAN, L.K. - 1971 
Current measurements in Smith Sound-Northern Baffin 
Bay, September 1968; Arctic Inst. N. Amer., Baffin 
Bay-North Water Project Scientific Report No. 2, 
27 p. 
Two eleven-day current records were obtained in 
Smith Sound, northern Baffin Bay during September 
1968. From the power spectra of the north and east 
components of these records, it was determined that 
the predominant harmonic currents occurred at or 
near the semidiurnal frequency. Estimates of the 
kinetic energy showed the mean flow and large scale 
(10 min < T < 1 hour) turbulence to contain the 
majority of the energy. Currents at or near the semi
diurnal frequency represented 26% of the total kinet
ic energy at meter #171 and 12% at meter #172, even 
though they were the dominant periodic component. 

0384 BANKE, E.G., and SMITH, S.D. - 1971 
Wind stress over ice and over water in the Beaufort 
Sea; Jour. Geoph. Res., vol. 76, No. 30, pp. 7368-
7373. 
A sonic anemometer-thermometer has been used in a 
study of Reynolds stress, sensible heat flux, and 
velocity and temperature spectra over ice and over 
water in the Beaufort Sea. The wind-drag coefficient 
over ice for stable conditions is c10 = 0.0026, and 
over water for unstable conditions c10 = 0.0014. 

0385 COLLIN, A.E. 1959 
Cruise report, oceanographic cruise of C.G.S. 
Labrador, September !-October 22, 1959; Polar Cont . 
Shelf Proj., internal report, 6 p. 
Tentative survey programs were drawn up for several 
regions in the eastern Arctic including Foxe Basin, 
western Hudson Strait and Hudson Bay. The program 
was designed so that each unit, consisting of 30 to 
40 oceanographic stations, could be completed in 
approximately 5 days. 
In addition to observations of temperature and salin
ity at all standard depths collections of zooplank
ton and phytoplankton were planned at selected sta
tions as recommended by the Arctic Unit of the 
Fisheries Research Board of Canada. A program of 
bottom sampling includi ng surface samples and short 
cores was decided upon in conjunction with the re
quirements of the Geological Survey and after con
sultation with the Geology Department of Carleton 
University. 
The proposed program consisted of 150 stations, how
ever, it was acknowledged that if any two units of 
this program, a total of 80-90 stations could be 
completed the scientific survey would be considered 
entirely successful. 

0386 COLLI~. A.E. - 1959 
Oceanographic observations in the Canadian Arctic 
and the adjacent Arctic Ocean; Abstract, Can. Oil 
and Gas Ind. , Dec. 

0387 COLLIN, A.E. - 1960 
Oceanographic observations in the Canadian Arctic 
and the adjacent Arctic Ocean; Polar Cont. Shelf 
Proj., internal report, 11 p. 



0388 COLLIN, A.E. - 1960 
Preliminary report of 1959-60 oceanographic activi
ties, Polar Continental Shelf Project; Polar Cont. 
Shetf Proj., internal report, 10 p. 
The 1959 oceanographic programme was designed pri
marily to appraise working conditions in the field, 
test and design the instruments that would be re
quired, and take a short series of oceanographic 
observations as the opportunity presented itself. 
This programme was successful in that the equipment 
which had been planned for the 1960 project was 
tested and modified to fill the requirements for 
working under such conditions. Basically, the equip
ment which was used was of standard design, however, 
methods and precautions were perfected which enabled 
the field party to eliminate some of the problems 
caused by the low temperatures and thus increase the 
reliability of the observations. 
The oceanographic observations which were completed 
during the 1959 season were restricted owing to the 
limited aircraft time available. A total of four 
oceanographic stations were completed in the Prince 
Gustaf Adolf Sea throughout the course of the season 
and several tests were carried out on the Ott cur
rent meter. 

0389 COLLIN, A.E. - 1960 
Oceanographic observations in the Canadian Arctic 
and the adjacent Arctic Ocean; Arctic, vol. 13, No. 
3, pp. 194-201. 

0390 COLLIN, A.E. - 1961 
Oceanic observations in the Canadian Arctic and the 
adjacent Arctic Ocean; Abstract in Geology of the 
Arctic, Univ. Toronto Press, vol. 2, p. 1090. 
The first oceanographic observations recorded in 
the Canadian Eastern Arctic were taken by Sir lL E. 
Parry in Lancaster Sound in 1821. Since that time 
oceanographic reconnaissance has been extended 
throughout the Eastern Arctic including Baffin Bay, 
Lancaster Sound, Foxe Basin, and Hudson Strait. 
In 1915 the Canadian Fisheries Expedition carried 
out oceanographic measurements in the region of 
Hudson Bay and Hudson Strait and in 1928 the Danish 
Godthaab Expedition completed an extensive oceano
graphic survey in Baffin Bay and the connecting 
passages. Two surveys have been conducted in the 
!~estern Arctic in the region of the Beaufort Sea and 
in 1954 oceanographic stations were occupied at 
intervals through the Northwest Passage. 
Since 1954 the oceanographic coverage in the Canadian 
Arctic has been greatly extended through the activi
ties of the Canadian ice-breaker "Labrador". Over 
700 stations have been conducted from this ship in 
Arctic waters. In the Western Arctic, oceanographic 
surveys in the southern Beaufort Sea have been under 
the direction of the Fisheries Research Board. In 
the region north of M'Clure Strait oceanographic 
observations have been taken from the IGY drift sta
tion T-3 and more recently by parties of the Polar 
Continental Shelf Project of the Department of ~ines 
and Technical Surveys. 
A comparison of Arctic oceanographic measurements 
reveals that during the summer, temperatures of 
0.0°C to 0.5°C can be expected in the Eastern Arctic 
above 100 m. Within the same depth range temperatures 
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of -1.0°C to -1.5°C are common for the Western 
Arctic. In the area northwest of Isachsen, Northwest 
Territories, water temperatures increase with depth 
below 200 m to a maximum of 0.4°C at 380 m. At great
er depths there is a gradual decrease in temperature 
to 0.0°C at 1000 m. Below 1000 m water temperatures 
varies little from -0.3°C. 
Salinity determinations in areas of continuous ice 
cover in the \~estern Arctic show that a layer of 
very low salinity develops under the ice during the 
summer and that, in general, salinities in these 
regions are lower than those in the Eastern Arctic 
within the depth interval zero to 150m. Below 150m 
salinity content is slightly higher in the Western 
Arctic, being approximately 34.9°/00 at 500 m. 
The content of dissolved oxygen reaches a summer max
imum of 10.0 ml/1 at the surface in the Beaufort Sea 
and a consistent minimum of 6.4 ml/1 occurs at 150 m. 
In Lancaster Sound and Hudson Strait slightly lower 
values were recorded in September 1957 and 1959. 

0391 COLLIN, A.E. - 1961 
Oceanographic activities of the Polar Continental 
Shelf Project, Department of Mines and Technical 
Surveys; J. Fisheries Res. Bd., vol. 18. 
One of the primary research objectives of the Polar 
Continental Shelf Project has been a detailed inves
tigation of the characteristics and movement of the 
waters overlying the polar continental shelf and 
passing through the channels of the Canadian Arctic 
Archipelago. The programme included sub-surface obser
vations of temperature, salinity, and dissolved oxy
gen. Bottom samples and plankton collections were 
made at all stations, and at selected locations micro
thermal measurements were taken within the shallow, 
seasonal layer which forms immediately under the ice. 
Since the Project was initiated in 195R, two field 
seasons have been completed at Isachsen, N.W.T., 
with encouraging results. During the summer of 1959 
emphasis was olaced on the development of equipment 
and techniques by which precise oceanographic obser
vations could be taken on the ice using a light, 
single-engined aircraft as the means of transporta
tion. 

0392 COLLIN, A.E. - 1961 
Oceanographic data record, C.G.S. Labrador, September 
1-0ctober 22, 1959; Polar Cont. Shelf Proj., internal 
report, 5 p. 

0393 COLLIN, A.E. - 1961 
Polar Continental Shelf Project, Progress Report, 
Oceanography; Polar Cont. Shelf Proj., internal 
report, 21 p. 

0394 COLLIN, A.E. - 1961 
Current observations, Eureka Sound, May 1961, Polar 
Continental Shelf Project; Polar Cont. Shelf Proj., 
internal report, 2 p. 
A series of oceanographic observations were recorded 
by a party of the Polar Continental Shelf Project in 
Eureka Sound in May 1961. 
The camp was established on the ice on May 9 at a po
sition in mid-channel due east of the southern end af 
Stolz Peninsula. The position, determined from dead 
reckoning, was 78° 36.4' North latitude, 87° 28.0' 
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West longitude. The camp was evacuated on May 15. 
The depth of water at the camp site was 253 metres. 

0395 COLLIN, A.E. - 1962 
The waters of the Canadian Arctic Archipelago; 
Arctic Basin Symposium, Arctic Inst. N. Amer., Oct. 
8-11, Hershey, Penn., 12 p. 
The waters of the Canadian Arctic archipelago con
stitute a network of shallow channels connecting the 
Arctic Ocean with Baffin Bay and Hudson Strait. The 
archipelago system contains some 16 major channels 
that range in width from 10 to 120 Km. and in depth 
to over 700 metres. 
Arctic oceanographic observations have been carried 
out in recent years by the Fisheries Research Board 
and by the Marine Sciences Branch of the Department 
of Mines and Technical Surveys. Much of this work 
has been directed toward fisheries research and has 
been concentrated in Foxe Basin and Lancaster Sound. 
Oceanographic observations have been recorded in all 
the main channels of the archipelago and in such 
areas as Lancaster Sound the data of 4 oceanographic 
cruises are now available. Almost all of this infor
mation has been obtained during the summer months of 
July and August and there are few marine data for 
winter conditions in the archipelago. 
Information used in this discussion results largely 
from observations carried out aboard the icebreaker 
LABRADOR in the eastern arctic in 1956 and 1957 and 
at stations occupied on the sea ice on the western 
continental shelf and in the northwestern channels 
of the archipelago in the spring of 1960 and 1961. 
Observations taken from the ice island T-3 during 
the summer of 1958 have been used in the description 
of the oceanographic conditions of the Arctic Ocean. 
There is considerable variation in the depth and 
extent of the continental shelf surrounding the 
archipelago. On the Baffin Bay coast the width of 
the shelf seldom exceeds 55 Km. to the north of 
Hudson Strait and the depth is about 200 metres. On 
the Arctic Ocean coast the break in slope of the 
continental shelf occurs about 170 Km. off-shore, to 
the northwest of Ellef Ringoes Island, at a depth of 
550 metres. The ·seaward edge of the Arctic Ocean 
continental shelf appears to be remarkably uniform 
and there is little indication of gulleys indenting 
the continental slope in the area between M'Clure 
Strait and Prince Gustaf Adolf Sea. 
Recent hydrographic information indicates that the 
greatest depths occur within the Queen Elizabeth 
Islands in the troughs that have been discovered in 
Peary Channel and the Prince Gustaf Adolf Sea. These 
depressions, which in all cases are aligned parallel 
to the long axis of the channels, may reach a depth 
of over 7DO metres and are believed to be the result 
of glacial deepening of the valley floor at a period 
when the land was at a considerably higher elevation 
than at present (Pelletier, 1962) . 
According to present information, the threshold 
depth of the archipelago is no more than 150 metres 
and occurs in Barrow Strait near Lowther Island. In 
Smith Sound, between Ellesmere Island and Greenland 
the limiting depth is 200 metres. 

0396 COLLIN, A. E., and DUNBAR, M.J. - 1964 
Physical oceanography in Arctic Canada; Oceanogr. 
Mar. Biol. Ann. Rev., val. 2, pp. 45-75. 
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0397 COLLIN, A.E., and ROOTS, E. F. - 1960 
Notes on Arctic oceanographic activities conducted 
by the Polar Continental Shelf Project; internal 
report to Can. Comm . Ocean., 2 p. 

0398 HUGGETT, W.S. - 1970 
Final field report, C.S.S. "Parizeau" to/A-70, July 
10-September 24, 1970, Mackenzie River Qelta; Can. 
HydPo. Serv., internal report, 32 p. 

0250 JOHANNESSEN, O.M., POUNOER, E.R., SERSON, H., 
SMITH, S.D., FINLAYSON, D., KEYS, J., 
WEBER, J.R., and LANGLEBEN, M.P. - 1970 

Cruise reoort from the ice drift study in the Gulf 
of St. Lawrence 1970; McGill Univ . Marine Sa. Centre> 
Report No. 15, 53 p. 
Abstract under 0250 

0399 t~UENCH, R.!) . - 1969 
Oceanoqraphic conditions at a fixed location in west
ern Kane Basin, "'ay 1969; PoZar Cont. Shelf Pro.j.> 
internal report, 23 p. 

0400 MUENCH, R.O. - 1971 
The physical oceanography of the northern Baffin Flay 
region; Baffin Bay-North Water Project Sc. Rep. No. 
1, Arc. Inst . N. Amer., 150 p. 

0401 MUENCH, R.D. , DUNBAR, M.J., and 
TIDMARSH, W.G. - 1968 

A prel iminar.Y report of Baffin Bay-North \•later 
Project field work during 1968; Arctic Inst . N. 
Amer., Baffin Bay-North Water Rep. No. 3, 9 p. 
Two field projects were attempted during the summer 
of 1968, both aimed at obtaining direct current meas
urements and concurrent hydrographic observations in 
the Kane Basin-northern Baffin Bay region. 

0402 SEIBERT, G.H. - 1968 
Oceanographic observations in the Lincoln Sea; Arctic 
Inst. N. Amer., Baffin Bay-North Water Pro.ject Report 
No. 2, 21 p. 
As part of a comprehensive study of the exchange of 
water between the Arctic Ocean and Baffin Bay, the 
Arctic Institute of North America occupied a series 
of 14 oceanographic stations in the Lincoln Sea 
(Fig. 1) during the periorl June 12 to June 22, 1967 . 
One of the main objectives was to obtain some infor
mation in a previously unsurveyed area in order to 
determine, more precisely, the nature of the source 
waters moving south through Nares Strait (see Nutt 
and Dunbar, 1967); in particular, the relative con
tributions of Canadian and Eurasian Basin surface 
waters and, intermediate Atlantic waters. A compari
son of these data with those previously collected 
from the Arctic Ocean and the channels leading into 
Smith Sound would provide a better insight into the 
importance of local factors in the progressive mix
ing of so ut h~1a rd moving waters. 

0403 TI OMARSH, W. G., CARNACK, E. C., OVERLAND, J., 
and ~UENCH, R. D. - 1g59 

A preliminary report of field work rlurinq 1969; 
Arctic Inst. N. Amer.> Res. paper No. 56, 12 p. 
As part of its continuing comprehensive study of the 
"North Water" phenomenon, the Arctic Institute of 



North America established and occupied an oceano- . 
graphic station on sea ice in Kane Basin during the 
period May 3 to May 20, 1969. The· objectives were 
to make physical measurements and obtain biological 
samples from an area previously unsurveyed during 
the winter months . Through the period of occupation, 
physical oceanographic measurements were made to 
determine the water structure in the area and the 
nature of water exchange through Nares Strait. Of 
special interest was the time dependence of net 
directional water transport through Kane Basin and 
the passage of water which could be later identified 
as that resulting in the formation of Baffin Bay 
Bottom Water. Biological samples obtained are to be 
examined for the presence of Atlantic and Pacific 
species and their occurrence in relation to the 
water structure found. 

0404 VILKS, G. - 1970 
Circulation of surface waters in parts of the 
canadian Arctic Archipelago based on foraminiferal 
evidence; Arctic, vol . 23, No. 2, pp. 100-111. 
Planktonic foraminifera are present both in bottom 
sediments and surface waters on the shelf area aver
aging 400 metres in depth to the west of a line 
between Cape M'Clure and Cape Meecham, but in 
~Clure Strait proper to the east of this line in 
the surface waters only. The evidence is used to 
suggest a slow net eastward movement of water from 
the ocean through M'Clure Strait in the past with 
increased rates at the present time . 
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0405 ABER, P.G., and VOWINCKEL, E. - 1972 
Evaluation of North Water spring ice cover from 
satellite photographs; Arctic, vol. 25, No. 4, pp. 
263-271. 
Satellite photographs for 2 years (March-September) 
have been used to study ice cover in the polynia 
called "North Water", and to determine whether reli
able ice maps could be made from satellite data 
without computer analysis. 
After early July the clouds become opaque and dis
tinction between cloud and ice is impossible. It was 
concluded that ice distribution for short periods 
could best be obtained by careful photograph inter
pretation. The most persistent open water is found 
at the northern edge, at about 78oN . The southern 
ice edge is diffuse. 
The changes in ice cover in the North are mainly 
caused by freezing and melting, whereas ice trans
port i s important in the southern area. 

0406 ARNOLD, K.C. - 1959 
A preliminary statement of the results of the dust
ing programme at Isachesen, N.W.T.; PoLar Cont . 
Shelf P~j., internal report, 2 p. 

0407 ARNOLD, K.C . - 1959 
Report of a visit to D.R. N.O.-Fort Churchill; Polar 
Cont. She lf P~j. , internal report, 3 p. 
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0408 ARNOLD, K.C. - 1961 
An investigation into methods of accelerating the 
melting of ice and snow by artificial dusting; in 
Geology of the Arctic, Univ. Toronto Press, pp. 
989-1013. 
During the summer of 1959 the author conducted exper
iments on snow, sea ice, and lake ice surfaces in an 
attempt to accelerate their rate of melting by arti
ficial dusting. Seven different types of materials 
were used, differing in particle size and in the 
presence or absence of salt or sand. Each of these 
materials was spread in amounts of 100, 300, 500, 
700, and 1000 grams on squares one square metre in 
area . This gave thirty-five squares to study on 
each of the snow, sea ice, and lake ice surfaces . 
During the summer, repeated measurements were taken 
in each of these squares, using a level and rod to 
measure the departure of each square from a system 
of reference stakes . A comparison was also made with 
untreated areas, which served as a control. Cores 
and stereoscopic photographs were taken in each 
square of the sea and lake ice surfaces, illustrat
ing the penetration of the dust into the ice surface. 
~1eteorological readings are available at three-hour 
intervals in the areas studied . 
The results are discussed and some comparisons made 
between the different surfaces and materials . Former 
practical applications of this method are referred 
to, and possible future applications are suggested. 

0409 BLACK, W.A. - 1963 
A preliminary study of sea-ice conditions in the 
Queen Elizabeth Islands' region, season 1963; Geog. 
Br. Report 407-3, 19 p. 
The break-up of the sea-ice during the early part of 
the season in the eastern Arctic was delayed because 
of the backwardness of the season, but it was well
advanced in M'Clure Strait by June 23. The deterio
ration of the Parry Channel icefields in July con
tinued to be slow. By August 8, the consolidated 
cover in Parry Channel had shattered. At this time 
Viscount Melville Sound, Barrow Strait and Lancaster 
Sound contained heavy concentration of ice, whereas, 
M'Clure Strait was largely open water. With the 
break-up of the consolidated ice cover in Viscount 
Melville Sound in early August the icefields grad
ually drifted eastsoutheastward. 
Numerous patches and strings of polar-basin ice were 
observed in Lancaster Sound on August 23. The move
ment of this ice from Wellington Channel seems to 
~~ve begun after July 20. About August 20, the 
consolidated ice cover in Byam Martin Channel was 
breached, and by August 26, polar-basin ice was pass
ing through Austin Channel into Viscount Melville 
Sound. The volume of ice passing through Byam Marti·n 
Channel increased during September although freezing 
temperatures prevailed . In early September the drift 
of the icefields was southward, later swinging to the 
west-southwest and at the end of the month the drift 
was to the southeast. Much of this ice passed into 
McClintock Channel . The icefields moving into Barrow 
Strait from Wellington Channel during September fol
lowed a similar pattern of drift. The discharge of 
ice through Fitzwilliam Strait was light but in 
September a large tongue of polar-basin ice entered 
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M'Clure Strait. At the end of September heavy polar
ice concentrations existed in Parry Channel. 
On the Arctic Front, consolidated ice-cover barriers, 
occupying Ballantyne, Wilkins, Sverdrup and Nansen 
straits, were holding at the end of August and con
tinued to do so in September. The icefields, cover
ing Prince Gustaf Adolf Sea and Peary Channel appear
ed to have fractured about August 20; by the end of 
the month the polar-basin pack had pushed but a 
short distance into these channels. The main centres 
of working ice in this region during August occurred 
in the Edinburgh Sea, Belcher Channel, and the 
Norwegian Bay areas with these icefields funnelling 
into Jones Sound and Penny Strait. In September, 
however, substantially greater masses of ice were 
discharging through Byam Martin Channel. By the end 
of September, ice movements within the channels had 
all but ceased, only the Prince Gustaf Adolf Sea 
icefields continuing active. The rate of drift of 
the ice islands 'Joan' and 'June' showed that the 
clockwise rotation of the polar-basin ice bordering 
the Arctic Front varies considerably and also that 
it was greatest in September. 

0410 BLACK, W.A. - 1964 
Sea-ice survey, Queen Elizabeth Islands region, sum
mer 1962; GeographicaZ Br., M.&T.S. Canada, Paper 
No. 39, 47 p. 
The aerial survey of arctic sea ice in the Queen 
Elizabeth Islands region from June to September 1962 
is a continuation of the ice-distribution survey 
begun in the summer of 1961. The immediate purpose 
was to observe and map the coverage and distribution 
of the ice and to relate ice conditions to climatic 
factors. The long-term objective was to build an 
annual record showing ice and climatic relations, 
the variability of the ice cover and the nature of 
the regional ice circulation. 

0411 BOURNE, I.A., ROSS, D.B., and SEGAL, B. - 1970 
Phase instability in radio waves propagating across 
ice-covered seas; in Phase and frequency instabili
ties in electromagnetic wave propagation, AGARD Conf. 
Proc. Ho. 33, ed. K. Davies, Technivision Service, 
Slough, Eng. 
Experimental measurements and theoretical calcula
tions are presented which show that the presence of 
a thin layer of ice on a sea's surface can have a 
marked influence on the propagation of medium fre
quency waves across the sea. It is found that under 
certain conditions small changes in the ice thick
ness can result in marked changes in the phase of a 
received wave. 

0412 BOURNE, I.A., SEGAL, B., and ROSS, O.B. - 1968 
An investigation into some problems associated with 
the use of the Decca "Hi-Fix" navigation system in 
the Canadian Arctic; Def. Res. Bd., ORTE Rep. No. 
ng6, 55 p. 
Serious difficulties were encountered in the opera
tion of a 1.71 MHz phase comparison radio navigation 
system in the waters of the Canadian Arctic. Measure
ments of propagation conditions showed that the use
ful range of such a system can be severely restrict
ed by the presence of an ice cover. This led to a 
theoretical investigation of radio wave propagation 
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over a stratified ice-water surface. l·lhereas a 
homogeneous medium with plane boundary always dis
plays a resistive or only slightly inductive surface 
impedance, a rough or stratified medium may, under 
certain circumstances, exhibit a highly inductive 
surface impedance. Over such a surface the ground 
wave, as exemplified by the Sommerfeld attenuation 
function, may vary strongly and rapidly with dis
tance, both in amplitude and in phase. It is found 
that for physically realizable ice-covered surfaces 
the ground wave field intensity at a finite distance 
from a transmitter may be reduced to zero and that 
the phase velocity of the wave at that range may 
become infinite. The effect is attributed to the 
interference between two inseparable wave components: 
a "Norton surface wave" similar to the wave existing 
over a smooth, homogeneous earth, and a "trapped 
wave" resulting from wave reflections at the upper 
and lower ice interfaces. 
Calculations were made of the vertical electric 
field strength at the upper surface of a uniform 
ice layer lying on infinitely deep sea water. The 
results obtained for a layer four or five metres 
thick agreed qualitatively with measurements made 
in the Arctic, in the vicinity of Ellesmere Island. 
The ice thickness and electrical conductivity, and 
the wave frequency were found to be the most signif
icant parameters in determining the behaviour of the 
ground wave. The calculations s'uggested that reduc
ing the operating frequency of the system by a fac
tor of two would increase the useful range of reli
able operation by at least a factor of six. 

0413 COACHMAN, L.K., and SMITH, J.D. - 1970 
A report on the 1970 AIOJEX pilot study; AIDJEX Bu~~. 
No. 4, Univ. Washington, Seattle, pp. 8-38. 
Arctic ice moves and deforms under the influence of 
the air stress above and water stress below, while 
stresses within the ice field modify the motion. 
Although many methods have been employed to measure 
these stresses and deformation, we do not yet know 
the most suitable method for the purposes of AIDJEX. 
This pilot study, a collaboration between the Polar 
Continental Shelf Project (Department of Energy, 
Mines and Resources, Canada) and the Department of 
Oceanography (University of Washington), explored 
possible techniques for measuring water stress on 
the ice and ice deformation. 
Water-stress measurements require complicated equip
ment and personnel; thus, it is not feasible to 
directly define the water-stress field over a large 
region. The direct stress measurements must be 
related to the interior oceanic velocity field, so 
that over the AIOJEX region the stress field can be 
i~ferred from the velocity fi~ld. 
The portion of the interior velocity field which is 
geostrophic may, if sufficiently large, be readily 
inferred from its characteristic association with 
the internal distribution of mass. The required 
measurements are those of temperature and salinity 
in a number of vertical profiles; of all oceano
graphic measurements, these are probably the easiest 
to obtain, the most reliable, the most readily reduc
ible, and the least expensive. The degree to which 
flow in the Arctic Ocean is in geostrophic balance 
is not known. 



Direct measurement of the interior flow field depends 
on reliable current meters. A number of choices are 
available, but· the meter best suited to AIDJEX must 
be selected only after extensive testing under arc
tic conditions. Furthermore, proper horizontal and 
vertical spacing of the current meters must be thor
oughly explored so that the interior flow field can 
be mapped adequately for translating the direct 
stress measurements into a stress field under the 
ice. 

0414 FARMER, D., JOHANNESSEN, O.M., KEYS, J.E., 
POUNDER, E.R., and SERSON, H. - 1970 

Observations of ice drift from a manned drifting 
station in the Gulf of St. Lawrence; J. Geoph. Res., 
vol. 75, No . 15, pp. 2863-2867. 
The positioning of a drifting ice floe was recorded 
every 10 minutes during a six-day period by means of 
a Decca navigational system and by direct wind obser
vations on the floe. The observations showed that 
the ice floe took part in the tidal regime. Maximum 
correlation between wind and residual ice drift 
speeds (tidal effect eliminated) was achieved in 
less than 2 hours. 

0415 GANTON, J.H., and MILNE, A.R. - 1965 
Temperature- and wind-dependent ambient noise under 
midwinter pack ice; J. Accoust. Soc. Amer., vol. 38, 
No. 3, pp. 406-411. 
Measurements of ambient noise under shorefast pack 
ice during winter revealed two distinct noise
producing mechanisms. One mechanism was the pro
duction of tensile cracks at the surface of the sea 
ice by thermal stresses caused by decreasing air 
temperatures. The resulting ice-cracking sounds 
produced impulsive noise. The second mechanism was 
the interaction of the granular ice surface with the 
wind, which produced Gaussian noise. Separate pres
sure spectra are presented for underwater noise gen
erated by each mechanism. The spectra and the sta
tistical properties of the underwater noise appeared 
to be related to the local meteorology and the tem
perature changes within the ice cover. 

0416 HARTWELL, A.D. - 1972 
Air photo analysis of sea ice deformation in the 
Beaufort Sea, March 1971; AIDJEX Bull., No. 13, Univ. 
Wash. Seattle, pp. 1-33. 
Ice deformation in a 175 km2 area of the Beaufort 
Sea {location at about 74°N, 131°W) between 11 March 
and 23 March 1971 was analyzed by means of sequen
tial aerial photographs. The approximate time, direc
tion, and magnitude of deformational motion was 
determined by combining observations of the changes 
in features related to ice deformation, such as 
leads, fractures, a·nd pressure ridges, and mesoscale 
measurements of strains and strain rates on the ice. 
During this period a series of compressions, exten
sions, and shearing motions occurred, producing num
erous changes in ice morphology. The entire area 
was apparently under considerable lateral constraint 
with no observable rotation or rounding of floes . 
No leads wider than about 150 m were pre~ent. Shear
ing motion along one individual lead of up to 280m 
was documented by the photographs. Relative motion 
along shear zones was nearly always dextral or right 
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lateral in accord with the clockwise rotation of 
the Pacific Gyral. 

0417 HIBLER, W.D., ACKLEY, S., WEEKS, W.F., and 
KOVACS, A. - 1972 

Top and bottom roughness of a multi-year ice floe; 
AIDJEX Bull., No. 13, Univ. Wash. Seattle, pp. 35-76. 
A spectral study of the snow and ice topography on 
a multi-year ice floe has shown that the snow cover, 
although attenuating the roughness amplitude of the 
ice surface, does not cover it completely. In 9eneral 
the snow surface variance is lower by a factor of 1/3 
to 1/4 as compared to the ice surface variance. The 
correlation between snow and ice surface roughness 
is highly siqnificant for long wavelengths (> 8 m), 
but fails to be significant for short wavelengths 
(< 4 m). These results agree with what might be ex
pected intuitively in that long wavelength variations 
are not masked appreciably while short wavelength 
variations are well hidden. Although the ice sheet as 
a whole is in free-floating, isostatic equilibrium, 
pronounced local deviations from isostatic equilib
rium are common. The trend is for ice drafts to devi
ate more than expected from isostacy for thin ice and 
less than expected for thick ice. Estimates are also 
made of the number of ice thickness measurements 
required to obtain the mean thickness of the multi
year floe to any specified accuracy. 

0418 HIBLER. W.D., WEEKS, W.F., ACKLEY, S., 
KOVACS, A., and CAMPBELL, W.J. - 1971 

Mesoscale strain measurements on the Beaufort Sea 
pack ice (AI DJEX 1971); u.S. Army Cold Reg. Res. 
Eng. Lab., 15 p. 
The deformation of a strain triangle (z6 x 8 x 11 km) 
located on first-year ice in the Beaufort Sea was ob
served over a two-week period in March 1971. Signifi
cant strain events (•1.5%) were observed to occur 
during short (-6-hr) time periods. The long-term (one 
day or more) divergence rate varied between .04 and 
. 08 X 10-3 hr- 1 • Short-term divergence rates showed 
values as high as .29 x IQ-3 hr- 1. The observed shear
ing motion indicated that the floes to the east were 
moving to the south relative to the floes to the west. 
This agrees with the shear pattern that might be ex
pected considering the location of the station in the 
Pacific Gyre. Studies of fracture (lead and crack) 
orientations in the vicinity of the strain triangle 
indicate reasonable correlations with the orientation 
of the strain rate ellipse. A qualitative relation is 
also suggested between the fracture density and the 
long-term divergence rate. Correlations were also 
)bserved between the divergence of the wind field as 
computed from the surface pressure field and the ice 
divergence. 

0419 HIBLER, W.D., WEEKS, W.F., ACKLEY, S., 
KOVACS, A., and CAMPBELL, W.J. - 1973 

Mesoscale strain measurements on the Beaufort Sea 
pack ice (AIDJEX 1971}; J. Glaciology, vol. 12, 
p. 65, pp. 187-206. 
The deformation of a strain triangle (•6 km x 8 km x 
11 km) located on first-year ice in the Beaufort Sea 
was observed over a two-week period in March 1971. 
Significant strain events (•1.5%) were observed to 
occur during short (-6 h) time periods. The long-term 
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(one day or more) divergence rate varied between 0.04 
and 0.08 X 10-3h-l. Short-term divergence rates 
showed values as high as 0.29 X to-3h- 1 • The observed 
shearing motion indicated that the floes to the east 
were moving to the south relative to the floes to 
the west. This agrees with the shear pattern that 
might be expected considering the location of the 
station in the Pacific Gyre. Studies of fracture 
(lead and crack) orientations in the vicinity of the 
strain triangle indicate reasonable correlations 
with the orientation of the strain-rate ellipse. A 
qualitative relation is suggested between the frac
ture density and the long-term divergence rate. Cor
relations were also observed between the divergence 
of the wind field as computed from the surface pres
sure field and the ice divergence. 

0420 HIBLER, W.O., WEEKS, W.F.,and MOCK, S.J.- 1971 
Statistical aspects of sea ice ridge distributions; 
U.S. Anny CoZd Reg. Res. Eng. Lab. , 27 p. 
A theoretical distribution function for pressure 
ridge sail heights and keel depths is derived from 
fundamental assumptions about the randomness of the 
ridges. In addition it is shown that the distribu~ 
tion function for ridge spacings (distance between 
ridges) can also be predicted from the assumption 
of spatially random occurrence. The suggested dis
tri.bution functions are, in form, negative exponen
tials of the ridge depth (or height) squared and the 
ridge spacing respectively. Extremely good fits were 
achieved to extensive data collected from sonar pro
files of the lower surface of the pack ice and to 
laser profiles as well as visual roughness data from 
the upper ice surface. Using these models it is pos
sible to completely characterize the ridgi~g. in a 
one-dimensional sense, by two parameters: N~ the 
mean number of ridges per unit length, and h, the 
mean ridge depth (or heightl. In_addition a linear 
correlation exists between N and h. T~is suggests 
that maps showing the distribution of N or hover a 
pack ice covered ocean may be used to statistically 
characterize both the spacing and the height distri
bution of the ridges. 

0421 HOLDSWORTH, G. , and TRAETTEBERG, A. - 1973 
The deformation of an Arctic ice island; in Proc. 
Sec. Intern. Conf. Port and Ocean Engineering under 
Arctic conditions, Univ. Iceland, 21 p. 
An experiment is described in which a laser inter
ferometer was used to measure the strain rate on 
the surface of Fletcher's Ice Island T 3, which is 
a drifting slab of shelf ice averaging 30 m thick 
and measuring 6 km by 11 km. The island is current
ly less than 100 km off the north-west coast of 
Ellesmere Island, and during most of the time of the 
experiment, it appeared to be gripped in the pack 
ice. According to Weertman's creep theory the max
imum "effective shear stress" is 0.010 MN m- 2 at the 
site of the laser experiment. Using current flow 
law data and some field measurements from Ward-Hunt 
Ice Shelf, the expected creep rate corresponding to 
this stress acting within the ice at an avera?e 
temperature of -8.3°C is in the range 3 x to- 2 to 
3 x lQ-lls-1. The preliminary strain rate data 
obtained over 50 and 100m line lengths indicates 
that predominantly compressive stresses were acting 
in the general direction of the line throughout the 
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measurements . The com~ressive strain rates were of 
order to- 11 to to- 10s- . Superimposed on the com
pression were cyclical strain oscillations, one of 
which had an average period of about 35 s. This was 
close to the average period of beam swing (37 s) of 
a gravity meter mounted near the edge of the island. 
These observations are consistent with the existence 
of flexural waves in the island . 

0422 IIZUKA, K. - 1973 
Final report (1972-1973) on HISS down looking radar; 
Dept. Elect. Eng., Univ. ToPonto, 65 p. 
A radar which operates on an entirely new principle 
has been developed by a team of engineers at the 
University of Toronto. The radar is presently named 
Holographic Ice Surveying System (HISS) as it was 
originally designed for measuring the thickness of 
ice layers. It can be modified, however, for other 
applications. 
At the risk of over-simplification, the principle 
may be best explained by making an analogy of the 
case when a boy wants to know how fa r he can throw 
a pebble into a pond. He can figure it out just by 
observing the pattern of the ripples that hit the 
shore. The farther out the point of impact, the 
flatter the ripples are when they reach shore, and 
the greater the spacing between them; so by measur
ing the spacing between the ripples he can find the 
distance of his throw. 
The down-loo king radar bounces microwaves off the 
ice . Some are reflected from the surface, others pen
~trate the depth of the ice and are then reflect ed. 
By measuring the differences in the two major sets 
of "ripples" as they return, the depth of the ice 
can be determined. 
In the case of a conventional pulsed radar the dis
tance is determined by the time taken for the radar 
wave to reach the target and to return, and the time 
is the key factor in determining the distance . On 
the other hand, in the case of the HISS radar the 
spatial distribution of the scattered wave is the 
one which determines the distance to the target. This 
is the point that differentiates this radar from all 
other conventional radars. Because of this unique 
principle of operation, HISS radar can achieve supe
riority over any of the conventional pulsed or FH 
radars. 

0423 IIZUKA, K. - 1973 
Holographic i ce surveying radar; in Engineering 
Forum, Fac. App. Sci . & Eng., Univ. Toronto, No. 17. 
A radar whi ch operates on an entirely new principle 
has been developed by a team of engineers at the 
University of Toronto. The radar is presently named 
Holographic Ice Surveying System (HISS) as it was 
originally des i gned for measuring the thickness of 
ice layers . It can be modified, however, for other 
applications. 
The principle of the new down-looking radar may be 
best explained by making an analogy of the case where 
a boy wants to know how far he can throw a pebble in
to a pond. He can figure it out just by observing the 
pattern of the ripples that hit the shore. The far
ther out the point of impact, the flatter the ripples 
are when they reach shore, and the greater the spac
ing between them; so by measuring the spacing between 
the ri~ples he can f i nd the distance of his throw. 



The down-looking radar bounces microwaves off the 
ice. Some are reflected from the surface, others pen
~trate the depth of the ice and are then reflected. 
By measuring the differences in the two sets of 
"ripples" as they return, the depth of the ice can 
be determined. 
In the case of a conventional pulsed radar the dis
tance is determined by the time taken for the radar 
wave to reach the target and to return, time-delay 
being the key factor in determining the distance. 
In the case of the HISS radar, it is the spatial 
distribution of the scattered waves that determines 
the distance to the target. This is the point that 
differentiates HISS radar from all other convention
al radars. Because of this unique principle of 
operation, HISS radar can achieve much higher reso
lution than any of the conventional pulsed or FM 
radars. The HISS radar takes full advantage of the 
capability of the computer to extract the informa
tion about the depth of the ice, and hence the con
struction of the antennae array is substantially 
simpler than for conventional radars. 
The radar measures the thickness of ice up to four 
meters, which is the maximum thickness powerful ice
breakers can penetrate. It aids ships to find favour
able routes. The radar will be used also for find
ing safe transportation routes across frozen lakes 
and tundra. 
This radar system was invented at the University of 
Toronto where its development has been financially 
supported by the Canada Centre for Remote Sensing of 
the Ministry of Energy, Mines and Resources. 

0250 JOHANNESSEN, O.M., POUNDER, E.R., SERSON, H., 
SMITH, S.D., FINLAYSON, D., KEYS, J., 
WEBER, J.R., and LANGLEBEN, M.P. - 1970 

Cruise report from the ice drift study in the Gulf 
of St. Lawrence 1970; MaGill Univ. Marine Sa. Centre, 
Report No. 15, 53 p. 
Abstract under 0250 

0424 KOERNER, R.M. - 1970 
Ice surface topography in the Arctic Ocean; Geog. J., 
vol. 136, Part 4, Appendix 1, pp. 527-533. 
The scientific programme of the British Trans-Arctic 
Expedition was designed to make full use of the 
unique opportunity provided by a complete crossing 
of the Arctic Ocean. The main objective of the pro
gramme was therefore a study of the regional and 
temporal variation of ice surface topography in the 
Arctic Ocean. This study, while of interest per se, 
will give further insight into total ice production 
in the Arctic Ocean at a time when the Arctic Ocean's 
influence on world climate and glaciation is excit
ing great interest. 

0380 KOERNER, R.M. - 1970 
Weather and ice observations of the British Trans
Arctic Expedition 1968-9; Weather, vol. 25, No. 5, 
pp. 218-228. 
Abstract under 0380 

0425 KOERNER, R.M. - 1971 
Ice balance in the Arctic Ocean; AIDJEX BuZZ., Univ. 
Wash., Seattle, No. 6, pp. 11-26 
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The problem of the ice balance of the Arctic Ocean 
has hitherto been considered indirectly. For example, 
Vowinckel (1964) determined ice export from a study 
of wind and current ice drift through the Greenland
Spitsbergen "gate". Ahlmann (1953), by comparing 
the ice thickness recorded by the Pram expedition 
with that taken by the Sedbv personnel, concluded a 
negative balance for the period 1894-1938. With the 
advent of increasingly sophisticated remote sensing 
systems, it should prove feasible to determine the 
ice balance more directly. Put in its simplest form, 
the ice balance of the Arctic Ocean can be expressed 
by 

B = C - A - G (1) 
where c and A are the accumulation and ablation of 
ice, G is the ice exported by drift out of the 
Arctic Ocean, and B is the net balance. 
If a continuous record of ice thickness can be taken 
by remote sensing, then the solution to (1) can be 
based on data from a series of representative 
flights over the Arctic Ocean made at the same time 
each year. This is the "fixed date" method ("Mass 
balance Terms", Journal of Glaciology, 1969) often 
used in glacier mass balance calculations. Failing 
this, it will be essential to determine the relative 
coverage of each ice type and then obtain a best 
estimate of the mean thickness. From recent work 
(e.g., Ketchum, 1970) the LASER profiler appears the 
most promising remote sensor in this respect. 
There is to date scant information on the distribu
tion of the various ice types in the Arctic Ocean, 
so that the data recorded by the British Trans
Arctic expedition in 1968 and 1969 are of value if 
only to bring a better perspective to the problem of 
ice balance. 

0426 KOER~FR, R.M. - 1971 
Pack ice thickness and ridging; in Workshop on the 
action of ice on structures, Nat. Res. Council Tech. 
Mem. No. 101, pp. 37-38. 
As. the Arctic Ocean pack-ice ma.v occasionally 
approach very close to shore a knowledqe of the mor~ 
Pholoqy of it is important to offshore operations in 
the Beaufort Sea. From investigations undertaken in 
the British Trans-Arctic Expedition the coverage Jf 
each ice-type, its mean thickness and a total Mean 
thickness have been calculated. 
In the Trans-Polar Drift Stream about 75% of the 
pack-ice is ice more than 1 year old, 17% is 
unridged ice less than a year old and 14% is ridged 
or hummocked ice of a 11 ages. In the Gyra 1 , by com
parison, there is slightly more old ice and less 
younq ice. 
By considering the relative coverage and average 
thickness of hummocks and ponds on a multi-year floe 
it is calculated that in the Pacific Gyral a multi
year floe has a mean thickness of 3.5 m. The mean 
thickness of the whole ice cover, taking into con
sideration new, old, ridged and hummocked ice varies 
from 3 1/2 m at the end of the summer to 4 1/2 m at 
the end of winter. 
Ridged and hummocked ice constitute an especial 
danger to bffshore constructions. In the Trans
Polar Drift Stream there are 6 to 7 1-year old ridges 
a mile. Over half of the ridges are less than 2 m 
in height and only 1% are more than 5 m high. 
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0427 KOERNER, R.M. - 1973 
The mass balance of the sea ice of the Arctic Ocean; 
J. GZaciotogy, vol. 12, No. 65, pp. 173-185. 
From data taken on the British Trans-Arctic 
Expedition it is calculated that 9% of the Arctic 
Ocean surface between the North Pole and Spittsbergen 
was hummocked or ridged ice, 17% was unridged ice 
less than a year old, 73% was unridged old ice and 
0.6% was ice-free. The mode of 250 thickness measure
ments taken through level areas of old floes along 
the entire traverse lies between 2.25 and 2.75 m. 
The mean end-of-winter thickness of the ice is cal
culated to be 4.6 min the Pacific Gyral and 3.9 m 
in the Trans-Polar Drift Stream. From measurements 
of the percentage coverage and thickness of the var
ious ice forms, it is calculated that the total 
annual ice accumulation in the Arctic Ocean is equiv
alent to a continuous layer of ice 1.1 m thick. 47% 
of this accumulation occurs in ice-free areas and 
under ice less than 1 year old. 20% of the total ice 
production is either directly or indirectly related 
to ridgin~ or hummocking. An ice-ablation rate of 
500 kg m- measured on a level area of a multi-year 
floe is compared with the rate on deformed and 
ponded ice. Greatest melting occurs on new hummocks 
and least on old smooth hummocks. The annual balance 
of ice older than 1 year but younger than multi-year 
ice is calculated from a knowledge of ice-drift pat
terns and the percentage coverage of first-year ice. 
The same calculations give a mean-maximum drift 
period of 5 years for ice in the Trans-Polar Drift 
Stream and 16 years in the Pacific Gyral. It is cal
culated that for the period February 1968 to May 
1969 the annual ice export was 5,580 km3. 

0428 KOVACS, A. - 1972 
On pressured sea ice; in Proc. Sea Ice Conference, 
Reykjavik, pp. 276-295. 
The formations and configurations of pressure
related sea ice-structures are discussed. Cross
sectional profiles of five structures are presented 
and described. It has been determined that the 
depth of the below-water portions of a ridge appears 
to be 4 to 5 times the above-water height, that a 
single model can not be expected to represent the 
imperfect symmetry of all ridges, and that the slope 
of ridge keels was found to average 33° while that 
of the surface averaged 24°. 

0429 KOVACS, A., WEEKS, W.F., ACKLEY, S., and 
HIBLER, W.O. - 1971 

Structure of a multi-year pressure ridge; AIDJEX 
BuZZ., Univ. Wash., Seattle, 11 p. 
Three transverse profiles across a large pressure 
ridge located in the Beaufort Sea are presented. 
The ridge sail extended 4 m above sea level and the 
ridge keel 13 m below. The cross-sections of the 
ridge keel can be described as roughly semi-circular. 
This suggests that form drag coefficients for flow 
transverse to the long axes of multi-year ridges may 
be high (~ 1.0). The ice comprising the ridge is 
extremely massive. All the inter-block voids that 
initially existed in the ridge at the time of its 
formation have been completely filled with ice. 
Examination of several salinity, temperature and 
brine volume profiles shows that much of the ice in 
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the ridge has a very low salinity and is quite 
strong. These observations, coupled with icebreak
ing experience indicate that multi-year ridges are, 
indeed, significant obstacles to even the largest 
icebreaking ship and should be avoided if possible . 
A very large first year ridge with a sail height of 
12.8 m is also described. To the best of our knowl
edge, this is the largest free floating ridge yet 
recorded. 

0430 KOVACS, A., WEEKS, W.F., ACKELY, S., and 
HIBLER, W. O. - 1973 

Structure of a multi-year pressure ridge; Arctic, 
vol. 26, No. 1, pp. 22-31. 
Three transverse profiles across a large pressure 
ridge located in the Beaufort Sea are presented. The 
ridge sail extended 4 m. above sea level and the 
ridge keel 13 m. below. The cross-sections of the 
ridge keel can be described as roughly semi-circular. 
This suggests that form drag coefficients for flow 
transverse to the long axes of multi-year ridges may 
be as high as 0.8. Examination of several salinity, 
temperature and brine-volume profiles shows that 
much of the ice in the ridge has a very low salinity 
and is quite strong. All the inter-block voids that 
initially existed in the ridge at the time of its 
formation have been completely filled with ice. 
These observations, coupled with icebreaking exper
ience indicate that multi-year ridges are, indeed, 
significant obstacles to even the largest icebreak
ing ship and should be avoided if possible. A very 
large first year ridge with a sail height of 12.8 m. 
is also described. This is the largest free-floating 
ridge yet measured. 

0431 LANGLEBEN, M.P. - 1971 
Albedo of melting sea ice in the southern Beaufort 
Sea; J. Glaciology, vol. 10, No. 58, pp. 101-104. 
Two Kipp hemispherical radiometers mounted back to 
back and suspended by an 18m cable from a heli
copter flying at an altitude of about 90 m were used 
to make measurements of incident and reflected short
wave radiation . The helicopter was brought to a 
hovering position at the instant of measurement to 
ensure that the radiometers were in the proper atti
tude and a photograph of the ice cover was taken at 
the same time . The observations were made in 1969 
during 16 flights out of Tuktoyaktuk, Northwest 
Territories (lat. 69°26'N., long. 133°02'~1.) over 
the fast ice extending 80 km north of Tuktoyaktuk. 
Values of albedo of the ice cover were found to 
decrease during the melting period according to the 
equation A = 0.59-0.32P where P is the degree of 
puddling of the surface. 

0432 LANGLEBEN , M.P. - 1972 
A study of the roughness parameters of sea ice from 
wind profiles; J. Geophys. Res., vol. 77, No. 30, 
pp. 5935-5944. 
Measurements of wind speed at five heights in geo
metric progression to a maximum of 4 meters were 
made in the Arctic for a 3-week period in the spring 
of 1971 at the junction of two ice floes of differ
ing surface morphology. About 150, or 30%, of the 
1-hour wind profiles conformed to the requirements 
of conditions of near-neutral stratification of the 



boundary layer. Values of roughness length z0 and 
of drag coefficient C1o for the wind at the 10-meter 
level were found to vary with wind direction , depend
ing on whether the wind reached the site after flow
ing over relatively smooth ice or over rough ice. 
For an upwind fetch over smooth ice in the sectors 
520-63o and 770-1150, zo had average values of 0.051 
and 0.053 em, and c10 had values of (1.66 ± 0.08) X 
10-3 and (1.69 ± 0.05) X 10- 3. When the upwind fetch 
was over the rough ice from the sectors 2400-283° 
and 284°-327°, the corresponding values of zo were 
0.28 and 0.30 em, and the values for c10 were 
(2.42 .± 0.06) X 10-3 and (2.46 ± 0.04) X 10-3. 

0433 LANGLEBEN , M.P., and POUNDER, E.R. - 1964 
Arctic sea ice of various ages I Ultimate strength 
II Elastic properties; J. G~ciotogy, vol. 5, No. 37, 
pp. 93-105. 
I . A comparison of polar ice (several years old) 
with biennial ice (between one and two years old) 
was made in the field at lat. 79°N., long. 104°W. 
Vertical cores were extracted from the ice cover and 
sectioned. Their ultimate tensile strengths were 
measured by the ring-tensile method. Supporting 
measurements were made of the salinity, density, and 
crystal structure of the ice. Tensile strength val
ues averaged 6 per cent higher for the polar ice and 
21 per cent higher for the biennial ice than compar
able results for annual sea ice. A few horizontal 
cores of biennial ice were analysed similarly with 
inconclusive results . 
II. Young's modulus E and Pois son's ratio ~0 were 
calculated for biennial and polar ice from measure
ments of the P-wave velocity in small samples and 
from a study of the resonant frequencies of the same 
samples. P- and S-wave veloci t ies in the biennial 
ice cover were also found by a seismic method. The 
small-scale tests showed no significant differences 
between the two types of ice tested. Young's modulus 
averaged 3.6 per cent lower than the comparable fig
ure for annual sea ice. The seismic method gave 
values of E and ~0 about 20 per cent lower than the 
small-scale tests. 

0434 LANGLEBEN, M.P., and POUNDER, E.R. - 1972 
On the air drag of an Arctic ice floe; abst., Amer. 
Geophys. Union, San Francisco . 
Measurements of wind speed were made between 31 Mar. 
and 12 Apr. with sensitive cup anemometers at five 
heights in geometric progression from 25 em to 4 m 
above the surface of a gently hummocked ice floe at 
each of two observation masts which were placed 250 
m apart at the site of the main camp of the 1972 
AIDJEX pilot experiments. The data were averaged 
for one-hour periods and have been used to determine 
the air drag coefficient on the 64 occasions when 
the vertical profile of wind varied logarithmically 
with height and to study the horizontal homogeneity 
of the wind field in the boundary layer. Mean values 
of the drag coefficient, for winds extrapolated to 
the 10m level, were 1.58 x Io- 3 at one location 
with a standard deviation for an individual value of 
0.19 x 10-3 and 1.74 x 10-3 ± 0. 25 x 10-3 at the 
other. The distribution of horizontal wind gradients, 
in % per 100 m, averaged over the 4 m surface layer 
had a mean value of 2.00 ± 1.41 when logarithmic 

SEA ICE RESEARCH 

wind profiles were obtained at both locations, and 
a mean value of 7.74 with a very much larger spread 
of ±14.64 when neither location exhibited a logarith
mic wind profile. 

0435 LINDSAY, D. - 1966 
Ice Island; Ice, No. 20 pp. 8-9. 

0436 LINDSAY, D. - 1969 
Report to the Workshop seminary on ice and related 
studies; in Marine Sci. Centre Report No. 13, McGill 
Univ . , pp. 55-64. 
The first portion of the ensuing report will summa
rize the immediate past, and the present and the 
future sea ice programs conducted by the Polar 
Continental Shelf Project (PCSP). This will be fol
lowed by a second section describing the sea ice 
atlas to be published by the PCSP. The drift of a 
few ice islands in the Canadian sector of the arctic 
will be generalized in the third part. 

0437 LINDSAY, D.G. - 1969 
Ice distribution in the Queen Elizabeth Islands; in 
The Ice Seminar, Can. Inst. Min. & Met. Spec. vol. 
10, pp . 45-60. 
The general summer sea ice conditions in the straits 
and channels of the Queen Elizabeth Islands are out
lined and the seasonal variations are indicated. 
Patterns of break-u~movement and freeze-up are dis
cusserl and the area of sea ice exported, imported 
and ablated in specific areas is described. 

0071 LINDSAY, D.G., COLBY, L.R., and 
ROOTS, E.F. - 1968 

Report on tests carried out in connection with the 
1968 Arctic voyage of Alexbow-equipped barge L.A. 
Learmonth; Potar Cont. Shetf Proj., internal report, 
18 p. 

0438 LINDSAY, 0., SEIFERT, W., and 
ANDERSON, N. ~ 1968 

Ice Islands, 1967; Arctia, vol. 21, No. 2, pp. 103-
105. 

0262 MILNE, A.R. - 1966 
Statistical description of noise under shore-fast 
sea ice in winter; J. Acoust. Soc. Amer., vol . 39, 
No . 6, pp. 1174-1182. 
Abstract under 0262 

0263 MILNE, A.R. - 1972 
Thermal tension cracking in sea ice: a source of 
underice noise; J. Geoph. Res .• vol. 77, No. 12, pp. 
2177-2192. 
Abstract under 0263. 

0264 MILNE, A.R . , and CLARK, S.R. - 1964 
Resonances in seismic noise under Arctic sea-ice; 
BuZt. Seis. Soc. Amer., vol. 54, No. 6, pp. 1797~ 
1809. 
Abstract under 0264. 

0265 MILNE, A.R., and GANTON, J.H.- 1964 
Ambient noise under Arctic-Sea ice; J. Aaoust. Soa. 
Amer., vol. 36, No. 5, pp . 855-863. 
Abstract under 0265. 
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0266 MILNE, A.R., GANTON, J.H., and 
McMILLIN, O.J. - 1967 

Ambient noise under sea ice and further measurements 
of wind and temperature dependence; J. Aeoust. Soe. 
Amer., vol. 41, No. 2, pp. 525-528. 
Abstract under 0266 

0275 POULIN, A.O. - 1972 
On the thermal nature and sensing of snow-covered 
Arctic terrain; unpub. Ph.D. Thesis, McGill Univ., 
235 p. 
Abstract under 0275. 

0439 ROOTS, E.F. - 1964 
Ice Islands; Ice, No. 14, p. 10. 

0440 ROOTS, E.F. - 1970 
The Arctic Basin environment; Arctic Inst. N. Amer., 
Appendix II, pp. 5f-60. 

0441 ROOTS, E.F. - 1971 
The movement of constrained sea ice; in Workshop on 
the action of ice on structures; Nat. Res. Council 
Tech. Mem. No. 101, pp. ~5-30. 
There have been very few careful studies of the 
movement of unbroken "land-fast" or constrained sea 
ice. Among the few is the continuing series of 
measurements carried out by Dr. P.F. Cooper on the 
one-year ice of Kugmallit Bay, at the east edge of 
the Mackenzie River delta. Each year since the 
winter of 1965-66, as circumstances and other duties 
have permitted, Dr. Cooper has observed the fracture 
pattern, measured the movement of ice at intervals 
during the winter, and recorded meteorological or 
other influences that may have influenced the behav
iour of the ice. This slight but valuable study has 
produced unique information about the behaviour of 
a large homogeneous sheet of constrained ice. The 
study of the constrained ice of Kugmallit Bay began 
as a private investigation resulting from Dr. 
Cooper's concern about why the shoreline at the vil
lage of Tuktoyaktuk should sometimes be marked by 
an open crack and sometimes by a persistent pressure 
ridge, apparently regardless of the local wind direc
tion. This difference of behaviour was of consider
able significance to the local inhabitants who used 
the ice for motorized or dog sled travel and some
times found access from the shore very difficult. 

0442 ROOTS, E.F. - 1971 
Shore fast sea ice; in Workshop on the action of ice 
on structures, Nat. Res. Council Tech. Mem. No. 101, 
pp. 8-20. 
Most concepts associated with ice carry a confusing 
and often colourful series of terms as men from dif
ferent backgrounds and engaged in a wide range of 
activities have tried to describe the various char
acteristics of this deceptively simple and familiar 
substance. The idea of shore fast sea ice is no 
exception. The idea is self-evident:- sea ice fas
tened along the shore. But what is it? - a kind of 
ice? - any kind of ice found in certain locations? -
fastened to what, for how long, how "fast"? - what 
is the "shore"? A check on polar and ice literature 
and glossaries will show that different people have 
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found it useful to distinguish shore fast sea ice in 
different ways for different purposes. . 
0443 WEBER, J.R., and LILLESTRAND, R.l. - 1971 
~1easurement of tilt of a frozen sea; AIDJEX Bull., 
Univ. Wash., Seattle, No. 6, pp. 1-9. 
Due to the effects of winds, ocean currents, tides, and 
atmospheric pressure gradients and density changes 
in the wate~ the surface of the ocean is tilted rela
tive to the equipotential surface of the earth. It 
has been estimated that local tilts of up to 10-4 

radians may occur in coastal waters or near the eye 
of a hurricane 1 . Extended tilts in the open 
ocean are probably less than 10-s radians. No tech
nique has yet been developed for measuring the tilt 
of an ice-free open ocean. However, it is possible to 
measure the tilt of a water surface relative to its 
local equipotential surface at the point of observa
tion if the water is ice-covered. 

0444 WEEKS,H.F.,KOVACS,A.,and HIBLER,W.D. - 1971 
Pressure ridge characteristics in the Arctic coastal 
environment; in Proc. First Int. Conf. Port and 
Ocean Eng. under Arctic Conditions, Tech. Univ. 
Norway, vol. 1, pp. 152-182. 
The arctic ice pack is characterized by extreme 
irregularities in ice thickness which are produced 
by the motion and resulting deformation of the sea 
ice. Pressure ridges and hummocks, which are the 
largest of the ice relief features, present formid
able problems to both the design of off-shore facil
ities and to the operation of surface and subsurface 
shipping. The mechanics of ridge and hummock forma~ 
tion are reviewed and it is shown that several dis
tinct types of ice deformation features occur depend
ing upon whether the formation mechanism is marginal 
crushing, overthrusting or shearing. 
Between 1969 and the present a number of both free
floating and grounded ridges have been examined by 
the authors in the Bering, Chukchi and Beaufort Seas. 
Profiles of the upper and lower surfaces of the 
ridges were determined by leveling and by drilling 
and sonar,respectively,and the internal structure of 
the ridges was investigated by coring. Ice tempera
tures, salinities, and densities were obtained and 
brine volumes were computed from the temperatures 
and salinities. Representative profiles are pre
sented. The present results of this program are: 
1. The degree of bonding between ice blocks and, 
therefore, the overall structural integrity of ridge 
keels would appear to be variable, presumably chang
ing with the age of the ridge and the initial temp
erature of the ice being incorporated into the ridge. 
It can be shown that during the winter the cold 
reserve of ice blocks being incorporated into a 
ridge can be sufficient to cause significant inter
block ice growth. 
2. Lack of local isostatic adjustment is common in 
ridges. A significant portion of the ridge load is 
apparently supported by the surrounding ice result
ing in its deflection. When ridges form by thrust
ing, their upper and lower portions may be laterally 
separated by tens of meters. This obviously results 
in a nonisostatic condition which is compensated by 
deflections of the local plate ice. 



3. A representative salinity for the ice in the 
ridges we examined was 4°/oo for first-year ridges 
and 3°; 00 for multi-year ridges. The temperature 
profiles were reasonably linear except in the lower 
parts of ridges with pronounced keels where tempera
tures were roughly constant at near freezing values. 
4. Present information indicates that the average 
surface slope angle of the above-water portion of a 
first-year rid9e (24°) is less than that of the sub
surface slope (330). The average surface slope angle 
of the one multi-year ridge studied was 19°. 
5. Multi-year ridges were found to be massive in 
size and "solid" when cored. 
6. Ridges act as effective snow fences, causing 
large amounts of snow to accumulate both in and 
around their upper parts. 
7. It appears doubtful that the cross-section pro
files of all ridges can adequately be represented by 
any one geometric model. 
Current data bearing on the general distribution of 
deformation features in time and space over the 
Arctic Ocean are also summarized. The data sources 
include the BIRDSEYE flights, recent special laser 
profilometer flights, and sonar traces of the lower 
ice surface. Prime attention is paid to the ridging 
characteristics in the Coastal and Offshore Sea Ice 
Provinces where the ice is clearly more highly 
deformed than the ice in the Central Arctic Basin 
Province. Winter and summer distributions of both 
sail heights and keel depths as well as the number 
of ridges per nautical mile are presented. Power 
spectra based on both laser and sonar profiles indi
cate marked periodicities at some spacings on both 
the surface and subsurface ice profiles. Although 
the physical reasons for some of these periodicities 
are understood (Sastrugi) the reason for peaks at 
distances such as 82.5 m in the bottom profiles is 
currently unknown. There are also strong indications 
that ridge orientation in the Coastal Province is 
not random. A frequency distribution of ridge keels 
is derived on general statistical grounds and is 
fitted to 49 sets of observed distributions with 
excellent agreement. Using this observed distribu
tion, the probability of encountering a ridge with 
a keel greater than some specified value in a given 
length of ice pack can be approximated by a Poisson 
distribution. An encounter probability for keels of 
different depths as a function of time and the veloc
ity of the pack is obtained. A mean lifeline calcula
tion based upon this encounter probability is given. 

0445 WELLER, G., BOWLING, S.A., JAYAWEERA, K.O.L.F., 
OHTAKE, T. , PARKER, S., SHAW, G., and 
WENDLER, G. - 1972 

Studies of the solar and terrestrial radiation 
fluxes over Arctic pack ice; Geophys. Inst. Univ. 
Alaska, Tech. Rep. No. 2 ARPA order No. 1783, 74 p. 
Our studies have to date concentrated on determining 
the physical characteristics of pack ice and clouds 
as they affect the arctic radiation regime. At 
Barrow, flights through stratus clouds with aircraft
mounted continuous cloud particle samples have deter
mined number and mass density particle size distri
bution and ice crystal contents. Simultaneously, 
light intensity and reflectivity measurements have 
been carried out to determine the optical properties 
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of these clouds. Aircraft-mounted Photometers have 
orovided measurements that will allow deductions of 
aerosol profits up to 13,000 feet; on two occasions 
these were extended up to 35,000 feet aboard flights 
by the NASA CV-990 aircraft to the AIDJEX camp in the 
Beaufort Sea. In addition to measurements of ice nu
clei concentrations at Barrow, actinometric observa
tions through frequently thick ice crystal clouds 
advected from open leads were made on numerous occa
sions on the AIDJEX camp. Routine monitoring of com
ponents of the radiation balance have been carried 
out at Barrow, Ice Island T-3 and the AIDJEX camp. 
Of particular interest were the measurements over 
refreezing leads, both artificially made and natural 
ones, showing extraordinary modification of the radi
ation balance during the freezing process. To synthe
size all observations, theoretical and computer mod
eling is playing an increasingly important part in 
our work . 

0046 WELLER, G.E., SHAW, G.E., PARKE R, S.D., and 
GOLOTHWAIT, T. B. - 1972 

Arctic Ice Dynamics Joint Experiment-AIOJEX; in 
Annual Report, Geophys. Inst ., Univ. Alaska, pp. 18-19. 
AIOJEX is a multi -disciplinary, multi-insti tut ion 
program sponsored by the Office of Polar Programs of 
the National Science Foundation, the Off ice of Naval 
Research,other u.s. Federal agencies and the Canadian 
Government. Its purpose is to study in detail the 
stress and deformation of the pack ice in the Arctic 
Ocean and to provi de solutions to a broad spectrum 
of theoretical and applied problems, ranging from 
improved ice forecasting for ship traffic to the de
termination of the effects of pack ice dynamics and 
stability on global weather and climate. 
A lar9e-scale pilot study during March and April, 
1972, has been successfully completed at three man
ned stations, set up 500 km north of Barrow on the 
pack ice of the Beaufort Sea. The main experimen~ to 
last a full year, will take place during 1974. We 
have participated in the pilot study by examining the 
radiative characteristics and transfer processes of 
the various surface forms of pack ice, including open 
leads,. pr,essure ridges and hunmocks, and of the arctic 
atmosphere. The ~ifferent surface features vary 
appreciably in the amounts of radiative energy they 
exchange with the atmosphere. In the case of open 
leads, net energy supply to the atmosphere, mainly 
provided by infrared radiation, exceeded that of 
multi-year ice by more than an order of magnitude. 
These factors have an important effect, not only on 
the modification of the atmospheric boundary layer , 
but also on the climate of the Arctic Basin as a 
whole. 
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0447 HUNT, F.P.- 1959 
Winter surveying with the Polar Continental Shelf 
Project; in Report of Proceedings, Conf. Commonwealth 
Survey Officers, 1959, pp. 77-81. 

0251 JOHNSON, G.W. , and LILLESTRAND, R.L . - 1972 
Deviation of solar culmination from meridian transit 
in polar regions; The Can. SurveyoP, vol. 26, No . 4, 
pp. 357-368. 
Abstract under 0251 
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0448 LILLESTRAND, R.L. - 1969 
Interim report on Project NORD-1969: position of 
Kaffeklubben Island; internal report to Polar Cont. 
Shelf Proj. by Control Data Corp. 31 p. 
The objective of Project Nord-1969 was to establish 
cartographic control points in Northern Greenland in 
the region north of 80°N latitude. As a result of 
work performed during Project Nord-1968 as well as 
work done by others in prior years, a series of 
ground control points had previously been establish
ed. The uniformity of these points, however, left 
much to be desired. It ·was, therefore,our goal dur
ing the 1969 program to fill in several of these 
areas where very little ground control was available. 
We were particularly interested in the region extend
ing from Kaffeklubben Island to the west, since this 
was within the range of accessability of our air
craft which was stationed at Alert. 
Based on measurements made on April 18, 196g, the 
computed position of the northern extremity of 
Kaffeklubben Island was found to be 

LATITUDE = 83° 40.1' N 
LONGITUDE = 30° 37' W 

Based on measurements made during Project Nord-1968 
and 1969, as well as other earlier measurements, we 
have adopted a provisional value for the northern 
extremity of Cape Morris Jesup of 

LATITUDE = 83o 39.7' N 
LONGITUDE = 33° 25' W 

These results place Kaffeklubben Island a distance 
of about 0.4 nautical mile further north than Cape 
Morris Jesup, and as such it becomes the most north
erly point of land discovered thus far. In longitude 
this places Kaffeklubben Island about 18.5 nautical 
miles (or 2o 18') to the east of Cape Morris Jesup. 

0449 LILLESTRAND, R.L. - 1970 
Letter on the accuracy of Peary's position fix at 
Cape Morris Jesup, Greenland; Can. Surveyor, vol. 
24, No . 2. 

0258 LILLESTRAND, R.L. - 1970 
General constant of refraction when using a Roelofs 
prism; Control Data CoPp., internal report CDC 
TM95243-6, 17 p. 
Abstract under 0258 

0450 LILLESTRAND, R.L., and JOHNSON, G.W. - 1971 
Cartography of North Greenland; Surv. & Mapping, 
vol. 31, No. 2, pp. 233-250. 
Northern Greenland is one of the few remaining parts 
of the world where large mapping errors are known to 
exist. The magnitude and direction of these errors 
are given for two basic map series. This is done by 
combining astronomic and satellite position observa
tions at widely separated sites in northern Greenland 
(north of 80°N latitude) with position data from 
other sources. The results of this work indicate map 
errors up to 15 nautical miles and lead to the con
clusion that northern Greenland is aoproximately 
2500 square nautical miles larger than heretofore 
shown. In addition to describing field operations 
and results, a brief cartographic history of this 
part of the world is presented. 
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0451 LILLESTRAND, R.L., JOHNSON, G.W., and 
WELLS, D.E. - 1968 

Analysis of measurements made in northern Greenland 
during Project Nord-1968; Control Data CoPp., 
Minneapolis, 99 p. 
Ouring this investigation a number of ground control 
points were established which will aid in the draw
ing of more accurate maps of northern Greenland. As 
a result of comparisons with existinq maps we find 
a more or less consistent displacement of the east 
coast (above 80°N) averaging about 10 n. miles is 
necessary for map rectification. In north central 
Greenland errors tend to be smaller and without any 
particular pattern. On the west coast less data is 
available but a displacement ranging up to six or 
seven n. miles toward the west on some maps is indi
cated. As a result of these chanqes the size of 
northern Greenland is larger than present maps show 
by an amount which is about 2500 square nautical 
miles. 
A considerable amount of effort was expended during 
this project in gathering together other sources of 
data. These have helped in forming a more complete 
picture of map deviations and are generally consis
tent with the pattern of errors revealed by our meas
urements. ~-1ost existing maps for this region are 
based, in part, on older data collected during the 
1900 to 1925 time period. Surprisingly, in certain 
locations the older maps show greater conformity with 
the results of recent studies than do more recently 
drawn maps. This occurred in the area of Ingolfs 
Fjord, Kap Eiler Rasmussen, and Kap Morris Jesup. 

0452 LILLESTRANO, R.L., ROOTS, E.F., NIBLETT, E.R., 
and WEBER, J.R. - 1970 

Position of Kaffeklubben Island; Can. Surveyor, val. 
24, No. l, 6 p. 
Based on measurements made during the Spring and Sum
mer of 1969, we have obtained a value for the lati
tude of the northern extremity of Kaffeklubben Island 
of 83°40'.0N. Our measurements show that the northern 
extremity of cape Morris Jesup, Greenland, is 8J039'.8N. 
These results place Kaffeklubben Island a distance 
of 0.2 nautical miles farther north than Cape ~rris 
Jesup and,as such,it becomes the most northerZy point 
of Zand discovered thus faP. Kaffeklubben Island is 
18 nautical miles to the east of Cape Morris Jesup. 

0453 SEBERT, L.M. - 1970 
The history of the 1:250,000 map of Canada; Can. 
Cartographer, vol. 7, No. 1, pp. 15-26. 
This paper traces the progress and development of the 
1:250,000 map series of Canada from its inception in 
1923 through to publication of the final map sheet 
in 1970. Originally, the maps were published at 
1:253,440 up until 1949 when, by international agree
ment, Canada converted its basic map series from duo
decimal scales to the present 1:50,000, of a national 
mapping program to a uniform sheet-line system that 
replaced the previous uncoordinated mapping of the 
country by different government agencies. The author 
discusses the selection of a map projection for the 
series, former topographic mapping methods, the de
velopment of the photo-topographic technique, the 
impact of air photography on the mapping of Canada, 
and the extension of ground control. 
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